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DRYING CHERACT-tISTICS OF

RAVIE FIEGR
SUMLARY

This study was uncderteken to obtain deta that would perrit an
analysis of tre mechanism and characteristics of the adiabatic drying
of garnetted ramie fiber.

Equilibrium moisture vias determined for several ooints in order
to chack that evallable in the literaiure (3L4). Rate of drving studies
were made at 140 °F, 170 “F, and 200 9%, at relstive humicities from
175 to 51%, at air velocities from 500 ft/rin to 1050 ft/min, at dry
densities from 0.110 fm/cc to 0.232 gri/cec uson slabs of degummed gar-
netted remie from 0.635 em to 2,54 em thick., The results were plotted

and analyzec. The results and their gravhical ansalysis are presented

in Fizs. 1 through 21.




IWTRCL L CTION

iiamie is a bast fiber which is produced naturzlly in the bark

of the stalk of the Doehmeria tenacisscina; China grese is .roduced

c

%

naturally in the bsrk of the Boehmeria nivea, but the’ have never

been distinguiched in the eccnonic literature (5). ZXanie is the name
commonly used to designate 21l "Boehmeria" fiber; and Ching grass is
a synonym and crade name of the fiber importec from China.

The plant is found in India, China, Haiti, Japan, Southern
surope, the 3outhern United States, Hawaii, and other countries
located in trozical or sub=troigical climates. 'The planls generally
srow five to elght feet high 2nd are cut ucon resching maturity (2).
The stalk is usuelly c=corticate. while green. The process has been
one of the major obsuacles in the successful trectwent of the fiber.

In the Orient the decortication is cerried out by hand, but the limited
procuctivity of this methed restricte it te areas vhere labor is chean
and plentiful. cxperimenters in the United Stetes have recently
devalc.ed g wachine vhich ie renortoc to perform the operation satis-
factorily (1Y).

1he nrccence of chemical pums causes the decorticated fiber to
become stiff when dry. These gums, vhich are prineinally cutoce, vas-
culose, and pectose, muct be comnletely removed before the fiber cen be
utilized as a textile. The first iwo can be eacily dissolvea with soap
ana alkalies under pressure, after which the pectose can be removed by
waching (2). The fiber is then reeuv for the garnetting process.

The litersture with cone excepiien (34) reveals no data on the

driing of ramie fiber, 2nd reveals none whatever that may be used in

cetermining the mochanism of drying. Furthermore the literature
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reveals no dova on the drying of cotton or other similisr fibers which
may be used to analvze the mechanism of the drving of fibers in gene-
ral. The need for such deta and their snelysis is nresent in all tex-
tile industrier recuiring a drring oseration, &nd is becoming in-
creasingly imvortant for ramie 25 2 rosult of success obtained by
rescarel in other ;hases of processing.,

It is the nurpose of this study to obtain dete thal can ha
analyrzed to determine the mechanism and characteristics of drying cf

ramie fiber, and fibers in seneral, thet will be useful in desipgning

irying ecuioment snd procesces.,

A T




OBJECT

Cne nart of this investigation ves to check existing ecui-
librium data on degummed garnetted ramie fiber. Severzl poinis
were checked by determining ecuilibrium moisture content at 140 m,
170 OF, eud 20C °F as a function of relative humiditiecs of 15%, 33%,
and B1% of the enclesing aumosphere.

The other part of Chis investication was to cetermine the

Croins pechanism end charactoristics of decumved garretted ramie.
Drying rates wers obbained and analyzed at 140 °F, 170 O¢, and
200 %', at relstive humiditles of 192 to 51%, at air velocities

of 500 ft/min to 1050 ft/min, at densities from 0.110 gm/ce to

0.232 gm/cc upon clabs of ramie from 2,635 cm to 2.5.4 cm ihick.




d AP EALMSNTAL &, UIFIAERT

The pasic piece of experimentsl ecuioment was a Frector-Schwartz
laboratory dryer. See Dizprams 1 and 2 in the Appencdix. This cryer
is of a compartment-tray desien heated by a Trane stesm heater. The
drving comoartment measures 2ix2uxi inches. The necessary humidifi-
caticn is sup-lied by an open steam humififier and an air-water spray.
Baffling arrangements and darpers on either side of the drying com=
wartment pernit three methods of air circulation end varisble recir-
culation.

The tempersture and relative humicity in the dryer are regu-
lated by a [oxbore wet and dry bulb recorder-controller. The vet
bulb is of the porous slesve tipe. The controller is 2ir operated
employing dual conurcls; one control system governs the dry bulb
vemperature, and the other the wet bulb temperature.

4dr is circulated throurh the dryer by a #3LLD Buffalo fan
¢riven by a one and 2 half horsepower Diehl motor comnected to the
blower througsh a variable s ecd drive. The arrangement permits fan
speeds of 274 to 10%6 rpm.

iounted on top of the dryer is a loledo scale ecuipped with a

100k which is sucoended in the drying compartment. “he cscale is fur-
nished with one ten pound blenk besm, two ten pound beams with one
cunce rracations and e five pound chert with one one hundredth of a
cound calibretions. This scale war not ssrsitive enough tc weizh the
slabs uesed in this study; so a C'liaus balance gradustled in tenths of
a sram with a capacity of five hundred rrams wrs used instead.

L set of two calibrated trass tubes five-sixteenths inches in

diameter spaced one and a half inches apart, one with a cne one sixty-




fourth of an inch in diameter hcle on the uvpsiream cide and the other
with a similiar hole on the dovnstresm side were uset to messure air
veloceity. These lubes wvere connectee to a draft gusise filled with
ethyl alechol locatec outeide the dryver by two rubber tubes. The
tubes wers calibrate: a2sainst a pitot tube in a wind tunnel to
determine the factor for the tubes (7). 3ee Apvendix for calibration
dala.

4
L

Cther ecuioment used in the worlr included an snalytical

balance, onen air eiectric furnaces, and the ususl laboratory ecuip-

menvt.

6




Bl T NTAL FRCCEDULE

The fibers used in the investiration were processed as described
in the Appendix. To insure uniformity of the sarples, all studies
were made on <oecimens of one crocessing.

The exﬁerimental work necessary to cbtain ecuilibrium mcisture
check dats was oerformed firet. For every run four samules of the
fiber were prepared by securing them with a short piece of stainless
chrcue vire. Two of these sam>les were placec in an open air electric
oven and dried at lezst six hours at a temzerature o 200 °F to bring
the moisture content below thes ecuilibrium value for the conditicns
of the runl. The other two samples were placed in tap water and

allowed Lo scaikk at least six hours te thoroughly saturate the fiber.

bath. The terperature and relative humiciiy for the run were estab-
lished with comolete rzecirculation of the azir at a low air velocity.
The four samples were Lhen cuspendec in the air stream anc alloved to
remain at lea:zt thirtv-six hours. This time has beea proven to be
sufficient time to i sure ecuilibrium between the samples end the
air (9)(3L).

After thirty-six hours the sam:les viere moved culckly to num-
bered 250 rl Srlenmeyver flasks, which were then tizhtly closed with
rubber stoppers. The flask conuaining the sannles were weiched cn an

analvtical balance. The sanples were then removed from the flasks and

14 few fine free fibers on the surface of the ramie gamoles

charred slightly 2t this terwerature. A few determinaticns vere rade
at lSO—éOOF, vhere nc charring occurs, =2nd it wze discovered that the
apount charrec¢ was so small as to not affect the bone dry weight.




claced in the open air slectric oven. The samples were drieua at 200 OF
For wvenly=four heurs which brought Laem to & bone d:s conditicn. This
time has beon rreven to he suftieient to r=seh a constant weight (3h).

Hext each sample wag repleced in its orijinal flesk and reweigh-
ed on the anelytical belance. The s2mule was then discarded end the
flzsk, svopper, and wire vhai bound vre semle were weighed to deter-
mine the tare weight. Yhe three weignis give sufficient informaticn
Lo cetermine the evuilibrism moisture content.

the rate of drying studies were macde lzzt. A slab of ramie was
mace by oacking the ibers to vhe cerired dencsitr in a2 rectangular
freme eipht by five iunches made of cne thirty-sc¢cond inch brass strip
of the desired widbh to give proper slab thicknsss., The slab was beld
in position in the diving conpartment by four »izees of srall stzinless
chrome wire abtached to 2 heok. Dryving from the adpes cf Lhe slab
viag prevented by the bragse stricv. Tirqine from the oo surfaces of the
slab vae zeceleratec in the iarediale vieinity of the brass surip due
to uhe high heat conauctivity of the brass, but this effect was small
and introcuced an error that was conslant,

Congiderable treuvble wes wsxoeriences in cbtairing & method of
s2curing a uniform roisture digtribution in the slab without air
pockets orior to dryving. Approximaiely trenty-five runs vere wade be-
fore a method of securing unifcrm woilsture vistribution anc even peck-
ing vhzt wonld give reoroducible resulls sary cevised. 'The meithod
Yinally usec was to seak a weljhsed sswole of ramie in tap vater for
six or more hours, beeting and goueering it several .imes to remove

21l ailr bubbles end ockets. ‘the gosked ramte va: Uhen pscked into the

bras:e frame and :resse. betvern two flet boarde to form a slab with two
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#mooth surfaces.  all walor wee allovied o rua out that would while
vraseing the zlak to the desired censity and thiievwness. Care vas
tzken nov o destroy the unifcrr meisturs distribution by draisning
from eizher end of the slab.

ihe contrels cf thz dryer were set to jive Lhz desirec volue of
vemsers iire, relasive huwicicy and air veloedliv. ApproXimately eisht
tenths of the dryicg air wac rocirculateu. this was found o be
sufficient to meintzin a constant stmosghere ane could be contrclled
by Tie coatroller more essily than with no air being reelrculated.
The drver vies allowac to run univil lhe chosen concitions balsnced out
on antemelic econtrel. iuli the orving conditions thus ecuilibreted,
wne Flab was then cus.onded ln the drying comjariment in & stream of
air Ilowin. rersllel 1o ithe wwo suritaces ¢f Lhe ¢lah, The slab vas
remeved from vhe diver and wedched on the O'acs bolence every !lve
crminvees, oxecoly thirty sszeconds vele alloves for veighine sa'that
g sleb setuslly diled Ln obe dryer four and oae haly minutes be-
tween each readins, 1t vers secumed no dryving occurea during ihe
weighing wrocese. Four and cne half mimutes wae the time allowed for
drying between each welsiing in plotiing and anslyoing the dsta, This
bzetinicue cerivainly is not Jhe best, butl is che best chat could be
cevired wiih availablie ewuioment. 'Yhe error iniroduced was mace on
each recording for each run, ond hadc the effect of lowering the dryving
rates 25 the slad hed to hesl back un to the temuersture of the dr:ing
aukicspinere 'rom room waicerauire eftzr esch weighing. Uf co.rse the
awonnt of weizlurs loot while volshing comoens: ted sorewhzat for the
dogreresd drelng rate imred lately after esch welshires. Y'his ig not as

mach ag misht be ex ects. as Thers wes pittle didforence hetveen the

roon tevperature snc the vob bulhk temcereiare of She drylez almcesphere
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for most runs. the slab remains at ithe vel bulb tem»ercsture throuchout
osrectically all of the drving vericd. These dala were sufficient for
‘the calculation of the instantsneous driing rate and with the ecuili-
brium mcisture data verritted the calculation of ihe free moictire
content.

Une of the time-weight runs was mede with a tiermocoucle im-
bedded in the center of the ramie slab to measure the temperature at
the nzlf-thickness of the slab. This copper-constanten thermocouple,
mace of fine wires, ran perallel to vhe surfeces of the slab, ecuidis-
tant from eacii surfece, from the edue of the sleb to its zeometrie
center. Connesctions were made to a Leeds-torthrus votentiometer and a
cold reference Jjuncticn of 32 °F which were lcecated outside of the
drver. rrovisions were made for disconnecting the potenticmeter and
colda Jjunction Tor weirhing lhe slab. Geadings of the thermocouple
potentiometer were made just orior tc each weighing while ithe slab
rerained in the dryer.

The air velocity zcross the surfaces of the slab were meacsured
with two veloecity tubes connacted to a draft guasge filled with ethyl
alcohol. The tubes coulc easily be moved about sc tist the air vele-
city could be measured at any point in Lhe drying compartment. The
draft guese was ineclined at a slope of 1:38. This made readings of a
tho.sandth of an inech of 2lecchol or better possible. Assuming an error
in reading the draft guece of a2 thousandth of en ines and an error of
three hundreditis in determining the tube facter, the zir velocity can
be determined with an srror of 3.8% at luOUF, 1% relative humidity

and 507 ft/min, ané an error of 3.3% at 140°F, 1% relative humidity

ancg 103U ft/min. The errcr at higher temoeratures aad relaiive humidi-
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ties 1is 2 little greater.

For each run the slab was 2llowed to remain in the dryer an hour
or more after cbtaining an apparent constant ﬁeight in orcder to ceter-
mine if a consiant weight had really been ooteined. Two slebs were
aliowed tc remain in the dryer twenty-four hoors after obteining an
apparent constant weight. Further loss in weight amounted to two
tenths of a gram which is a very small error for a forty-thres gram
sample. This is the weight used for all runs except in those where tie
dry density of the fiber was varied. This gervec z¢ 2 check on how

clese the drying semnle had ey roached ecnilibrium after obltainine an

epsarent constant weight at the end of esch run.




THEQZETICAL CCHSIDRRATIONS

Drving is the term generzlly used tc indicate removal of water
from a svstsm or structure, when the amount of weler uresent is com-
saravively small., By far the most imwoortant processes for dryving
solids depends upon first vaporizing the weter and in this form sepa-
rating it from the structure of vwhich it formed a part. If air or scme
inert gas is used to carry away the waler vapor formed, the 'rocess is
called air drying (28). This is the method used in this study.

DCryer design invclves two seoarate yet dependent considerations.
First, the moileture must be brought tc the surface off the meterial to
be oried, or to some point in the material, snd at this ooint evavo-
rated. oeconc, vhe drring redium must be brought into contact with
the stock under proper conditiuvns. The fir:t corsideraticn is commonly
associavsd with érire theory: while the second, although a function of
vhe first, involves larvcely the crineiples of fluic and heat transfer.
It ig the feormer that is to be revieved here,

It ie 2 well esiablished faect that when any material is exposed
to a constant atmosphere there will be an interchange of mceisture be-
tween the two until a final value is reach=d which 15 unchanged by
by further exposure. This condition resrecente ecuil:brium between the
meterial and the almosphere; and the moisture p_esent is known ac the
ecuilibrium meicture, The ecuilibrium meoicvure i1s dependent ugon the
temnerature and r=lzuive humicity of Lhe ambient atmosphere and upon
the nature of the material. sxoverizentes hove also sicwn that it is
dependent sonewhat upon the hisicry of the material (13)(2Y){(34). The

importance of ecuilibrium moisturs to drying censiderations can be seen

1t

sinece it reoresenve the degree Lo which a subsience can be dried in a
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iven atmosphere.

By analom- with other vaysical onencmena it is logical that the
rate of apiroach to ecuilibrium conditions would be a function of the
diszlacement from ecuilibrium. This leads t¢ the distincticn of the
free molsture content or the sotal moisture present minus the ecuili-
brium meisture. The evuilibrium noisture is somctimes referred to as
the bound moisture. The free moisture is ihe amount of water that can
ulvimately be removed by the siven drying conditions.

If, when the material to be dried is first exposed to the drying
atmocsphere, the surizce is completely wet with water, the drying vro-
cess is similiar to the eveporation of water from a frec liguid sur-
face (1){(2h). 4is long as lhe surface remains wholly wet, Lhe rate of
evaporation is nol a function of the water content of the material; and
under constant drying conditions the rate of drying is constant, This
seriod 1s called the "Constant :ate" oeriod. After reaching a certain
moisture content the drving raslte begins to decrease, and the so-called
"#alling nate" period begins. The monsture content at which ithe change
froem a consuent to a falling rate occurs is known ac the critical
moiciure content.

sxperimental evidence indicaties that during the constant rate
period liguid moisture is meving to the surface of the sclid at a rate
ecusl to that of the evaporatlion from the surface (1)(3)(8)(10)(11)(13)
(L) (15)(16)(21)(22)(28)(3u). 1f the orving oeccurs adiabatically, the
ecuilibrium temvereture reached by the solid approaches the wet bulb
tererature of the drying air. Then heat is supplied directly to the

stoek b7 conduction from adjeoining dryr surfaces or by racisticn from

the curroundings, ‘hen the surface tervsrsture is higher than the wet
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bulb terperature, snd the dryving rate is increased. An initisl adjust-
ment o.ricd nsually exists curing which the wet material comes tc the
egulliorium lempevature viich is to rrevail curing the constant rate
weriod.

During tne conscant rate gericd the rate of drving =s weight of

zLer per unit time removed from a wet surface of a riven zrea mav be

exyressed te goud agreenent by the egustion (1)(22)(28):

aW/d6 = K A\Hg = Hy) (1.01)
or for a unit area as
aW/de = Ky\Hg - Ep) = KglaH). (1.02)

The censtent K, is the film coefficient and is a function of the air
: velocity, angle of inciceice »f the 2ir to the solid, vems:=rature, =nd
other varisbles thet affect tne film resictance to heet and nass trans-

fer. For most ourposes Lk, czn be e¥uresse¢ as a function of air velc-

+

o

city over reletively short ranges of temnerature by the ecguation (1)

(29)

Ly

= XE. (1.03)

Substituting ecustion (1.03) into (1.02) gives:
ar/de = «G™aH). (1.04)

ihe nature of the drying wechanism during the felling rate
veriod i1e not as definite not is as thorou;hly understood as for the

constaznt rate pesricd. For a good many substeonces, i.e., wood, certasin

]

clars and brick mixes, un~lared cersmic wroducts, scaps, ete., the




Jrocess is divisible into

WALRS

A

seeconcary variods, which from the

mechanisms of drwing —revailing in each mav be called the "zene of
unesturetzd surface arving anc the "zone where internal licuid

diffusion controls" (23).
aftezr bhe critical point:

iz due to the decreace

70ne
e

rate ricd: but dry gorti

£0 wnat the rate of eveoores
The maximrum

T
L
in
echianism cf the drying i
Lien

of diifusicn of

e former period follows immeciatelr
e decrerave in the rete of drving in thig

the westea surface of the material.

L

=
e

escertially the sszme as for the constent

s ol bLre sclic rotruce into the eir film

«1r unit of total surf:iee is recuced.

vatsr to tne surfsce decreases

with tre water conient of the meterial (21)422)(2#). ‘ihis csusss a
seeond critical coint to be rogehed bevond which the resistance to
internsd Licuid oir'i-isica i racwer shen the surfzee vagictronee to
vager cwaly 1 L rive the rete of ternal liunic
Sifjision coanrcls the rabte of crving. Aleo during this wzrioa oir
velecit 55 no Tlveree cn ey reTe off O *s ang Bir howmiditiy
s crtanes o s¢ fer me it affects BN ec i

caleab.

Lilffusior < curvicas nave been scolved for certeain limits =nd
axrlied to data during thils grrlicd or d o eontrelline with a

L of & m

TIRCCLT

1t should be

(21)(23)24) .
conurovarsy as to just vnat
L

5 lied witaout

ek

200 NTweEC

tnvesti etors (10)(13)17)(18)

irbher of

horever, thet there is etill

Wwericle the ¢diffusion ecustions nay be

deta (11)(15)(27).

Lancas, nowacly fibrous patsrisls,

certain cai cls, o, ond bricik mixes, Lhe reehanisr cerins ohe
falling: poricnt T8 noT 23 elearly wndersicod, nor c=n dziua for
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these substances te correlsinc ze well, Une thins is definite; the
drte dees not follew vae ¢iffusicn ecnetions, nor coze it fellow

cimple relavicustins ceveloed vron the aseuralicn zt the arying

rate in e I'rlling yete pericd is o linear fupction of the free veter

conditinns.

-_-.'T‘?-:'--"'n'.- - nc=r (‘("‘,"-."-:\-a;,ll']'t; {.‘I-»:_: l. e

raovins full well his sivplifding assvrrticos, Lewis develoned

ot 'ollowin: etashion for drvins durinpg the falling rete ceriod (13)

b1 | 1GIe

re =p(Toe - 8)/p - (1.07)

ils zsswrotions were:

L. Uhat the constent reits pericd wns long endush for a sars-
polic concentrstion sraiient to be esteblished in thz slab, ena that
it rewain varsbeiie aurirg vhe faliing rate nariod,.

2, That tne ciffusion law nolds. Thzt Lne ariving force for
diffusion of moisture is the concentration sradient in the material.

3e dihat vhe instenteneccs rate of evauvoretion vsr unit surface

is vroporticnal to the cifference belween the surfacs concentration

and the concentratiuvn corregoonding to ecuilibrium with the vain body

of eir flowing past vhe surface.
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It is seen that B is & functicn of thickness, temperature,
huridity, and the angle of incidence of the sir stream.

Upon neglecting shrinkage and assuming rj and rg consiant, inte-
sraticon between limits of 8=0 and T=Ty &nd 8 and U, xives:

1a81-E - 8 == B (1.08)
- & Liri+Ts)

here both resistances are important, elirating ry and r, from

equation (1.08) gives:

L _ 8 _ L ?d{Tsc—“)J (1.09)
5= T-E !—;_.'_]‘LD Ll
T = & )

If resistance to surfzce evaporation is contrelling:

T - I rgh

If resistence to liguid diffusien is controlling:

1nli= 4 _ 3D _ Be (1.11)
T - & Le

Since tliese relationships are derived on the assumption that the
diffusion lav hclds for the movement cof water to the surface cf the
material being dried, tner- shovld not necessarily be good for ana-
1,7ing drrin- rate date of waterisls where the mcisture does not move
by diffusion, However, it has been found that ther asree to fairly
£0od aprroximation with heelboard (13), whiting (2%, and rayon (30).
This does nect mean, however, that thre mechanism of drying of these

substances is by the movement of water to the surface by liguid

diffusion. These relationshius have proved useful in approximating
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drying rate curves for these substancss at conditions other than those
used in the experimental work.

For convenience ecuation (1.08) may oe simplified by substituting

for B
B =G (aH) (L, 8)
and thus obtaining
1ply= b = « GM(aH)® (1.13)
Pl

This releticnshin has been found tc be very good for the drving of
rayon (30).

For the entire falling rate poriod the cryine rate can be ex-
oressea as a functicn of the free mcisture content for any substance
so far investigatea. iowever, just what this releticnship is has
never been thoroughly understood or develoned for fibrous and granular
materiasls from a theoretical standpoint, where tie movement of water
to the surtace of the material is not controlled by moicstiure concen-
tration gradients. indead, the mnovement of licuid ncisiure throug
fibrous and granular niaterials 1s contrelled mainly by capillary and
gravitational forces (4)(15)(27). It has been demonstrated that it is
possible for moisture to move from hisher moisture concentrations to
lower moisture coucentrations by capillary forces. 'his i1s because
forces causing movament by casillary action are 2 function of Lhe
diameter of tie casilliaries for a given liguid and not of the moisture
concentrations in the mzierial. This the the exact oprosite of the

concention of the movement of licuid water through a2 material by the

process of diffusion.
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Une of the most thorcugh of the investipations of cavillary
2 C o S . . T
flow® wes carried¢ out by Ceaglske and kKiesling (4). Ther found ihat
carillary flow cculd be sruressed by = modified forw of Darecy's lLaw:
Vy= =k df (l.1iy)
g &=
vinere | 1s the cagillary rolential or suction and is defined a3 the
oressure difference between the water and the 2ir at the ecurved air-
water interfzece, <ube curvature being produced by vhs surface iension
of the water,  For vertical flow ecguation (1.1lu) must be modified to

teke in effects of gravity:

vy = = K AP - (-01)) \1.15)
o) ax

I

where {-0X) is the gravity potential., fhey obbainzd data vhich
sihaowed that capillary fureces are ecually as effective in vroducing
flow as are external forces in satursted flow. They also demcnstrated
that of the two forces causivg flow of meisture in a raterial contain-
ing carillaries, capillery suction and Lhe moisture concentration
éifferences, cauwillary suction is the factor causing flow, The
nolsture concentration cesends uoon the Lolal ructiva Aand is not the
srime faetor in ca.siug flow. The diffusion of vapor from surfaces
witn layge rediil to strfzces with smell radii of curvature can be

neclected bacause this <iffusion wrocess is exXirevel;’ slow.

They furt-er discovered that ecustions (.14} #nd (1.15) only

Z)agilla?y flow ig detined ag btre tvoe of flow exlsting when a
a sorous media without asvistance of an ox-

Liceic is flowin: throwgh
ternzl force.




apply until the suction reszches the entry suction value. hntry suction
is thal value of cfuction necessary to cause a sucden drop in the
mol<ture content with no apyreciasble increase in the totazl suction.
It is reaconable to exuect the permeability (k) to drop after the
entry value is reached since air is now entering the vorec which in
turn decreases the crose sectional area availavle for flow. Fermea-
oility of course is a function of the temperature, the fluid and the
material.

The total suction msy be mace greester than the entry suction
by eitiher of tuc methods. First the totsl column height mav be greater
mumerically than the entry suction. The laver of material which lies
above bLhe entry valus would have s verv low oermeability anc the rate
of" flow possible from such a column would be very emell. Furthermore
any flow would increase tae totel suction at the surface resulting in
a decrzose in the vermeability, "ith a column cufficiently high the
permeability becomes essentially zero, so cavillary flow up the column
is imuossible., Now if the column is not as high numerically as the
entry suction, then any flow will incresse the total suction. Con-
tinuing the increase in flow will eventually cause the total suction to
reach the entry value and further increasss in flow will be irpcssible
because of tne rapid decresse in the permepbility. The raximum flow
jossible decresccs rantdly as the column heipht apurosches the entry
value.

In either of the czses discussed above the acitmal column height
need not be the heicht given., Consider 2 column twenty-five cms. hizh

under equilibrium ccnditions. If the botteom twent: ems. of this

column are removed the conditions in the top five will not be altered.
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The effective height used to determine the nermeability of the top
layer would be twenty-five cms. even though the column wes only five
cms. highs The botiom of the five crs. layer would heve an ecuilibrium
suction of twenty cms. and the to: twenty-five cms. Obviously cince
there is no sup.ly of water at the tottom of this short column the
flow would now be unsteady stete flcw if there were any flow at all.

Although the invectigations by Ceaslske and kiesling were
carriec out on very fine sande, it is resconsble to assume that the
seme forces are at work in fibrous naterials where snaces between
fibers leave a comolete mare of casillaries.

Another interesting nhenomenon is the vacor pressure lowering
of water in very fine cepillaries (3). Ior evample a cesillary with
a radius of a thouszndth of a micron will lover the vapor oressure of
yater in it fifty porcent below normal wnile 2 capi_.lary vith a radius
of cne micron will lower the vapor :ressure of water only eleven
hundredths of one percent (3).

Hecent electron microscopal studies of ramie show that the
snallevt filaments visible with the naked eye are composed of even
emaller "fibrils!'" with plenty of fine canillaries between the fibrils.
They further show that ithe fibrils are in turn composed of even finer
fibrils which seem tc be the basic structursl element of ramie (12).
These spmallest fibrils avers;re three hundrec sixty Angstrom units in
diameter and it is believ=d, althouh not oroven, that they are com-
sosed of echains of cellulose molecules. Therefore, tThe structure
of remie may be visualized as a complete wagze cf eniwining and inter-

liniking capillari=sc of a wide range of diameters, many of vhich ere

well below one micron. From these studies one would assume chat the
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moisture flows mainly by capillery esction in a drying process.
Although ramie fiber hos an absclute density of better then

1.5 :m/ce (9), it is very difficult to pack it to apparent densi-

ties of zrester than 0.300 gri/cc without the sid of mechanical

presses. 1nus the space cccunied by the capillaries is relatcively

lar-e couparec to the snace occupied by the "solid" fibrils of ramie.
= ol iy !
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FRESENTATION AnD ANALYSIS OF w<SULTS

The ecuilibrium moisture data for the fiber is riven in Fig. u
along with Reid's data (34). The data obtained sgreed with that re-
ported by -eid within experimental error. The generasl shape of the
curves is similiar to those found in the litersture for other textiles
(13)(28)(27)(30) (31)\32).

Driring rate curves with 2]l variebles held constant except zir
velocity ars shown in I'ig. 5. The eiratic behevior of the curves is
due to nen-uniform molsture distribution in the slabg at the beginning
cf tihe run becaunse of air bubbles and pockets. These occured in the
slabs of fiber if they were not scueezsd snd beaten curing tlie soak-
102 process. Mo shrinkage wes ncted during vhese or any later runs.
At high densities Lhere was some tendsncy for the sleb to expand
slizhtly as it dried out. This was probesbly due to the release of
cavillary suction which kept the slab more compact whrile wet, tiow-
ever the exgansion just was enough to be noticeable.

The curves shown in Fig. 6 are for the run where a thermo-
couple wac imbedded in the zeometric center of the slab in order to
neasure the tempersture vhere during drying. The arying rate curve
exh’bits a2 tyvpiesl cunstant rate veriod fellowed by & felling rate
veriod. This was found Lo be true for all drying rate curves obtained
in this study. It is seen that the temperaiture at tle center of the
slab rermained constant at the wet bulb temperature urtil the nercent
free moisture dropied to sbout fiftecn percent, at which time the
vasorirzticn zone or alt leasbt a portion of it reached¢ the center of the

slab.

The overall heat transfer coefficient from the ambient air to the




sleb center wus compuled by the equation

u :Ab/tta - tz) 3 \lnlé)

assuming vhet all heat ves utilized in evarcrrtine e vaber in the

PO . - - -

slab esnd thewt none vas used in seavins un the dried tortion of the

fibzr, [his ascwrpbion is Justilizole as 1he latent beat recuined
LC ogvE e os a sren of vwelar i fovoral nmdred Lines Uhe neab re-
uirad te ralge Loe terrarawure of & srem of rerde g few o srees.

ke overall coeff . cient, |, rerained coiusteant during u.e con=-
stonb retez cericd indiesviue avaporation at Lohe surfzce. Huring the
fallin» rate | ericd, acvever, it deecrsaced, indleating tist the limit

of L tevet & ort of e zone of vouorivoticn ves retreatitic cradisl-—

1y into the slab’. At ¢ f'ree noic.vure content of abeut ifteen ;1o -

stire the gone of vacorize-

tion or vorticvns of it receiad ine center of the £1sbh, “UThis 2iso is

1uopuint  a2b uhich the tempe.sture st ilc center of the slab baren to
rice. L alisht bend in Lhe Froling rete curve is ncoctec af, the sone free
R ur e Rhe 8 W o etreen zero fiftesn orreend

crn be stbriiuled to the fzel thest =4 Uhiils

LGLL B vaLor cregsure in troe clen ves no lorocer 8 function of

Lhe

a
tenocrature of Lhe fres vewar in Lbe slab, i.e., vhe vet ovulb Lampoera-
wre of the air, but deuended uzon tvhe vemerature sad the nirhect
povne wavcr concnntraticn till reme’ning In the slzo. The bound

vooey oresent in ohe center of the sleb at this point is in all

orobaoil. U srester Lhan the bound water sf the surfrce of the =lab.

renains constant under simi
ment where diffusicn is the conuroll

Jder conditions for wood

3

ncé uarch-
8

& &
ing Tactor in orving (15;(28).
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This may be ox leined by the fret thnat the water vaoor diffusing
whrouzh
suri'ace of the slab, iorm an atmesohere within the pores of the slab
of 2 higher humidity th-n that of the dryinc etmos -here. 7This higher
numidity cauwes a higher ecuil . brium moisture or bound mc!sture con-
tent within ilhe slab than at the surfzce. The rige in temperature in-
craascs ohe rave of diffusion of the vavor to the surface of the slab

end at bhe same tlie decrencg the ecuilibrium rmoicture content at

noints within the slab, malting morne water aveilatle for evajoration.
fhus the rise in the diving rete at this goint sbove the trend eroect-
ed.

In Fig, 7 r2v be seen Jive drving roie curves of different air
velocities with all other varisbles held constant. £11 oxhibit typi-
cal constant rate 2nd fallin; rate curves of similiar shape. The cri-
tical molisture content inecreases with inereasing air velocity which is
tyical for most substances that have been investigated., The outstand-
in;: feature of the curves is the chanve in dring rate with change in
air velocity at 211 free mecisture concentrationsu. If aiffusicn were
an important factor in the drying mechenism at any tine during the
falling rate period, this phenomena would not be pocsible. Apparently
certain cepiliariss or a comection of canillaries ir. the fiber has
access or connections Lo areas of moisture in tne slzb that feed water
up to the surfzce of the slab until the fres moisture content is neer
7zero. Ur ex-ressed in another wav, tThe entry suecticn is not reached

for certain cavillerizs with orenings on the surfezce until the free

Yieid reported this phenomena, but inasmuch 2s his technicue of
measvring air velocity was nol good, the vroof was not definite (34).




moicture concentration for tne entire slab in very nesr zero. That the
surface terminus of these cenillaries is not a major fraction of the
tolal erea of the surface is seen from Fiz. 6 vhere the decreese in U
indicates a retreatrent of the larrer portion of the zone of vaporiza~
tion into the slab. rhe changes in the slope of the curves wuring
vhie falling rate period caninot be explained precise.y without a
thorough knowledge of how ruch of the zone of vavoriuation retreats
into the slab at a given time and how far, and without a relationship
based upon theoretical consideraticns of the forces invelved that fit
Lthe data. Its gradual change of slope aoces, however, show that there
are no "critical ocoints" within the falling rate pericd where a large
portion of the zone of vaosorization either begins retreating below the
slab surlface or retreats suddenly at a greater or lesser rate.

The effect of variation of humidity, both absclute and relative,
is shown in I'ic. 8. fere tine effect is the same as for most substances
in the consvant rate period, and is proporticnal to the change in
mmidity zracient =mcross the film. This oroporticnal.ity continues
throu-hout the entire drying process. In general the nercent free
moisture at the eritical point decreases with inecreacsing humidity.
i'his has been found to be true of most substances.

Shown in Fig. 7 1is the variation of drying rates with temperature
at a constent relative humidity. The zbsclite humidity cnanged with
the temperature, so the change in rates shown really are for variation
of temperature snd absclute humidity. Increasing terperctures at
constant relative humidities inereases A H thus increesing the drying

rates. S51light charring of fine fibers near the surface occurred at

: ~ 3 s o T . S 2 2
temperatures cof 170 Or znd 200 °F. Therefcre, tewmporatures in this
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range should not be used comnsrcially where fiber color and physical
appearance are important. lo charring occurred at all at 140 °F.

i'he influence of glab thickness on drving rates is shown in
fig. 10. The results acree well with those reported for .aper pulp
(15). 1t is seen that for a given free moisture concentration in the
fallin; rete psried, the thicker the sample, the alover the drying rate.
Ihis can be explained in the following manner. Consider Lne condiliocns
in two slabs of different thicikness that are cdrring at the same rate
during the falling rate pericd, but before all the free moisture has
been removed, If the rate of water loss is the seme in the two slabs,
the condition of the zone of vaporization in each will be identical in
all resvects. 'The zone of vanorization in the thin elab will be a
larrer fraction of the total slab than thsat in ihe thicker slsb. Thus
the averare wster concentration in the thicksr slab vwill be greater
tnan in tne thinner one. 'his causes the chiange in the crving rate
curves in the falling rave period from concave down for thin slabs to
concave un for thick slabs.

Fies. 11 and 12 show the change in drring rate with change in
the dry density of the fiber, all cther variables being held constant.
tote thzt increasing density shifts vie eritical molsture content to
vne right. 'The drving rate in the falling rale pericd is very mich
the szme for small density chesnges, but decreases for ecual free
moisture content when the dry density is doubled. This means of
course uthat the critical moisture content cannot be expressed on a
volume baslis for a given drying rece in the constant rate pericd at

variing dry densities. Indeed, the moisture content ci’ the denser

slab is greater a2t the criticesl noint than for the less dense slab,
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despite the greater void space in the less dense slat. fvidently the
censer slab provides sherver cacillary connections ic fres waier areas
in the slab ca sing the entry suction Lo be resched nore raoidly than
for the less dense cleb, ALlsc the nermeability cf the denser sleb is
lesser due to a decresse in cross-sectional ares aveilable for rove-
ment. Lhe decrease in drying rate in the fallins reie period can be
sxolained by whe ineresse in resistence of diffusicn of vazor from the
retreatinz zone of vacrizstion to the surfiace. This resictance is
increased due to less void space and smaller gore ogenings in 1he
denser slab. It should be peinted out that this does not acree

with the data obtained on two runs of paper ouln at different densi-
ties revorted in the litersture (15). Howvever, only tvo runs were
oresented and they were made ot different thicknesses as well as
different densities. Therefore, it is difficult to draw eny posi-
tive conclusions from ther,

If the lorarithm of the drying rate in the corstant rate pericd
by clotted acainst Lhe logarithm of the mess velocity of the air, the
slooe of the line thus obtained should be equel Lo the exgonent n
of ecuation (1.0L), -rovided all other varizbles are held constant.
his nas been done in Fig, 13 for those runs plotted in Fig. 7. The
exnonent thus determined hes z value of 0.84 vhich asrees well with
values reperted in the litcrsture not only for drying, but for heet
transfer as well (1)(28).,

In Mig. li is plobbed drying rate in the constant rate seriod
versus All. For those runs where AFR wes changed by changing the
relative humidity at constant temperature a good sirzight line is ob-

tained indicating that the drying rate is a direct function of ah.

It can also be seen thet a rescounsble swraight line can be drawn
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througn the points ropresenting runs where AH was changed by a change
in tericerature at constant relstive numidity. The sloze of the two
lines is not the same indicabing that « :in equatica (1.0L) is e
function of terverature. 7This is to be exsected sinze temperature
effects the film thickness and the rate of diffusion through it. The
effect seems tc be relavively small compared to the 2ffect of air
velocity on the film, however, and for relatively small temperature
changes may be neglected. This point cen be brought out mcre clearly
by the computation of <« for the runs concerned. Tiese values are

tebulated below. The values of o« were computed using the follewing

Terperature, OF <
140 0.872
170 0.797
200 0.765

units for terms in ecuation (1.04): G, 1b/hr-ft°; d47/d6, gms/hr-cm?;
Aid, 1b HgG/ftBbone ary air. It is seen lhat &« decreases with in-
creasing temperature but not linearly. Frobably the increase in the
rate of diffusion due to hicher temneratures is offset by the ilncrease
in the thickness of the film due tec inerease in viscosity of vhe air
with risins temperatures.

If the concentration of free moisture in gm/ce &t the critical
point be plotted epzinst the drying rate at the critical point as in
Fig. 15, a straight line can be drawn through these points for runs
made at the szme dry density. Those pointes made at a different dry
density fall fer from the straight line drzwn. Thus the correlation of
moisture concentration data on a volume basis at the critical point is

goed only for ecual densities. ¥For different densities a c¢ifferent

correlation must be worked out. The cavse of this phenomena has been




exolained in the paragrach on chanpz of dring rates with dry densitv.
Although the restricticns for equations (1.05) through (1.11)
have been pointed out znd the fact emphasized that there is no theo-
retical reason why thev should apoly to the drying of this tyoe of
material, since they have been apolied with some success Lo cther
fibrous materials an attempt was made to apuly them <o ramie fiber.
T'ne plots are shown in Figs. 17-17. 1In Fig. 17 all variables were
constant except air velocity. 1In Fig. 18 &1l variables were constent
except relative humidity. In fig. 1Y thic:ness anc emperature were
varied while all other varisbles were held constznt. LExemination of
the plots show thet in mcst cases imagination hes to be used in order
to get 2 goed straight line, and belcw a vslue of 0... for W/l the
relationshiv fails altopether. kote ihat the free moisture content
for a value of /., of 0.1 is about fifteer oercent. This corresuvonds
to the "hump" on the drving rate curve in Fig, ( as previously
brought out. The deviation from a straiszht line for values of V'/7,
greater than 0.1 seems to be smallest for high drying rates, but
even so, Lhe correlation is not exact. This is not surprising in
view of the vrevious mechanism discussions. The fael that the move-
ment of water by cavillary forces coupled with vapor oiffusion from the
retreating zone of vaporization are similiar to movenent by licuid
dgiffusion alone is coiuncidence. Iliowever, this is the best simple
relationship trieu which fits the data obtained, and can be used for
most av sroximations over the ranges it has been oroven to hold.
Inasruch as the data fit equations (1.05) through (1.11)

an roximalely, values of B were calculated assuming a straignt line

could be drawn throush the points in [Figs. 17 through 1y. Using the
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simplified relationships (1.12) and (1.13) Fig. 16 was constructed. It
can be seen from ecuation (1.12) thet if the logaritlm of B is plotted
arainst ithe logerithm of rass velocity the slope will pive the exnonent
n. The value of the exponent vwae determined to be 0,73 for slabs of
ranie 1.27 cms. thick., Tnis wvalue hess becn reperted in the literature
a2s 0.5 for heelboard (13) and as 0.5 on up to values sbove one for
razon 30) desending on tie condition of the raron and the ratio of
surface areca to uhe dri weight of the rayon. The deia on razon was
reported as the rate of drring per unit weirht of stock, while the
data on heelboard was reportec &as the rste cf dr. ing per unit area
exposec vo the drp ing stmosphere.

To further test the validity of ecuetions (1..2) and (1l.13), the
valiues of o were comptted from ecuation (1.12) tc see if it were con-

O

stant at a temperature of 140 “F. The results ere shown below. It is

Jun Bo. =
i 1ol
) 1.0l
G 1.18
? l.lrJ.
& 1.12
7 Ly
10 1.04L
11 1.1
ive. 1.1

ceen that o<« 1s fairly constant with chanpes in Al or G zt 2 constant
temserature, s¢ that equation (1.12) is rezsonable valid for rewmie. The
fact that a reasonable siraicht line can be drawn through the points

in Fig. 16 further substentiates the fact. It must 2e rerembered that
11l of Lhese calculstions viere based on the assumption that a streizght

plottec in Figs. 17 through ly.

b S

line could be arawn throuzh Lhe points




Since the data does sezm to fit the ecvation developed Ty

Lewis with a Izirly rood deyree of arproxiration, ther shoula fit

the case yiare botrn resistanees to difiusicn and fur’zece evarorsiticn

are -.“'_-"1(“'?"'@' nt C(.‘:'!LT‘L':-.\L.:_ZF_'_I'I:_‘; Tecters. 1t hos slryescyr been ohown thelh the
restatanes toe surfzea cvaperction 1s ¢ controlling freter st 211 free

TOLEG e conecnorations.  ihe 4aiffvsion of the vator from the gzones

of vouarisaticn ingice Tre sl-h to vhe surisece, Tile net ceevrrineg
- = - 1 & &~ " - T o

ro 0% G rz gl coinrel il IreTy so. 1L crn be

i 5 G e o g = :
sesn frew ecuation (1.0%) Lol 2 plot 1/R1C versus (Tge- 4)/BL siculd
ive 2 swraisht line. dince @ = h{t - bki/ A sud cinece & ds a2 rola-

cuanhity for thia reverdial, (L..—- 4)/8L is prosortionsl to

Jo cinece t.. closely apiroszches the wet bulb ber erature
of the air, these delz ire plottec in Figs 20 as 1/P1L° versus
IAT) (L = ). It ie gesn o2t a pood straisznt line is obtained as

cellec for cxez-t for tve wints., It is to be rererbered that these

H Ty e £ A T e 1
sare rivis ive ocr valuss Loe On Fice o, It ‘e te be rererber-
o1 Lhe value of B us=2d in wakine the plot of P e o]

assandine thnt s glraight Tine could te draym throush the noints on

only “nother soprerimation

hapoens to work over the renges in=

The agrezrent with Levisls ecuavions being fairl), close it was
decided to determine if it wouid fit ecuations (1.,10) or (1l.11) in

order to get an idea as o whether the resistance to surface evapo-

ration completely contreols during the falling rete pericd. HLxamina-

L.

tion of these ecuations shew ~hirt if log € be plotted z2¢ainst log L

for e¢ual velues of Ty -3/T - &, the slone shoild »ive the exponent
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of L. For the case where surface evapeoraticn is contreolling the ex-
ponent is unity. For the case where internal aiffusion is controlling
the exponent is two. £Hfig. 21 =hows the slope to be 1.16 which is the
value of the exponent of L, assuming that a strazighit line can be drawn
through the points slouted in Migs, 17 through 1Y¥. This would indicate
that cven srovided wewls's ecnations could be aprlied to ramie fiber

on a theoreuvicel basies, surfacs evaporation would not. be the controlling
fzetor. Therefere, if these ecuations sre used in altempts to aporox-
imate drving curves for ramie, ecustion (1.0Y) is the bect one to use.
Weuations (1.10) and(l.1l) cannot be used in an attenpt to simplify
equation (1.09) without introducing further error. Il should be re-
membered that these relationships if used are only good approximations
for the ranges so far invesiliratecd. These ranges should cover most
conditivne met in drying practice.

Summing up, the data and analysis presented indicates the mech-
anism of crying of garnetted ramie fiber to be as follows. In the con-
stant rate period water moves ug to the curface of tie fiber by cap-
illsry action, and is vhere removed by =vaooratvion at a rate determined
b7 air velocity and oiher factors influencing the film characteristics.
As soon azs the entry sucvion is obtained atl certsin voints on the sur-
face, the surface film of water 1s broken, the eritical point is passed
and the falling rate pericd besins., Cesglsve snd Houren have shown ex-—
serimentzlly that Lhe criticsl no'ni occurs at Lhe seme free moisture
content at which the entrv suction value is reached (3). The dryving
rate continues to deciease due to .chree principal factors. ore and
more gortions of the surface reaches the enbry sucticn causing the

vagorization vone to retreat into Lhe fiber at more points. Those

vacorizaticn zones alrcacy inside the fiber retreat further from the




surface, increasing the dirtence tc he traversed by the diffusion of
vapoer to bhe surface. This elso increases the dislance heat must
traverse to the free moisture or the rzone of va.orizstion. The
vasorigzetion of tie water from the zones cof vaporization within the
siab is less cue to vie small radii of curvature. "“'ster is eva.orated
at the slab surface at the uverminals of certain capillaries whose
entry sucticn ls never reached throushout the entire drying process.
The number of such eajpillaries contineelly decreases from the time
Lhe critical point is reached until rero free moisture is obtained.
This mechanism conlinuss until the free moisture con:ient drouvs to
about fifteen percent at which time 3 rise in tenperaturs within
the glab increases tne diffusion of wvaporigzed vater to the surface
of the =lab and decreases the bounc cr ecuilibrium moisture to its
value correcoonaing to the surrcunding atmcsphere.

It is realized that ramie fiber will vwrcbably never be dried
comiercially in the form of slabs. This wes merely on experimental
technicue used to stud; the mechanism and charescteristics of criing.
towever, these same mechanisms and cnaractericuvics occur in the drying
of remie fiber, no matter vhat it »hvsical shape.

It is houed that tnis work har shed =orie 1. ght ¢cn an under-
standing of the mechanisms involved in drying randie {iber and fibers in

veneral, anc vhat this knowledre can pe used in develosing and improv-

ing equipment and cryviiy orocesses for ramie ana other fibers.
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KCWENCLATU R E

)

Area, cm®

A conctant

Diffusivity of licuid

weight of ecuilibrium moisture, grns.

Coeflicient of heat transfer from 2ir to surface
of iiber

Absolute humivity, wt. 120 per unit wt. bone dryv air
corresaonding to satiravion at surface tUenperature

Alsolute humidity of the drving atmosphere

g =g

Film coefficient for diffusion throuvsh film
vermeability

hHelf thickness of clab, cm.

Capiliary votential or suction in ens. of fluid height
itesistance to internal diffusion

Resistence to surface evapcration

Surface evaporaivion, gm/hr-cmé

m

lTemoecr=ture of air OF

i

leamperature of air ©C

YTemoerature al surface OF

Temperatire at surface 2% eritical noint OF
"t bulb temrerature of zir OF

Temperature ab center of slab “C

Total weight moisture, both free and bound, cms.

Total vi. water szt critical valus

Overall heat =zransfer coefficient, czl/hr-cm2°C
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v, Velocity in direction x

T - £, vweight free moisture, gns

210 .

e Time, hours
Greek Letlers

Constant
F(t - ts)/)

Lztent heat of vaoorization

o oy w3

Uensity of licuic, rm/ecc

[
©

Lry density of fiber, pr/ce
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APFENDIX




PRIPARATION CF FIBR.S

irofessor J. L. Taylor, of the Textile Engineering Devertment,
procasseu and supplicd 21l vhe fivter studied.

ihe degummred parnetted ramie wes Floridian rarie that had been
thoroughly degummned and washed. The samples viere passed twice through

the garnett card to open the libers thoroughly. This ooened ramie

analyzed y6.¥1% alpha cellulose.




sAnFLE CALCULATIONS

Calculations recuired for measuring air velocity were as
follows. (he factor for the lubes as shown in Table I, which is
the factor vetween the hced of fluid flowing vest a sitot tube as
co ‘pared o the head af vhe serwe fluid flowing past ohe tubes, was
utilirzed with vhe slode of the draft puage filled wizh ethyl alecohol
to orecduvce a formula for computing air velocity. ‘this formula sim-

clified down to the fellowing:

where u in the velocity of the air flowing nast the tubes in ft/min,
G is the draft guage reading with the scale furnished, and V is the
specific velume of the air. 'The specific volume of the air at various
temoeratvres and humiditiss were obtained from the litereture5.

The ebove formule was used to prepare Figs. 1 and 2. A souple
calculation for G at 600 ft/min and at a relative humidity of 10% end
a temperature of 1u0 Cp is shown below.

G = (600 ft/min)e = 0.36l
(2L 3.5)15.51 Tt5/1b)

seuilibrium moisture calculetions for sample 1A, run 1 £ is

chovn below:

‘et weizht (semple and tare at ecuiliorium) ¥7.2506 rms.
Dry weight (sample end vare oone dry) 97.1860 gms.
"eight water cresent at ecuilibrium 0.06L6

5Palker, Yo ey te e lewis, . H. lichdams, o. . Gilland,
frinciples of Chemicel singineering. lew Yorx: 1clraw=lill Eock Co., 1nc.

I737. p 720.
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ury veliont YT . 1360
Yare veight 730057 s,
Hone dry flber in sample T 5W0LT03 pre.

fteuilibriwe moisture

]

J.0EE

3.5763
= L01BY cws./em

= 1,813 drv basgis

The instzutanecus drying rete of Lhe Fiber wzr srrived ai as

rollevs,e  From ene welghn-tire dates of the s valnes of the crving
rate in st/hr—cmq vere Labulaeted for each increrert of tire. The
inerevent voa vag forr rod 7 halfl winvlog ae ranringe were baken
ever: iive piputer znw exactls Lhirty secenos were sllowed for
wmairaing.  fhese inererenval o ipg Tehe veluss were Slotted as the

odisete 2 eipst £AC as the zbsclsga. 4An exa:ple is piven in Fig.

22,

h§4%£—Cn42

Slot of Inerenental deving raleg vs, Line

figure 22,




It is obvious that the area in each blocik is.AW/sz or in all
blocks W/cmz. If c¢/d8 had been plottec avainst =d6 or & the area
under the curve would also be K/cm2. It follovws, therefore, that if a
smooth curve is drawn tarough the glot c¢f the incremental arying retes
versus £A 6 that ot any time 6 the smooth curve revrescents the instan-
toneo: s drying rete. 1t is evident ©nat this is a method of ap roxi-
mation and is exact only in the 1imit as A6 coes to zero. For the

survose of analvging this dats the methed is suffiecient.

0

To determine the free moisture content as a function of time it
vee assumec that vnen the droing s=nnle had reached a constant total
welsht “hat ecullibrium evisted between the ssuple and the érying
atiosohere. That this is net true has been shown bv experimenté.
However, in soite of the error invclved the assumption 1s justifiable.
The error !as been shcwn to be very small.

snowing the final totel weight of the sample =nd rhe percent
ecuilibriun meilsture for the drying conditions, it is possible to cal-
culate the weight of the dry sample. The Jdifference between Lre totzl
weipnt 2t any instent end the weipht of dry fiber resresents the amount
of water wvresent. <Then the ratic of the weight of water to the welght
of dry iber is the total meistiure coutent. The frez2 moisture is this
value of total moisturs less the value of the ecuvilidbrium moisture.

¥or run I shown in iig. 5, vhe final total weicht of fiber ecuals

43.60 gms. and the ecuilibrium moisture is 2.0%5.

Bone dry fiber = _u43.60 = 42.75 gus.
1.020

Olteid, . F.,"icuilibrium hoisture and Drving Characteristics of
xtile ib=rs,” Thesis in Chemical ‘ngineering, Georgia Institute of
echnology, 1yuB, ¥3 bp.
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it eighty minutes the total veight was YL.2 pms. : 173.3 oms minus the
wel;ht of the susvension apperatus winich was 77.1 gms. Therefore, the
welght of water present was tl.45 “ms. The votal moisture content at
this time was 1.203 1b/lb or 120.3% minus 2.00" ecusls 118,3% which
is rounded off to 118%. This calculation was made for each recording
of time-weight data.

Ine retio "/W, was computed by first locating the vercentage
free moigsture from figs. 6 through 12. Lhe total weight of water was
thnen determined by interuolstion of time-weirht data. From this the
ecuilibrium vater was subiracted to cbtain the free water ot the cri-
tical noint. Then the weight ratio vas determined at any time in
the felling rete period with reference to the eritical point.

For run 4 the critical voint occurred at 11lL% free moisture.
The total molsvure at this point was determined by interpolation to be

7.55 ims. The eguilibrium moisture was 43.60 minus 42.75 gms. ecguals
0.85 gms. (3ee above for figures.) Therefore the frree moisture at
the critical point was 47.55 minus 0.85 ecuals 46.70 zms. £t 42.8
minutes past the critical point the total moiscure was 15.25 gms. and
the frec moisture 1U.U0 gms. Therefore /U, at the time was found to

-

pe
= 1440 _  0.308 .
L5770
Tnig erleulaticn was made for =ach point on figs. 17 through 1Y.

A gample comoutation ¢of U for Fig. 6 at 110 nine. is chown

b e :}_ O_.l"l'- -

an/hr=- Cma) —= h.12




The vaiues of X for the constant rate period were calculated
by use of ecustion (1.04;. The corputation fer & at a tercerature of

170 9  for run 12 is shown below.

O.uly gm/hr-cm®
(o5 1B/hr=fTa)VeBa {0 17 1b £,0/1b diy air)

= '\} L] ?)’y

The values of B vere determined by use of ecuzation (1.08) and
Figs. 17-17 at values ol /", of 0.1, The time wae obteined graphi-
celly at the intersecticn of the straight line drawn through the
soints with the line revresenting 2 value of 0.1 for T/Wc. 4 sample
cermtation is shovn beleow.

B = 1n 0.0 (60 mins./hr) = 2.75.
L0 mirs.

‘e values of = for the falling rate periocd were calculated

%

from ecuation (1.12). "The calculation of & for run ¥ is shown

below.

O{ — l - :j’r‘
(47.3 Ib/hr=-ft<)(0.0067 1b 1,0/1b 3ry air)
S - .




daitlh T
velerrinaticon of Factor for wvalocity tubes.
Galibrated witrh Whélen (mage,

fePO_fﬁﬁﬂiDg {itot Hescing Aally iubes Herding a Hy, Ahtﬁhp
ins Alecohol Ins. sleche Ine. &lrohol

0. 4490 G.4535 C.O00LE  U.uby5 0.0105 253
Qedrisp0 04575 0.0085  O.4664 0.0175 2,06
Jeudlyy0 0.5550 0.0060 0.L633 0.0143 2,38
Qar1iy 70 0.4020 0.0530 0.&:8l5 0.1025 Lol
0.1508 0.451k 0.0306 0.5130 0.1:622 2.03

Hoom Temperature 27 ces. C.

dverage Value of adt/ap is 2.15

ant equals 2,15 x akp
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TABLE II

Run 1%, lquilibrium Studies
Dry Bulb 140 et Bulb 95 relative humidity 1y%
Sample’ ‘et Veight Dry eight  Tare feigat Hcuilibrium H,0
Gris. Gms. Gms. Gms. HyO/g fiber
1A #7.2506 97.1860 9346037 0.0181
2A 101.8652 101.7665 97,0513 .0211
3D 97+5416 #7410k 92.7882 .0158
uD ¥6.2884 96,204y ¥1.9680 .0198
run 2&, Lguilibrium Studies
Dry Bulb 140 et Bulb 106 Relative Humidity 33%
Sanple Vet eight Dryr Tleight Tare Yeight Zquilibrium Hp0
Gris. Gms. Gms. Gms HpO/r fiber
14 7T.7159 97.6280 ¥3.6102 L0219
2A 102.2300 102.1076 97.0720 0240
3D 97.0532 76.952L $2.9763 .0253
uD 96.86y2 76.7u59 72,0205 L0261
Run 3E, Louilibrium Studies

Dry Bulb 140 Tet Bulb 118 Relative Humidity Gl&

Sample Jet Veight Dry Veight Tare teight mcuilibrium HpO
Gms. Gms. Gms. - Gms HpO/g fiber
14 #8 .6553 8,519 93.75u2 .036y
2A 101.0¥50 100.7750 971056 0321
5D 773206 T 1702 92.8765 .0330
iD 97.0377 76.874¢ 92.639u .0385

# A - Adsorption
D - besorption




Ta2LE IIX

Run ki, Teuilibrium Studies

Dry 3ulb 170 Yet Bulb 115 Reletive Bumidity 1%%
Sarple” ‘et eight Dry ‘eight  Tare veight bcuilibrium HzO
Gms. ms. ams. Gms tipU/g fiber
1A »8.211L 98.1565 73,6132 0.0121
24 101.4325 101.3814 9712132 .0120
3D 7.570L 97.5288 72,850l -0132
ub 76,7662 7647005 41,9741 L013Y

Run 5E, Zcuilibrium Studies

Dry Bulb 170 et Bulb 1luk Relstive Humidity 51%
Sample Wet Jeight Dry Weight Tare Welpght Ecuilibrium HoOU
Gms, (rms., Gms. Gms HpC/g fiber
14 7841312 98.3120 93.5078 .0250
2A 101.83u7 101.7206 97.1052 0247
3D 76.8706 96,7631 92. 7650 0269

% A - Adsorption
U - Descrption
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TaBLe IV

Run 6B, deuilibrium  Studies

Dry tulb 200 et Bulb 135 felative lumivity 199
3 a v : _— , - s s ,
Sarole et Velrht Dry teight  Tare “eight  “cuilibrium HpO
Oris. Grgs Gne . Gms to0/g fiber
1A 28,0169 979525 $3.4L86 0.0050

24 101, 006 191.2773 4741162 .00LY
3D #7.0170 7€.9373 72,8552 L0072
) 90. 7873 F6.TURT J1.2676 .0061

Hun Y&, bBouilibrium Studies

e odulb o 200 fet tulb 172 Relative Funidity 51k
parule et Telsht bry Veisht  Tere Teipht  Ecuilibrium kpC
Gms. Gus . Gris, Gms 1p0/g fiber

14 IY. 6555 +7.580L8 3 .4585 L0181
24 101.5363 101,454 741273 0188
5D L] ST 1363 T .6648 #2.895L .0152
LD 96,7207 70,6236 41,5762 .0209

A = Acsorplion
D = Desorption




TABLE V
Bun 1
Thickness 1.27 em Dry Bulb 140 ‘et Bulb Y5 Relative iumidity 1%

Draft Guege 0.357 Air Velocity 6C0 ft/min Dry Density 0.130 g/ce

iime Total Wt. Total “t. oG % Free r20,gms Drying Rale
Mins. Gms. Grs. H,0x100/gm fiber gm,. /hr-cm

0 452.3 230.55 0.294

5 4043 318.55 .30
10 u428.5 306.75 304
15 4l7.2 295.45 251
20 405.6 283.85 299
25 373.6 271.85 . 309
30 382.0 260.25 29y
35 370.6 215,85 o
40 357.6 235.85 «335
us 3ub.7 223445 See 307
50 33L.8 213.08 46 e
55 323.0 201.25 usy . 304
60 312.1 15C.35 L .281
65 300.9 17%.15 Wl 289
70 28y.4 168.65 373 271
75 278.2 157.u5 366 289
80 266.8 1LE.0F 340 294
85 255.5 13u.75 313 251
90 2ie2 123.45 287 «291
95 LR 112.1% 281 291
107 221.5 10C.75 233 290
105 210.]; 89 .65 208 .286
110 17747 78,95 183 .276
115 185.0 £8.25 158 276
120 178.1 57.35 133 .281
125 16T7.y 47415 10 .263
130 155.8 37.05 8447 .235
135 15343 25355 €7.2 153
140 la.;5-5 2,’-?5 5}.0 .150
1u5 1il.b 17.65 140 .106
150 138.2 16,45 36.5 .083
155 135.5 13.75 30.2 .070
160 153.3 11.55 25.0 .057
165 151.4 7.65 20.6 LUy
170 125.y 5,15 il P d .03y
175 125.6 6.85 1y.0 .03y
180 127.5 £.75 11.5 .028
185 126.5 Lo 75 7.1 .026
15 12,4.8 3.05 5.2 022
205 123.6 1.85 . 2.3 .015
215 123,0 1.25 0.9 008
225 122.75 1.00 U.3 .003

245 122.60 0,85 0.0 002




TARLY VI
Hun 2
Thickness 1.27 cm Dry Bulb 140 Vet Bulb ¥5 Felative humidity 1y%

Draft Guage 0.557 Air Velocity 750 ft/min Dry Density 0.130 gu/cc

Time Total “t. Tectal "t. 1p0 # Free Ho(0, gms Lrying d%te
jins.  Gms. Grs. Ho0x100/gm fiber  gm/hr-cm
0 416.8 29488 686 0.361
5 £03.0 2t1.05 653 .356
10 35%.3 267.35 623 .353
15 3754 2E3 5 571 . 345
20 362 .8 2110.85 560 .338
25 La7e T 227.75 524 .338
30 336.9 214.95 500 330
35 323.6 201.65 L0 .3u3
Tto) 310.5 188.55 438 .338
145 27743 175.35 5083 eyl
50 28Li.7 162.7% 378 .325
55 27143 14Y.95 343 .330
£0 L 136,95 313 . 335
65 2.6.4 124445 25 .323
70 23L.1 112.15 262 3T
75 2214k 97415 230 327
80 208.5 86455 200 .333
85 1957 T3.75 170 330
) 183.8 61.85 143 .307
¥5 173.0 51.05 120 279
100 164,0 42405 5642 232
105 157.3 35435 80.7 sl
110 151.7 27.75 675 145
115 1.7.8 25,85 58,3 102
120 1i:1.5 22,55 51.7 .085
125 1.8 17.85 hu.l .070
130 137.5 17.55 37.0 .059
135 137.5 15,55 3u.3 .052
1u0 135.6 13.65 30.0 0Ly
145 133.y 11.95 2545 Ol
150 1324 10.45 22.4 .03y
155 131.1 7415 17.4 .03l
160 130.0 3.05 16.8 .028
165 125.9 5,95 1i.2 .028
170 127.8 5.85 11.7 .028
180 126.0 .05 o5 .023
150 12h.7 €475 il 017
200 123.8 1.85 249 012
210 123.4 1.5 1.4 005
220 122.9 0.95 02 .006
230 122.8 0.85 i | .001

300 122.8




TABLE VII
Run 3
Thickness 1,27 em DUry Bulb 1u0 et Bulb 35 ijielative Humidity 1%

Draft Guage 0.800 Air Veloeity »00 ft/min Dry Lensity 0.130 g/ce

Time lotal "t. Total Wt. HoO % Free h,0, gms Drying Rate
wins. Gms. (ms. Ho0x100/em fiber gm/hr-cmé
0 u56.1 334425 C.387
5 4ld.5 319,65 3T
10 a'-'.2 ?t 2 3")5 *35 . 369
15 412.6 250.75 ATT
20 398.0 276,15 6ub 317
25 38u.3 262.45 612 .354
30 370.0 248,15 577 359
35 355.8 33.95 it 367
LO 341.6 217.75 £12 367
45 327.7 205,85 479 +359
50 313.7 151.85 1y 7 361
55 300.1 178.25 115 .351
60 286.2 1611.35 382 « 359
65 2724 150.55 350 356
70 259.0 147.15 319 346
75 2:5.3 125.15 287 353
80 231.9 110.05 255 .3ub
85 2182 76.35 223 <354
50 205.1 83.25 193 .338
5 172.3 70.45 163 +330
100 17743 5745 132 +335
105 168.3 46415 107 .284
110 160.1 38.25 87.4 211
115 155.7 31.85 72.3 .165
120 1:8.8 26,75 58.8 .126
125 1u4.6 22.75 51.3 .108
132 141.5 17.65 Li: 40 .080
135 136.6 17.75 39,5 .075
140 156.0 1.,.15 3l.1 067
1.5 134.0 12.15 2¢.5 052
150 132.0 10.15 2le7 .052
155 130.4 .55 18.0 .0ul
160 126,57 6,05 12.2 .039
165 127.5 £ .65 1152 .036
170 126.4 L+55 BaT 028
180 12::8 2<95 bay .021
190 123.8 L5 245 .013
200 124:2 1.35 1.2 .008
210 122.5 1.05 0.5 004
220 122.7 0.85 C.0 .003

300 1227
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TAELE VIII
fun 4
Thickness 1.27 em Dry Bulb 140 Tet Bulb 45 lhelative Humidity 19%

Draft Guage 0.2u8 Air Veloeity 500 ft/min Dry Density 0.130 g/ec

Lime Total ‘t. Total ¥t. Hp0 & Free HpO,gms Lrying Hgte
sins.  Ums. Gms, H,0x100/gm fiber em/hr-cm
0 325.9 202,05 470 0,250
5 31443 152015 uh8 2u7
10 3004 182.55 L25 .255
15 274.8 172.95 102 .2u7
20 285.1 163.25 380 . 250
25 275.7 153.85 357 2UE
30 266.0 1,50 335 .250
35 256.6 154,75 312 242
1,0 247.0 125,15 291 247
15 23745 115.65 268 245
50 228.3 106.u5 2uT .237
55 215.0 #Te15 225 .2L0
60 209.9 f8,08 204 .235
65 200.5 18.65 182 «242
70 171.3 67 .45 162 s237
75 182.3 60, LE 13y .232
A0 175343 51.15 118 .232
85 165.5 43.65 100 .201
ﬁg 15-‘407 _32 l85 ?Lll? 0121
10 150.8 28475 55.8 .101
105 1478 25.95 5847 077
110 145.1 23,25 2.3 .070
115 142.6 20.75 16.6 .064
120 14045 18,65 1.6 .05L
125 138.8 16.9% 3746 oLl
130 137.1 15.25 33.7 oLl
13 135.5 13.65 2749 el
145 132.6 10.75 23,2 .036
150 131.4 4¢55 20.3 .031
155 130.3 B.u5 17.8 .028
160 12y.2 7.35 14,2 .028
165 1223.u 6.55 13.3 021
170 1277 5.85 L .018
175 126.9 5.05 7.8 021
185 126.0 iel5 Tt 012
1%5 125.0 5el5 5. .013
205 121142 2.35 3.5 .010
215 123.6 1.75 24l 008
22% 123.2 1.35 lad .005
215 123.0 1.1% 0.7 .003
205 122.8 0.55 042 .003
255 122.7 J.85 0.0 .001




e

TABLE IX
flun §
Thicikness 1.27 em DUry Sulb 140 Vet Bulb y5 Relestive numidity 1s%

Draft Guage 0.357 Air Velocity 600 ft/min Dry Density 0.130 g/cc

Time Yotal *t. Total “t. HpQ0 % Free np0, gms Drying Hﬁte
siins.  Gms. Gnis. 120x100)/gm fiber gm/hr-cm
0 308.0 185.45 425 0.272
5 297.0 17Le45 420 .284
10 285.7 163.15 374 292
15 274.8 153.25 351 .282
20 263.6 143.65 32y 289
25 252.8 152,25 303 .279
30 2Ul.5 121.35 277 281
5 2921 110.55 253 279
40 22042 77145 227 .282
us 209.5 88.95 213 277
50 1,5.8 78.25 178 2Tt
55 13t.1 67455 153 277
60 178.1 57.55 130 .258
65 169.2 48.65 110 .230
70 161.9 41.35 ¥3.2 .188
75 156.5 35.95 80.9 139
80 152.1 31.55 70.6 .113
85 143.5 2795 6241 .0v3
Y0 1u5.5 23.75 55.1 077
95 142.8 21.25 46.8 .070
100 1:0.6 18.05 3745 057
105 138.7 16.15 35.1 .0y
110 136.8 14,25 30.8 .04y
115 135.3 12.75 27.3 .039
120 133.7 11.15 23.7 0L1
125 142.5 Pui5 21.y 031
130 131.2 4,65 17 ¥ 034
135 15043 7.75 15.8 .023
145 128.1 5.55 10.8 .026
150 127.4 1.85 9.1 .018
155 126.6 4405 Te3 .021
165 125.7 3.15 5.3 .012
175 125.0 2.45 b .009
135 12ii.4 1.85 2+ 007
155 124.0 1.45 1.9 .005
205 123,7 1.15 0.7 .00l
215 125.5 0.95 0.2 .003
225 123.4 0,85 0.0 .001

300 123.4




IaBglb X
Hun 6
nieltnose L.27 em DOry Bulb 1u40 Vet Bulb 95 Keletbive Tumidity 1%%
Jraft Gueme U.E57 Adr Veloeity 750 ft/rin Lrv Density 0.130 /ce

Mme 1otal “t. Total "it. hoU i Iree o0, fuis Drring dz.e Fotentio-
¥ins. Omns. NS, Hp0x100/em fiber o1 /tir-cié  meter, mv

0 U2t .2 3U6.L5 700 J.356

li.y ¢73.15 663 343
10 401.0 274425 637 .35
15 387.6 265,86 0l 3ub
20 37140 252,25 5Th .351
25 36043 235.55 5u5 354
30 346,6 224,685 €12 .35&
35 353.2 211,45 431 .3L6
ho 317.7 157495 450 . 3u8
U5 306.0 1H:.25 aly 353
50 29247 170.95 38y w313
55 27741 157.65 359 <313
o) 265.8 144.05 .351

O O

(RS R WE]
AL
—J N

FER S B B
* + 8 e

1,62
1.62

1.62

65 2u2.6 130.68 L301 1,62
70 237.0 117, 2¢ 266 L381 1.62
75 226.4 105,65 237 .325 1,62
R0 213.6 71455 208 <330 1.62
4. £00.6 C .08 175 . 330 1,62
) 148.5 €6.75 151 .317 1.42
g 176.3 .55 123 s51¢ i0p
100 168 .4 03 .05 78 < 25 1.62
13 157.3 36, &€ 1.9 .20 1,62
113 151 .0 27.85 By <163 LG8
TG 16,7 2L 95 Eely e et .02
120 1a2.9 ;1.1' 76 BlelTs e
125, 15748 1 )42 080 62
130 137.2 1,.;) {10 | 067 L6l
135 150.9 13,15 28,8 .05 L6l
14D 155.0 11,25 03 oLy b

151.1

=il
4

L5 3l ¥.35 19.9 LUy
150 1295 7.75 16,2 .04l
155 124.0 625 12.6 L03Y
160 126.8 5,05 Yy, 8 L067
1685 125.8 4,05 (5 026
170 125.0 Sl 5.6 .020
175 124.25 2,50 3,9 .019
1.5
f

L

L] L]
-
NI —IVE N O =00 ON O
NS =TI N DD E e

185 123.25 1.50 . 013
175 122,95 1.20 0.¢ .00L

. &

205 122.75 1.00 0.3 .003
215 122.60 0.8% 0.0 .002
300 122.60 .75 0.0 .000

M RO RO RS RO RO RS RS R e e e
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TiBLE XI
Eun 7
ihicvness 1.27 em Dry Bulb 140 ‘et Bulb 95 FHelstive Humidity 1v%

Draft Guage 0.800 Air Velocity 900 ft/min Dry Lensity 0.130 g/ec

Time fotal 7t. lotal “t. Ep0 % Free H»0,ems Drying Rate
iins. Ums. Gms., HoUx100/o2m fiber gm/hr-cm
Q J_LPWO 5] 358.05 c'l? 0.419
5 i62.8 31085 776 Ly
10 Lih6.6 32U465 738 41y
15 4297 307.75 716 136
20 4l2.5 250,55 676 Culy
25 3962 2714425 639 Rival
30 380.0 253.05 601 a1y
35 363.4 2ulets 561 «1429
e 3i47.0 225,05 524 .23
u5 331.0 207.05 187 .13
50 514.5 172,55 L 1126
55 298.7 176475 110 408
60 282.5 160.55 373 418
65 266.0 144,05 335 .26
70 2L,y 127.95 297 116
75 2334 111.45 259 426
80 2173 75435 221 A6
85 20153 79.35 134 .13
90 186.6 64.65 iy .380
95 17340 51.45 116 341
100 162, 1245 92.5 .28
10 154.6 32.65 713 .201
110 1u8.7 26.75 60,5 .152
115 1:4k.5 22.55 51.7 .108
120 140.8 18.85 2.0 096
125 137.8 15.85 35.0 07T
130 135.2 13.25 25 .0 067
135 132.8 10.85 2943 62
140 130.8 4,85 18,7 .052
145 12y.2 T.25 1.9 Nellnk
150 127.8 5.85 11,6 036
155 126.7 4o 75 Hal 028
160 125.7 3475 £.8 .026
165 12,9 2,95 I .021
175 123.9 1.5 2.6 .013
185 123.3 1.35 1.1 .008
155 123.0 1.05 0.5 004
205 122.8 0.85 0.0 .003
215 122.8 0.85 0.0 .000

300 122.8




TABLE XII
Hun 8
Thickness 1.27 em Dry Bulb 140 Yet Bulb %5 Helative rHumidity 1u%

Draft Guage 1.085 Air Velocity 1050 ft/rin  Dry Density 0.130 g/ce

Time Total Wt. Total "t., H2O0 §» Free 120, gms Drying Rgte
kins., Gms. Gms. H,0x100/em fiber grn/hr-cm
0 157.8 336.05 0.ubl
5 1430,0 318,25 743 + 459
10 21,9 300,15 700 467
15 4oyl 282.35 658 459
20 386.1 261,35 616 bl
25 366.6 246.85 55 452
30 350.8 22,05 S5k 159
35 3337 211.95 153 Jibl
10 315.v 1y4.15 hs3 455
50 281 .1 155.6 372 i
55 264.1 142435 331 L6
60 2ub.y 125,15 251 Sy
65 229.7 107.95 250 Lk
70 212.6 $0.85 210 oy
75 196.2 Taalis 173 .23
80 180.9 £9.15 157 .395
85 167.2 L5.u5 10L .35
S0 157.6 35.85 8y .2u8
45 150.6 28.85 65.4 .181
100 145.6 23.85 53.7 .12y
105 141.6 1y.85 iS5 .103
110 138.1 16.55 5647 .00
115 135.2 13.u5 29 .5 . .OT5
120 132.6 10.85 23.4 067
125 130.4 8.65 18.2 .057
130 126.9 7.15 16.1 .039
135 127.6 5.85 117 .03
140 126.3 L.s5 8.7 .03L
1“5 125--'|I. 3065 505 0023
15 126 2.85 a7 .021
160 123.5 1.5 2.6 01l
170 1229 1.15 8. .008
180 122.7 0.95 0.2 .003
150 122.6 0.85 0.0 .001
300 122.6 0.85 0.0 .001
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TABLE XIII
Run 9
Thickness 1.27 em Dry Bulb 140 ‘et Bulb 118 helative Humidity S1%

Draft Guage 0,602 ALir Velocity 47.3 lhfftz-hr Dry Density 0.130 glce

Time Total 7t. Totazl Wt. Hy0 b Free Hy0, gms Drying Hﬁte
yins.  GUms. Gms. Ho0x100/¢m fiber gm/hr-cm
0 265.0 143.0 330 0.193
5 257.6 135.6 513 W11
10 250.4 128.4 296 .186
15 212.9 120.9 279 .193
20 235.3 113.3 261 .196
25 223.1 106.1 2Ll .186
30 221,0 59 .0 227 .183
35 21348 $1.8 210 .186
110 206.5 84.5 194 .188
45 19743 7743 177 .186
50 172.3 70.3 160 .181
55 184.9 2.9 143 Ayl
60 177.8 £5.8 127 .183
65 170.6 1L8.6 110 .186
70 163.9 L1.9 4.1 iy
75 158.2 36.2 81.0 N7
80 153.7 1.7 70.4 116
85 150.1 28.1 62.0 093
50 Lidwl £5.1 55.2 077
95 lulie7 2247 ude5 .062
100 1u2.6 20.6 Uise5 054
105 140.8 18.8 40.bL 0ubé
110 13%.3 173 37.8 .039
115 137.8 15.8 3.3 .039
120 136.5 1L.5 30.3 .034
125 135.3 13.3 276 .031
130 134.1 12.1 2L, .031
135 133.0 11.0 22.2 .028
140 131.5 YeS 19.6 .028
1,5 131.0 9.0 17.5 .023
155 12y.9 Ted 14.9 014
165 128,y 6.9 12:6 .013
175 127.8 5.3 0.0 .01
185 126.9 o9 T9 012
155 126,0 4.0 5.8 012
205 1252 Yo L.0 .010
215 124.7 2T 2.8 006
225 124.3 2.3 1uP .005
235 124.0 2.0 1.2 .004L
2445 123.8 1.8 0.7 .003
255 123.6 1.6 0.2 .003
265 123.5 1.5 0.0 .001
330 123.5 1.5 0.0 .000
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TapLE XIV
fun 10
Thickness 1.27 em DUry Bulb 140 Vet Bulb 104 Helative Humidity 30%

2
Draft Guage 0.570 Air Velocity 47.3 1b/ft -hr Dry Density 0.130 g/ce

'ime Total Wt, Total Tit. Hp0 % Free HpO,gms Drying Rgte
kins. Oms. Gms. HoCx100/gm fiber gm/hr-cm
0 330.5 208,55 L83 0.28L
5 319.7 157.75 L5y 279
10 308.8 186.85 433 <281
15 2973 175495 408 .281
20 286,8 L6L .85 361 .286
25 275.8 153.85 356 284
30 265.,1 1:3.15 330 276
35 25442 132.25 306 .281
L0 2130 121.45 280 2779
s 232.6 110.65 256 ' 279
50 221.6 57.€5 230 .28l
55 210.7 88.75 200 .28l
60 200.0 73.05 160 276
65 Lo Y. 67.25 154 217
70 176.8 £6.85 130 .268
75 170.0 LB8.05 110 227
80 162,6 10.65 ¥2.8 151
85 156.7 S4aT5 78.8 W 152
40 152.1 50.15 68.0 119
95 1u8,1 26415 5847 .103
100 14544 23eub 52.3 .070
105 142.9 20.¥5 46.5 .065
110 140.4 16445 40.7 .065
115 138.5 16.55 7,2 0Ly
120 136.8 14.85 32.3 .OLiy
125 135.2 13.25 28.7 0ul
130 133.8 11.85 2543 .036
135 132.5 10.55 22,2 034
140 131.3 7435 19.4 .031
145 130.3 .35 17.1 .026
150 129.6 T+.65 15.5 .018
155 1253.5 6.55 12.9 .028
165 1272 5.25 79 17
175 126.1 L.15 T .01h
185 125,2 3.2% el .012
195 124.6 2.65 3.8 .007
205 1251 2.15 2.6 .006
215 123.7 1.75 1.7 .005
225 123.4 l.u8 1.0 .00k
235 123.1 1.15 0.3 .00L
2l 125.0 1.05 0.0 .001
300 123.0 1.05 0.0 .000
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TABLE XV
fun 11
Thickness 1.27 em DUry Bulb 140 ‘et Bulb 100 kelative Humidity 25%

Draft Guage 0.561 Air Velocity 47.3 1b/ft2—hr Dry Density 0.130 g/cc

Time Total "t. Total Tt. Ho0 % Free Hp0,gms Drying H%te
iins. Gms. Gms. Hp0x100/gm fiber gm/hr/cm
0 362.2 2000 bha 0.305
5 350.3 2¢8.1 524 . 307
15 326.3 204.1 b9 .305
20 31li.i 12,2 L1 307
25 302.8 180.6 Lk 299
30 2411 168.9 337 . 302
35 2774 157.2 361 . 302
40 267.6 1i5.3 334 . 305
5 256.1 1539 307 297
50 2Li.3 122.1 2930 .305
55 2392.7 110.5 253 . 300
60 220.9 98,7 226 . 305
65 20943 8T.1 179 +299
70 157.8 75.6 173 297
75 186.1 63.5 145 . 302
80 174.5 5243 119 .300
85 165,2 143.0 T2 .200
70 158.3 36.1 o 2 L1B
95 152.8 30.6 5846 .12
100 18,5 2043 58.7 <111
105 145.0 22.8 50.6 .0%0
110 142.0 1v.8 43.7 077
115 1359.3 17.1 37.5 070
120 13 1ah 15.3 3343 0ub
125 13557 L P 2942 0ub
130 134.0 11.8 25.3 0Ll
135 132.4 10.2 21.5 0Ll
140 13T R,9 18.5 .03h
145 1228 7.6 15.5 034
150 128.7 6.5 13.0 .028
155 12748 5.6 16,5 .023
160 126.8 teb 8.6 .026
170 12,7 3.5 6.l .01l
180 124.8 2.6 4.0 .012
150 124.1 1.5 2.k .00%
200 123.5 1.3 1.0 .008
210 123.2 1.0 Q53 004
220 123.05 0.85 0.0 .002
300 123.05 0.85 0.0 000




ThABLE XVT
iun 12
thickness 1.27 em Dry Eulb 170 iet Bulb 115 Relative rumidity 17%

Draft Guage 0,602 Air Velociby u47.3 lb/fnz—hr Dry Density 0.130 g/cc

Time Total Vit. Total Wt. Hy0 % Free Ho0,gns Drying Rﬁte
fiins.  Gms. Gms. Hp0x100/gm fiber gm/hr-cm
0 uh9.5 327 .1 ein 0.u451
5 u32.7 310.3 T1h .1:33
10 416.0 293.6 677 31
15 398.0 275.6 635 Lol
20 381.3 258,y 597 430
25 3601.7 21.2.3 5ae -1428
30 3uTl 225.0 519 L6
35 340.2 207.8 478 eniy3
40 312.5 90.1 138 456
45 275.3 1729 3370 ol
50 279.2 156.8 360 415
55 262,72 139.8 322 438
60 246.0 123.6 284 Ll7
65 230.0 107.6 2u7 12
70 gl s y0.8 208 2133
75 198,14 76.0 174 .382
80 18343 60.9 140 .389
85 16y.8 L7.4 108 .3UB
90 155.2 36.8 83.8 213
95 152.,0 29.6 6741 .186
100 146.7 2h.3 £5.0 237
105 142,5 20.1 L4542 .108
110 139.2 16.8 37.6 .085
115 136.3 139 30.9 075
120 133.9 11.5 25.4 .062
125 + 131.8 9.4 20.5 054
130 130,0 7.6 16.3 0ub
135 128.4 6.0 12.7 0Ll
1,40 126.9 4.5 Yol .03y
145 125.8 3.4 6.6 .028
150 125.0 2.6 JL!B a02l
160 123.7 1.3 1.8 017
170 123,2 0.8 0.6 .006
180 123.0 0.6 0.2 .003
190 122.y 0.5 0.0 .001
200 122.9 0.5 0.0 .000
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TABLE XVII
Hun 13
Thickness 1.27 cm Ury Bulb 200 ‘el Bulb 135 RKRelative Humidity 1v¥%

Draft Guage 3,707 Air Velocity 47.3 lb/ftz-hr Dry iensity 0.130 g/ce

Time Total ¥t. Total “t. BoU % Free HpU,ems Drying ﬂgte
ping,  Gms, GIMS . HpUx10u/gm fiber gm/hr-cm
S 50%.0 353.0 892 0.420
5 H2.Y 6005 8.0 569
10 63,2 3l 2 775 .508
15 L4345 321.5 TuB .508
20 1.21.0 27,0 676 579
25 3¥7.5 2775 &ub 55k
30 3580,2 258,2 00 97
35 353,10 230.4 £50 562
L0 337.5 215.5 Lol 537
n 316.3 L1543 L53 5ub
5D 2763 17h.3 405 .51é
55 274.0 152.0 353 574
60 254.8 132.8 308 LYl
65 23543 111.3 258 .555
10 212.2 71,3 212 Suly
75 172.2 10.2 163 515
80 174.6 2.6 122 <453
a5 i00.4 33.u Bi .o .366
40 152.0 10,0 B7.3 217
¥5 154 Z23eh Ciey 170
100 141.1 19.1 43.8 111
105 137.2 15.2 344 .101
116 13u.1 12,1 27.6 080
115 131.6 7eb 21.7 064
120 125.3 7.3 1.4 L0858y
125 127.5 G5 12,2 ot
130 126,0 1.0 R.7 .03Y
135 12u.6 2.6 C.h ,236
100 123.9 1.7 5.8 .018
145 123.5 1.5 e 010
150 125.1 1.1 1.7 .10
155 122.8 (S 1. .00%
160 122.5 J.5 0.5 .008
165 1722.3 .3 0,0 005
170 122.3 0.3 0.0 .000
240 122.3 U2 0.0 000




TABLE XVITI

ftun 14

Thickness

Draft Guage 0.557

2.5l cm

Dry Fulb 140

"ot Bulb Y5

Relative Humidity 19%

Air Velocity 47.3 lb/fté-hr Dry Density 0.130 g/cc

lime Total %Wt. Total Wt. Ho0 % Free HpO,gms Drying Rﬁte
Yins. Gms. Cms. tip0x100/gm fiber gm/hr-cm
0 575.6 3Eh.l yl2 .361
5 562.0 3u0.8 396 357
10 548.6 327.4 380 346
15 53544 31le2 365 il
20 £22.0 300.8 309 .3ub
25 508.4 287.2 333 .351
30 U9 273.7 318 .3uB
35 1481.9 260.7 302 .335
140 468.5 2iiTe3 287 .345
us ub5.i 23u.2 g .338
50 142 42 221.0 257 s 30l
55 28,7 207.5 201 .3u8
60 115.9 1yl 7 226 « 330
65 1:03.2 162.0 210 .327
70 390.1 168.9 195 L3328
75 377.1 155.9 180 «335
80 364,2 143.0 165 «333
85 351.5 130.3 150 .327
g0 339.7 118.5 137 . 304
95 328.2 107.0 123 .297
100 517.7 56,5 A P
105 308.4 87.2 100 .240
110 300.8 9.6 1.1 156
115 273.6 T2.4 B2.6 .186
120 288.2 67.0 T3 139
125 283.3 62.1 0.6 127
130 277.3 58.1 65.9 .103
135 27546 TN 61.5 .096
140 272.4 51,2 57.8 .083
145 269 .44 48.2 Suely 072
150 266.6 LS.l 51.1 .072
155 264.2 i|3 .O 48.3 -062
160 261.8 10.6 U5l .062
165 257.8 38.6 3.1 .052
170 257.7 36.5 10.6 054
175 256.1 3y 58.8 0L
180 251.0 32.8 36.3 .05k
185 ag 3 310 31,2 0ub
150 250.7 27.5 32.5 039
195 245.2 28.0 30.7 039
200 247.8 26.6 2.0 .036
205 24645 25.3 27.6 .03L
210 245.2 2u.0 26.0 .034
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TABLE X¥IITI, =run 14 Continued

[ime Total Wt. Totzl Wt. Hp0 % Free HpO,zms Drying Rgte
kins.  Gms. Gms. H,0x10C/gm fiber gm/hr-cm
215 20,0 22.8 2.7 0.031
220 212.8 21.6 23.2 .031
225 2i:1.5 20.3 21.7 .03y
230 21043 1y.1 20,3 L031
235 239.1 17.9 15,9 .031
210 237.8 16.6 17.4 034
250 235.9 1h.7 15.2 - L,025
260 230442 13.0 13.2 022
270 232.7 11.5 11.4 L019
280 231.3 10.1 2.8 .018
20 229.8 8.6 £.0 .01y
300 228.7 7.5 6.8 L0l4
310 227.6 6.4 5.5 .01l
320 226.6 Satt Ue3 .013
330 225.9 a7 3.5 009
340 225.0 3.8 2.4 012
350 22444 3.2 1.7 L008
360 223.8 2.6 0.8 .008
370 223.3 2.1 0.5 006
380 223.0 1.8 0.1 .00L
390 222,9 1.7 0.0 L001
20 222.9 1.7 0.0 .000
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TABLE XIX
Run 1%
Thickness 0.635 em Dry Bulb 140 ¥Wet Bulb 95 kLelative Humidity 1%%

Draft Guage 0.557 Ailr Velocity 47.3 lb/Tte—hr Dry Density 0.130 g/ec

Time Total Wt. Total Wt. HpO % Free Ho0,gms Drying Hate
iins. Gms. Gms. Hp0x100/¢gm fiber gm/hr—cmé
0 271.0 2C3.55 Y446 0.3u5
5 257.5 120.05 885 .3u8
10 213.8 176,35 820 .353
15 230.2 162.75 756 .353
20 216.8 145,435 654 <345
25 203.3 135.8% 641 348
30 189.7 122.25 568 .351
35 176.7 109.25 507 335
40 163.4 55.95 it 343
u5 1;7.8 82.35 382 .351
50 136.5 65,05 319 2343
55 123.3 55.85 258 300
60 110.2 12,75 197 .338
65 974 29495 137 330
70 86.5 15.05 £6,3 .201
75 Y441 11.95 B34 .183
80 75.2 7.75 34,0 .108
85 72.1 465 15.6 .080
90 69.9 2.45 St .057
95 68.8 1.35 4.3 .028
100 68.1 0.65 1.0 018
105 68.0 0.55 0.0 .003
180 68.0 0.55 0.0 .000




TABLE XX
Run 16
Thickness 1l.27 cm Dry Bulb 140 Wet Bulk 100 Relative Humidity 25%

Draft Guage 0.561 Air Velocity «7.3 1b/ft°~hr Drv Density 0.152 g/cc

Time = Total 't. Total "t. HpO % Free Hp0,gms Drying Rgte
¥ins.  Gms. Gms., Hp0x1C0/gm fiber gm/hr-cm
0 304.1 17442 3L6 0.307
5 27251 162.2 323 .30y
10 280.4 150.5 gy .301
15 265.6 138.7 274 .304
20 256.9 127.0 £52 .301
25 2u5.6 1157 €29 251
30 234.1 104.2 207 237
5 g02.2 92.3 182 . 307
L0 210.3 80.L 159 .307
145 200.3 70.h 13y .258
50 171.9 t2.0 122 217
55 1683.8 £3.9 105 .209
60 176.5 166 0.4 .188
65 170.5 40.6 3.4 155
70 165.7 55.8 63.7 124
75 161.5 31.6 60.5 .108
80 158.2 28.3 53.8 .085
85 155.3 254 48.0 s o
90 152.8 28 o5 43,0 .06k
95 150.6 20.7 38.6 .057
100 148.5 18.6 3u.3 .05,
105 1u6.7 16.8 30.8 L0ub
110 1u5.0 15.1 27.4 ol
115 143.5 13.6 P Lsd .03y
120 142.1 12,2 21.6 .036
125 140.8 10,y 14.0 .03y
130 139.7 9.8 1647 .028
140 137.6 a7 12.5 027
150 135.8 Ced Bay 023
160 134.5 L.t 6.4 017
170 133.5 3.6 e .013
180 132.,6 2.7 3.1 ,012
1,0 131,y 2.0 1.8 .009
200 131.4 1.5 0.8 .006
210 131.1 1y 0.2 .00h
220 131.0 150 0.0 .001
300 131.0 1 8%} 0.0 .000
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TRELE XXI
fun 17
ihickness 1.27 cm Ury gulb 1u0 Yet fulb 100 velstive Lumidity 25%¢

Draft Guage 0.561 Air Velceity 47.3 lb/ftz-hr bry Density 0.16C r/ce

Time ‘total i, Total vt. HpQ & Free hol,mms Drying Rate
Mins.  Oms. TS 1ip0x100/ g fiber g/ hr-cm

O 351.8 261, 42y 3.317
5 33v.8 207.9 L0l . 309
10 3282 1y%,3 380 29
15 315.7 186.0 356 .322
20 303.1 174.2 331 L326
25 21,1 lel.?2 308 . 30y
30 278,y 145.0 285 315
266.5 136.6 261 » 320
.1 125.2 240} .275
3.5 113.0 216 299
s 102 ,0 Lo Oy
5 21.0 173 284
210.0 A, 152 221
& 200,08 YOI, L3u 237
TG 190.5 6.6 115 266

75 102,2 52.3 770 o 2Lii
50 175.4 uh.5 LR .175

¥0 165,1 35.2 E547 el
75 1:1.3 5.k 500 L0728

103 153,11 dihae 2.1 e
Lo 1454 LS L0 LT0
110 1-3.0 dyal e et RTNY
115 1607 2140 3es e
12 1av .8 Liel 3.3 Lty
12¢ 1,7.1 1744 3l.c .Oul
130 1.5.3 1G4 Crali LOh6

a5 1:3,¥ 1.0 IR, 56
140 1u.y L L2400 o3
1% 113 leold 1. .. 28
1ty Lij-iew) LUk 174 L3

15% 135, 740 193 L0268
160 1s0.2 a2 13.8 LUl
1o 137.1 1.2 11,8 L0260
175 23be4 LaL 2.6 ST
185 5.1 it H.1 J17
1.5 14,3 3.2 .1 013
oL 1%2.5% el 2.0 L0
AL i3x.7 Ty b S03
225 1513 L2 3.7 LO0%
2315 141.0 el 1.2 Nele'll
25 130,y Y] L0 Lo
2L5 230 .7 1.0 DD L0
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If'i l.. iy
dun 18
™ickress 1.27 em Dry Fulb 140 “et Dulb  wE Ttelstive jhwnidity 194

fo o o 5 s o : - o . N g
Jraft Guese 0.557 Air Veleocity af.3 1b/ft°-hr TUry Density 0.11C g/ce

Time Total “t. Tetel i, HoC 2 Free tipC,pms Dryin- ligte
mins. Oms. GIES o Fp0x100/cm fiber e/ hr—cm

761 358
723 361
I‘P}E; . 3 58

0 3572.1 P
5 375:1 s
10 36; |2 cus

o

Y
R~ O
- -

15 350.3 ouT .358
20 33644 2 608 .358
25 323.1 207.55 671 .3u3

&=y
Y = O\ NC
viViLnu

39 305.4 1,4.25 £ou +353
35 o 24650 180,85 7 «3u5

10 242.0 166,85 1158 301
L5 2641 .8 13,65 422 L340
50 A 1hG.25 326 <345
55 201.8 . 126,65 347 .351
© 60 227.9 112.75 309 .358
65 215,90 43 W B5 273 .333

70 201.5 £6.35 236 .3ul
75 163.5 73435 200 335
80 175.5 60 .35 165 «335
fi5 163.5 L.8.35 131 .307
50 152.8 27.65 102 276
95 1id1.8 29.65 7748 207

100 137.2 24.05 Ele3 145
105 136 7 1v.75 52 L Q11
110 131.5 156.3E 13.1 .088
115 128.7 13.55 35.4 .072
120 126.1 10.75 28,2 067
125 124.3 4415 23.3 -0L6
130 122.5 7.35 13.3 L0L6
135 121.1 5.55 litedt 036
140 120,2 5,05 11.Y .023
145 11541 3.95 B.y .028
150 118.3 3.15 .021
155 1177 2455 .015
160 117.2 2.05 -013
165 117.0 1.85 .005
175 116.4 1.25 .008
155 116.1 0.5 .004
195 115.9 0.75 .003
205 115.9 0.75 .000
300 115.%9 0.75 .000

OO0 O O HwWwwaa
- - - - - - [ ] -
OO0 N\IIH= O




TARLE XXITI
Hun 13
Thickness 1.27 cm Dry fulb 140 Vet Bulb 95  Relabive Humidity 19%

Draft Guage 0.557 Air Velocity 47.3 lb/ftz—hr Dry Density 0.232 z/cc

Time Total "t. Total "t. Ho0 % Free HoU,gms Drying Rgte
l'ins.  Cms. Gms. HoCx100/gm fiber gm/hr-cm
0 Ly6.2 501,.1 uh6 0.382
5 452,6 32745 128 .351
10 467 .4 R 10 .3ul
15 u56.0 300,y 373 . 3u5
20 3.2 288.1 376 .330
25 430.3 1542 35 333
30 417.3 262,2 344 +335
35 LoL.7 2i746 325 .325
uo 3%2.1 237.0 309 . 325
LS 379.5 22l 293 .325
50 367.2 212,1 278 + 317
55 355.1 200.0 261 « 312
60 362,9 187.8 245 315
65 330.8 175.7 22y 0312
70 318.7 163.6 203 .312
75 307.0 151,y 197 .301
80 275.0 1537.9 184 .309
85 283.3 128,2 166 .302
%0 272.0 116.Y 151 252
95 261.3 106.2 138 276
100 251.3 96,2 124 .258
105 241,y 86,8 112 .243
110 233.3 78.2 100 222
115 225.7 70.6 90.6 .196
120 2159.8 6347 1.6 .178
125 213.1 £8.0 Thel L1h7T
130 208.3 53,2 67.9 Jd2u
135 204.1 Uy .0 2.3 .108
140 200.7 u5.6 579 .088
145 157.6 L2.5 53.8 .080
150 iyu.9 3748 50.2 .070
155 172.5 FTsl 47.1 .062
160 150.2 35.1 4ide0 .05y
165 188.0 32,9 Il .057
170 186.1 3140 38.7 049
175 1844 2943 36.5 oLk
180 182.5 27 eld 34.0 0Ly
175 180.9 25.8 31.8 oLl
200 179 it 2h.3 29 .9 .03y
205 177.9 22.8 27.9 .039
210 176.6 21.5 26,2 034

215 175.3 20.2 2445 034
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TABLE a4TII, Hun 1y Continued

Time Total "t. Total Wt. Ho0 % Free [120,gms Drying H%te
iins. Gms. Gms. Ho0x100/gm fiber gm/hr-cm
220 17h.1 13.0 23.0 0,031
225 1729 17.8 2l.3 031
230 171.8 16.7 159 .028
235 170.7 15.6 18.5 .028
21,0 169.7 14.6 17.2 .026
245 168.7 13.6 15.8 .026
250 167.6 12.5 1.0 .028
255 166.7 1Z.6 13.2 .023
260 165.7 10.6 11.9 .026
265 164.8 JeT 10.7 .023
270 164.0 8.9 JeT .021
275 163.3 8.2 8.8 .018
2480 162.6 T¢5 7.8 .018
2#0 10103 6.2 ?01 .Ol?
300 160.2 Sod be T 01liy
310 155.4 Lel 3.6 .010
320 158.6 5 2.6 .010
330 158.0 247 1.8 .008
340 157:5 2.4 1.1 006
350 157.1 2.0 0.6 .005
360 156.8 1.7 0.2 .00k
370 156,65 1.55 0.0 .002
280 156.65 1:55 0.0 .000
360 156.65 1.55 0.0 .000




Thickness

Draft Guage

Time
Fins.

0
S
10
15
20
25
30
35
40
u5
50
55
60
65
70
75
80
85
50
95
100
105
110
115
120
125

1.27 em
0.579

Tetel Wt.
Onis.

U13.6
403.5
3y2.8
382.1
371.3
361.0
350.1
34044
330.7
321.2
310.7
284.5
2796
264.9
259.5
2u9.1
23541
228.2
217.6
B07.5
157.7
187.7
1777
168.8
161.0

TABLE XXI1V

Run 20

Ury Bulb 140
Alr Veloecity

Totel Wt. HQO
Gms.

291.7
251.6
270.9
262.2
20Y ol
237.1
228.2
218.5
205.0
197.3
188.8
177.8
167-6
157.7
148.0
137.6
127.2
116.5
106.3

9547

85.6

7548

(JE 08

55.8

16,9

S

Steam pressure caused rest of date to be erratic

et Bulb 110

% Free HoC,gms

Ho0x100/pm fiber

675
652
627
€01
576
553
528
col
L83
160
L36
410
386
364
3ul
316
253
268
2lly
220
196
173
150
127
106
88,2

fielative Humidity 38%

L7.3 1b/ft2-hr Dry Density 0.130 g/cc

Drying Rate

gm/hr=-cme

0.265
. 261
276
276
27
266
.281
.250
.245
. 250
271
.283
.263
+255
.250
268
.268
.276
.263
273
261
v253
.258
.258

29

.201
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