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DRYING OF COTTON SPINNING
M.M. .‘tur:d. M.A. Abu El-enin’ MoAL T l-minutiawy

ABSTRACT,

Thig work is concerned wilh iheras! dryion , hy passing & hokt
alr stresm scrows differsnt equivalent diomters of spiming samples of
cotton @ hygroscpic porous salerzal to invesligabe the relationg bet-
weenn the rate of drying and different conditions nf alr wtresm fdry bulb
wenprrature , velocily snd bumidily ).

The experimentsl results show Lhet , tha rabte ol drying increas
et wilh increaning either the dry bull tseperoture o Lthe velocily ol awr
atroam . Also, tha rale of drying increases wilh recreasing the equivalent
dianier of spinning . Increasing aof the humidity of air decreuses Lhe
rote of drying . lhe effect of dry bulb Lemperatura on the drying operat-
ion is greater than the effect of velocity .

A comparison between the reaults of experimental work and
theoretlcal concepls 1s made and it is found thal the thearetical results
of the present work are in good sgreement wilh experimental resulls .

I- NOMENCLATURE.

a 1 Slope of drying rate cucve.
b H ".ldth BF 'ir'd lml--......;--...-............-;-H.
a H Hidlhnf ‘mhlo.o-ot.- ----------- ssssnssassassasMe
C s Correction laclor for time of drying.
d&ﬂ : Fquivalant diamter of spinning...... SN "-
h iPl‘“!u:l.'t Mldt---a -------- sabEAss A AREsAEBEsRRssm S m.
h_ &t Heat-transfer coefficient from air to s:url‘u:a Ef plmmq
LA e D O > ¥
L ll.ml.horthumh ............. seasnsbbirasspes Ma
ky : Mass-transfpr coefficient from surﬁu:a of spinning to air
----- 'll.....l...l.'il'lIl-l.lkq f{ﬂ] ':hl')-
K : Meat-transfer coéfficient by conduction for alr .watt/(m). {l"}-
M 2 htﬂ nf dryi fm “tl’.ﬂd ﬂpmﬂmq seanbhed bania W.fﬂin-
Nu. @ Musselt numbers hy‘deqﬁ"
B 3 PEOIEIDS . aiisvisensinessssossnsiaviavaie@wiiy N/m?.
G : Rate of air strean Flow cooocevesnnrrnnnesassns 3o
E z L
R : Rate of drying ..gw./m".min.; R_ for critical pointy lenr
start of drying Ry for end of “dry ing.
Re. : Reynolds number = “w.d_/
5 1 Duter area of spinning ...... BreseenaaeerPINeres ms.
T 2 ToopEDBEUER voriassivisieesiusses pessyensnysee T
i ? l-‘tl'lnl'.'it? Ur ttil'.' Btﬂm.....un ------------------ MSBCE
¢ 1 Volume of Spinning .....ccccsersecsncsscnscnarncnass mo.
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I : Aversge soisture content, ge.wabter/ge. bone-dry splning
1_free soisture st critical polnt , 1,free seisturs st start of

drying , X, free molsturs at end of drylng.
¥ 1 Mmidity of ®if. . - --cccrcne--.Omwuler /g dfy mir.

LATIN LETIERS:
1 Tise of drying ..min. , 9, Lise in conatant rote peried,
I'ruﬂhlﬂuuﬂtlplﬂul.lthhltl- in both peried.

! Latent Pwet of waporizstion of welef....... 1 .
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1 El L-u al drying as a Function of werisble condilione of
L] AEEmOm.
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- INTROCTION,

in general ,; drying sesns the resoval of relabively
small asemis of «ster Mrom solide, liquide or gasen, Meler may be
resoved (ron solide mechanically or thersally, m[rum-;mr:ium
Lhe suchanical sethed i1z not suitable snd one muat use Lie Lhe uf y Ahg
Lo keep the shape and atructufe stzength ol fros deformat jon.

W arder
May investigstors studled the rats of dry of
various matorinle theoretically as well ms experisentally|1,2,3.4),
they stated that the rate of drying ls divided into lwo main stages - Ihe
firat in deflred an the constant rote period ond the second im bthe
falling rate period. During the Firek abege period , At is eesumed

diffualon of Fhe sater vapour througn-n statiooary sir fils into the
air streos; 1he main (sciors of nfluerce in this athge are bhe matoriol
surface dimemmiong, the velocity of air stresm , wei-bullh issperature
end motorial tespersture [5].  Tim secoml stoge deporis sainly

on the mechaniom by which the moistre from inside the seierial is
tranafervec Lo the surface .

Conkllarity, grevity force | porous and salerial thickness srv
effective faclors in this perioa  [6,7), _

But all the previous work are not direcisd to study the drying

:
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heat the apir stream wn a wind tunnel to subatitute the aoler 21r henter
which was designed in the sular energy lsboratory of Lhe Nstional Aesearch
Lenter in Cziro.

I11- THEDAETICAL CONCIFTS.

In the design of dryers , an important porameter is
the Lime required for Jdrying Lhe material under the conditions sxisting
in the deyer, os this fixes Lhe size of the equipement needed fora given
capacity For drying undee constont drying conditions ; the time of drying
may be delermined from the raté of drying curve if this can bs constructed.
For Lhis problem , consider tne drying af spinning surfece area (s),
equivalont diswter (dyg) ,length (1) and mana (m} with moisture content
{X) . The direction of air stream flow is perpendicular to the center line
of =spinning with Flow veloeity (u) Fin.(1). Neglecting the spinning '
shrinkage and assuming spinning Lhe density@ to be constant,

then , the ghange of spinning mass;
dm. = "3 . pﬂ' dx . ':1 ﬁ dm
The rate of drying
R = dﬂ!- ,5- dﬂ - ]

n] uﬁo Eaudx {,2

5. 98 i

Since , the rate of drying curve —_—
provides a relation hetween (R} and (X) U —

{Fig.2) , equation (2) way be integrated .
and written in the following form; !

PRSI |

x
9"""’5'951 g%' (3 :
5 xl

®
or B8=-d_.¢

lafs &,

Where U ie the time of drying

Fig. [1).

during the constant rate period ,(R)
is constent and may be denoted by
(R.) 4 then equations (3,4) become

b=-}

8=\ .
-; .an (XI. s xz,-acccnn. I"ﬂr
B . -
Sl s Faae xl>xz‘,xc...(5

gm/min

o
i
—

o —

R

ar ﬂuz d 'IE' fxl - xz} X {6

Assuming a“linear relation between
the drying rate and moisture content
during the falling rate pariod x “am/q
according te the following squation; =

Fig. (2).

L — e —

Rz aX - b . (7




M.M.AWAD ,ABU-EL-ENIN, and EL~FENSHAWY . M. 44

Faustion (3) can be rewcaticrn in the following form ;
V..p
g, 2= 5 Ny
F = Il RYR) , (8

s

shiere Ry, R are the ordinates for the Jnxtlal and final moisture contents
reupecti&ely, a &b are constaonts

The constent a is the slope and equalk to ;

& 5 Rc- R (9
X =%
Substitutiﬁb eqs£7,9) into eq.(8) one gets ;
B = Va5 [("c‘ o ln'(“xl “’)] (10
SS R -R aX, +b
The total drying tifie ( 8 ) becofes; -
T = 8 + BF
: BT‘ [( Xi- %o )+ Ak In. 2 X, +b ] (12
5 2 R { R - R) a X, +b

2

In some 51tuat10ns , @ sinale stralght line passing thr0ugh the origin
adequately represents the entire falling rate period , i.e. b=0 .

lo this case , and considering the rate of drying at the critical point

R.= - dm = N = E( t-t.) = Ky (ys=y) , (12
S .d8  $ XI
equatlon (11) can be written in the Fol]ow;ng form;
= R
8, -_E_(__>[x1- X+ (x_ In. c)] _ (13
X2

or B.= d_ .¢p .A
T eq’ °8 X
——(——” — [(x X.) + X_ ln.cil, (14
whete XZ is the mulsture content at the en% of entire process.

The avarage forced convective heat transfer cneFF1c13nt(h ) can
be determined as [6],

& 4 V. d_ 0.8l4
y eq = 0.0208 ( __;__ﬂ ) . (15
Kair
Substituting eq.(15) into eq. (1l4) the total drying time becomes,
d 1.186 IRy
8.= eg s i X
T (X—X)-:-X,In.c] ;-
vV ,0.814 [ ) "= | - (16
D.0832 (Tr) alr (b= t ) XZ

air
Equation (16) gives an estimation For the time of drying as a function
of the air stream parsmeters and the initisl and final parameters of
the spinning material.
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IV- CPCRINNTAL TEDISIOE .

The experimental et up comprises @ wind tuonal , pitel
tube , jnelined water sencmstsr, Mot wire snemoeater ,thermoseters ,
poiler , twaters , stop-watch and sensective digital balanco.
Shemat i isgrom of the ewcrisectal set-up is shown in Fig. ().

The wiond Lurrwl in an open low speed one =ilh crons sectionedl ares
30 «3 Cm. of best section, the wind tunnel in provided with a dasper
which in operoted by hand . The nexisua air velocity le 15 misec,

The experisents were carried oul at thres velues of alr wvelocity
{Tluﬁ 3.5 prd 2.8 Ifll‘lﬂhl '

The measuced velocities by pitob-tube are checked by using a hol
wire snewwmeter. Thersoeeters are used bo measure dey bulb and wet
bulb tewperatures, then the femidity of sir stress through tha wind
tuiel chn be teeiuied by esing psychrometlc charts.

Twslws wlectric hagters were wuseéd to conlrol the air tesperasture
in s range of 500, [lectric botler was used lo control aidr rumicities
by injection a sujteole seount of stzem fros Lhe boiler.
ol

The rate of deying could be detersuned Mor & sesple of spimning
cotton material, by suspending it fros the digital balance by
usirg ssall chain in the lest-section of wind lusvel. The wieghl
of the spinhing sasple ot different tise intervals wes obteined by the
balancg. The dissetsr of the colion spinning is not seooth ruwning
but A7 ibls roond spunning, then (ts equivalent dissoler can be
penaured by ualng projector end snown stendard dismter .

v- EIPER T 15 160M.

The wspgrircnt®  were carried to obtasin the relatiors For

the rallow ennd ik ianm,

1= The Flrak wot of oxperiments- wem corvied out to get the rats
of drying sgeimsl moisture content urder different dry bulb temperatures
of the alr stress |, weeping the ather sir stream parametera
the come . The diffarcnt dey bulb temperslures were [ L,=18 ¢  b,224
"u.trll"audl.f %) . The results in Lhis cess plotted “in
fig.(8) . It js "whown that ,when the dry buld temperature of air strees
increnses the sate of drying also incresses . This is due o the
prcremse of the vapour-density difference at the splnning-anmple
surface and in the sir stress .

2- The second set of experisents was cafried owl to get the rate of
drying sgainst soleture contont under different welocilies of air stream,
and keeping the other air stross paramelers the ness . The
velocities wore ( w 7.8 , uyz 3.5 and uys 2.8 nfeoc.) . The results in
mh-ﬂ-lu--hl.lll'-ﬂg.{ih Tt Jo shown thal ,when the wvelocity
of air stream incresses,the rate of drying alse incresses . This is dus
to the incresse of the convective masss tronsfer coefficient .

.} The third et of experiments was cerried out L0 gat the rete of
drying against mojsture content under different humiditics of air stream,
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and keeping the other sir stroas porometers the sese . The d1fferent

humidsties vare ( ¥,z 7.2, Y3 0 , Y= 9.2 gn/kg ). The resulls in this
case are plotted In'Tig. (612, It il shown that , when hmidity incresses
the rate of drying decresses . This is due to the decrease of Lthe vapour-
density differsnce at the apinning-somple surfsce and in Lhe air stross,

G- The fourth act of oxperiments was carried out bto got the rete of
frying sgainak melsbure content wunder different wizes of i.m.in;, and
keeping the othor air otreas perameters to be the some . dif ferent
were ( 0 = 0.014, 0.02 , and 0.025 ®.), The results in this cese
I‘llﬂ.ﬂlﬂlﬂ" «(7) . Ik is shown that the rute of drying incremses
with small disseker of spinning rather then the large spinning,
iz wmeans that when tha outer wurfece dezcreasea the rate of dry Anprenses.,
the inctease of the comwective mass transfer coefficient.

llliﬂ% rate peried is divided jnlo two zones{l and II).

} the ourfece of the wet semple is cepeble of supplying

unti] it is dried, then the noisturs is

brought out Mcom the interior of semple in which Lhe second zone (11} is
The rate of drying in the first zone is falling

piowiy, but in the second zone the rote of drying is Talling rapidly.

Finally from e:xperisental curves under vericus conditions it is
possible to cbtuin important relations showing the offect of all varisbles
conditions on the rate af drying .

i) The atreas welocity at high soisture conient ia sore effsctive on thg
rate of drying bhan that ot low moisture conbent .

ii) The effect of temparsture st high moisture content is grester
than thet at low moisturs content .

iid) The rete of drying increases by increasing tespersture and
velocity of nic stream .

iv) The effect of midity at low melsturse content is greater
than that st high moisturs content .

w) The effect of 4 at low moisture content in oroster than that
at high moisture conlent

+
;

fros the experisentsl results, the rate of drying can, bs ebtuined
as function of wveloclity, dry bulb-tespecsture, tumidity and equivalent
digueter . Flg.(B7 shows the relation of the rate of drying sgainot
molgture content, Ehis Flgure, i= constructed from the sxperisental
results in Firat zone . ihile Figure (o) whows the relation of the raote
of drying for the second zonn egeinst moistute conlent . From figs.(H,¥)
an empirical forsuls con be cbtafned in the following formog

") For 0.09 u + 0.3 § 1§l.2
002 T,-0.01 5 X&1.2
0.7 & X &l.2
M= - 0.04 +(1.25, 100, 7.0, 207 1:'1;"'“.,, Ty o y-le2 D21
b Far “ 0.0529 u + 0.337 T 01 ke
0.0 L Il.l;ll X iﬂ‘i
o n- -
wemoas oon, . et o] B2 s o
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Comparison was made between the time of drying recorded experimentally
during each test condition and that theoretically estimated by eq.no.(15).
The following remarks are observed;

1- The first comparison made for the first stage set of experimenis
( different dry bulb temperatures ) and two curves for gth and Ee are
plotted in fig.(i0)and correction factor is obtained; »

c;= (%) = 0.88 .
=]
th .
2- The second comparison made for Lhe second set of experiments
(different velocities of air strewm) and two curves for 8y, and BB"P

are plotted in fig,(10), and correction {actor is obtained,

L = Eexp = 0.86 <
wo | g -
Lh

3= The third set of experiment ( different 'humiditias of air
stream ) and two curves for B8, and 8,  are plotted in Fig.(10), ang
a correction factor is obtaj,ﬁed; P

8
C = 2% = 0.85 .,
y (Q_P_)

4- for u\lw fourth set of experincrty (different equivalant diamters
of spinning ) and two curves for 8, end Bup are plotted in fig. (10} and
a correction factor is obtained,

Cd= exp = 0.86

Vi- CONCLUSIONS .

From the cresent work , it can be concluded that
1= The theoritical formulation predicted based on dividing the
period of drying into two periods, the first is called constant rate
period and the second 1s called falling-rate period, but all experimental
plotted curves are divided into two falling rate periods.

2- A new approximate correlation for drying rate (N) as a function
of temperaturs, velocity and humadity of air, moistuce content and
equivalent dianeter for different spinning sample has been deve loped
( equation no, 17) .

3- A correction factor wes obtained C= Joxp =(0.85 < 0.88) which

B
nermits the use the thecretical Bxprcssionthfor estimating the
drying time of cotton spinning in practice.
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1- Motoré&Blower. 2- Damper .  3- Wet-bulb thermometer - Dry-bulb
thermometer  5- Pitot tube 6- Electrical heater 7- Cates
I~ Boiler 9- Digital Balance.

Fig.(3) Schematic disgram of exi:erimental set-up.

-

l X-0.02 T 4+0-01
’/_- T3 o

7§
o Td'Z C
=
g
B Td 24°C
& 0.s
g u=s 3.5 m/sec.
(=] \’=7.2 ./kq.
s / dpq=0-014 m.
x

o

@
o

0.4 0.8 1.2 1.6 gn./gnm.
MOISTURE CONTENT (X) e

Fig. (4) Rate of drying for cotton spinning with varisble:
dry bulb temperature.
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E %=0.053 v+0.337
g Tyl
5. ) Y7=7.2 gm/kq
0.2 : deaﬂ.lllﬁ m
g u=7.8w/s
=
[~
P |
£ 0.6}
L.
Q '
] uz3.5 n/sec.
2 0.08 1=2.8 m/sec.
o l4 ; . ’ -
0 0.4 0.8 1.2 1.6 oqm/un

HOISTURE COHTIETY (X)

Fig. (5) Rate of drying of cotlon spinning with vaciable velucity.

B
€
g‘ Y=7.2 ym g
0.6
= Y =Bqm/kq
-g‘ Y=¥%.Zar/kn
= 0.4
o
.,_ ¢=32"
9 Lim/sec
B Uln Me
e 0.2 }
0 - x
n 0.4 n.y 12 1.6 gmn/gm

[I0ISTURE CONTENT (X)
Fig.(8) Rate of drying of cotton spinning with varioble humidity.
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Este of erying (4)

Fig. (7) Mate of diyieg of cotton spinning for verisble size.
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Fig.(8) The rejstion betwcen @, snd maisture content i b First somm.
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M.52
1.08
O =(80.03)Y ", e, "0.13,4-2.3
eq
1] . A i N
u u.2 .4 .6 :¢ m/gm
MOISTURE CONTENTY (X)
Fig.(?) The relotion between ti’nand mdisture content in second zone.
{all uymbols are the same as in rig.s)
qE:' 8 ' ol b
g = & c| P
# N g
o ZF of s 18 | 32 |32
Q
36 | el o Lo
- -~
= & |2 7.2|7.2 | -~
©
L 2"‘ Foy !
g2} 20F B F g6 U R Rl L
b -~ g
@ = 2 2
@ s '
,gm =
———]
15 7 ¢+ 4
% =
20 1] [ s

20 40 60 a0 I min.
Time of drying (3).
Fig.(10) Comparison botween experimental (—solid liwe) and
theoritical form(---dashed line).




