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The  a r t i c l e  p r e s e n t s  the r e s u l t s  of an ana ly t ica l  and exper imen ta l  inves t iga t ion  of the dry ing  
of a l aye r  of thin s t e m s  and text i le  f i be r s  under  va r i ab l e  condi t ions .  The p r o g r e s s i v e  c h a r -  
a c t e r  of the p r o p o s e d  dry ing  method  for  a wide r ange  of raw m a t e r i a l s  of the text i le  indus t ry  
is shown. 

The  p r o c e s s e s  of d ry ing  thin s t e m s  and text i le  f ibe r s  a f te r  the i r  heat  and m o i s t u r e  t r e a t m e n t  (retting, 
washing,  dyeing, e tc . )  a r e  acqu i r ing  i nc r ea s ing  impor t ance  for  the t echnology  of the text i le  indus t ry  in con-  
nect ion with the  in t roduct ion  of cont inuous p roduc t ion  l ines  and au tomat ion  of p roduc t ion  p r o c e s s e s .  High 
r e q u i r e m e n t s  a r e  i m pose d  on drying:  along with an in tens i f ica t ion  of the p r o c e s s ,  it is n e c e s s a r y  to p rov ide  
un i fo rm  dry ing  of the m a t e r i a l  th roughout  the en t i r e  vo lume.  In the overwhe lming  m a j o r i t y  of c a s e s  the 
indicated  m a t e r i a l s  a r e  d r i ed  by blowing the l aye r  of untied s t e m s  or  f i be r s  with hot a i r  (gas). This  method 
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Fig .  1. Dis t r ibu t ion  of t e m p e r a t u r e  and m o i s t u r e  content  
(c) of m a t e r i a l  over  the height  of the l aye r  (lo) and in t ime 
(a) in the c a s e  of un id i rec t iona l  blowing of the d ry ing  agents  
th rough  the l aye r  if, rain; h, cm; u, kg/~kg): 1) t e m p e r a -  
t u r e  at  a i r  inlet into l ayer ,  v x = 0, x = 0; 2) t e m p e r a t u r e  
in middle  of l ayer ,  v x = 3, x = 0.04 m; 3) t e m p e r a t u r e  at  
a i r  out let  f r o m  layer ,  v x = 6, x = 0.08 m (drying condi t ions:  
t 1= 110~ w l = 1.5 m/sec ,  ~1 = 2%, P d =  2 . 5 k g / m  2, h lay  
= 0.08 m, u 0 = 2.65 kg/~g).  The n u m b e r s  n e a r  the c u r v e s  in 
b and c indicate  d ry ing  t ime .  
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Fig. 2. Drying curve  and temperature curves  of ma t e r i a l  in 
the case  of repea ted  r e v e r s a l  of the a i r  being blown through the 
l ayer  (drying conditions: t 1 = 80~ (Pl = 5%, w 1 = 2 m/sec ,  Pd 
= 2 kg/m 2, ~'r = 20 sec): I) drying curve; II) a i r  t e m p e r a t u r e  
be fo re  layer  (bottom or top); IH) t e m p e r a t u r e  of ma t e r i a l  in 
middle of layer;  IV) t e m p e r a t u r e  of m a t e r i a l  in 2nd, 3rd rows 
of s t ems  (bottom or top). 

provides  a high product ivi ty  of the drying p roce s s ,  s ince there  is a la rge  sur face  of heat  and m a s s  t r a n s f e r  
of the ma t e r i a l  with a drying agent f i l ter ing through it. As a consequence of the smal l  thickness  of the m a -  
te r ia l ,  the drying ra te  is a lmos t  wholly de te rmined  by the p a r a m e t e r s  of the drying agent  pass ing  through 
the l ayer  and veloci ty of blowing it. However,  a fur ther  inc rease  of the t e m p e r a t u r e  of the drying agent in 
o rder  to intensify the p r o c e s s  is  l imi ted owing to the nonuniformity of drying and heating of the ma t e r i a l  in 
the layer  and the deter iora t ion  of the quality of the ma te r i a l  a f te r  drying re la ted  with this .  An inc rease  of 
the veloci ty  of the a i r  be ing  blown upward to more  than 2 m/sec  lifts the ma te r i a l ,  which leads to the f o r -  
mation of a tangle, disruption of the layer ,  and leakage of a i r  through the b a r e  spots .  When the a i r  is de- 
l ivered  downward the layer  of m a t e r i a l  being blown is compacted  and the duration and nonuniformity of i ts  
drying inc rease .  To outline ways for  the fur ther  inc rease  of product ivi ty  of the p r o c e s s  and uniformity  of 
drying throughout the layer  of ma te r i a l ,  it is n e c e s s a r y  to analyze the p r o c e s s .  This  analys is  can be c a r -  
r ied out on the bas i s  of solving a s y s t em  of differential  equations descr ib ing heat  and m a s s  t r an s f e r  in the 
l aye r .  

A s y s t e m  of different ial  equations exact ly descr ib ing  heat  and m a s s  t r a n s f e r  in a l ayer  is  given in 
monograph [1]. In the case  where  the potential  gradients  of heat and m a s s  t r a n s f e r  within the pa r t i c l e s  of 
the layer  a r e  smal l  and they can be d i s rega rded  without apprec iab le  loss  of the accu racy  of the r e su l t  ob- 
tained, the indicated s y s t em  of different ial  equations is g rea t ly  s impl i f ied and reduces  to the following sys -  
t em of two differential  equations approx imate ly  descr ib ing heat and m a s s  t r an s f e r  in a l ayer  of thin s t ems  
or f ibers  [3]: 

o o  a u  = a ( t - - c } ) ,  (1) 

at +~g at a(1- -m)  (t--O). (2) 
, - =  

The solution of s y s t em  (1), (2) under conditions that a) at the initial instant  of t ime  the t e m p e r a t u r e s  
of the ma t e r i a l  and the drying agent  a r e  the s ame  and equal throughout the volume of the layer  and b) the 
t e m p e r a t u r e  and veloci ty  of the drying agent before  the layer  a r e  kept constant  during the drying p roces s ,  
has the following f o r m  [2, 3]: 
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Fig. 3. Distribution curves of the 
moisture content of the material 
over a layer of flax stock during 
drying: a) with unidirectional air 
blowing; b) with repeated revers- 
ing of air (drying conditions: t I 
= 80~ q~l = 5%, w i = 2 rn/sec, Pd 
= 2 .Skg /m 2 T r =  20 see). The num- 
be r s  near the curves  indicate d ry -  
ing time in minutes.  

The experimental  check of solution (3) given in [3] showed that 
the heating curves  of moist  s tems of flax stock during their layer  
drying cor respond to tempera ture  curves  plotted according to 
Eq. (3) (Fig. 1). Calculations by Eq. (3) permi t  establishing the 
heating t ime of elements of the layer up to the maximum allowable 
tempera ture .  For example, for drying conditions t 1 = 120~ 
91 = 10%, w l = 2.5 m/sec,  u 0 = 2.0 kg/kg, the heating t ime of the 
extreme s tems to 90~ is about 40 see.  The tempera ture  of the 
fiber on the surface of the stem will be even higher at this t ime. 
F rom an examination of the tempera ture  curves  in Fig. 1 follows 
the suggestion of organizing the p rocess  of drying a layer of 
s tems or fibers with a variable del ivery of the air  into the layer  
upward and downward, i . e . ,  organizing r eve r se  drying. In this 
case  the period of revers ing  the air  is determined by the drying 
conditions, and its optimal value can be established by analyzing 
the r eve r se  drying p rocess .  System of Eqs. (1), (2) is obtained 
i r respec t ive  of the direction of the air  through the layer .  On r e -  
vers ing the air  only the initial conditions of heat t ransfer  in the 
layer  will change. In the f i rs t  period of drying the layer,  when 
the surface of the s tems (fibers) is saturated with water,  the 
distribution of the tempera ture  over the height of the layer,  des-  
cr ibed by Eq. (3), is approximated nicely by an exponential curve 
of the following form: 

0 (v~, O) = ae ~,  (4) 

where a is the dimensionless tempera ture  of the mater ia l  at the 
outlet of the air  f rom the layer  in the f i rs t  drying period.  As a 
result  of solving sys tem of Eqs. (1), (2) with initial condition (4) 
and the same boundary conditions as at the s tar t  of blowing the 
layer,  we obtain the following expression: 

u ~  

0 

t t~  u T 

0 

For  the drying conditions being used for thin s tems and fibers the third, fourth, and fifth t e rms  of 
Eq. (5) a re  ve ry  small  in compar ison with the f i rs t  two and we can neglect them. The value of the f i rs t  
t e r m s  rapidly decreases  with t ime. Therefore  the tempera ture  field of the mater ia l  by the end of the sec-  
ond half -per iod of r eve r sa l  is a lmost  a m i r r o r  image of the tempera ture  field at the end of the f i rs t  half- 
period.  Thus, within the f i rs t  drying period the tempera ture  field of the mater ia l  will be descr ibed ap- 
proximate ly  by Eq, (3). Experimental  investigations of the tempera ture  fields of the mater ia l  and air  dur-  
ing drying of wet flax stock with r eve r s e  movements  of air through the layer  [4] conf i rm the descr ibed model 
of heat and mass  t ransfer  (Fig. 2). We see f rom an examination of the tempera ture  curves  in Fig. 2 that 
the heating rate of the layer  is a lmost  the same throughout its thickness.  It is completely obvious that to 
p r e s e r v e  the quality of the fiber the frequency of revers ing  the air  should, other conditions being equal, in- 
c r ea se  with increas ing tempera ture  of the drying agent, i . e . ,  during intensification of the p roces s  by using 
more  drast ic  drying conditions. The use of a ir  r eve r sa l  when drying a layer  of thin s tems and textile f ibers 
is not new. However, so far  infrequent revers ing  has been used - 3- and 4-fotd air  r eve r sa l  during the en- 
t i re  drying period of the mater ia l .  In this case fundamental differences of heat and mass  t ransfer  a re  not 
c rea ted  in the layer  of mater ia l  in compar ison with unidirectional blowing of the layer .  The use of frequent 
r eve r sa l  of the drying agent, as we see f rom Figs.  2 and 3, c rea tes  the possibil i ty of intensifying the dry-  
ing p rocess  by increas ing the t empera tu re  of the drying agent while sim~Htaneously p rese rv ing  the quality 
of the mater ia l .  In the case  of frequent a ir  r eve r sa l  the phenomenon of heat and mois ture  conduction :in 
s tems is used to prevent  overdrying,  overheating, and spoilage of the fiber on the stem sturface, since the 
mater ia l  passes  through drying with fluctuating t empera tu re  conditions. 
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Another possibility of increasing the productivity of the process and uniformitY of drying the material  
ar ises  when organizing reverse  drying with frequent reversa l .  

Zonewise reversing of the air makes it possible to obtain a wavelike movement of the material .  It 
was established experimentally that in the zone of blowing the material  upward with a high velocity, the 
layer is heaved by the dynamic pressure  of the air, expands, and increases the active surface of heat and 
mass t ransfer  of the material .  

We also suggest nozzle blowing with a low flow r a t e  of the air  as an auxiliary means to the main flow 
of the drying agent for aerodynamic loosening and redistribution of the material  on the grating in order to 
increase the uniformity and productivity of the drying process .  Several pairs of nozzles, spaced over the 
travel path of the material  through the drier ,  direct counterstreams of the drying agent into the layer,  in 
th isease  the kinetic energy of the s tream is used for loosening the compacted portions of the layer and for 
equalizing its thickness. 

These measures decrease the drying time of materials  under industrial conditions andgreat ly inerease  
the productivity and uniformity of the drying pr(>cess of a wide range of materials  in the textile industry. 

Approximate calculations of the economic effect show that the introduction of the described progres-  
sive method of drying flax stock at pr imary flax processing plants can effect a considerable economy for 
the country. Economy is obtained owing to uniform drying of the raw material  and improvement of the qual- 
ity of the flax fiber obtained. 
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N O T A T I O N  

temperature of material; 
temperature of drying agent; 
specific weight of dry material; 
heat capacity of material; 
heat for water evaporation; 
time; 
heat t ransfer  coefficient; 
hydraulic radius; 
moisture content of material; 
velocity of drying agent; 
coordinate in the direction of blowing the drying agent; 
free volume of the  layer; 
heat capacity of gas 
specific weight of gas; 
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