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The results are given of a combined experimental investigation of 
the aerodynamics and heat and mass transfer for various nozzle sys- 
terns. The influence of the system parameters on the drying process 
is established. Criterial relations are obtained for calculating heat and 
mass transfer in the jet drying of paper and cardboard. 

One means  of dry ing  with je t  blowing is accom-  
pl ished by blowing a d ry ing  agentwi th  h igh -pe r fo rmance  
p a r a m e t e r s  out of a sy s t em of nozzles  onto the m a t e -  
r i a l  to be dr ied .  A n u m b e r  of papers  [1-5]  have been 
devoted to this method of drying.  

In o r d e r  to de t e rmine  the e s sen t i a l  m e c h a n i s m  of 
heat  and m a s s  t r a n s f e r  dur ing  drying,  and to d i s -  
cover  the opt imum cons t ruc t ion  p a r a m e t e r s  and the 
inf luence of the opera t ing  p a r a m e t e r s ,  a combined 
study has been c a r r i e d  out of the ae rodynamics  and 
m a s s  t r a n s f e r  for  va r ious  nozzle  s y s t e m s .  In addi-  
tion, hea t  and m a s s  t r a n s f e r  dur ing  combined nozzle  
and conduct ion dry ing  have been inves t igated .  

The inves t iga t ion  was c a r r i e d  out in equipment  
cons i s t ing  of two h i g h - p r e s s u r e  cen t r i fuga l  b lowers ,  
an e l ec t r i c  a i r  hea ter ,  a p r e s s u r e  box, a nozzle  
sys t em,  and a screw t r a v e r s e  m e c h a n i s m .  The equip-  
men t  provided a i r  d ischarge  ve loc i t i es  at the nozzle 
exi ts  of up to 100 m/sec ,  and a i r  t e m p e r a t u r e  up to 
400* C. The nozzle  sy s t ems  had a nozzle  s l i t  width of 
0 .5 -5 .0  mm,  and an in te rnozz le  d is tance  (pitch) of 
15-55 mm.  Using the screw t r a v e r s e  mechan i sm,  
devices  mounted on it could be shifted in the ve r t i c a l  
and hor izonta l  d i rec t ions ,  with a read ing  accuracy  of 
0.l  mm.  

The device for  de t e rmin ing  the p r e s s u r e  d i s t r i b u -  
t ion on the wal l  due to the je ts  i s su ing  f rom the noz-  
z les ,  cons i s ted  of a plate with holes through which 
were  passed  two m i c r o - p r e s s u r e  tubes connected to 
a d i f fe rent ia l  m a n o m e t e r .  

The device for de t e rmin ing  the local in tens i ty  of 
m a s s  t r a n s f e r  cons is ted  of a plate with a s l i t  2 m m  
wide, covered  with f i l te r  paper ,  to which water  was 
supplied f rom a d i s t r ibu t ing  chamber .  The chamber  
was joined to a mic robure t ,  which gave a read ing  of 
the amount  of l iquid evapora ted .  In a tes t  s teady 
m a s s  t r a n s f e r  was rea l ized ,  dur ing  which the f i l ter  
paper  sur face  was in a sa tu ra ted  condit ion.  

To study nozzle  dry ing  combined with conduct ion 
drying,  a device was used  cons i s t ing  of a heat ing 
sur face ,  heated by s team,  and a c lamp.  

Dur ing  a test ,  m e a s u r e m e n t s  were  made of the 
t e m p e r a t u r e  of the m a t e r i a l  being dr ied,  and of the 
dry ing  agent in the p r e s s u r e  box and in the i n t e r -  
nozzle  space,  as well  as the veloci ty  of the dry ing  
agent  and the m o i s t u r e  loss  in m a s s  trai~sfer and 

drying .  Because of the s y m m e t r y  between the hea t -  
and m a s s - t r a n s f e r  p r oc e s se s  on the two s ides  of each 
nozzle  in the nozzle  sys tem,  the p r o g r e s s  of these  
p r o c e s s e s  was examined  in the r eg ion  f rom the axis 
of the nozzle to the ha l f -p i tch  along the sur face  of the 
m a t e r i a l  being dr ied.  

It was es tab l i shed  that the na tu re  of the p r e s s u r e  
d i s t r ibu t ion  over  the sur face  of the mat  e r i a l  (Fig. 1) 
is ident ica l  in form for al l  the nozzle s y s t e m s  in-  
ves t iga ted .  The beginning of the m i n i m u m  p r e s s u r e  
sec t ion  is a lmos t  independent  of s.  Dec rea se  of 5 
leads to a reduct ion  of the m a x i m u m  p r e s s u r e  va lues ,  
while the s t a r t  of the m i n i m u m  p r e s s u r e  sec t ion  ap-  
proaches  the c r i t i ca l  point. It was obse rved  that with 
6 of 5 mm,  the p r e s s u r e  at a d is tance  equal to one 
half-pi tch from the c r i t i ca l  point  (midway between 
nozzles)  was g r e a t e r  for h = 10 m m  than for h = 5 m m ,  
and g r e a t e r  for h = 5 mm than for h = 3 ram. With s = 
= 15 mm for the same  nozzle ,  no p r e s s u r e  max imum 
between the nozzles  was observed .  

M e a s u r e m e n t  of p r e s s u r e  in the expanding je t  (at 
a d is tance  of 0.2 m m  from the surface)  r evea led  the 
ex is tence  of a r a r e fac t ion  reg ion  co r re spond ing  to the 
sec t ion  of constant  p r e s s u r e  on the sur face .  

The ae rodynamic  inves t iga t ion  made it possible  to 
unde r s t and  the me c ha n i sm  of flow of a je t  aga ins t  and 
in in te rac t ion  with the other  jets ,  as well  as the s t r u c -  
ture  of the r e su l t ing  jet .  The je t  i s su ing  f rom a s l i t  
nozzle  has an expansion angle of 10~ ~ C, depending 
on the nozzle shape and the t r e a t m e n t  of the nozzle  
r i m .  When it flows up to the wall at r ight  angles,  the 
je t  exper i ences  a compress ion ,  in which par t  of its 
kinetic energy  is t r a n s f o r me d  into potential  energy .  
After  impact  with the surface,  the potent ia l  energy  of 
the jet  is t r a n s f o r me d  into kinet ic  energy,  the je t  is 
r e ve r s e d ,  and the veloci ty of the spreading  je t  so 
formed i n c r e a s e s  sharply .  As the expe r imen t s  showed, 
a nneck" was formed at the beginning of the spreading  
jet,  this being a sec t ion  of the je t  of constant  width, 
l ess  than the half  width of the jet  approaching the 
sur face  (Fig.  2). As h i nc r ea se s ,  the width of the 
neck and its length for cons tant  veloci ty of d i scharge  
f rom the nozzle i nc rea se .  As 5 d e c r e a s e s ,  the width 
and length of the neck a re  reduced.  The p a r a m e t e r  s 
has a lmos t  no inf luence on the neck d imens ions .  The 
neck width B may be de t e rmined  from the e mp i r i c a l  
fo rmula  

B =0,290 6+0.0812 h. (1) 

At the end of the neek the spreading  jet  begins  to 
expand, The tes ts  showed that the expans ion  angle of 
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the j e t  was  the s a m e  as  for  the j e t  d i s c h a r g i n g  f rom a 
nozz le .  When the j e t s  m e e t  and m e r g e  (at  ha l f -p i t ch ) ,  
a s ing le  j e t  i s  fo rmed ,  whose  axis  is  p e r p e n d i c u l a r  to 
the s u r f a c e .  With  i n c r e a s e  of h the width of  th is  j e t  
i n c r e a s e s ,  whi le  the expans ion  angle  of the newly 
f o r m e d  je t  r e m a i n s  the s a m e  as  in the app roach ing  and 
s p r e a d i n g  j e t s .  

An e x p e r i m e n t a l  d e t e r m i n a t i o n  of the m a x i m u m  
v e l o c i t y  o v e r  the s ec t i on  of the s p r e a d i n g  j e t  (F ig .  3) 
showed tha t  th is  ve loc i ty  depends  on h, 6, w 0. The 
qua l i t a t i ve  na tu re  of the v e l o c i t y  v a r i a t i o n  a long the 
coo rd ina t e  is  p r e s e r v e d  both fo r  v a r y i n g  h, w0 and s .  

The na tu re  of the v a r i a t i o n  ment ioned  for  th is  
ve loc i t y  poin ts  to the i m p o s s i b i l i t y  of us ing  as  c h a r a c -  
t e r i s t i c  va lues  v e l o c i t i e s  c a l c u l a t e d  f rom f o r m u l a s  
for  a f ree  t u rbu l en t  choked je t ,  as  some  i n v e s t i g a t o r s  
have done.  

F r o m  the e x p e r i m e n t a l  da t a  we may  find the va lue  
of the r a t i o  h/5 at  which the ve loc i t y  on the j e t  ax is  is  
s t i l l  equal  to that  at  the nozzle  exi t .  This  r a t i o  proved  
to l ie  in the r ange  3 - 4 . 5 .  Whi le  i t  is  na tu r a l  to s eek  
to r e d u c e  hi6, th is  is  p o s s i b l e  only up to a known l imi t ,  
s ince  when h <_ 5, a d e c r e a s e  of the ve loc i ty  of the 
agent  is  o b s e r v e d  owing to the o c c u r r e n c e  of r e s i s t a n c e  
due to c o m p r e s s i o n  of the j e t .  

The loca l  in tens i ty  of m a s s  t r a n s f e r  v a r i e s  cont in-  
uous ly  along the s u r f a c e  of the m a t e r i a l  (F ig .  3). The 
m a x i m a  and m i n i m a  of m a s s  t r a n s f e r  in tens i ty  shi f t  
as  h i n c r e a s e s ,  moving away f rom the c r i t i c a l  point .  
The f o r m  shown for  v a r i a t i o n  of loca l  m a s s  t r a n s f e r  
is  c h a r a c t e r i s t i c  of c a s e s  where  va lues  of the r a t i o  
h/6 a r e  s m a l l  (up to 8.0, app rox ima te ly )  and the 
v e l o c i t i e s  of the d ry ing  agent  a r e  l a r g e .  In the r e s t  of 
the c a s e s  the loca l  m a s s  t r a n s f e r  in tens i ty  d e c r e a s e s  
con t inuous ly  along the s u r f a c e  be ing  d r i ed ,  and no 
c l e a r  i n t ens i ty  m a x i m a  and m i n i m a  a r e  o b s e r v e d .  It 
should  be noted tha t  for  n a r r o w  nozz les  (5 up to 1 mm) 
at  l a r g e  v a l u e s  of s (55 mm) and with h up to 15 mm,  
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Fig .  2. J e t  con tours  with s = 35 m m  and 
6 = 2 m m :  1) h = 5  mm;  2) h = 1 0 r a m ;  

3) h = 15 m m .  

s o m e  i n c r e a s e  of loca l  m a s s  t r a n s f e r  i n t ens i ty  is  
o b s e r v e d ,  beginning  at  a d i s t ance  equal  to a p p r o x i -  
m a t e l y  a q u a r t e r  p i tch  and beyond.  

The combined  a e r o d y n a m i c  and m a s s - t r a n s f e r  
i nves t i ga t i ons  al low us  to ident i fy  four  c h a r a c t e r i s t i c  
s e c t i o n s ,  a p p a r e n t  f rom an e x a m i n a t i o n  of F i g s .  1 - 3 .  
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Fig. l .  Pressure d is t r ibu t ion  on the surface 
of the m a t e r i a l  with s = 35 m m  and 6 = 2mm:  

1) h = 5  mm; 2) h =  10 mm; 3) h =  15 ram. 

The f i r s t  s ec t ion  c o r r e s p o n d s  to the imping ing  
ac t ion  of  the je t ,  which p r o m o t e s  a d e c r e a s e  of the 
h y d r o d y n a m i c  boundary  l a y e r  t h i c k n e s s .  It ex tends  
f rom the c r i t i c a l  point  to a d i s t a n c e  r ~ 5 / 2  * b tg 3, 
c o r r e s p o n d i n g  roughly  to the beginning  of f o r m a t i o n  
of  the "neck" in the s p r e a d i n g  jet .  The loca l  m a s s -  
t r a n s f e r  in tens i ty  in th is  s ec t ion  is  r educed ,  a l though 
the ve loc i ty  in the s p r e a d i n g  j e t  i n c r e a s e s  f r o m  z e r o  
to a m a x i m u m  va lue .  

The second  sec t ion  is c h a r a c t e r i z e d  by the p r e s e n c e  
of the "neck" in which the ve loc i ty  of the d ry ing  agent  
s c a r c e l y  d e c r e a s e s  and i ts  flow is  l a m i n a r .  A fu r the r  
d rop  of loca l  in tens i ty  o c c u r s  he r e  due to the i n c r e a s e  
of the hyd rodyna mic  boundary  l a y e r  t h i cknes s  and 
d e c r e a s e  of the p r e s s u r e  on the s u r f a c e  of  the m a t e r -  
ia l .  The end of the second s e c t i on  c o r r e s p o n d s  to the 
beginning of the fa l l  in j e t  ve loc i ty ,  and co inc ides  with 
the end of the neck.  

The th i rd  s e c t i on  is c h a r a c t e r i z e d  by an i n c r e a s e  
in loca l  m a s s - t r a n s f e r  i n t ens i ty  due to the c r e a t i o n  
of a tu rbu len t  boundary  l a y e r  and a d e c r e a s e  in th ick-  
ne s s  of  the l a m i n a r  s u b l a y e r .  The s u r f a c e  p r e s s u r e  
r e m a i n s  p r a c t i c a l l y  cons tan t  th roughout  th is  sec t ion ,  
While the ve loc i t y  of the agen t  d e c r e a s e s  somewha t  
owing to the onse t  of t u rbu lence  and to the inflow of 
a i r .  The t r a n s i t i o n  f rom l a m i n a r  to t u rbu len t  flow, 
as  ca l cu l a t i on  shows,  took p lace  at  a Reynolds  num-  
b e r  of 1.7 �9 104-2.2 �9 104. The bounda ry  l a y e r  t h i cknes s  
a t  the end of the neck  ( t r ans i t i on  f r o m  l a m i n a r  to 
tu rbu len t  condi t ions) ,  c a l c u l a t e d  f rom the f o r m u l a s  
given by E c k e r t  [5], was 0.18, 0.22, and 0.30 ram,  
which a g r e e d  with the neck  th i ckness  ob ta ined  e x p e r -  
men ta l ly .  It tu rned  out  that  the boundary  l a y e r  t h i ck -  
ne s s  is  p r o p o r t i o n a l  to h, a r e l a t i o n s h i p  which r e m a i n s  
va l id  in the r ange  of the s p r e a d i n g  je t .  

The four th  and l a s t  s e c t i on  beg ins  f rom the p r e s s u r e  
i n c r e a s e  on the m a t e r i a l  s u r f a c e  and the s h a r p  d e -  
c r e a s e  of ve loc i t y  in the s p r e a d i n g  je t ,  due to d i r e c t  
i n t e r a c t i o n  of  the m e r g i n g  j e t s ,  f lowing toge the r  into 
a s ingle  j e t  d i r e c t e d  n o r m a l l y  to the s u r f a c e  of the 
m a t e r i a l .  The m a s s  t r a n s f e r  in tens i ty  then d e c r e a s e s  
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somewhat ,  but  for apprec iab le  va lues  of h/5 and s in  
the r eg ion  of jet  in te rac t ion ,  an i n c r e a s e  in the in -  
tens i ty  is observed ,  due to the r e l a t ive  i nc r ea se  in 
the par t  played by tu rbu lence  at the compara t ive ly  
sma l l  ve loc i t ies  in this  sec t ion.  The s ize of this 
sec t ion  i n c r e a s e s  with i n c r e a s e  of h. 
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Fig. 3. Maximum ve loc i t i es  in the sp read ing  
jet,  and local  in t ens i t i e s  of m a s s  t r a n s f e r  as 
functions of the coordinate ,  with s = 35 mm 
and 5 = 2  mm: 1) h = 5  mm;  2) h = 1 0 m m ;  

3) h = 15 ram. 

The dependence of 5, s, h of heat  and m a s s  t r a n s -  
fer  in tens i ty  dur ing  the f i r s t  and second s tages  of 
dry ing  enables  us to de t e rmine  the inf luence of these 
cons t ruc t iona l  p a r a m e t e r s  on the dry ing  p rocess  and 
on the energy  expended in achieving it. 

The dry ing  ra te  is reduced with i n c r e a s e  of s and 
h, while i n c r e a s e  of 5 leads  to an enhanced ra te  of 
drying.  The power r equ i r ed  of the b lowers  and com-  
puted for 1 m 2 of m a t e r i a l  being dr ied  (specific 
power) may be ca lcula ted  f rom the fo rmula  

6 H 
Nsp = - -  w o - - .  (2) 

s TiK 

This  fo rmula  shows the need to de t e rmine  an eff ic ient  
ra t io  5/s for which a high in tens i ty  of the p roces s  
wil l  be obtained with a compara t ive ly  sma l l  flow ra te  
of the dry ing  agent per  1 kg of evapora ted  mo i s t u r e .  

We shal l  des ignate  an effect ive veloci ty  equal to 
the flow ra te  of dry ing  agent in un i t  t ime  per  uni t  a r ea  
of su r face  being dr ied .  It is de t e rmined  from the ex-  
p r e s s i o n  

6 
~ , r  - -  w0.  ( 3 )  

S 

This veloci ty ,  as the expe r imen ta l  data show (Fig. 4), 
is uniquely de t e rmined  by m I for a given h and va r ious  
va lues  of s and 5. The expe r imen ta l  points  for  mi,  ob-  
ta ined at va r ious  va lues  of w 0 and cons tant  5 and s, 
l ie on the curves  shown in Fig.  4, which also impl ies  
the un iqueness  of the dependence of m I on w e. The 
sha rp  r i s e  of the cu rves  becomes  smoother  with w e 
of ] m/sec ,  which may be a s s u m e d  to be an eff ic ient  
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value of veloci ty .  Hence an eff ic ient  ra t io  between the 
nozzle  s l i t  width and pitch is  taken to be 0.020. We 
note that the reg ion  of favorable  5/s may  be chosen 
in the range  0 .015-0.030.  

A study of the inf luence of the r eg ime  p a r a m e t e r s  
on the dry ing  p rocess  was c a r r i e d  out with a nozzle  
sys tem sa t i s fy ing  the eff ic ient  ra t io  of 5/s. A nozzle  
s y s t e m  with a pitch of 25 mm and a s l i t  width of 0.5 
m m  was invest igated.  

With i n c r e a s e  of w 0 at cons tan t  to, the t e m p e r a t u r e  
of the sur face  of the m a t e r i a l  nea r  the nozzle  in -  
c r e a s e s  somewhat,  and a p a r t i c u l a r l y  not iceable  in -  
c r ea se  is observed  when w0 is va r i ed  f rom 10 to 60 
m / s e c .  I nc r ea se  of w0 f rom 25 to 90 m/sec  with t 0 = 
= 150 ~ C for h of 5 mm causes  an i nc r ea se  in t e m p e r -  
a ture  from 73 ~ to 85 ~ C. 

With i n c r e a s e  of t o at cons tant  w0, the t e m p e r a t u r e  
of the m a t e r i a l  also i n c r e a s e s .  With to at 80 ~ C, w 0 
of 50 m/sec ,  and h of 5 ram, the sur face  t e m p e r a t u r e  
of the m a t e r i a l  was 46 ~ C; with 200" C it  was 90 ~ C; 
and with 350 ~ C the m a t e r i a l  t e m p e r a t u r e  was 96 ~ C. 
At high to, the m a t e r i a l  t e mpe r a t u r e  exceeded the 
wet -bu lb  t e m p e r a t u r e .  For  nozzle drying,  however,  
the t e m p e r a t u r e  of the m a t e r i a l  is lower than for 
conduction drying.  

Inc rease  of w0 and to leads to i nc rea sed  in tens i ty  
of drying,  both in the f i r s t  and second drying  s tages .  
The in tens i ty  of f i r s t - s t a g e  dry ing  is s e ve r a l  t imes  
g r e a t e r  than in other  dry ing  methods for co r re spond ing  
condit ions,  and the in tens i ty  in the second stage is 
also g r e a t e r .  

The ve ry  large  heat  t r a n s f e r  and high r a t e s  of 

m a s s  t r a n s f e r  and of dry ing  are  explained,  in pa r t i c -  
u l a r ,  also by the fact that in nozzle dry ing  volume 
evapora t ion  occurs  above the sur face  of the m a t e r i a l  
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Fig.  4. In tens i ty  of f i r s t - s t a ge  dry ing  as a 
function of effective veloci ty:  a) 5 = 0.5 mm;  
b) 1 ram; c) 2 r a m ;  1) h = 5  ram; 2) h =  10ram; 

3) h = 15 ram. 

in  the s t r e a m  of dry ing  agent. The specif ic  m e c h a n i s m  
of combined act ion of volume evapora t ion  and m o l a r  
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m a s s  t r a n s f e r  a r e  ev idenced  by the fact  that  the in-  
t ens i ty  of s teady m a s s  t r a n s f e r  was  h igher  than that  
of dry ing .  

In the range  of v a r i a t i o n  of spec i f i c  m a s s  of m a t e r -  
ial  f r o m  75 to 1100 g / m  2, as  the inves t iga t ion  showed,  
the in tens i ty  of dry ing  dur ing the f i r s t  s tage  r e m a i n e d  
constant ,  al l  o ther  condi t ions  being equal .  The e x p e r i -  
men ta l  data  on heat  and m a s s  t r a n s f e r  w e r e  r educed  
in the f o r m  of d i m e n s i o n l e s s  g e n e r a l i z e d  v a r i a b l e s ,  
f r o m  which funct ional  r e l a t i onsh ip s  w e r e  cons t ruc ted .  

The inves t iga t ion  r e s u l t e d  in the fol lowing c r i t e r i a l  
equat ion  fo r  d e t e r m i n i n g  the in tens i ty  of dry ing  of 
v a r i o u s  types of paper  and c a r d b o a r d  dur ing f i r s t -  
s tage  drying: 

Re* = 0.332 Re ~ Gu 1.~ (s/(3)o.~9o. (4) 

E l imina t ing  f r o m  Re the quant i ty  5/s appear ing  in it, 
we may  wr i t e  (4) in the f o r m  

Re* = 0.332 Re~ 's12 Gu (6/s) ~ (5) 

With the a s s u m e d  e f f ic ien t  r a t io  of 5/s, (5) takes  the 
f o r m  

Re* = 0.140 Re~ ~'~ (6) 

The e x p e r i m e n t a l  points  a r e  d e s c r i b e d  v e r y  wel l  

by the p roposed  r e l a t i onsh ip s  for  the drying p r o c e s s ;  
these  c r i t e r i a l  r e l a t i o n s  w e r e  obtained with v a r i a t i o n  
of R e / f r o m  15 �9 10 2 to 16 -10 4 . 

To ca lcu la te  the mean  heat  t r a n s f e r  coef f ic ien t  in 

the pe r iod  of cons tant  d ry ing  r a t e ,  the fol lowing c r i -  

t e r i a l  r e l a t i o n  is suggested:  

Nu = 5.76' 10 -~ Re~ 0"6~ (7) 

The influence of temperature is taken into account 

by the quantities characterizing the physical proper- 
ties of the medium. With an efficient ratio of 5/s, the 
expression takes the form 

Ng = 2.91.10 -3. Re ~ . (8) 

The experimental points are brought together satis- 
factorily by the relationships obtained, the deviation 
of the points not exceeding • 

The form of the relationships differs from those 
usually assumed, in that Re* is used as the unknown 

relative variable, and not the Nusselt diffusion para- 
meter. The advantage of the dependence assumed is 

that it yields directly the value of mass transfer in- 
tensity required in engineering design. 

It is usual to take the quantity s as a characteristic 
length. Reduction of the experimental heat and mass 
transfer data showed that s cannot be a characteristic 

length when there is variation of pitch and height, as 

occurred in our investigation. The thickness of the 

hydrodynamic boundary layer, on which the intensity 

of the heat and mass transfer processes depends, 

could s e r v e  as a c h a r a c t e r i s t i c  length.  Because  of 
the fact  that  the boundary  l a y e r  t h i ckness  p roved  to 
be p ropor t iona l  to the height  of e l eva t ion  of the noz-  
z les  above the m a t e r i a l ,  i t  is convenien t  to take h as 
the c h a r a c t e r i s t i c  length.  

As a c h a r a c t e r i s t i c  v e l o c i t y  we use  the roo t  m e a n  
squa re  ve loc i ty  at the su r f ace  of the m a t e r i a l ,  o r  the 
roo t  m e a n  square  mean  in t eg ra l  v e l o c i t y  at ha l f -p i tch ,  
o r  indeed the m e a n  a r i t h m e t i c  o r  root  m e a n  squa re  
v e l o c i t i e s  at the sec t ions  c o r r e s p o n d i n g  to the c r i t i c a l  
point and ha l f -p i t ch .  

The inves t iga t ion  has shown that  the in tens i ty  of  
heat  and m a s s  t r a n s f e r  is not a s i n g l e - v a l u e d  rune- 
t ion of these  v e l o c i t i e s ,  but depends on h, 5, and s. 
T h e r e f o r e ,  the e f fec t ive  ve loc i t y  w e was taken as the 
c h a r a c t e r i s t i c  ve loc i ty .  The phys ica l  cons tants  e n t e r -  

ing into the p a r a m e t e r s  w e r e  eva lua ted  at the mean  
t e m p e r a t u r e  in the boundary  l aye r .  

The nozz le  method of d ry ing  may  be used  alone o r  
in combina t ion  with o the r  me thods .  Its combina t ion  
with the conduct ion method  in tens i f i es  the p r o c e s s  
cons ide rab ly  (by a f ac to r  of 2 - 5  and m o r e ,  depending 
on the condi t ions,  c o m p a r e d  with o r d i n a r y  s t rong  
conduc t ion-convec t ion  drying),  e n s u r e s  con t ro l l ed  
drying,  un i fo rm o v e r  the th ickness  of the m a t e r i a l ,  
y i e lds  m a t e r i a l  of good qual i ty ,  and makes  poss ib le  

comple te  au tomat ion  of the dry ing  p r o c e s s .  
The a e r o d y n a m i c  and m a s s - t r a n s f e r  inves t iga t ions  

c a r r i e d  out have expla ined  the m e c h a n i s m  of s p r e a d -  

ing and in t e r ac t ion  of je t s  f r o m  v a r i o u s  nozz le  s y s t e m s ,  
as we l l  as the inf luence of the r e g i m e  p a r a m e t e r s  
on hea t  and m a s s  t r a n s f e r ,  and they enable  op t imum 
dry ing  condi t ions  to be chosen  on a sc ien t i f i c  bas i s .  

The r e s u l t s  of this inves t iga t ion  allow a method  
l inked to the k ine t ics  of drying to be dev i s ed  for  the 

des ign  of  dry ing  equ ipment  which enables  h igh-  
p e r f o r m a n c e  dry ing  with r e c i r c u l a t i o n  of the dry ing  

agent .  

NOTATION 

x) coordinate; w0) velocity of drying agent at the nozzle exit; 
Wmax) maximum velocity in the spreading jet; Ap) pressure 
at the surface of the material; 5) width of the nozzle siit; 
s) d~stance between the nozzles (pitch); h) distance from the 
rim of nozzle to material (elevation of nozzle); $) lateral 
expansion angle of the jet; H) total head created by the 
blower; ~K) total efficiency of the blower and its drive; 
m I ) local intensity of mass transfer; mi) intensity of drying 
durfng the first stage; To. to) temperature of the drying agent 
at the nozzle exit; Re* = m I h/~) Reynolds number for mass 
flow of the substance; 7) dynamic viscosity of the water vapor- 
air mixture; Gu = (To - TM)/TM) modified Gukhman para- 
meter; T M) wet-bulb temperature; Re = web/u)Reynolds num- 
ber; w e) effective velocity; u) kinematic viscosity; Re 1 = woh/v; 
Nu = C~Mh/k) Nusselt number; C~M) heat transfer coefficient, 
calculated at the wet-bulb temperature; X) thermal conduc- 
tivity of the water vapor-air mixture. 
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