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A formula is derived for estimating the error involved in replacing 
the actual temperature field with a stationary one in the process of 
sublimation drying. This estimate has been confirmed experimentally, 

The diff icul t ies  of an analyt ic  inves t iga t ion  of the 
sub l imat ion  drying  p roces s  and the complexi ty  of the 
physica l  model  a re  due to the p r e s e n c e  of a moving 
phase in te r face .  Hence the impor t ance  of approximate  
methods ,  in p a r t i c u l a r ,  the r e p l a c e m e n t  of the actual  
t e m p e r a t u r e  field with a s t a t iona ry  one. We wil l  e s t i -  
mate  the e r r o r  involved.  

Cons ider  a subl iming  body of a r b i t r a r y  shape with 
in t e rna l  heat  sou rces .  The volume dens i ty  of heat r e -  
l ease  is  a funct ion of t ime  and the coord ina tes .  This 
fo rmula t ion  of the p rob l em e m b r a c e s  all known methods 
of energy  supply f r o m  h igh- f requency ,  when the sources  
a re  un i fo rmly  d i s t r ibu ted  over  the th ickness  of the 
m a t e r i a l ,  to conduct ive,  when the sou rces  can be a s -  
sumed to be concen t ra ted  at the su r face .  We a s s u m e  
that the body is  i so t ropic  and homogeneous  and that 
i ts  phys ica l  p a r a m e t e r s  a re  cons tant ;  then the t e m -  
p e r a t u r e  m u s t  sa t i s fy  the equat ion 
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When the actual temperature field is replaced with 
a stationary one, it is assumed that the temperature 
in the body satisfies the equation 
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Mult iplying both s ides of Eq. (1) by the volume 
e l emen t  dV, in tegra t ing  over  the en t i re  volume oc-  
cupied by the body, and applying the Gauss  theo rem,  
we obtain 
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. Similarly, from Eq. (2) 
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On the bas i s  of the energy  ba lance  we r e p r e s e n t  
Eq. (3) in the f o r m  

)~ grad1 tT1S: = p Vr q- k p cV h t. (5) 

The physica l  e s sence  of the approx imat ion  cons i s t s  
in neglec t ing  the specif ic  heat of the subs tance  i n -  
ves t iga ted;  the re fore  we r e p r e s e n t  Eq. (4) in the form 
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We divide (5) by (6) and, noting that $1 = $2, we 
obtain 
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Obviously,  the las t  t e r m  in (7) d e t e r m i n e s  the m a x i -  
mum poss ib le  e r r o r  for the total  t ime  of the p roces s ,  
when the actual  t e m p e r a t u r e  gradient  at the sur face  is 
r ep laced  with the grad ien t  co r re spond ing  to a s t a t ion-  
a ry  d i s t r ibu t ion ,  or  the e r r o r  in de t e rmin ing  the t e m -  
p e r a t u r e  g rad ien t  at the surface ,  when the actual t ime 
of the p roces s  is r ep laced  with the t ime  cor respond ing  
to the s t a t iona ry  p roces s .  

In o r d i n a r y  subl imat ion  drying p r o c e s s e s ,  when the 
di f ference between the m a x i m u m  and m i n i m u m  ice 
t e m p e r a t u r e s  is not more  than 40 ~ and the value of k 
does not exceed 1, the e r r o r  in quest ion does not 
exceed 3%. 

A s s u m i n g  that the devia t ion of the t e mpe ra tu r e  g r a -  
dient  co r re spond ing  to the s ta t ionary  p roces s  f rom the 
t e m p e r a t u r e  gradient  co r respond ing  to the actual  p r o -  
cess  is  at a m a x i m u m  at the sur face ,  we can conclude 
that under  ce r t a in  condit ions it is  l eg i t imate  to rep lace  
the actual  t e m p e r a t u r e  f ield with a s t a t ionary  one in 
inves t iga t ing  the sub l imat ion  drying p roces s .  

As a check, we m e a s u r e d  the t e m p e r a t u r e  in ice 
subl iming  in a h igh- f requency  e lec t r i c  field. The t e m -  
pe ra tu r e  was m e a s u r e d  with 12 spec ia l ly  designed t h e r -  
mocouples  which excluded se l f -hea t ing  in the e l ec t r i c  
field and the usual  d is tor t ion  of the e l ec t r i c  field in 
the spec imen .  The f igure p r e s e n t s  the r e s u l t s  for a 
sheet  of ice 20 m m  thick at two dif ferent  vapor  p r e s -  
su r e s  five minutes  af ter  switching on the h i g h - f r e -  
quency gene ra to r  together  with the t e m p e r a t u r e  cu rves  
ca lcula ted  on the assumpt ion  of a s t a t ionary  t e m p e r -  
a ture  d i s t r ibu t ion ,  i . e . ,  t = - b x  z + d. Clear ly ,  there ,  
is  good ag reemen t .  

To obtain a m o r e  object ive e s t ima te  of the degree  
of conformi ty  of the exper imen ta l  and calcula ted data,  
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Values of the t e m p e r a t u r e s  t (~ over  the th ickness  x (ram) 
of a sheet  of ice in the p r e sence  of sub l imat ion  in  a high-  
f requency  e l ec t r i c  field: 1, 2) calculat ion;  3, 4) exper imen ta l  

va lues  (1, 3 - - p r e s s u r e  137 n/m2; 2 ,4 - -77  N/m2). 

by the method of leas t  squares  among the cu rves  of 
the type t = - b x  n + d we found the curve  with p a r a m -  
e t e r s  b and n approximat ing  the exper imen ta l  va lues  
best .  At a confidence level  of 95% we computed conf i -  
dence i n t e rva l s  for the va lues  of n, which for cu rves  
1 and 2 in the f igure  are  equal to 1.96 • 0.042 and2.03 • 
=L 0.038, r e spec t ive ly .  Thus,  in both cases  the conf i -  
dence i n t e rva l s  include the theore t ica l  value n = 2. 

Hence, at the a s sumed  confidence level ,  the expe r i -  
menta l  data conf i rm the poss ib i l i ty  of r ep lac ing  the 
actual  t e m p e r a t u r e  f ield with a s t a t ionary  one in the 
subl imat ion  p roces s .  

NOTATION 

t is the t e m p e r a t u r e ;  At is the d i f ference  between 
the m a x i m u m  and m i n i m u m  t e m p e r a t u r e s  of the sub -  

l iming  m a t e r i a l  dur ing  the p r o c e s s ;  7- is the t ime;  T 
is  the total  t ime  of the p r o c e s s ;  c is  the specif ic  heat;  
p is the densi ty ;  ~ is  the t he r ma l  conduct ivi ty;  a is  the 
t he r ma l  diffusivi ty;  V is  the vo lume;  e is  the volume 
dens i ty  of heat r e l e a s e ;  k is the coeff icient  depending 
on the in i t ia l  t e m p e r a t u r e  d i s t r ibu t ion ;  r is  the heat  
of phase t r ans i t i on ;  S is  the sur face ;  S is the mean  
sur face  over  the ent i re  dura t ion  of the p r o c e s s ;  grad 
t is  the t e m p e r a t u r e  g rad ien t  at the sur face ;  grad t 
is  the mean surface  grad ien t ;  x is  the d is tance  f rom 
the cen te r  of the spec imen .  Subscr ip t  1 denotes quan-  
t i t i es  co r re spond ing  to the actual  and subsc r ip t  2 de-  
notes  quant i t ies  co r re spond ing  to the s t a t i o n a r y p r o c e s s .  
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