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The  r e l a t i o n s h i p s  be tween  the m a s s - t r a n s f e r  c o e f f i c i e n t s  and m o i s t u r e  con ten t s  of c i t r u s  f r u i t s  
c a l c u l a t e d  f r o m  the d e s o r p t i o n  i s o t h e r m s  and c h a r a c t e r i s t i c  c u r v e s  a r e  p r e s e n t e d .  

We s tud ied  V a l e n c i a ,  Navel ,  Double  F i n e ,  Shamaut i ,  and N a r e n c i a  o r a n g e s  and V e r d e l l i  l e m o n s  of 
the 1968-1969 h a r v e s t  g rown in the c o u n t r i e s  of the E a s t e r n  M e d i t e r r a n e a n .  F o r  the c a l c u l a t i o n s  we used  
the fo l lowing  in i t i a l  da t a :  h u m i d i t y  Wi = 87%, m o i s t u r e  conten t  U i = 6.68 kg /kg ,  d e n s i t y  of f r e s h  f r u i t s  and 
d r y  m a t e r i a l s  p = 880 kg /m  3, P0 = 790 k g / m  3, mean  d i a m e t e r  of the c a l i b r a t e d  f r u i t s  d = 7 �9 1 0  - 2  m, r a t i o  
of the v o l u m e  to the  s u r f a c e  a r e a  of the f r u i t s  R V = (1.04-1.24) �9 1 0  - 2  m; these  v a l u e s  w e r e  ob ta ined  by  
s t a n d a r d  me thods  and a v e r a g e d  to an a c c u r a c y  of 3%. 

The  d e s o r p t i o n  i s o t h e r m s  Up = f(q~, T) w e r e  ob ta ined  by  a t e n s i m e t r i c  method  at  t = 0, 10, 20, and 
30~ in the r a n g e  of r e l a t i v e  a i r  h u m i d i t y  q~ = 0 .4-1 .0 ,  and a l so  by  an a c c e l e r a t e d  dyna mic  method  in an 
a p p a r a t u s  made  by  G. K. F i l o n e n k o  and A. I. C h u p r i n a  [6]. F o r  the z e r o - d e g r e e  i s o t h e r m  the point  with 
~p = 0.2 was  a l so  ob ta ined .  Since the p r o c e s s  of b r i n g i n g  the whole  f r u i t s  into e q u i l i b r i u m  was  e x t r e m e l y  
p r o t r a c t e d ,  and fo r  t > 20~ and ~ > 0.9 p r a c t i c a l l y  i m p o s s i b l e ,  the  e x p e r i m e n t s  w e r e  c a r r i e d  out wi th  
s m a l l  l obes  of the f r u i t s ,  p r e v i o u s l y  d r i e d  at t = 40~ to a weight  of about  0 .3-0 .5  of the o r i g i n a l .  The  
i s o t h e r m s ,  t yp i ca l  of c o l l o i d a l  c a p i l l a r y - p o r o u s  so l i d s ,  i n t e r s e c t  the q~ = 1.0 l ine  at  d i f f e r en t  po in t s .  Un- 
d e r  t h e s e  cond i t i ons  the l o s s  of m o i s t u r e  by  the f r u i t s  is  c a u s e d  by  the t e m p e r a t u r e  g r a d i e n t  which a r i s e s  
as  a r e s u l t  of b r e a t h i n g  p r o c e s s e s  [2, 4, 6]. In the r a n g e  ~ = 0 .2 -0 .9  the z e r o - d e g r e e  i s o t h e r m  is d e -  
s c r i b e d  by  the equat ion  log Up = 0.3 + 7~ 2. 

The c h e m i c a l  po t en t i a l  of m a s s  t r a n s f e r  in the  h y g r o s c o p i c  r e g ion ,  i den t i ca l  in a b s o l u t e  magni tude  
with  the m o i s t u r e / f r u i t  b ind ing  ene rgy ,  w a s  c a l c u l a t e d  f r o m  the e x i s t i n g  [3, 5] f o r m u l a  ]Pl -= e = RTlnq~, 
a f t e r  which  the c h a r a c t e r i s t i c  c u r v e s  p = f(Up) w e r e  p lo t t ed  (Fig .  1). As a r e s u l t  of ana lyz ing  these  
c u r v e s  and the d e s o r p t i o n  i s o t h e r m s ,  we ob ta ined  the r e q u i r e d  c o e f f i c i e n t s  of m a s s  t r a n s f e r  and t h e i r  d e -  
pendence  on the m o i s t u r e  con ten t  at t = 0~ Us ing  the method  of A. V. Lykov,  we p lo t t ed  the e x p e r i m e n t a l  
s c a l e  0 = f(Up) and c a l c u l a t e d  the in i t i a l  po t en t i a l  of m o i s t u r e  t r a n s f e r  0 = 450~ 

It i s  we l l  known that  the dependence  of the d i f fus ion  c o e f f i c i e n t  a m on the m o i s t u r e  conten t  of a m a -  
t e r i a l  i s  d e t e r m i n e d  by  the f o r m  of b ind ing  of the m o i s t u r e  and the f o r m  of m a s s  t r a n s f e r  (i. e . ,  t r a n s f e r  of 
v a p o r  o r  l iquid) .  If the m a s s  t r a n s f e r  t a k e s  p l a c e  in the f o r m  of l iquid ,  the coe f f i c i en t  a m m a y  e i t h e r  r i s e  
wi th  i n c r e a s i n g  m o i s t u r e  con ten t  o r  r e m a i n  cons tan t ,  depend ing  on the f o r m  of the d i f f e r e n t i a l  p o r e - r a d i u s  
d i s t r i b u t i o n  c u r v e  [3] (Fig.  2). F o r  c i t r u s  f r u i t s  invo lv ing  o s m o t i c  m o i s t u r e  the coe f f i c i en t  a m  v a r i e s  a long 
a c o m p l e x  c u r v e  with  s i n g u l a r  po in ts ,  a t  which  the f o r m  of m o i s t u r e  b ind ing  c ha nge s  f r o m  one type  to ano th -  
e r  (in the s a m e  way  as  the po in t s  on the c u r v e  of t h e r m a l  d i f f u s i v i t y  aq).  In the r a n g e  of m o i s t u r e  content  
0-0 .16  k g / k g ,  the coe f f i c i en t  a m i n c r e a s e s  (this is  not shown in the g raph) ,  the m a s s  t r a n s f e r  t ak ing  p l a c e  
in the f o r m  of v a p o r  and l iquid .  In the r ange  of m o i s t u r e  con ten t  0 .16-1 .50  k g / k g  the c o e f f i c i e n t  a m d i m i n -  
i she s .  He re  the to ta l  m o i s t u r e  t r a n s f e r  is  l i m i t e d  by the v e l o c i t y  of d i f fus ive  m o i s t u r e  t r a n s f e r ,  w h i c h  is  
c o n s i d e r a b l y  l o w e r  than the v e l o c i t y  of the m o l a r  mot ion  of m o i s t u r e  under  the inf luence  of c a p i l l a r y  f o r c e s .  
In the r a n g e  of m o i s t u r e  con ten t  1 .50-6.68 kg /kg ,  [. e . ,  in the m o i s t  s t a t e  of the f ru i t s ,  the coe f f i c i en t  a m 
r e m a i n s  cons t an t .  

A l lowance  fo r  the n a t u r a l  d e p r e c i a t i o n  of whole f r e s h  f r u i t s  enab led  us to c a l c u l a t e  and c o n s t r u c t  a 
c u r v e  r e p r e s e n t i n g  the t r a n s p i r a t i o n  i n t e n s i t y  j = f(r T), thus  enab l ing  us to d e t e r m i n e  the n a t u r a l  l o s s  
knowing only the e f fec t ive  u n s c r e e n e d  m a s s  s u r f a c e  of the f r u i t s .  It was  e s t a b l i s h e d  e x p e r i m e n t a l l y  that  
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Fig. 1. Desorption isotherms,  charac te r i s t i c  curves ,  and experimental  scale 
of the moisture  t rans fe r  of c i t rus  frui ts  (10 and 20 degree isotherms and curves  
denoted by points); p, J /kmole;  U, kg/kg. 

Fig. 2. Dependence of the m a s s - t r a n s f e r  coefficient, the thermal-dif fus ivi ty  co-  
efficient, and the Lu number  on the moisture  content of citrus fruits;  am, m2/sec; 
(ap/0T)w , J /kmole  .~ c m, kmole /q . J ;  5, %/deg; aq, m2/sec. 

the specific mass surface of calibrated fruits of any c lass  was a constant quantity, not depending on the 
variety,  form, season, or  region of growth, and hence the intensity of t ranspirat ion was determined solely 
by the pa ramete r s  of the surrounding medium, i . e . ,  the t and ~ of the air,  in confirmation of the fundamen- 
tal views of N. A. Maksimov [4]. A special feature of the transpirat ion of the frui ts  is the fact that the 
zone of evaporation is relat ively constant, i . e . ,  the frui ts  dry up f rom within [2]. The period of constant  
rate of t ranspirat ion extends up to a cr i t ical  moisture content of about 150%. 

The thermal  coefficients and their  dependence on the moisture content of the fruits were also ob- 
tained. These relationships,  also typical of colloidal capi l la ry-porous  solids, have charac te r i s t ic  singular 
points and a maximum at the boundary of the regions corresponding to the hygroscopic and moist  state of 
the fruits .  The Lu number is much less than unity, i . e . ,  the inertia of the field of moisture content is 
much g rea te r  than the inert ia of the temperature  field. The Biot number  is much smal le r  than unity, i . e . ,  
the guiding point is a long way f rom the surface,  which justifies us, in subsequent pract ical  calculations, 
in neglecting the tempera ture  drop within the fruits by compar ison with the tempera ture  head, and el iminat-  
ing the spatial coordinates f rom consideration.  The computing method is set out in detail in [1, 3, 5]. 
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