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Measuremen t s  a re  r epor t ed  on the effect ive t he rma l  conduetivl t ies  and resu l t an t  heat  fluxes 
in the drying of potato s t a r ch .  

Design calculat ions on drying s y s t e m s  and p rope r  organizat ion of drying r equ i r e  a knowledge of the 
hea t - f lux  k inet ics  q(r) at the m a t e r i a l ,  in pa r t i cu la r ,  to analyze heat  and m a s s  t r a n s f e r .  

Di rec t  m e a s u r e m e n t  of heat  f luxes r e q u i r e s  specia l  de tec to r s  in conjunction with a knowledge of the 
optical  p a r a m e t e r s  of the ma te r i a l ;  in genera l ,  there  a re  se r ious  exper imenta l  dif f icul t ies .  

Fo r  this r eason ,  cmls iderable  in te res t  a t taches  to the use  of an e l ec t ro the rma l  analog, which r e -  
qu i res  a knowledge of the effect ive t h e r m a l  conductivity Xef as  a function of posi t ion.  

We have examined the p rob lem with an ]~.INP-3/66 e lec t r i ca l  in tegra tor  used with an RC network 
model  based  on R-33  r e s i s t a n c e  boxes,  which were  used  to s imula te  l e f ,  together  with se ts  of nonpolar  
f i lm capac i to r s  type MPGT, which s imulated the bulk specif ic  heat  cy  [1]. 
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Fig .  1. T e m p e r a t u r e  dis t r ibut ions  in 
IR drying of s tarch;  t in ~ x in m m  
(top curve  130 min) .  

To calcula te  q(r) we used m e a s u r e m e n t s  on the drying of 
unal tered potato s ta rch  by inf ra red  radia t ion applied f rom one 
side,  with natura l  convection in a i r .  The radia t ion flux at  the 
sur face  of the s t a r ch  was 4300 W / m  2, while the l aye r  thickness  
was 15 r am.  The t e m p e r a t u r e s  in the l a y e r s  were  measu r ed  
with c o p p e r - C o n s t a n t a n  thermocouples  working into an l~,pp_ 
09MI char t  r e c o r d e r .  Special  ba lances  were  used to r e co rd  
the m a s s  loss  by the mo i s t  s ta rch ,  with automat ic  record ing  [2]. 

F igure  1 shows the t e m p e r a t u r e s  in l a y e r s  during drying 
of s ta rch  with an initial water  content U 0 = 30%; these  cu rves  
w e r e  used with the method of [3] to de te rmine  the l e f ,  and pa r t s  
a and b of F ig .  2 show the var ia t ions  with t ime in the l a y e r s .  

I t  is  c l ea r  the Xef v a r i e s  in a complex fashion during d r y -  
ing, which is  due to the genera l  t rends  in the in ternal  heat  and 
wate r  t r anspor t ,  the r i s e  in Xef for  l a y e r s  close to the middle 
is  due to rapid  t he rma l  diffusion, which occurs  roughly for  30 
min  during drying and extends down to x = 9  m m  depth.  The 
r i s e  in kef  is a l so  due to the heating; the fal l  in Xef in the sur face  
l a y e r s  is c l ea r ly  due to the water  loss  by evapora t ion .  

The shape of the Xef=f{x) curves  a l t e r s  considerably  for  
t imes  g r ea t e r  than 30 rain; the marked  inc rease  in Xef above 
30 min (Fig. 2a) is a sc r ibed  to the v i r tua l ly  hor izontal  d i spos i -  
tion of the cu rves  a b o v e 3 0 m i n ,  i , e . ,  for  x>10  m m  the 
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Fig .  2. Variat ion in kef (W/m �9 deg) with position in drying 
s t a rch  for  T(mtn) of: a) 5-35; b) 50-130. 

t e m p e r a t u r e s  in the l a y e r s  a r e  ident ical .  As a consequence,  ~ef i n c r e a s e s  cons iderably  in r e spon se  to  
the marked  reduct ion in grad t as  q =--~.grad t (for r e s t r i c t e d  values of q). 

The values  of U in the sur face  l a y e r s  were  cons iderably  lower ,  which means  that there  is l i t t le  water  
t r anspo r t  by t he rm a l  diffusion in these  l aye r s ,  s ince a water  monolayer  is  not t he rma l ly  ac t ive  [4]. This  
s u p p r e s s e s  the peaks  oll the ~ef=f(x) cu rves .  A subsequent  sl ight inc rease  in Xef for  the sur face  l a y e r s  
is due to diffusion of water  to the su r face .  The cons iderable  fall  [n ~'ef in the lower l a y e r s  at  the end of 
drying is c l ea r ly  due to rapid  evapora t ion  f rom these l aye r s  and heat  t r a n s p o r t  by molecu la r  means  to the 
sur face  via the extensive  pore  s t r u c t u r e .  

These  r e s u l t s  on Xef were  used in calculat ing q(~-); the heat  flux going to heat  the ma t e r i a l  ql (?) was 
r e p r e s e n t e d  as  an equivalent  cu r r en t  in the model .  The re la t ion  between qi and I is  

l~efRAtmax 
q~ - U (1) 

The method of de t e rming  ql (T) is as  fot lows.  The drying per iod was spli t  up into in te rva l s  AT that 
cor responded  to the AT in t e m p e r a t u r e  r eco rd ing  within the m a t e r i a l .  For  each Am we selected r e s i s t o r s  
cor responding  to the Xe[ for  the individual l a y e r s .  A special  ins t rument  was used to se t  the boundary con-  
ditions of the second kind, and a cu r r en t  was  passed  to the boundary through a l imit ing r e s i s t o r  Rbc_ii;  
we adjusted Rbc_ii  to se t  the cu r r en t  through the model to be such that the t e m p e r a t u r e  at  the boundary 
var ied  in a known fashion for  the given in te rva l .  

The cu r r en t s  were  calculated f rom 

I = 

U 
Ubc 2 

Rbc-H 
(2) 
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Fig. 3. 1) Water content of starch U; heat fluxes q (W/m2): 2) 
heating; 3) evaporation; 4) resultant.  The solid lines are from 
electrothermal analog method, while points a are  from Lykov's 
method. 

In our case Ubc was 290 V; supply voltage was 25 V. From I we calculated ql0") from (1) for each 
instant. 

The drying curve (curve 1 on Fig, 3) was used with an approximate relationship between the latent 
heat of evaporation and the form of binding [5] to calculate the heat flux going to evaporation q2(•). 

Figure 3 shows that there is initially some increase in q(T), which is due to a transient distribution 
of the water content during the heating; during the period of constant drying rate,  the heat flux is almost 
constant, but then there is a fall. This is due to the increased reflectivity of the starch as the water con- 
tent falls, together with the r ise  in surface temperature; in addition, the bulk of the material  is approach- 
[ng the steady state.  

The resultant heat flux can also be calculated by Lykov's method [4] in te rms of the generalized var i -  
able Rb. Curve 4 of Fig. 3 shows these results ,  which agree well for both methods, with a mean discrep-  
ancy of not more than 3-5%. However, we consider that the electrothermal analog method gives more in- 
formation and is reasonably efficient, while being accurate and simple to operate.  

N O T A T I O N  

q(T), net heat flux in W/m2; ~-ef, effective thermal conductivity of starch, W/m �9 deg; I, current  in 
model, A; R, resis tance per unit length of model, ~; Atma x, maximum temperature difference during 
drying, ~ AT, time interval during drying, min; Ubc, voltage for boundary conditions of the second kind, 
V; U, supply voltage , V; ql(~), heating flux, W/m2; q2(T), evaporation heat flux, W/m2; T 0 initial moisture 
content, %; U, integral mean moisture content, %. 
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