
C H R O N I C L E S  

A B S T R A C T S  O F  P A P E R S  A T  T H E  I N T E R N A T I O N A L  

S Y M P O S I U M  ON H E A T  A N D  M A S S  T R A N S F E R  

P R O B L E M S  IN F O O D  E N G I N E E R I N G  

This  s y m p o s i u m  was  held on October  24-27, 1972 at Wageringen in the Nether lands;  48 pape r s  f r o m  
14 count r ies  were  presented,  

The subjects  of the pape r s  var ied  g rea t ly ,  as is c l ea r  f r o m  the contents of the two volumes of papers ,  
which were  nea r ly  all in Engl ish  (three w e r e  in French),  and which were  reproduced  by offset  for  c i rcula t ion.  

The a b s t r a c t s  or  s u m m a r i e s  a r e  reproduced below. 

A1. W. 3. Beek and P. B. Kwant (Netherlands).  Non-Newtonian Heat T r a n s f e r  in Round Pipes  

A1-A 1.16 

S imple  re la t ionships  exis t  between non-Newtonian heat  t r a n s f e r  with constant  liquid p rope r t i e s  and 
Newtonianheat  t r a n s f e r  with t e m p e r a t u r e  dependent p rope r t i e s .  

Consequently,  all  that is known about Nu-numbers  for  these two genera l  ca ses  can be p resen ted  in a 
unique way, basing re la t ionships  e i ther  on the d imens ion less  veloci ty  gradient  at the wall or  on the d imen-  
s ion less  local  p r e s s u r e  drop.  

This  unique re la t ionship  is demons t ra t ed  for  the ease  of pipe flow. 

A3. G. F o r r e s t  and W. L. Wilkinson (UK). A Theo re t i c a l  Study of Heat  T r a n s f e r  to T e m p e r a t u r e -  
Dependent  Non-Newtoniau Fluids in Lam i na r  Flow 

A3-A3.28 

This  paper  p re sen t s  a theore t ica l  t r ea tmen t  of l amina r  flow heat  t r an s f e r  in c i r cu l a r  tubes for  a t e m -  
p e r a t u r e  dependent non-Newtonian fluid for  which the re la t ionship  between the shea r  s t r e s s ,  T, and the 
s h e a r  ra te ,  7, can be desc r ibed  by an equation of the form:  

"r ~ "r~.r -;- K(T) ~,,n, 

where  Ty is a yield s t r e s s ,  n is a constant,  and K(T) is a function of t e m p e r a t u r e .  This  model  can t h e r e -  
fo re  ea t e r  for  both power - law and ]3ingham plast ic  behavior .  The two boundary conditions of constant  wall 
t e m p e r a t u r e  and constant  wall  heat  flux a re  covered  for  both heating and cooling s i tuat ions.  The computed 
r e su l t s  are  p resen ted  by plotting a Nussel t  number  as a function of the Grae tz  number  with d imens ion less  
groups specifying the t e m p e r a t u r e  dependence effect,  the rheological  p rope r t i e s  and the wall conditions as 
p a r a m e t e r s .  This  method of p resen ta t ion  is convenient for  engineer ing des ign purposes .  T e m p e r a t u r e  
prof i les ,  ve loci ty  prof i les ,  and the p r e s s u r e  drop can a lso  be de te rmined .  

A4. G. S. Cattel l  (UK). Heat  T r a n s f e r  in Plate  Heat  Exchangers  with Lamina r  Flow 

A4-A4.27 

Lamina r  flow theory  is applied to the plate heat  exchanger  and the p rob lems  involved in the analys is  
of the compl ica ted  flow pa t te rns  genera ted  in a plate heat  exchanger  a re  d i scussed .  Exis t ing cor re la t ions  
for  Newton ian flow a re  p resen ted  and an example  of thei r  use  shown. Non-Newtonian flow is cons idered  
and the impl ica t ions  of the c o r r e c t i o n  fac to r s  cu r r en t ly  used to account for  non-Newtonian behavior  a re  
examined.  Finally,  t rends  in the design of plate heat  exchangers  produced spec i f ica l ly  to handle viscous  
fluids a re  d i scussed .  

T rans l a t ed  f r o m  Inzhenerno-F iz ichesk i i  Zhurnal, Vol. 25, No. 5, pp. 928-939, November ,  1973. 
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A6. H. G. S. Edney and M. F. Edwards  (UK). Heat  T r a n s f e r  in Agitated Vesse l s  

A6-A6.21 

In the food industry many p r o c e s s e s  a re  c a r r i e d  out in agitated v e s s e l s  and in many  cases  heat  addi-  
tion or  r emova l  is an impor tant  pa r t  of the operat ion.  A b r i e f  rev iew is given of the equipment  for  mixing 
and heat  t r a n s f e r  in such p r o c e s s e s .  

A large  amount of data  is at p r e s en t  avai lable  in the published l i t e ra tu re  for  the predic t ion  of r a t e s  
of heat  t r a n s f e r  in agitated v e s s e l s .  The co r re l a t ions  avai lable  for  jacket ted v e s s e l s  and those fitted with 
heat ing or cooling coils  with agitat ion provided by paddles,  turbines ,  p rope l l e r s ,  and anchors  a r e  c r i t i -  
ca l ly  d i scussed .  Data  for  both Newtonian and non-Newtonian liquids a re  cons idered .  

In addition, expe r imen ta l  data  obtained f r o m  a 1.22 m d i ame te r  tank equipped with hel ica l  cooling 
coi ls  a r e  p resen ted .  In this  study, r e su l t s  have been obtained for  the Newtonian and non-Newtonian liquids 
agi ta ted by a s ix f la t -b laded  turbine.  

Finally,  cons idera t ion  is given to the design of agi tated v e s s e l  s y s t e m s  which could be used for  batch, 
continuous, or  s e m i - b a t c h  opera t ion.  

A7. A. E .  Hawkins (UK). Heat  T r a n s f e r  f r o m  Mashed Pota toes  in Lamina r  Flow 

A7-A7.19 

T h e r m a l  calcula t ions  a re  used to show that the cooling of potato in c i r c u l a r  and r ec t angu la r  equip- 
ments  is f a i r ly  slow. Theore t i ca l  and expe r imen ta l  s tudies  have been p e r f o r m e d  on the cooling of mashed  
potato in a highly eff icient  coo le r  with an annular  working sec t ion  fo rmed by two concentr ic  tubes .  A de -  
sc r ip t ion  is g iven of the appara tus ,  with the opt imum conditions for  opera t ion .  E x p e r i m e n t a l  r e su l t s  a re  
p r e sen t ed  as tables  and g raphs .  

AS. F. G. De Saulles (UK). Fac to r s  Influencing Heat  T r a n s f e r  in Scraped  Surface Heat  Exchangers  

A8-AS. 7 

Scraped sur face  heat  exchangers  a re  employed in a r e l a t ive ly  spec ia l ized  field of heat  exchange in- 
volving the p rocess ing  of products  of high v iscos i ty ,  often involving a change of s ta te ,  as in the chilling 
and p las t ic iz ing  of edible fats .  Crys ta l l i za t ion  and a tendency to deposi t  a s ta t ic  l aye r  on the heat  exchange 
wall a re  other  cons idera t ions  which this type of heat  exchanger  is designed to ove rcome  and which bring 
spec ia l  p rob l ems  not no rma l ly  encountered in other  types of continuous heat  exchange equipment .  

Because  of the na tu re  of the fluids no rma l ly  p rocessed ,  the i r  non-Newtonian p rope r t i e s ,  or  the change 
of s ta te  which often occurs ,  it is not p rac t i cab le  to a r r i v e  at r ea l i s t i c  fo rmulae  on which heat  exchange 
coeff ic ients  m a y  be calcula ted.  Never the le s s  there  a re  s e v e r a l  f ac to r s  which mus t  be given ca re fu l  con-  
s idera t ion  in designing a heat  exchanger  for  any given applicat ion.  

In this shor t  pape r  the operat ing pr inciple  of this type of unit is br ie f ly  outlined and its f ield of appl i -  
cation, then we cons ider  in m o r e  detai l  those f ac to r s  which can substant ia l ly  influence heat  t r a n s f e r  ra te  
and p e r f o r m a n c e .  This  will include cons idera t ion  of the effect  of: a) shaft  speed,  b) mechan ica l  power  r e -  
qu i rements ,  c) product  p r e s s u r e ,  d) m a t e r i a l  of cons t ruc t ion  of the cyl inder ,  and e) m a t e r i a l  of cons t ruc -  
tion of the s c r a p e r  b lades .  

Tes t s  on a l a b o r a t o r y  s y s t e m  have indicated the ef fec ts  of these f ac to r s  on the h e a t - t r a n s f e r  ra te  in 
exchangers  with mechan ica l ly  s c r aped  su r faces ,  as intended for  cooling liquid food p roduc t s .  

A.9 ,. W. A. Bever loo ,  W. F. H_ermans, and A. K. Munt jewerf  (Netherlands) .  Heat  T r a n s f e r  and 
P r e s s u r e  Drop  in Pla te  Heat  E x c h a n g e r s  

A9-A9.14 

E x p e r i m e n t a l  and l i t e r a tu re  sea rch ing  work on the influence of plate prof i la t ions  on the heat  t r a n s f e r  
r a t e  in plate heat  exchangers  is desc r ibed .  The work was p e r f o r m e d  at the Food Engineer ing  Division of 
the Agr icu l tu ra l  Univers i ty  and at Stork A m s t e r d a m  N. V. as an extension of e a r l i e r  desc r ibed  work.  

Study of flow phenomena indicated apprec iab le  d i s tu rbances  of s t a t i ona ry  l amina r  flow for  Re > 100. 
A device was developed to m e a s u r e  d i rec t ly  the ave rage  wall t e m p e r a t u r e  over  some  longitudinal length 
in the equipment  desc r ibed  by Munt jewerf  in his thes is .  F r o m  the m e a s u r e d  wall  t e m p e r a t u r e s  local Nu 
n u m b e r s  can be der ived .  F r o m  a l imited n u m b e r  of m e a s u r e m e n t s  and r a t h e r  s c a r c e  data in l i t e ra tu re  
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it appea r s  that  d i s tu rbance  of the l am i na r  flow prof i le  can promote  heat  t r a n s f e r .  F o r  ve ry  v iscous  p rod -  
ucts  the appl icat ion of the heat  t r a n s f e r  promot ing  effect  of profi la t ions can be l imi ted  by the modera te  
p r e s s u r e  t ightness  of p la te  heat  exchangers .  

B1. H. Spreng (Switzerland): Pilot  Plant  Studies of Microwave Heat  S t e r i l i z a t i on fo rHe te rogeneous  
Food Produc t s  

B1-B1.1 8 

The  adaptabi l i ty  of th ree  appl ica tor  types to heat  s te r i l i za t ion  of he terogeneous  food products  has 
been tes ted (mult imode cavity,  r ec tangu la r  TEl0 waveguide and cyl indr ica l  cavi ty  with TM01 dominant mode) .  
The working f requency l ies  within the S band (2.45 GHz). The diff icult ies  encountered in each case  are  
b r ie f ly  d i scussed .  The ,TM01 app l ica to r ,  was found the mos t  p romis ing  s y s t e m  and some data using it has  
been  col lected and s u m m a r i z e d .  A detai led cos t  ana lys is  gives an ave rage  of the e s t ima ted  cos ts  - both 
inves tment  and running. 

B2. J. Del tour  and F. F lauber t  (Belgium). Exact  T e m p e r a t u r e  and Lethal i ty  Calculat ion for  S t e r i -  
liz ing P r o c e s s  

B2-B2.7 

The exact  analyt ical  solution of the heat  conduction equation is used to desc r ibe  the t ime evolution of 
the t e m p e r a t u r e  at the geome t r i ca l  cen te r  of a cyl indr ica l  can heating by conduction. The solution is shown 
to depend on 6 v a r i a b l e s  in the heating phase  and on 8 va r i ab les  in the cooling phase .  Dimens ional  ana lys is  
al lows to reduce  these numbers  to 3 and 5 d imens ion less  products  and the invar iance  p rope r t i e s  of the 
phenomenon are  d i scussed .  

These  r e su l t s  a r e  then used to compute the so -ca l l ed  ~lethality" of the en t i re  p r o c e s s .  T h e i m p r a e -  
t ica l  in tegra ls  which always occur  in such evaluat ion a re  s impl i f ied and only depend on 3 and 4 d imens ion-  
l ess  products  (heating on cooling phase) .  The  in tegra ls  a re  tabulated as functions of these quite significant 
p a r a m e t e r s  and an exact  lethal i ty evaluat ion r e su l t s  f r o m  two readings in these tables .  

Invar iance  p r o p e r t i e s  of this solution a re  d i scussed  and a compar i son  with Ball,  s approximat ion  is 
p e r f o r m e d .  It shows that Ball,  s method fails,  in some cases ,  by as f a r  as 25~. The r ea son  of which 
appea r s  to be the fact  that the t e m p e r a t u r e  r i s e  at the cen te r  of the can, which is supposed to stop with 
the heating phase  inBal l ,  s method, actual ly  continues a f t e r  the cooling is  s t a r t ed .  

B3. S. N. Thorne  and R. Jowitt (UK). Fluidized Bed Heating of Canned Foods;  the Influence of the 
Outside Heat  T r a n s f e r  Coefficient  on the Ster i l iz ing va lue  of the P r o c e s s  

B3-B3.16 

The ra te  of heat ing of a can of a hypothet ical  foodstuff in surroundings  at 250~ was calculated for  
va lues  of heat  t r a n s f e r  coeff icient  h to its su r face  of 5 B T U . f t - 2 . h r  -1. ~ -1 to oo. Except  at low values 
(< 50), the heat  t r a n s f e r  coeff icient  had litt le effect  on the r a t e  of heat ing of the can. 

Cans of six foodstuffs were  heated  in a fluidized bed (h ~. 100) and in sa tu ra ted  s t e a m  (h ~" 1000) at 
the s a m e  t e m p e r a t u r e .  The t he rm a l  diffusivi t ies  of these  foods were  de te rmined ,  and the i r  theore t ica l  
r a t e s  of heating at infinite heat  t r a n s f e r  coefficient  were  calculated.  T h e  l e t h a l i t y / t i m e  curves  for  the 
two obse rved  p r o c e s s e s  and the theore t ica l  p r o c e s s  were  compared  with each other .  For  conduct ion-heat -  
ing packs,  little d i f ference  between the cu rves  was found. 

B4. H. Bur ton and A. G. Pe rk in  (UK). Control  of the Water  Content of Milk during P r o c e s s i n g  by 
S team Injeet ion and F lash  Cooling 

B4-B4.11 

A theore t ica l  and p rac t i ca l  examinat ion has been made of the p rob l em of ensur ing  that there  has been 
no concent ra t ion  or  dilution of mi lk  as a r e su l t  of a s t e r i l i za t ion  p roce s s  compr i s ing  s t e a m  inject ion fol-  
lowed by expansion cooling. It is shown that sui table  contro l  of t e m p e r a t u r e  should main ta in  the mi lk  c o m -  
posi t ion to l imits  c l o s e r  than can be checked by avai lable chemica l  analyt ical  methods .  

BS. A. Rabich (Germany) .  S team and Liquid Inject ion 

BS-B5.16 

Some aspec t s  a re  d i scussed  for  the main  t rends  in the hydrodynamics:  and heat  and m a s s  t r a n s f e r  on 
inject ing s t e a m  and liquid into a liquid. 
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B6. H. F. Th.  Meffer t  and J.  W. Rudolphij (Netherlands).  The Cooling P r o c e s s  of Heat  Generat ing 
Bodies 

B6-B6.20 

The cooling p r o c e s s  of heat  genera t ing  bodies can be desc r ibed  in analogy to the cooling p roce s s  with- 
out heat  generat ion,  a f t e r  a sl ight adjus tment  of the definit ions of t e m p e r a t u r e  d i f ference  and in tercept  
value.  Informat ion  on both is  given in f igures  for  the three  basic  bodies slab,  cylinder,  sphere .  

The  cooling ra te  has to be defined in t e r m s  of the poss ib le  t e m p e r a t u r e  drop.  The definition of the 
in te rcept  value s e r v e s  at the s a m e  t ime as a c r i t e r ion  for  the poss ib i l i ty  of cooling. 

Applicat ion to composi te  bodies is demons t r a t ed  on the bas i s  of expe r imen ta l  r esu l t s .  

Theory  is based on a negligible var ia t ion  of heat  genera t ion  with t e m p e r a t u r e  for  agr icu l tura l  produce 
in unit loads under  p rac t i ca l  condit ions.  

B7. F. W. B a k k e r - A r k e m a  (USA). Heat  and Mass  T r a n s f e r  during Bulk Storage for  Granu la r  Bio-  
logical  Products  

B7-B7.42 

The heat  and m a s s  t r a n s f e r  p r o c e s s e s  occur r ing  during the bulk s to rage  of biological  products ,  in 
p a r t i c u l a r  of root  and t r ee  c rops ,  and gra ins ,  have been s imula ted .  Optimizat ion techniques have been 
applied to the s imula t ion  models  to es tab l i sh  the opt imum conditions for  p rocess ing  such products .  

B8. A. Ohm and N. W. F. Kossen  (Netherlands) .  Oxygen Concentrat ion Dis t r ibut ion  in an Un- 
vent i la ted Food Store during Sel f -Heat ing  

B8-B8.12 

A model  is desc r ibed  for  the d is t r ibut ion under  s t a t ionary  conditions; the heating occurs  mos t  rapidly  
in the outer  l aye r s ,  where  there  is a reasonab ly  rapid influx of oxygen by diffusion. 

B9. A. Gac (France) .  Analys is  of Mass  Loss  in a Ref r ige ra t ing  Sys tem 

B9-B9.11 

A s y s t e m  of equations is p resen ted  for  es t imat ing  the water  loss f r o m  f rozen  and cooled products  
under  s to rage  in re la t ion  to the s to rage  condit ions;  the s y s t e m  can be solved by introducing appropr ia t e  
re la t ionships  between the var ious  fac to rs ,  name ly  t e m p e r a t u r e  of the location, evapo ra to r  t empera tu re ,  
re la t ive  humidity,  flow ra te  of c i rcu la t ing  air ,  m a s s  of s to red  products ,  e v a p o r a t o r  cha rac t e r i s t i c s ,  and 
SO on. 

The equations are examined to reveal the main trends and to give practical recommendations on re- 
ducing the loss of food products under these conditions. The basic criterion for storage is not the relative 
humidity of the air but the difference in temperature between the building and the evaporator. Deteriora- 
tion in products can be reduced by filling stores properly, reducing the air transfer, and minimizing the 
heat loss from the location. Frozen products should be stored in saturated air; cooled ones should be kept 
only in moi s t  air. 

C1. M. Le Maguer  (France) .  Sorpt ion of Volat i les  on Solids of Varying Wate r  Contents 

C1-C1.19  

Fronta l  ana lys is  and elution ch roma tog raphy  have been used to der ive  sorp t ion  i so the rms  for  vo la -  
t i les  on dr ied m i c r o c r y s t a l l i n e  ce l lu lose .  The absorpt ion  capaci ty  of the cel lulose has been examined in 
re la t ion  to t e m p e r a t u r e  and wate r  content.  The m a t e r i a l s  absorbed  have been water ,  ethanol, acetone,  
and ca rbon  t e t r aeh lo r ide .  

The r e su l t s  indicate that  wa te r  has a definite effect  On the re tent iv i ty  for  the vola t i les .  This  is ex -  
plained in t e r m s  of hydrogen bonds between the adsorbent  and the volat i les  if wa te r  is p r e sen t  on the ad-  
so rben t .  Hea ts  of sorp t ion  and specif ic  adsorpt ion su r f ace s  a re  calculated for  cel lulose f r o m  the r e su l t s .  

It is pointed out that the r e su l t s  can be used for  var ious  p rac t i ca l  pu rposes  in re ta ining a romat i c  
and tas te  p r o p e r t i e s  in food products .  
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C2. P. J. A. M. Kerkhof, W. H. Rulkensi and J. van der Lijn (Netherlands)~ Calculation of Aroma 
Losses from Drying Liquid Foods 

C2-C2.38 

The liquid food containing the volatiles can be considered as a multicomponent system consisting of 
water, dissolved solids, and volatiles. This means that  in principle the diffusion flux of any one of the 
compounds in such a system is affected by the fluxes and concentrations of all other components. However, 
owing to the low concentrations of the volatiles, the transport  of a specific volatile component will be inde- 
pendent of the presence of the other volatiles and is only influenced by the fluxes and concentrations of the 
nonvolatile dissolved solids and water. The fluxes of the dissolved solids and water are not influenced by 
the volatile components. Taking the dissolved solids as one component, the diffusional transport  in a liquid 
food containing volatiles can therefore be treated as a binary system when considering the transport of 
water and dissolved solids, and as a te rnary  system concerning the transport  of the volatiles. 

The purpose of this study is to give more insight into the quantitative effect of process variables in 
water and volatile losses during drying. Numerical calculations of the drying of a slab containing volatiles 
were performed. Water concentration dependences of the diffusivities and of the activity coefficients were 
used, which are representative of those of liquid foods. The results of the theoretical calculations will be 
compared with experimental results and with data presented in l i terature.  

C 3. M. Karel (USA). Calculation of Storage Stability of Foods on the Basis of Analysis of Kinetics of 
- . , ~ ,  

Deteriorative Reactions of Foods and of Mass Transfer  Rates through Packaging Materials 

C3-C3.30 

Techniques are being developed by which laboratory tests on foods and on packaging materials may be 
used to predict shelf life of a particular food-package combination, or conversely by which protective pack- 
aging requirements for a given food may be calculated if the needed shelf life is known. These techniques 
are based on a combination of kinetic parameters  of deterioration reactions with mass t ransfer  properties 
of packaging materials,  and result in analytical or numerical solutions useful for prediction of the desired 
quantities either with or without computer assistance. 

Confirmation of usefulness of the above approach has been obtained by tests on foods representing 
the following types of food storage problems: 

1) Dehydrated foods in which the shelf life is limited by water absorption. 

2) Dehydrated foods limited in shelf life by nonenzymatic browning, accelerated by water absorption. 

3) Dehydrated foods limited in shelf life by either water absorption or by oxidative reactions depend- 
ing on environmental conditions. 

C4. K. Frankowski and F. Her re rn  {West Germany). Mass Transport  through Packaging Materials 
and Packages 

C4-C4.6 

A description is given of a method of determining the air and water-vapor permeabilit ies of packaging 
materials  for food products; practical applications are discussed. 

C5. P. Marcellin (France). Preservat ion of Vegetable ProductsbypackingwithSelect ive Pe r -  
meability 

C5-C5.17 

Methods are  considered for storing fruit and vegetables in controlled atmospheres produced within 
organic packaging materials  with selective permeability. 

The possible gas composition and main trends in the pressure  change within the packaging are com- 
sidered, and the permeability character is t ics  are discussed. 

Several types of packaging used in industry are described. 
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C7. C .  
Ul t ra f i l t ra t ion  

C6. C. Pe r i ,  P.  Bat t i s t i ,  and D. Setti  (Italy). Solute T r a n s p o r t  and P e r m e a b i l i t y  C h a r a c t e r i s t i e s  of 

R e v e r s e  Osmos i s  M e m b r a n e s  

C6-C6.25 

The  pape r  s u m m a r i z e s  the r e su l t s  of r e v e r s e  o smos i s  exper imen t s  c a r r i e d  out on model  solutions of 
organic  acids,  phenolics  and alcohols in s imple  solution or  in mix tu re .  

Cel lulose ace ta te  anisot ropic  m e m b r a n e s  have been tes ted at var ious  operat ing p r e s s u r e s ,  constant  
concentra t ion  and t e m p e r a t u r e  in a s t i r r e d  r e v e r s e  o smos i s  cell .  L o n g - t e r m  opera t ion  under p r e s s u r e  
causes  i r r e v e r s i b l e  changes of the porous  m e m b r a n e  layer ,  that r e su l t s  in product  ra te  and re tent ion 
changes .  When opera ted  with pure  water ,  m e m b r a n e s  undergo un i form compact ion  effects ,  while in the 
p r e s e n c e  of some  organics  they become typical ly he te rogeneous  in s t ruc tu re ,  with porous  spots located 
n e a r  compac t  ones.  The re tent ion is a function of both mo lecu l a r  weight and functional groups  with a v e r y  
marked  inc rea se  for  inc reased  num ber  o f - O H  groups .  

When two solutes  a re  mixed in solution the i r  re tent ions  tend to approach each other,  lowering the 
sepa ra t ion  abil i ty of the m e m b r a n e .  Two hypotheses  a re  p resen ted  to explain this phenomenon, based on 
the poss ib i l i ty  of a s soc ia t ion  of molecu les  and /o r  i n t e rmo leeu l a r  bondingof  solutes  and m e m b r a n e  act ive s}tes. 

Ethanol  may  play a , second-so lvent ,  ro le  in solut ions containing higher  alcohols  having low water  so lu-  
bility, such as butanol and amyl  alcohol.  

The  behavior  of solutes  in all  expe r imen t s  sugges ts  that the main  t r a n s p o r t  m e c h a n i s m  involved is 
pore  flow. 

P e r i  and C. Pompe i  (Italy). Concentra t ion and Pur i f ica t ion  of Milk and Whey Pro te ins  by 

C 7-C 7.23 

P ro te in  concen t ra tes  m a y  be obtained f rom mi lk  and whey by u l t ra f i l t ra t ion  a n d / o r  diaf i l t ra t ion.  

The  choice of a p a r t i c u l a r  combinat ion  of the two techniques is a key  fac tor  in de te rmin ing  the econo-  
my  of the p r o c e s s .  

An expe r imen ta l  approach  is sugges ted  and m a s s - b a l a n c e  equations a re  developed that allow a re l iable  
definit ion of the op t imum p r o c e s s .  

C8. F. A. Glover  (UK). Concentra t ion of Milk by Ul t ra f i l t ra t ion  and R e v e r s e  Osmos i s  

C8-C8.9 

The aim of the work is to concentrate milk in the cold to avoid changes in flavor. Rates of permea- 
tion and levels of retention have been studied in laboratory scale apparatus for both ultrafiltration and re- 
verse osmosis in order to investigate the possibilities of a two-stage process. Concentration factors for 
milk of • 3 have been achieved. 

DI. A. Gac and A. Pont (France). Freezing in a Dense Fluidized Bed 

DI-Dl.12 

A study has been made of the effects of air speed and grain-size composition on the heat-transfer 
rate in freezing food products in fluidized beds. 

The methods used in the experiments are described; the results are presented as graphs. 

D2. M. A. Slatter and M. C. Jones (UK). Development of an Accurate Method ofPredicting Freezing 
Rates in Watery Solids 

D2-D2.27 

The pape r  d e s c r i b e s  a theore t ica l  and expe r imen ta l  study to examine and improve  exis t ing methods 
of calculat ing f reez ing  r a t e s  in a wa te ry  sol id .  The study includes the ef fec t  on the f reez ing  ra te  of a 
t h e r m a l  r e s i s t a n c e  between the coolant  and f reez ing  phases .  This  r e s i s t a n c e  was r e p r e s e n t e d  as a heat  
t r a n s f e r  coefficient ,  h. 

Compar i son  of four methods of predic t ion showed that they gave signif icantly different  r e s u l t s ,  sO that 
expe r imen ta l  m e a s u r e m e n t s  of  f r e e z i n g r a t e s  b e c a m e  impor tan t  in choosing an accura te  pred ic t ive  method.  
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Exper iments  pe r fo rmed  in an apparatus that allowed accurate  measuremen t s  of the ra te  of increase  
of ice thickness over  a range of known h values showed that none of the predic t ive  methods agreed c losely  
with exper iment  for  all  h values.  The best  agreement  resul ted  f rom computations of a f in i te -d i f ference  
approximat ion to the conduction equation. This  best  method showed d iscrepancies  with exper iment  of up 
to 50%. 

The work desc r ibed  does not allow us to recommend a universal ly  rel iable method for  predict ing 
f reez ing  ra tes ,  and fu r the r  studies are  in p ro g re s s .  

D3. J. M. Cordel l  and D. C. Webb (UK). The Freez ing  of Ice C ream  

D3-D3.31 

A nonlinear d i f ferent ia l  equation for  the rma l  conduction is solved by f in i te-di f ference  methods to ob- 
tain an analytical  solution descr ibing the nonstat ionary t empera tu re  dis tr ibut ion in an i c e - c r e a m  briquet te  
on the basis  of the phase changes during solidif ication.  The t rea tment  incorpora tes  the observed re la t ion-  
ship between the thermophys ica l  p roper t i e s  (specific heat  and thermal  conductivity), and also the density, 
on t empera tu re .  The analyt ical  calculations agree  well with exper iment .  It is cons idered  that the f reezing 
model  can be used to de te rmine  optimum cooling p a r am e te r s  in existing commerc i a l  equipments such as 
those of tunnel type. 

D4. M. A. G. Vors tman and H. A. C. Thi j s sen  (Netherlands).  Stability of Displacement  of Viscous 
Aqueous Solutions by Water  in a Packed Bed of Ice Crys ta ls  

�9 D4-D4.22 

The separa t ion  of ice c rys ta l s  f rom viscous aqueous solutions is a par t  of f reeze  concentrat ion p ro -  
c e s s e s .  This  separa2ion can be pe r fo rmed  in wash c o l u m n s .  In wash columns mother  liquid is displaced 
f rom a bed of ice c rys t a l s  by water .  Solute losses  with the ice and dilution of mother  liquid by wash water  
a re  negligible when the displacement  is s table .  

The observed high stabil i ty of displacement ,  even at high displacement  veloci t ies ,  is explained by a 
d e c r e a s e  of the permeabi l i ty  of the ice bed on washing. This  is conf i rmed by the measurement s  of pe r -  
meabil i ty,  porosi ty,  and solute concentrat ion as a function of height in the bed of a continuous wash column. 
A lowering of permeabi l i ty  at the wash front  is caused by re f reez ing  in the form of dendri tes  and a com-  
p res s ion  of the ice.  The low solute losses  with the ice are  ascr ibed to the ref lux which r e f r e e z e s  at the 
wash front .  

D5. W. K. Beek and K. M. K. Muttzall (Netherlands). Ext rac t ion  of Oil Seeds 

D5-D5.14 

A coun te rcur ren t ly  operated cascade for  oil seed extract ion has been analyzed in o rde r  to optimize 
the dimensions and the operat ional  conditions of the unit. 

The influence and importance of the choice of a number  of physical  p a r am e te r s  is i l lustrated,  such 
as: ex t rac t ion  medium, ext rac t ion  factor ,  number  of s tages,  par t ic le  size,  drainage time, t rue ext rac t ion  
t ime, filling height, and ext rac t ion  t empera tu re .  

D6. E.  Balmaceda  and S. K. Rha (USA). 
P ro te in  Coagulate 

Diffusion Mechanisms in the Coagulation of S ing le -Ce l l  

D6-D 6.12 

The overal l  ra te  of coagulation of s ingle-ce l l  prote in  dope was de termined  exper imenta l ly .  Alkali 
dope (pH 9) was p repa red  at var ious concentrat ions and brought into contact with a coagulating medium con- 
taining 14% Na2SO4, 10~c H2SO4, and 8~c AI2(SO4) 3. The ra te  of advance of the sharp  boundary between co-  
agulated and uncoagulated port ion was measured .  The data were analyzed according to a mechanism of 
di f fus ion- l imited chemical  reac t ion  at a moving boundary and values of the diffusion veloci ty  were  obtained 
at the different  dope concentrat ions and bath t empera tu re s .  F rom the t empera tu re  dependency, a value of 
the act ivat ion energy  for  this pa r t i cu la r  coagulation p rocess  was obtained. 

D7. M. Jamil  and J. Lamb (UK). Heat T r a n s f e r  in Low Rate Evapora t ion  f rom Thin Fi lms 

D7-DT.16 

Heat t r ans fe r  coefficients  and evaporat ion ra tes  under  smal l  t empera tu re  d i f ferences  between heat -  
ing fluid and evaporat ing liquid have received little attention. Although large surface  a reas  may be 
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required  to obtain adequate evaporat ion there are  advantages in evaporating heat sensit ive liquids under 
these conditions. This paper  repor t s  on our investigations in this area .  

Loca l  film coefficients were measured  by a point-by-point  analysis during the cl imbing-f i lm evapora-  
tion of water  in a 1.5 m tube. Data was obtained at t empera ture  differences of 7 ~ 14 ~ and 25~ giving 
single pass vapor  qualities at the tube exit of 2-22%. 

The local film coefficients to the c l imbing-f i lm were found to increase  with increas ing vapor quality, 
typically f rom a value of 1,000 W/m2~ a peak value of 7000 W/m2~  and then to decline to a 
value of 5000-6000 W/m2~ These resul ts  are  compared  with previous worker s '  findings on the existence 
of a two-phase forced convection regime in film evaporation.  

DS. I. J. Kopelman and S. Mizrahi  (Israel).  Dimensional  Analysis of the Tempera tu re  Response 

P a r a m e t e r  f 

D8-DS.11 

The authors d iscuss  the nonsta t ionary heating of bodies of c lass ica l  shape; experiments  in various 
ranges of the Blot number  enable one to relate fo~/R 2 to Bi for a body of any a rb i t r a ry  shape. 

E l .  A. V. Lykov and P. S. Kuts (USSR). Some Trends  in the Drying of Moist Materials  

E 1 -E 1.48 

The paper deals with numerous aspects  of the theory, technology, and general  drying of food and 
agr icul tura l  products,  as well as other  thermosensi t ive  mater ia l s .  Results are  presented on new methods 
of drying deveioped at the thstitute of Heat and Mass T r a n s f e r  of the Academy of Sciences of the Be lo rus -  
sian SSR. 

Details are considered for the main trends in highly efficient drying of dispersed thermally labile 
materials in fluidized beds using oscillating states. 

Much attention is given to the form of binding of the water to the material, and a study has been made 
of the hygroscopic behavior and the thermodynamic parameters of the mass transport, together with the 
diffusion coefficients applicable to drying of food products and agricultural materials. Systematic results 
are presented on the equilibrium water contents and thermodynamic parameters for some agricultural 
products. 

The theoretical examination shows that there is a relationship between the drying rate, the Nusselt 
number, and the Rebinder number during the period of falling drying rate. 

Processing of numerous results on convective drying for colloidal materials shows that there is a 
single-value relationship between the ratio of the Nusselt numbers in the periods of falling and constant 
drying rate and the dimensionless drying rate itself. 

Considerable theoretical and practical interest attaches to the resulting relationship for the surface 
t empera tu re  of the mater ia l .  

E2.  P. M. Bluestein and T. P. Labuza (USA). 
of Pore Structure 

Mass Trans fe r  P roper t i e s  of Porous  Materials :  Effect  

E2-E2.22 

During air  dehydration of foods, the rate of drying falls dras t ica l ly  in the final s tages of drying.  
Measured vapor diffusivities during this stage fall by an o rder  of magnitude. This phenomenon has been 
attr ibuted to the fact that vapor  diffusivity is related to mois ture  content but no physical  meaning for this 
has been elucidated. In this study, a sys tem was designed to elucidate vapor flow diffusivity as a function 
of the mass  t ranspor t  p roper t i es  in a porous mater ia l .  Heat t r ans fe r  limitations were minimized and 
accounted for .  A mathemat ica l  model was derived to elucidate the vapor flow permeabi l i ty  as a function 
of pore size.  It has been found that the changeover  in vapor flow diffusivity to low values is due to a change 
in path and mechanism of flow. Initially the major  flow of water  vapor  occurs  as bulk flow in pores  of 
about 10 ~ in radius with a permeabi l i ty  of about 10 -3 m o l e s / a t m - e m - s e c .  When mois ture  content goes 
below 10 g-H20 per  100 g solids, 40 to 50~c of the water  left is in pores  of less than 100 A in size due to 
the ve ry  large sur face  a rea  of foods. These  pores  have a permeabi l i ty  of about 10 -7 m o l e / a t m - e m - s e c  
and flow occurs  by Knudsen diffusion. Thus,  the overal l  lowering of vapor diffusivi ty is due to a change 
in flow path and mechanism and not per  s e a  change in mois ture  content. 
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E 3. J.  Valchar  (Czechoslovakia) .  Theore t i ca l  Ana ly s i s  of Nonsta t ionary  Water  and T e m p e r a t u r e  D i s -  
t r ibut ions in Cap i l l a ry  Mate r i a l  s 

E 3-E 3.20 

A theore t ica l  analysis  is p resen ted  for  t r a n s p o r t  p r o c e s s e s  in cap i l l a ry  m a t e r i a l s ,  incorpora t ing  the 
binding energy  of water .  

The d i scuss ion  concerns  the choice of opt imal  working modes f r o m  the basic  t rends  for  internal  heat  
and m a s s  t r a n s f e r .  P a r t i c u l a r  at tention is given to s t r e s s e s  a r i s ing  in the m a t e r i a l  as a resu l t  of the non- 
un i form wa te r  dis t r ibut ion.  

E4.  J .  J.  ]~imbenet (France) .  Heat  and Mass  T r a n s f e r d u r i n g  the F i r s t  Steps of Drying 

E4-E4.23 

Heat  and watdr  t r a n s f e r  in a semiinf ini te  solid during the f i r s t  s teps  of drying a re  studied on a theo-  
r e t i ca l  bas i s .  Analyt ical  solutions for  coupled heat  and m a s s  t r a n s f e r  equations a re  developed and an 
analogy has  been found for  heat  t r a n s f e r  with and without drying.  A f in i te -d i f ference  method gives a m o r e  
flexible solution of the s a m e  equations.  A compar i son  is made between these solutions and expe r imen ta l  
r e su l t s .  Solutes movement  is studied exper imenta l ly ,  with i ts  consequences on the t e m p e r a t u r e  of the 
solid and the ra te  of drying.  The influence of these phenomena on the quality of the dr ied product  is studied, 
the Mai l la rd  reac t ions  being taken a s  a model  of hea t - sens i t i ve  b iochemica l  a l te ra t ion .  

E 5. J.  Middlehurst  and N. S. P a r k e r  (Austral ia) .  Analog Solutions toSome H e a t a n d M a s s T r a n s f e r  
P r o b l e m s  

E 5-E 5.32 

It is shown that analog methods have substant ia l  advantages  in solving heat  and m a s s  t r a n s f e r  p rob -  
l ems ;  no r e s t r i c t i ons  a re  imposed on the boundary conditions, and in e s sence  there  is no need to employ 
any s impl i fy ing  assumpt ions  in o rde r  to obtain an acceptable  solution. If the actual  boundary conditions 
a r e  known, they can be used d i rec t ly  in the equations.  

As an i l lustrat ion,  the authors  cons ider  p rob lems  concerned with heat  conduction in an unbounded 
plate  and a para l le lep iped;  they a lso  cons ider  f reeze-dry ing  under  osc i l l a to ry  conditions, and the mean  
values  for  the the rmophys ica l  c h a r a c t e r i s t i c s  of food products .  In conclusion they d i scuss  topics re la ted  
to analog methods  applied to t r anspo r t  p r o c e s s e s  with moving phase  boundar ies .  

E 6. D. R. Heldman and G. A. Hohner  (USA). Atmospher i c  F r e e z e - D r y i n g  P r o c e s s e s  for  Food 

E 6-E 6.52 

A ma themat i ca l  model  which s imula tes  the a tmospher i c  f r e e z e - d r y i n g  of food and allows the eva lua-  
tion of appropr i a t e  heat  and m a s s  t r a n s f e r  p a r a m e t e r s  has  been developed.  The model  includes the n u m e r -  
ical  solution of appropr ia te  par t i a l  d i f ferent ia l  equations for  heat  and vapor  t r anspo r t  in a s e m i - d r y ,  
porous  product  l aye r .  

The model  has been ver i f ied  by exper imenta l  m e a s u r e m e n t  of moi s tu re  content during a tmospher i c  
f r e e z e - d r y i n g .  The resu l t s  indicate that heat  t r a n s f e r  is p r i m a r i l y  by conduction through the ma t r i x  of 
product  so l ids .  

Simulat ion of product  drying in t h r ee -d imens ions  indicates  that  the ra te  of a tmosphe r i c  f r e e z e - d r y i n g  
can be i nc rea sed  mos t  ef fec t ively  by reducing tube s ize  and increas ing  the su r face  m a s s  t r a n s f e r  coeff i -  
cient .  A d imens ion less  number  which r e p r e s e n t s  the ra t io  of ex te rna l  to in ternal  m a s s  t r a n s f e r  incor -  
po ra t e s  the influence of the p r i m a r y  contr ibut ions to a tmospher i c  f r e e z e - d r y i n g  r a t e .  

E8.  J. D. Mel lor  and p .  F. Greenf ie ld  (Austral ia) .  Heat  and V a p o r T r a n s f e r  P r o b l e m s  in Cycl ic -  
P r e s s u r e  F r e e z e - D r y i n g  

E 8-E 8.23 

In c y c l i c - p r e s s u r e  f r eeze -d ry ing ,  the heat  and m a s s  t r a n s f e r  r a tes  v a r y  per iodica l ly  with the i m -  
posed p r e s s u r e  f luctuations.  The pr inc ipa l  t r a n s p o r t  p r o c e s s e s  a re :  heat  t r a n s f e r  through the dry,  porous  
solid to the in te r face  where subl imat ion takes place,  vapor  t r a n s f e r  f rom this in te r face  to the su r face  
of the m a t e r i a l ,  coun te rcur ren t  to the heat  t r ans fe r ,  and vapo r  r emova l  f r o m  the f r e e z e - d r y i n g  chamber ,  
usual ly  by a r e f r i g e r a t e d  condenser .  
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The f i r s t  th ree  sec t ions  of this pape r  r epo r t  on recen t  work in each of these a r e a s :  i) an approximate  
analyt ical  method of de te rmin ing  the t imes  for  the low and high p r e s s u r e  pa r t s  of the cycle is descr ibed,  ii) 
an effect ive pe rmeab i l i ty ,  which may  be used to desc r ibe  vapor  flow through a f r e e z e - d r i e d  ma te r i a l  is 
m e a s u r e d  using a technique which s imula tes  the actual  flow conditions exper ienced  during c y c l i c - p r e s s u r e  
f r eeze -d ry ing ,  and iii) a spec ia l  condenser  has been designed to cope with the high in termi t ten t  heat  load of 
c y c l i c - p r e s s u r e  f r e e z e - d r y i n g .  

The final sec t ion  r epo r t s  b r ie f ly  on a numer i ca l  method of analyzing the heat  and m a s s  flow p r o -  
c e s s e s  within a pa r t i a l ly  dr ied  ma te r i a l ,  so that c y c l i c - p r e s s u r e  f r e e z e - d r y i n g  might  be effect ively  s i m u -  
lated.  

E 9. C. R. Le r i c i  (Italy). Heat  T r a n s f e r  P r o b l e m s  during F r e e z e - D r y i n g  of Model Food Gels 

E 9-E 9.25 

The resu l t s  of a group of expe r imen t s  made to m e a s u r e  the influence of t he rma l  conductivi t ies of 
dr ied l aye r s  of some  model  food gels  during f r e e z e - d r y i n g  at s tandard conditions, a r e  repor ted .  

The samples  examined were  p r e p a r e d  at d i f ferent  initial  solid content, and with di f ferent  r a t e s  of 
f reez ing ,  in o r d e r  to evaluate  the d i f fe rences  of behav ior  in the f r e e z e - d r y i n g  p r o c e s s  as a function of 
apparen t  t he rma l  conductivity.  

The value of the apparent  t he rm a l  conductivity was found to be higher  for  m o r e  concent ra ted  samples  
and for  the ones slowly f rozen .  

The low apparent  t h e r m a l  conduct ivi t ies  and the l imi ta t ion placed upon the t he rma l  dr iving force  by 
the p roce s s ,  a r e  then resu l ted  the p r i m a r y  reasons  for  the s low ra tes  encounted for  f r e e z e - d r y i n g  in p r a c -  
r ice.  

F1. J.  Flink (USA) andP .  Fosbr (Denmark) .  
Concentrate 

Simulat ion of Continuous F r e e z e - D r y i n g  of Whole Egg 

FI-F1.39 

Adoption of a continuous f r e e z e - d r y i n g  p r o c e s s  means  that some of the p r o c e s s  p a r a m e t e r s  which 
were  va r i ab le  in batch type f r e e z e - d r y e r s  can no longer be var ied  independently. The in terac t ion  of f ac -  
to r s  concerning economic f r e e z e - d r y e r  construct ion,  f r e e z e - d r y e r  capacity,  and final product  quality, 
in pa r t i cu la r ,  r e su l t s  in cons t ra in t s  on the heat ing pla ten t e m p e r a t u r e  - t i m e  p r o g r a m .  Optimizat ion of the 
heat ing p r o g r a m  within these  cons t ra in t s  is of impor tance  regard ing  the economic opera t ion  of the con-  
tinuous f r e e z e - d r y e r .  

Engineer ing  and b iochemica l  f ac to r s  which influence the development  of the heating platen p r o g r a m s  
are  d i scussed .  The impor tance  of accounting for  p a r t i c u l a r  aspec ts  of the physical  p r o p e r t i e s  of the raw 
m a t e r i a l  is demons t r a t ed  in an ana lys i s  of expe r imen ta l ly  de te rmined  heating p r o g r a m s  for  whole egg con-  
cen t ra t e .  

Methods by which the heat ing p r o g r a m s  can be opt imized with r e spec t  to drying capaci ty  and product  
quality a re  p resen ted .  Of p a r t i c u l a r  in te res t  a re  techniques which enable use of an inexpensive l abora to ry  
sca le  batch f r e e z e - d r y e r  together  with analyt ical  ma thema t i ca l  p rocedures ,  such that the la rge  and expen-  
s ive continuous l aye r  is used only to ve r i fy  the opt imized heating p r o g r a m  p r i o r  to product ion,  

F3. J .  van der  Lijn~ W. H. Rulkens,  and P.  J~ A. M. Kerkhof  (Netherlands) .  Drople t  Heat  and 
Mass  T r a n s f e r  under  Sp ray -Dry ing  Condi t ions-  

F3-F3.23 

A physica l  model  is p resen ted  for  the drying of drople ts  containing soluble so l ids .  Two ex t r eme  
ca se s  of a i r f low pa t t e rn  in s p r a y - d r y i n g  a re  cons idered .  The f i r s t  case  is based  on pe r fec t ly  concur ren t  
s p r a y - d r y i n g .  Both a i r  and drople t s  move in plug flow through the d r y e r .  Heat  and m a s s  exchange takes 
place  between a drople t  and a l imited amount of a i r  only. The conditions of this a i r  g radual ly  change dur -  
ing the p r o c e s s .  The second case  is based on a pe r fec t ly  mixed vapor  phase inside the d r y e r .  Heat and 
m a s s  exchange takes  place  between a drople t  and air ,  which is at outlet conditions during the whole p ro -  
c e s s .  

The physica l  model  takes into account  diffusional r e s i s t a n c e  both inside and outside the drople t  (0 
< Bi < ~). Diffusion coeff ic ients  may  be concentra t ion and t e m p e r a t u r e  dependent.  Swelling or  shrinking 
of the drople t  may  occur .  
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Charac t e r i s t i c  drying h i s to r ies  for  drople ts  of ma l to se  solution were  calculated.  T e m p e r a t u r e  and 
concent ra t ion  behavior  in the droplet  as a function of the inlet  and outlet  t e m p e r a t u r e s  of the drying a i r  a re  
r epo r t ed .  It was found that in concur ren t  s p r a y - d r y i n g  the drople t  t e m p e r a t u r e  r i s e s  well above the outlet 
t e m p e r a t u r e .  The m a x i m u m  t e m p e r a t u r e  may  be reached,  when the drople t  is s t i l l  wet inside.  

F4. R. B. Keey (New Zealand) .  Residence T i m e s  of Drople ts  in a T a l l - F o r m  S p r a y - D r y e r  

F4-F4.23 

Prev ious  work  with a 200 m m  d i am e t e r  t a l l - f o r m  s p r a y - d r y i n g  tower  fitted with a hollow-cone s w i r l -  
type p r e s s u r e  nozzle  had shown that cons iderable  a i r  swi r l  exis ted.  Some p r e l i m i n a r y  exper imen t s  were  
under taken  to follow the droplet  r e s idence  pa t te rn .  The feed solution was pulsed with a sa l t  t r ace r ,  and the 
ex t e rna l - aged i s t r i bu t i on  m e a s u r e d .  The exper imen t s  showed that  cons iderable  r ec i r cu la t ion  was taking 
place  in the anc i l l a ry  cyclone, but the res idence  t imes  of the drops  within the chambe r  i t se l f  were  only 10% 
g r e a t e r  than t imes  calculated for  f r ee  fall and the drops  were  essen t ia l ly  unentrained.  This  conclusion is 
cons is tent  with Gauvin 's  r e su l t s  that only drops  below 50 ~m are  comple te ly  entra ined and with the da i ry  
industry,  s exper ience  of m a x i m u m  p e r m i s s i b l e  a i r - i n l e t  t e m p e r a t u r e s  with s p r a y - d r y e r s .  

F5. H. Fr i t ze  (West Germany) .  The Use of Drum D r y e r s  in the H u m a n  Food Industry  

F5-F5.23 

The author d i scusses  the opt imizat ion of operat ions  and the p rope r  design of r o l l e r  d r y e r s  as widely 
used  in the food industry.  Methods a re  given for  heat  ca l ibra t ions  on such equipments ,  and technical  
s chemes  and modes of drying are  presented  for  ce r t a in  food products  (mashed potato, pa r t ly  cooked s ta rch ,  
food yeas t s ,  and so on). 

F6. P. J. Fito, F. Pinaga, and V. Aganda (Spain). H e a t - T r a n s f e r  P r o p e r t i e s  of F r e e z e - D r i e d  Foods 

F6-F6.18 

A detailed descr ip t ion  is given of an appara tus  for  de te rmin ing  the the rmophys ica l  p rope r t i e s  of food 
products  for  f r e eze  d r y e r s ;  the tes ts  were  done on coffee and avocado ex t r ac t s  with an equipment opera ted  
at room t empera tu r e .  The t he rm a l  diffusivity on reducing the gas p r e s s u r e  occurs  in the range 5 < P < 150 
to r r ,  while there  is ve ry  little va r ia t ion  below 5 t o r r .  

F8. S. G. II, yasov and V. V. Krasnikov (USSR). 
T r a n s f e r  by In f ra red  Radiation during Drying 

Optical  P a r a m e t e r s  of Food Products  and Heat  

F8 'F8 .30  

A descr ip t ion  is given of a method of measu r ing  the spec t r a l  and in tegra l  c h a r a c t e r i s t i c s  of m a t e r i a l s  
that absorb  and s c a t t e r  radiat ion;  the optical  s y s t e m  is given for  a two-beam at tachment  to a s p e c t r o m e t e r  
fo r  s imul taneous ly  m e a s u r i n g  these c h a r a c t e r i s t i c s .  A theore t ica l  examinat ion is p resen ted  for  the drying 
of food products  with in f ra red  heat  supply, and analyt ical  express ions  a re  der ived  for  the effective,  inci-  
dent, and resu l tan t  heat  fluxes at the sur face ,  which leads to an examinat ion of the main t rends  in energy  
t r a n s f e r  by the in tegra l  rad ia t ion  at the su r face .  Relat ionships  a re  a lso  der ived  for  the energy  t r a n s f e r  
by the in tegra l  radia t ion within the layer ,  and the basic  equation of heat  and m a s s  t r a n s f e r  for  drying is 
ref ined.  The t r ea tmen t  incorpora tes  se lec t iv i ty  in the spec t r a l  cha r ac t e r i s t i c s ,  t he rma l  radia t ion r e -  
sponse,  and emi s s iv i t y  of the ma te r i a l ,  as well as the analogous c h a r a c t e r i s t i c s  for  the in f ra red  source  
and all  bodies par t ic ipat ing  in the heat  t r a n s f e r .  

F9. P. Viand and J. Agu i r r e -P uen t e  (France) .  A Phys ica l  Model for  the Pas sage  of Ice through 

a Cell Membrane  

F9-F9.17 

The s t ruc tu re  of a biological  m a t e r i a l  is considered,  and a s imple  cap i l l a ry  model  is p roposed .  The 
basic  m i c r o s t r u c t u r a l  f ea tu res  of f reeying are  d iscussed  for  such objects  (cell p l a sma lys i s ,  ice s e g r e g a -  
tion, and so on). A new interes t ing fea ture  of this p roce s s  has been observed,  in that there  is a mech -  
anical  effect  within the m e m b r a n e  as a resu l t  of the f reezing.  It is cons idered  that this effect  u l t imate ly  
d i s rup t s  the inner  l aye r s  of the cell  m e m b r a n e .  
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