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Concentrate f reez ing  d i f f e r s  q u i t e  r a d i c a l l y  from f reez ing  water i n t o  ice, 
Actual ly ,  t h s  f reez ing o f  c i t r u s  con ten i ra te  i s  more a process o f  congeal ing than 
freezing, s ince  t h e r e  i s  no c l e a r  heat o f  fus ion  as t h e r e  i s  i n  f reez ing  ice. \;hen 
f r e e z i n g  watsr, t h e  iernperztx-e drops almost c o n s i s t a n t l y  1 * per  pound f o r  each 3TU 
o f  heat  removed. \;hen t h 2  temparature reaches 3Z°F., no f u r t h e r  decl ine  o f  tempera- 
t u r e  takes p lace  u n t i l  144 BTU have been removed frcm each pound o f  water and we have 
a change o f  s-i-ete, o r  a chsnge from l i q u i d  t o  so l i d .  A f t e r  waSer freezes t o  ice, 
a d d i t i o n a l  heat  can be removed as s p e c i f i c  heat, b u t  t h e r e  i s  no a d d i t i o n a l  heat  o f  
fusion. 

l ' l i th  concentrate, be it 4Z0 b r  i x  o r  65" b r  ix, t h e r e  i s no c leer I i ne o f  de- 
marcat ion between s p e c i f i c  heat  and heat  of fusion, From 100"~ .  t o  approximately 3 0 " ~  
f o r  42' b r  i x  concentrate, we rersove on l y speci f i c  heat  o f  .755 BTU per pound. From 
3 0 " ~ .  doan t o  2s low as - 1 5 " ~ .  , t h e  heat removed i s  a ccnb i n a t  i on  o f  spec i f i c  heat  and 
hea t  fusion. There i s  no f l a t  p lane when heat  o f  fus ion  alone i s  removed as t h e r c  i s  
w i t h  wafer (See F igu re  I ). Frcm 3 0 " ~ .  t o  0°F. OK l y about 65 BTU a re  removed from 
each pound, and i f  we go t o  -5°F. we rnust rsmove an a d d i t i o n a l  5 BTU per pound. 

While t h i s  paper deals p r i m e r i l y  w i t h  t h e  comparative advantages and d i s -  
advantages o f  t h e  use o f  v a ~ i o u s  Alcohol  and Glyco l  t ype  b r ines  f o r  f reez ing  as 
opposed t o  A i r  B l a s t  Freezing i n  t h e  C i t r u s  Concentrate !ndustry, it i s  by no means 
l i m i t e d  t o  t h i s  industry.  G lyco l  b r i nes  are  used i n  heat  exchangers i n  t h e  Fresh 
Ju i ce  Industry, as we l l  as i n  many o ther  indust r ies ,  such as P o u l t r y  Freezing, etc,, 
some o f  which do n o t  r e q u i r e  t h e  Iovr temperatures p reva len t  i n  concentral-e f reezing.  
Some o f  t h e  b r i n e s  used f o r  f reez ing opera t ions  are: 

I. Denatured Ethanol. 
2. Zenol 150 ( b a s i c a l l y  denatured Ethanol, lsopropynol and Accetate). 
3. lsopropynol ( h i g h l y  v iscous a t  r e q u i r e d  temperatures). 
4. Methanol. 
5. Propylene Glycol .  
6, Ethylene Glycol .  
7. Specia l  M ix tu re  PM-1711. 

See F igu re  2 f o r  some o f  t h e  phys ica l  c h a r a c t e r i s t i c s  o f  these brines. 

The sub jec t  o f  Alcohol o r  G lyco l  type b r i n e  f r e e z i n g  as opposed t o  A i r  Blast 
f reez ing  of c i t r u s  concentrate i s  as o l d  as t h e  Fresh Frozen Concentrate i ndus t ry  
i t s e l f .  

Some o f  t h e  f i r s t  f reezers  used i n  t h e  i ndus t ry  were adaptat ions o f  equipment 
bu i  It f o r  o the r  uses and employed Methanol as a f r e e z i n g  medium. One o f  these was an 
adapta t ion  o f  a beer coo ler  w i t h  s imply a s u b s t i t u t i ~ n  o f  a very  low temperature b r i ~ l e  
instead of c o l d  water. Anotller f reezer was developed by J. J. F innegan cn t h e  Nosf 
Coast and used by several o f  t h e  f i r s t  companies making f rozen concentrate. 
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HEAT CONTENT 
42" BRlX ORANGE CONCENTRATE 

HEAT CONTE/V7- - BTU/L 6 
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There were advantages and disadvantases t o  each t y p e .  The bcer coo ler  i y p e  
c a r r i e d  t h e  cans through on a LaPori-3 t ype  mat w i t 1 1  t h o  cans i n  an u p r i g h t  pos i t i on .  
T h i s  r e s u l i e d  i n  a r a t h e r  f r a n t i c  seerch f o r  a nlethod o f  recover ing  -the b r i n e  
c a r r i e d  o u t  on t h e  can l i d  and can sides, Many t h i n g s  were t r i e d ,  i nc lud ing  arcong 
others, can t v i i s t s  t o  shake t h e  b r i n c  o f f  t h e  cans; can c l canz rs  and brushes; and 
wool r o l l e r s .  Ncne o f  these were t o o  e f f e c t i v e .  

L a t e r  developments o f  t h i s  same t ype  srnploy a i r  i n  a h i g h  v e l o c i t y  strezrn 
which blows t h e  b r i n e  o f f  t h e  cans and back i n t o  t h e  f reez ing  chamber. The s u c t i o n  
t o  t h e  fan p rov id ing  t h a  a i r  i s  ducted t o  t h e  top  o f  t h e  f reez ing  chamber and t h e  
d ischarge i s  ang led over t h e  cans as they  e x i t  f rcm t h e  f rcezcr .  Th is  assures using 
o n l y  low temperature a i r  and minimum loss o f  r e f r i g e r a t i o n .  

The Finnegan Freezer employed a fo rced feed which pushed t h e  cans through t h e  
Freezer on h o r i z o n t a l  r o l l e r s .  In t h i s  case t h e  cans were h o r i z o n t a l  and so pre- 
v e n t 4  accumulation o f  b r i n e  on t h e  can l i d ,  Since t h e  cans were r o t a t e d  w h i l e  
freezing, a m ix ing  a c t i o n  took p lace w i t h i n  t h e  can unt  i l t h e  concentrate began t o  
congeal. The r o t a t i o n  was n o t  r a p i d  enough t o  prevent  t h e  congealed concentrate 
from c l i n g i n g  t o  t h e  ins ides  o f  t h e  can, so i n  e f f e c t  t h e  heat  t r a n s f e r  r a t e  was 
improved very  l i t t l e ,  i f any, A lso, o the r  prob l ems were i ntroduced. I f a row o f  
cans becarne b locked f o r  any reason, t h e  feed mechanism would e i t h e r  r i p  t h e  s i d e  o u t  
o f  each can as it dropped i n t o  t h e  feed s lo t ,  o r  s imply  crush it. The concentrate 
then ran  i n t o  t h e  b r i n e  and a l l  pulp, sugars, etc, would c l i n g  on t h e  heat  exchanger 
sur faces o f  t h e  c h i l l e r  where they  retarded, or- even tua l l y  stopped, eny heat  t rans fe r ,  

Some conpanies, a f t e r  several  yezrs o f  t r y i n g  these adaptations, designed and 
b u i l t  t h e i r  own b r i n e  fraezers. Incorporated i n t o  these designs were ideas gleaned 
from each o f  t h e  o the rs  t r i e d .  Food Machinery and Chemical Corporat ion converted a 
r o t a r y  r e e l  t ype  cooker t o  a b r i n e  t ype  f reezer  by making m o d i f i c a t i o n s  and s u b s t i t u -  
t i n g  a low temperature b r i n e  f o r  h o t  water o r  steam and thus developed a ccnt inuous 
can freezer. Th is  t ype  f reezer has t h e  advantage o f  us ing a b r i n e  as a f reez ing  
medium and keeping t h e  b r i n e  f l o w  i n  t h e  t u r b u l a n t  range wh i le  cons tan t l y  a g i t a t i n g  
t h e  f l u i d  w i t h i n  t h e  can. Heat t r a n s f e r  r a t e  i s  improved i n  t h i s  t y p e  of f reeze r  by 
two act ions:  F i r s t ,  t h e  r a p i d  flov; o f  b r i n e  over t h e  e x t e r i o r  o f  t h e  can does n o t  
a1 low format ion  of any f i l m  t o  r e t a r d  heat  f low; and Second, t h e  heat  t r a n s f e r  r a t e  
w i t h i n  t h e  concentrate i s  g r e a t l y  improved by t h e  can ag i ta t i on .  

T h i s  cont inuous can f reezer  has two very  se r ious  f a u l t s  f o r  t h e  average con- 
c e n t r a t e  p lan t .  The f i r s t  i s  t h e  f a c t  t h a t  can s i zes  cannot be changed w i thou t  
ex tens ive  changes t o  t h e  inner r e e l  o f  t h e  f reezer;  and, second; t h e  c a r r y  o u t  o f  
b r i n e  i s  a more se r ious  problem than i s  t h e  case w i t h  t h e  mat i y p e  u n i t  employing 
a i r  blow-back o f  br ine. Th is  f a c t  necess i ta ted t h e  use o f  a can wiper o r  brush 
such as t h e  "Rex Can D r i e r "  t o  recover some o f  t h e  br ine.  I f  t h i s  i s  n o t  used, and 
can i-Wists a r e  used t o  sha!te o f f  t h e  excess br ine, a se r ious  f i r e  hazard may r e s u l t  
i n  accumulated b r i n e  on f l o o r  and a d j o i n i n g  surfaces. Means cou ld  probably be pro- 
v ided  t o  catch t h i s  excess and r e t u r n  it t o  t h e  f reezer;  but, t h  IS i s  n o t  always 
feas i b l  e due t o  space l i m i t a t i o n s  o r  f o r  o the r  reasons. The Rex Can D r i e r  i s  a 
f a i r l y  complicated p iece  o f  machinery t o  do a r e I a t i v e l y  s imple job, 

TO make best  use o f  t h e  r e e l  t ype  cont inuous can f reezing,  if i s  almost 
necessary t o  have one f o r  each s i z e  can, For some p l a n t s  t h i s  cou ld  r e q u i r e  an en$ i re  
b a t t ~ r y  of freezers; and, i f  (as happens i n  some p l a n t s )  several  s i z e  cans a re  run  
each day, a1 1 t h e  f reezers  would have t o  be kep t  c o l d  and ready t o  operate. The most 
obvious advantages are: Smal l emount o f  SpaCG required for one ~ i v e n  can s i ze  and 

41. 
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t h e  reduced f r e e z i n g  time. The FbjC cont inuous can freezer, employing both t h e  
t u r b u l a n t  f l ow  o f  t h e  b r i n e  and can ag i ta t i on ,  reduces f r e c z i n g  t i m s  t o  approxirnately 
18 minutos f o r  6-02. cans o f  42" B r i x  concentrate being r e f r i g e r a t e d  from -I-30°F. t o  
- 5 " ~ .  equal ized tempera-iure, T h i s  t ype  f reezer  f u r t h e r  c u t s  f reez ing  t ime ( f o r  t h e  
same s i z e  cans) t o  12 t o  14 minuies i f  an equal i zed temperature o f  O'F. i s  desired. 

Added th ickness o f  i n s u l a t i o n  should be used on t h e  r e e l  t ype  f reezer  because 
t h e  t u r b u l a n t  f l o w  o f  t h e  b r i n e  i s  i n  con tac t  w i t h  t h e  ou te r  s h e l l  and t h e r e f o r e  has 
a g rea te r  c h i l l i n g  e f f e c t  which increases heat  t r a n s f e r  i n t o  t h e  b r i n e  from t h e  ex- 
t e r i o r .  The indexing feed must be p roper l y  t imed t o  t h e  r e e l  r o t a t i o n  t o  prevent  
damage and a t  t imes i c e  may form a t  t h e  can i n l e i  and damage cans. Once t h e  fzed i s  
p roper l y  timed, it gives very l i t t l e  t r o u b l e  and t h e  i c e  format ion can u s u a l l y  be 
prevented by use o f  an i n f ra - red  lamp o r  some source o f  ex terna l  heat, 

We can now d i s t i n g u i s h  t h e  two predominant types o f  b r i n e  f reezers  by c l a s s i n g  
them as overhead spray t ype  and The r e e l  ( imers ion)  type, The r e e l  t ype  has been 
r a t h e r  f u l l y  discussed and t h e  next  s tep i s  t o  examine t h e  overhead spray t ype  of 
freezer, We can e l i m i n a t e  f u r t h e r  d iscussion o f  t h e  Finnegan u n i t  s ince  t h e r e  a re  none 
of them used t o  my knowledge i n  t h e  C i t r u s  Industry. 

The g rea tes t  advantage o f  t h e  overhead spray t y p e  o f  f reezer  i s  i n  changing 
can sizes. T h i s  i s  a very s imple opera t ion  s ince  t h e  o n l y  requirement i s  t h a t  t h e  
mat speed and t h e  can feed r a t e  be changed t o  a l l ow  proper f r e e z i n g  time. A f a i r l y  
safe r u l e  t o  f o l l o w  f o r  determining f r e e z i n g  t ime  i s  t o  a l l ow  a f r e c z i n g  t ime  i n  r a t i o  
t o  square of t h e  can diameter. If, f o r  example, a 202 x 314 can f reezes i n  25 minutes 
t o  t h e  des i red  equal ized temperature, a l l o w  100 minutes f o r  a 404 x 414 can. That  i s ;  
22 i s  t o  4* as 4 i s  t o  16 o r  t h e  404 can r e q u i r e s  fou r  t ime  as long t o  freeze. 

Since many concentrate p l a n t s  today a re  us ing  202 x 314, 211 x 414, 401 x 411 
and 404 x 414 cans t h e  overhead spray t ype  f reezer  i s  t h e  most p r a c t i c a l  o f  t h e  b r i n e  
t ype  freezers. T h i s  type w i  l l f reeze t h e  202 x 314 o r  common 6-02. can from 3 0 " ~ .  t o  
- 5 " ~ .  equal i zed temperature i n  approximately 25 minutes and from +30°F. t o  O"F, 
equa l ized temperature i n  20 t o  22 minutes. I t  w i l l  t a k e  from seven t o  n i n e  minutes 
longar t o  f reeze i n  t h i s  t ype  than  i n  t h e  r e e l  t ype  f reezer.  

Normally t h e r e  are  less conduct ion losses o f  r e f r i g e r a t i o n  i n  t h e  overhead 
spray t ype  than i n  e i t h e r  t h e  r e e l  t y p e  o r  t h e  a i r  b l a s t  t ype  f reezer.  As po in ted  o u t  
previously,  t h e  r e e l  t ype  has t h e  t u r b u l a n t  f l ow  o f  b r i n e  i n  con tac t  w i t h  t h e  ou te r  
s h e l l ,  The a i r  b l a s t  usua l l y  has r a p i d l y  moving a i r  i n  con tac t  w i t h  a l l  inner  surfaces 
of t h e  f reezer;  but, i n  t h e  overhead spray t ype  t h e  spray should n o t  con tac t  t h e  ou te r  
s h e l l ,  There i s  l i t t l e  o r  no a i r  movement and t h e r e f o r e  t h e r e  i s  less  r e f r i g e r a t i o n  
loss  by conduction. 

The b r i n e  t y p e  f reezer  has f u r t h e r  advantages i n  that ,  i f  t h e r e  i s  any d i r t  
o r  grease on t h e  can, t h e  b r i n e  k r i l l  c lean t h e  can and t h e  f reez ing  o f  t h e  product  
w i l l  be more uniform, The l a t t e r  i s  t r u e  because each can i s  subjected t o  t h e  seme 
amaunt o f  f l u i d  f l ow  per g iven t ime i n t e r v a l  regard less  o f  vo ids  on t h e  mat o r  s i z e  
o f  can i f t h e  b r i n e  i s  o f  s u f f i c i e n t l y  low temperature. Thc most important  requ i re -  
ment then i s  t h a t  t h e  mat speed be adjustable, and t h a t  I t  be ad jus ted t o  can s ize.  
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Rormally a  b r i n e  f reezer  designed t o  fa l ie  p l a n t  p roduct ion  ( i n c l u d i n g  cut-bat;;) 
i n  6 oz. cans w i l l be l a rge  enough t o  t a k e  t h e  seme product ion  i n  any o the r  s  iz2 can 
unless t h e  diameter o f  t h e  can remains t h e  same and h e i g h t  o f  can i s  reduced. Th i s  
cou ld  be a  problem i f  p roduct ion  w r e  r u n  i n  202 x 214 caris such as a r e  sometimes 
used f o r  baby food. 

A cons ian t  r a t e  o f  feed ( o r  s iopp ing  and s t a r t i n g  o f  t h e  conveyor systetn t o  
equa l i ze  feed r a t e )  i s  n o t  r e q u i r e d  ahen us ing  a b r i n e  t ype  f reeze r  because each can 
i s  subjected t o  t h e  same amount o f  f l u i d ,  a t  t h e  same temperature and seme v e l o c i t y .  
Voids on t h e  mat a re  immaterial  t o  successfu l  f reezing, t h e r e f o r e  no stoppage o f  t h e  
conveyor system i s  requi red.  Q u i t e  f requent ly ,  t h e  s topp ing  2nd s t z r t i n g  o f  conveyor 
systems leads t o  maintenance problems. I n  p l a n t s  where o n l y  one evaporator  i s  used o r  
where several  evaporators a r e  shu t  down a t  one t ime  f o r  clean-up, it i s  necessary t o  
s top  t h e  f reez ing  tunne l  conveyor du r ing  t h e  clean-up period, o r  s top  it long enough 
t o  complete ly  f reeze t h e  product  i n  t h e  f reezer .  A f t e r  t h e  product  i s  frozen, t h e  
coliveyor can be s t a r t e d  and r u n  ou-f. I f  t h e  stops a r e  o f  long enough d u r a t i o n  i n  an 
a i r  b l a s t  tunne l  t h e r e  i s  a  good p o s s i b i l i t y  of n o t  g e t t i n g  a  s t a r t  due t o  f reez ing  o f  
mat t o  suppor t ing  members, 

Were VJe t o  s top  hwe,  it would appear t h a t  t h e  b r i n e  t y p e  f reeze r  would answer 
a l  l problems, I t s  good p o i n t s  a re  many, i n c l u d i n g  less  i n i t i a l  equipment c o s t  and 
l ess  c o n s t r u c i i o n  c o s t  but, it does have disadvantages which we w i l l  now discuss. 

Among t h e  disadvantages of  us ing b r i n e  i s  t h e  f i r e  hazard presanted by somz, 
i n  fact,  most o f  t h e  b r i nes  used i n  low temperature work. The hazard o f  f i r e ,  w h i l e  
cons tan t l y  p resent  i n  any p l a n t  when us ing  any o f  t he  b e t t e r  b r i n e s  f o r  t h i s  purpose, 
i s  worse when t h e  b r i n e  i s  warm as when f i r s t  charg ing t h e  f reeze tunnel, o r  a f t e r  
per iods  o f  idleness. See F i g u r e  2 f o r  f l a s h  p o i n t s  o f  some o f  t h e  most w ide ly  used 
o f  these br ines.  

To p rov ide  a  measure o f  s a f e t y  f o r  t h e  Alcohol  t y p e  br ines, most Insurance 
Companies r e q u i r e  t h a t  t h e  b r i n e  t ype  f reeze r  be prov ided w i t h  C02 f i r e  p r o t e c t i o n  
system. I t  i s  f u r t h e r  suggested t h a t  an underground s torage tank  o f  ample s i z e  t o  
h o l d  t h e  e n t i r e  ope ra t i ng  charge p l u s  a two o r  t h r e e  days supply o f  makeup be prov ided 
a t  a  p o i n t  away from t h e  main b u i l d i n g s  and low enough t o  p rov ide  g r a v i t y  d r a i n  from 
t h e  freezer.  T h i s  underground s torage tank  prov ides f o r  a  very  r a p i d  dumping o f  a l l  
b r i n e  from t h e  freezer, (should a  f i r e  occur), by ope ra t i ng  a l a rge  dump v a l v e  from 
t h e  CO f i r e  p r o t e c t i o n  system. Th i s  va l ve  should be a i r  operated from a  p i l o t  2 
actuated by t h e  pressure o f  t h e  CO? system. Then too, it cos ts  l i t t l e  t o  coo l  a l l  t h e  
b r i n e  t h a t  i s  i n  t h e  underground storage, thereby lower ing t h e  vapor pressure and 
decreasing t h e  p o s s i b i l i t y  of  t h i s  b r i n e  reaching t h e  f l a s h  po in t .  These t h r e e  items, 
t h a t  i s :  The CO F i r e  P r o t e c t i o n  System, t h e  Underground Storage, and t h e  qu ick  

2 
dumping errangement add t o  t h e  c o s t  o f  i n s t a l l i n g  t h e  b r i n e  t ype  f reezer .  

I n  order  t o  e l i m i n a t e  t h e  water t h a t  i s  c o n s t a n t l y  being absorbed by t h e  b r i n e  
due $0 h i g h  humidity,  condensation on cans e n t e r i n g  t h e  freezer,  and sometimes by 
washing cans, a  concent ra tor  o r  s t i l l  i s  r e q u i r e d  t o  ma in ta in  t h e  b r i n e  s t r e n g t h  above 
t h e  f reez ing  p o i n t  f o r  t h e  ope ra t i ng  temperatwe, and t o  p revent  a l a rge  increase i n  
v i s c o s i t y ,  
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V i s c o s i t y  increases i n  almost a l l  Alcohol and Glyco l  b r i nes  as water i s  addcd. 
Th is  incrzasc i n  v i s c o s i t y  should be l i m i t e d  so t h a t  a  t o t a l  o f  f i f t e e n  cen t ipo i scs  
i s  n o t  rsached o r  exceeded. Increase i n  v i s c o s i t y  decrcasss heat  t r a n s f e r  capac i t y  
o f  a l l  equipment i nc lud ing  t h e  t r a n s f e r  from t h e  product  t o  t h e  br ine.  I t  a l s o  
inci.eases t h e  horsepower requ i red  t o  pump and c i r c u l a t e  t h e  b r ine ;  and, it increases 
t h e  amount o f  b r i n s  c a r r i e d  o u t  k i t h  t h e  can. Any o f  these t h r e e  w i l l  increase 
opera t i ng  cos t  r a t 5 e r  rap id l y .  Increasing v i s c o s i t y  a l s o  causes loss o f  pumping head, 
loss o f  pump capacity, and loss o f  e f f i c i e n c y ,  On t h e  o the r  hand, v i s c o s i t y  can be 
c c n t r o l l e d  by addiag new, f u l l  s t reng th  b r i n e  t o  t h e  systcm and b leeding o f f  contemi- 
nsted o r  weal; so lu t ion ,  bu t  t h i s  a l s o  i ncresses t h e  opera-i-i ng cost. The bes t  ansxer 
is a s t i l l  o r  reganerator.  See F igu re  3 f o r  f reez ing  p o i n t s  o f  var ious  b r i n e  mi?,tures. 
F 3ure 4 shows s t reng th  o f  b r i n e  necessary t o  prevent  f reez ing a t  - 3 0 ' ~ .  and approximate 
v i s c o s i t y  a* t h a t  s t rangth.  

I f  a  s t i l l  i s  used, i n  a l l  p r o b a b i l i t y  it w i l l  r e q u i r e  l i c e n s i n g  through t h e  
Department o f  I n t e r n a l  Re.Jenue A!cohol Tax D iv i s ion ,  I t  w i l l  be sub jec t  t o  p e r i o d i c  
chezking and inspect ion  so t h a t  t h e  t a x  people a re  s a t i s f i e d  t h a t  it i s  n o t  being 
usso f o r  i l l e g a l  purposes. 

The b r i n e  being used must be r o u t i n e l y  checked t o  be sure o f  i t s  s t rength.  
Th is  checking must be done by r e l i a b l e  personnel so t h a f  t h e r e  i s  no danger o f  g e t t i n g  
i n t o  d i f f i c u l t y  bemuse o f  c r y s t a l  format ion o r  increased v i s c o s i t y .  

The A i r  B l a s t  Freeze Tunnel presents no p a r t i c u l a r  problem as t o  f i r e  hazard 
and t h e r e f o r e  it does no t  normal ly  r e q u i r e  a C02 F i r e  P r o t e c t i o n  System. I t  has t h e  
advantage, also, of being more f l e x i b l e  i n  opera t i on  than t h e  b r i n e  t ype  tunnel,  i f  
it i s  des i red  t o  f reeze products o the r  than c i t r u s  concentrate. I b e l i e v e  t h e r e  have 
been occasicns when products such as f i sh ,  meat, beans, and o the r  vegetables have been 
f rozen dur ing  t h e  o f f  seas3n i n  C i t r u s  Plants.  This, o f  course, cou ld  abso lu te l y  
no? be done i f  t h e  b r i n e  t ype  tunnel  were being used. Should t h e  cardboard t ype  can 
become feasible, and be genera l l y  accepted, these could no t  be handled through a  
b r i n e  fraezer. 

L i k e  t h e  overhead spray t ype  o f  b r i n e  freezer, t h e  a i r  b l a s t  f reezer  i s  
f l e x i b l e  as t o  can s i z e  and i t  uses a  f reez ing  medium t h a t  i s  abso lu te l y  f ree.  I t  
does n o t  r e q u i r e  storage o r  hand l ing  o f  t h i s  f reez ing  medium in  any way. The medium 
i s  s a f e  and clean. 

There a re  a  number o f  disadvantages t o  A i r  B l a s t  f reez ing;  however, and 
e s p e c i a l l y  when t h e  f reeze tunnel  i s  on 24 hour duty and an i n t e g r a l  cog i n  t h e  process 
o+produc ing  f r e s h  f rozen concentrate. 

The i n i t i a l  cos t  o f  an A i r  B l a s t  Freezer i s  i n  most cases h igher  from both t h e  
s tandpo in t  o f  equipment c o s t  and space cost.  Many a i r  b l a s t  f reezers  a re  i n s t a l l e d  i n  
c o l d  rooms. Th is  i s  expensive from t h e  i n i t i a l  c o s t  s tandpo in t  s ince c o l d  room o r  
c o l d  storage b u i l d i n g s  c o s t  approximateiy $14,00 per square f o o t  t o  cons t ruc t  and are  
u s u a l l y  bui I t  26 f e e t  high. U t i  l i z i n g  a p o r t i o n  o f  t h i s  space f o r  a f reeze tunne l  
means loss of s tc rage space, a d d i t i o n e l  t r a f f i c  i n  and o u t  o f  t h e  c o l d  room, and 
a d d i t i o n a l  housing f o r  t h e  f reez ing  equipmeni. 
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The size of an Air Bias-; Freezer must be more than twice the size of an Alcohol 
3rine Typa because the retention time in an air blast is more than twice as long an3 
in scma ciises three times as long. Therefore, to freeze coric~ntrate by using an air 
blast freszer uiilizing a single pass costs a lot more for conveyors, wipe off's, 
flcor spaca, and handling equipment. Refrigeration squipment is much more expznsive 
because multiple air units must be installed instead of a single hcat exchanger with 
surge drum. 

In an effort to save space required for air blast freezers, several things 
have been tried with limited results and many attendant problems. Utilization of both 
flights of a LzPcrte mat so that feed and discharge of cans are at the same end of 
the tunnzl are used in some instances. This complicates can handling, since every 
can must be transferred from the top conveyor to the bottom, or from the bottom to the 
top 

This requires elevators or waterfall type transfers in the freeze tunnel and 
limifs the can sizes that may be used; thus, losing the can size flexibility. Added 
personnel are needed to assure a smooth flow of cans in the tunnel from one flight to 
another. Repairing equipment in a room that is - 3 0 " ~ .  is no job for a native born 
"Cracker"; therefore, those required to work at these low temperatures usually ccmmand 
premium pay. 

Another innovation has been tried in an effort to utilize the height of a 
cold room, and that is placing the conveyor above the air handling units. This saves 
the space alongside the conveyor normally occupied by the evaporators. This neccssi- 
fates elevation of the canned product and again complicates can handling. C'Jhiie in 
this case can handling equipment may not be too complicated, it does add equipment, 
and that equipment is subject to breakdown with attendant time loss and production 
loss plus added maintenance. 

I have never seen an Air Blast Tunnel that did not have ice or frost formation 
at the i n  lets and out1 ets and in many cases throughout the tunnel. This too presents 
problems in can handling and maintenance. The brine type freezer is almost always 
frost free. 

The best, most trouble free air blast freezer is still the one which has only 
one can pass, built at ground level, and outside the cold storage room. 

Figures 5 and 6 wi l l indicate comparative costs of overhead Brine Spray and 
A i r  Blast Freezers of equal capacity. 

The difference in first cost is as noted below: 

The first cost of any freeze tunnel depends on many factors; such as, quantity 
of production, location of tunnel, length of refrigsration lines, whether new building 
is required to house refrigeration equipment, type of conveyor-used and typo of 
cnclosure for tunnel, among others. 
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To place a freeze tunnel inside a cold storage room which costs approximately 
$14.00 per square foot to build, v:ould bs to add a structure which costs approximately 
another $12.00 par square foot, assuming the structure is built to carry storage and 
evaporators on top of tunnel. This type of structure saves part of the storage space 
which would otherwise be wasted. 

In many installations, the air blast freeze tunnel is merely enclosed with 
plywood when built inside the cold stcrage room and space is allowed around the 
structure which increases the cost of tunnel use because of lost storage space. In 
other installations, the evaporator units used in the tunnel are located so that they 
can be utilized in holding the cold rocn -temperature down during barrelling operations. 
This is undoubtedly a help during this operation, but when concentrate is first canned 
and frozen and the evaporators are needed for freezing, it remains debatable as to 
what is going to happen to cold room temperatures. If barrels have been added in any 
quantity just prior to changing over to cans, it is probable that the cold room 
temperai-ure will rise anyway because any barrels placed in cold storage within two 
wee!ts pr ior to freezing cans eli I l not be frozen. Loading col d rooms with barreled 
product produces an accumulative load so that when barrels have been added for several 
weeks the daily load in the cold room becomes equal to the daily production. 

The type of conveyor used is also significant in figuring first cost of any 
type freeze tunnel. 

If the Barry Weymueller stainless steel walking beam were used in an air blast 
tunnel to accommodate 1,000 cans per minute, the cost of the conveyor and the enclosure 
would be about $138,000.00. See Figure 7. 

Compar ison of operating costs between the Alcohol Br ine type freezer and Air 
Blast freezer shows that the alcohol brine type freezer costs more per case of 48/6 02. 
cans than does air blast freezing. 

Figure 8 gives a comparison of brine makeup costs of two types of alcohol brine 
freezers, the spray type and reel type, and on two different alcohol brines, based on 
usage in two plants and that indicated by one fre~zer manufacturer, Base case is 
48 - 6 ounce cans. 

Figure 9 indicates comparative cost of operation of freezers having the serne 
capacity; i.e., 1,000 6 ounce cans per minute. The cost of power is based on 
-812 KL!/EHP for 15 HP motors, and .749 KW/BHP for 50 HP and larger motors, which were 
calculated from the formula 1 X E X 1.73 x P.F./1000 using an 80% power factor. 
Compressor operator only is figured on alcohol brine type freezer because there is 
usually no freezer attendant. With air blast type, two men are used. There i s  no 
overtime figured on labor. 

Figure 9 indicates that 40 overcome the difference of $87,971.00 in first cost 
between a spray type alcohol brine freezer using methanol and an air blast freezer, a 
pack of 43,335,394 cases would have to be completed. If we consider that operating 
Cost is tax exenipt, while capital expenditure is not, we could easily double this 
figure. Cons i der i ng an average season of 150 days of f u 1 I operat ion (or a season pack 
of 4- 1 /2  mi I I ion cases ) or 10,125,COC1 gal ions it wou Id require 19.26 seasons to re- 
cover the first cost differential, At the worst condition a difference of $,00897 
per case on cost operation it would require 4-56 seasons to recover the difference i n  
savings on operation of Air B l a s t  vs. Brine type. 

46. 
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I n  summarizing t h e  advantages and disadventages o f  t h e  Alcohol  Brinc t ypc  
f rezzer as opposed t o  t h e  Air B l a s t  i y p c  freczet-, we I-lave t h e  iol  lowi ng sdvan-tzgcs 
and disadvantages fo r  each t y p e  (See F i g u r e  10.). 
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FIGURE 2 

SOLIE PHYS I CAL PROPERT I ES OF VAR l OUS TYPES OF BR& 

NOTE I. Propy lens Glycol o f  over 60% i n  water by weight so lu t ions  conta in ing 
any greater  amount of Propy l ene Glycol so l  i d  i f y  a t  - 60 "~ .  

NOTE 2. Special Mixture PM-1711 i s  a mix ture  o f  Ethanol, lsopropanol and Acetone. 

BRINE 

' METHANOL 

I S OPRO- 
PY NOL 

ETHANOL 

I FREEZING ABS, VISC, SP, HT. FLASH BOILING 
SP, GR I POINT 68°F. ! a t 6 8 " ~ .  POINT POINT OF, 

-7324 

PROPY- 
LEN€ 

GLYCOL 

ETHYLENE 
GLYCOL 

SPEC I AL 

I 1 - 143"~. ,G Centi- .589 6 0 " ~ .  148°F. i 
PO i se : I 

1 I 

! ! 
1.0381 See Note 1 .  56.0 .592 225 "~ .  

1 

.7 862 

.7905 

1.1 1336 

I MIXTURE I See 
jPM-1711 Note 2. 

! 

-85°F. 173°F. I 
I 

-.- 

- 202 "~ .  1 80°F. 

8.6'~. 20.8 App. f -57 240 " F. 197.5"~. / 
f 

I 
I 

i I 

i 1 I 
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FIGURE 3 

FREEZIKG FOINTS OF VARIOUS BRINE MIXTURES 

ER l NE 

!.:ETHAN0 t 

ETHA tiOL 

l SCFEOPANOL 54.3 45.7 - 8 ' ~ .  

PROFYLENE GLYCOL 54.3 45.7 - 3 8 ' ~ .  

ETHYLENE GLYCOL / 54.3 45.7 1 -43'F. 

FIGURE 4 

STRENGTH OF BRl NE NECESSARY TO PREVENT FREEZING AT -30°F. 
ALLO!!! I NG FREEZ I NG PO I NTS OF APPROX I PITELY I O'F. LONER 

% BRINE 

BR l NE I l E i 2 i T  
5 

WATER 

I ABSOLUTE 
FREEZING ' VISCOSITY I N  

i 
TEMPERATURE CENTIPOIPES , 

32 I METHANOL 42 1 58 
f 

-40 '~ .  

ETHANOL 58 1 42 
I 

1 SOPROPANOL 82 18 I 
i 

I 54 1 46 

ETHYLENE I 
] GLYCOL 

I 
53.5 , ' 46.5 

-40 '~ .  1 78 

-40°F. 

-40 '~ .  

-40 '~ .  

67 

910 app. 

108 
i 
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BRINE TYPE FREEZERS USIRG OVERHEAD SPRAYS AND LaPORTE MAT 
(INSTALLED IN COLD ROOM) 

Tunnel, comp leie v//mat, sprays, piping, drives . . . . . . .  $43,774.00 
Total Electrical, including motor starters, conduit, etc. . $14,133.00 
Insulation of hea? exchangers, brine pump, refrigerant 
piping, intercooler, suction trap, etc. . . . . . . . . .  $10,000.00 

Brine pump complete w/motor, 2000 GFM . . . . . . . . . . .  $ 3,696.00 

Enclosure around freezer (concrete block with load bearing 
slab roof for placement of cold room evaporators) . . . .  $15,000.00 

. . . . . . . . . . . . . . .  Refrigeration equipment room. $12,627.00 

. . . . . . . . . . . . . . . .  C02 Fire Proteciion System. $ 4,824.00 

Refrigeration Compressor, Intercooler, Suction Trap 
S & T Condenser and Receiver, 197TR at -40"~. . . . . . .  $68,676.50 

Piping, valves, fittings, labor, freight & sales tax. . . .  $19,876.00 
Can Feed and Taite Away Conveyor. . . . . . . . . . . . . .  $ 2,500.00 

Motors for Ref r i gerat i on Compressors. . . . . . . . . . . .  $ 1  1, 560.00 

TOTAL $213,666.50 

If installed outside cold room (Insulation) add . . . . . .  $ 13,920.00 
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AIR ELAST TYPE FREEZER USIKG LePCRTE MAT . SIKGLE PASS 

. . . . . . . . . . . . . . . . . . . . . . .  Air Units. Evaporator $68.000.00 

. . . . . . . .  Electrical. including Motor Starters. Conduit. etc $20.471.00 

Rsirigeration Equipment w/o Erine Chiller. including S & T . . . . . . . . . . . . . . . . . . .  Condenssr. 197 TR ai .40'~ $58.603.50 

. . . . . . . . . . . . . . . . . . . . . .  ~o-tors for ~ornpressors $ 1  1.560.00 

. . . . . . . . . . . .  Tunnel. Conveyors. including Air Directors $65.000.~0 

. . . . . . . . . . . . . . . . . . . . . .  Can Conveyors. Pushers $ 8.0CO.CG 

. . . . . . .  Insulating of Piping. Intercooler. Suction Trap. etc $ 0 0  7.500. 

. . . . . . . . . . . .  Ref r i gerat i on Equ i pment Room. Bases. Labor 8 19.876.00 

Tunnel Enclosure of samo material and strength as that for the . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brine Type $30.000.00 

TOTAL $30 1. 637.50 

. . . . . . . . . . . .  I f  Insulated for Outside Installation. add $21.240.00 
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F I GlJRE 7 

CONVEYORS and SUPPORT I NG STEEL - PR ICE COMPARISON (APPROX. 1 

FIGURE 8 

OPERATING COST PER CASE OF 48 - 6 OZ, CANS 

A I R BLAST 1 
16' x 100' 

$138,000.00 

$ 1  08,000. CO 

$ 86,000.00 

I 1 ALCOHOL TYPE BRINE 
CONVEYOR TYPE t 8 '  x 100' 

i 
t 
! 

$40,500.00 I $ ~ ~ , O O O . O O  

BARRY G./EY[I/IUELLER STA I NLESS 

STEEL C.!ALKING BEAM 

HOR l X STA l NLESS STEEL 

\IiALK I NG BEAM 

$7 1,748.00 

$56,287.00 

I PRICE PER 
BRl  NE TYPE GALLON 

METHANOL 1 80.30 

SPECIAL M I X  ( 

HORlX BLPCK IRON 

WSLKING BEAM $45,000.00 

1 GALVAN I ZED MAT W l TH 
I 

SIDE CHAIN DRIVE 

PM-171 1 ) $0.50 , $.00741 I 
1 5.01453 

1 
PLANT # I  ] PLANT #2 MFG. EST. 
(SPRAY 1 (REEL 1 (REEL 1 

$ .00444 $ .0069 
! 
! $ .0087 1 
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F IGURE 9 

APFROXIMATE O F E R A T l t \ u O S T S  FCR COKPARISON FURPOSES 

I 
FREEZER 

TYPE 
t 

GR I NE 
(SFRAY 

BR I NE 
(REEL  1 

COST/CA;E 
30 ,00O/DAY 

S.CSII~ 

$.Oil50 

TYPE PER 
BR l NE 

$.01213 I 

$.OI~IO I 

8.00713 
! 

KETHANOL 

METHANOL 

Y 1 F M - l i l l  

$133.20 

$ 2 0 7 . 0 0  

$222.44 

595 

575 

591 '$106.94 $34.80 1 $ 3 6 . 1 0  

5 7 5  

716 

$345.00 

- - - 

BR I NE 
(REEL) 

i AIR / B L A S T  

$483.14 $103.34 

$274.94 

$345.14 

$106.94 

$103,34 

FM-171 I 

- - - 

$34.80 

$34.80 

$34.80 

$144.46 $69.60 , 8214.~6 
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FIGURE 10 - 
ADVANTAGES - D I SP,DVAbrfiGES 

--- 

BRI RE TYPE i 
I A I R  BLAST TYPE 

BETTER HEAT TRANSFER. 

LOWER I N I T I A L  COST 

LESS SPACE REQUIREMENT 

I 
ADVANTAGES 

NO NEED FOR CONSTANT RATE OF 
PRODUCT FEED. 

FROST FREE OPERATION. 

LESS REFRIGERATION LOSS BY HEAT 
CORDUCT I ON ON SFRAY TYPE. 

CLEANS CANS. 

MORE UNIFORM FREEZE OF FRODUCT. 

D l SADVANTAGES 

I. F I R E  HAZARD, 

2. REQUIRES C02 F IRE PROTECTION 
SYSTEM, 

3. REQUIRES UNDERGROUND STORAGE FOR 
OFERATIbiG CHARGE AND MAKEUP. 

5. REGENERATOR REQUIRED. 

6. H l GHER OPERAT I hY; COST. 

I. LESS F l RE HAZARD. 

2. NO C02 SYSTEM REQUIRED. 

3. NORE FLEXIBLE OPERATION I N  THAT 
OTHER FRODUCTS CAN BE FROZEN \;HEN 
NOT FREEZIKG CONCENTRATE. 

4. LO\!ER OPERAT l NG COST. 

I 4. REQUIRES ATTENTION TO STRENGTH 
OF BRINE. 

I I. HIGHER I N I T I A L  COST. 

( 2. FOR BEST RESULTS REQUIRES CONSTANT 

I FEED OF FROOUCT 
MORE CONVEYOR STARTS AND STOPS TO 

3' KEEP CANS PACKED. ! 
4. HIGHER RATE OF CONDUCTION LOSSES. 

5. LEAVES D l RT AND FORE IGN MATTER 
ON CANS. 

f 6. ICE FORMATION AT TUNNEL I NLETS I AND OUTLETS. 

7. A IR  UNIT  ON EVAPORATORS REQUIRE 
DEFROSTING, EITHER T IME LOST OR 
I NCREASES COST OF OPERAT I ON. 

8. MORE PERSONNEL ATTENTION REQUIRED 
FOR EQUIPMENT. 

9. COMPLEX CAN HANDLING EQUIPMENT 
REQUIRED I F  ATTEMPT I S  MADE TO 
CONFINE A IR  BLAST FREEZER TO 
NEARLY EQUAL SPACE REQUIRED BY 
BRINE TYPE. 

10. I F  A NO-FROST SYSTEM I S  USED ON 
EVAPORATORS, F IRST COST INCREASES, 
MUST HAVE REGENERATOR, & BUST KEEP 
SOLUTION STRENGTH TO CLOSE L IMITS.  
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