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S U M M A R Y

There has been in v e s t ig a t e d  a p ro ce ss  o f blood  

ev a p o ra tio n  o f  s la u g h te r  a n im a ls . The exp erim en ts r e s u lte d  

in  o b ta in in g  th e d ata  which serv ed  as the i n i t i a l  param eters 

in  d es ig n in g  a new vacuum -evaporator to  co n cen tra te  b lood

p r io r  to  drying in  a tom iz in g  d ry er s .

T e sts  o f t h i s  model o f  vacuum -evaporator confirm ed  i t s

e f f e c t iv e n e s s  when a sm a ll area  and a s im p l ic i ty  o f  making, 

as compared w ith  vacuum -evaporators o f o th er  ty p e s , were

req u ired .
A working d es ig n  o f  s e m i- in d u s tr ia l  apparatus w ith  400 

kg o f evap orated  m oistu re per hour o a p a c ity , was made.
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DIE UNTERSUCHUNG VON BLUTVEliDAMPFUNGSVUliG ANG
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Z U S A K I M E N F A S S U N  G

Die Untersuchungen des Verdampfungsvorgangs von 

S c h la c h t t ie r -B lu t  wurden vorgenommen. Auf Grund der er h a lte n e n  

Werte wurde e in  neuer Vakuumverdampfer zur B lu tv erd ich tu n g  vor 

dem Trocknen im Z erstäu b u n gstrock n er e n tw ic k e lt .

Die Prüfung des M odellapparats b e s t ä t ig t e  dessen

E f f e k t iw it ä t  b e i  wenigem Raumbedarf und E in fa c h h e it  im Ver

g le ic h  mit anderen Typen der Vakuumverdampfer.

Ein A r b e itsp r o je k t  von H alb b etriebs-V erdam pfer m it der 

L eistu n g  400 kg F lü s s ig k e i t  pro Stunde i s t  a u f g e s t e l l t

worden.
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LES RECHERCHES DU PROCEDE D'EVAPORATION DU SANG

V.M.Gorbatov

R É S U M É

On a r é a l i s é  des rech erch es  du prooédé d 'év a p o ra tio n  au 

sang des b é t a i l s  d 'a b a t t o ir .  Les données ob tenues p erm etten t 

d 'e f f e c t u e r  l a  c o n s tr u c t io n  d'un vacuum -évaporateur neuf 

pour co n cen trer  l e  sang avant l e  séchage dans l e  séch eu r  

à p u lv é r is a t io n .

Les ép reuves de c e t  a p p a r e il ont avéré son e f f e c t i v i t é  

quand i l  y  a l i e u  une p e t i t e  n é c e s s i t é  de p la ce  e t  une 

s im p l ic i t é  de c o n s tr u c t io n  en com paraison d 'a u tr e s  vacuum- 

évaporateurs*

On a préparé l e  p r o je t  d é f i n i t i f  d'un a p p a r e il  

s e m i- in d u s tr ie l  avec l a  c a p a c ité  de 4-00 k g /h  de l ’humeur 

évap orée.
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At p r e s e n t , a most w id e ly  spread  method o f t e c h n o lo g ic a l

p r o c e ss in g  o f h lood  o f  s la u g h te r  an im als i s  th a t  o f drying  
b lood  in  atom ized  s ta te *  The advantage o f d eh y d ra ta tio n  by 
a to m iza tio n  l i e s  in  the f a c t  th a t  t h i s  method ex o lu d es  dénatu
r a t io n  o f p r o te in  m atters and o x id a tio n  o f the p rod u ct, and 
a ls o  in  the r a te  o f  drying p r o c e ss  which does n o t r e s u l t  in  
the developm ent o f  m icro o rg a n ism s.ca u sin g  b ldod p r o te in
d eco m p o sitio n . The drying p r o c e ss  in  a tom izin g  d ryers i s  
e n t ir e ly  m echanized and i t  i s  p o s s ib le  to  d es ig n  apparatus
w ith  a wide range o f c a p a c ity .

But th e  equipm ent o f  t h i s  type has a number o f  
d isa d v a n ta g es: i t  i s  c h a r a c te r iz e d  by h igh  c o s t  and c o n s i
d erab le  s i z e  which in c r e a se  w ith  th e in c r e a se  o f the c a p a c ity  
o f the apparatus; b e s id e s ,  drying by a to m iza tio n  r e q u ir e s  
la r g e  exp en ses o f steam , and i t  r e s u l t s  in  a sharp r i s e  o f
c o s t  p r ic e  o f  a f in is h e d  p rod uct.

One o f the ways to  improve t e c h n ic a l  and econom ic in d ic e s  
o f th e work o f  a to m iz ^ g  d ryers i s  to  preevaporate b lood . 
T his d ic r e a s e s  ex p en ses of steam  per a u n it  o f  evaporated  
m oisture and in c r e a s e s  the c a p a c ity  o f d ryers a v o id in g  the
n e c e s s i t y  o f u s in g  la r g e  a d d it io n a l a re a s .

Only vacuum -evaporators can be used  to  evap orate  b lood  
as the whole p ro ce ss  should  be c a r r ie d  out w ith ou t ex ceed in g  
the p r o te in  c o a g u la t io n  tem perature; o th e r w ise , i t  can cause  
i r r e v e r s ib le  change o f p r o te in  p r o p e r t ie s .  To g e t  a s u f f i 
c ie n t  in t e n s i t y  o f  m oisture ev a p o ra tio n  under th e se  con
d it io n s  i t  i s  n e ce ssa r y  to  s i g n i f i c a n t l y  low er the tem pera-



tu re  o f "blood b o i l in g  by a o b iev in g  h ig h  vacuum in  th e evapora
t o r .  R esid u a l p ressu re  must n o t exceed  60 mm. I lg . ; i t  pro
v id e s  b o i l in g  a t 4 0 -5 0 ° .

The e x p e r im e n ta lly  o b ta in ed  diagram o f r e la t io n  o f b lood  
b o i l in g  h ea t to  r a r e fa c t io n  degree ( f i g .  I )  in d ic a t e s  th a t  
b lood  b o i l in g  h ea t w ith  r e s id u a l  p ressu re  l e s s  than  55 mm.Hg. 
c o in c id e s  w ith  w ater b o i l in g  h ea t5; w ith  h ig h er  r e s id u a l  
p r e s su r e , b lood  b o i l in g  h ea t in c r e a s e s .

I t  has been  a ls o  e s ta b l is h e d  th a t  w ith  the changes o f  
p h y s ic a l p r o p e r t ie s  o f  b lood  during co n d en sa tio n , in t e n s i t y  
o f  m oisture ev a p o ra tio n  i s  c o n s id e r a b ly  slow ed down ( f i g .  2 ) .  
V is c o s it y  in c r e a s e s  w ith in  th e fo l lo w in g  range:

% b lood  m oistu re  ...........................................  83 «59 58
v i s c o s i t y  in» 0 a t  20° .............................  5 I I . 6 16 .3
The in c r e a s e  o f b lood  v i s c o s i t y  during ev a p o ra tio n  r e 

s u l t s  in  slo w in g  down i t s  movement under c o n v e c tio n  cu rren t  
and in  the form a tio n  o f  a f i lm  ( c r u s t )  o f  d ried  up b lood  on 
th e su r fa ce  a t a c e r ta in  degree o f  ev a p o ra tio n . T h is , in  i t s  
tu rn , d e t e r io r a te s  the c o n d it io n s  of heat exchange on the  
l in e  between h e a t in g  surface and b lood  and d is tu r b s  hydro
dynamic c o n d it io n s  fo r  f l u i d  movement through the ap paratu s. 
Blood ev a p o ra tio n  is, th e r e fo r e , e f f e c t i v e  up to  a d e f in i t e  
degree o f  d eh y d ra ta tio n  o n ly , i . e . ,  up to  33—35% dry m atters  
c o n te n t .

In  a number o f  countries (Hungary, G .F .R ., Denmark) they  
use tube vacuum -evaporators to  p re-ev a p o ra te  b lood  p r io r  to  
d ryin g; b lood  b o i l s  in  the tu b es  which are warmed up by 
steam .

Experim ents w ith  an an alogous apparatus a t  the Le
n ingrad  meat packing p la n t  showed i t s  u n f i tn e s s  when ap p ly in g  
to  b lood  which i s  very  s e n s i t iv e  to  tem perature r a te  changes; 
the use o f t h i s  apparatus does n o t exc lu d e the p o s s i b i l i t y  
of o v erh ea tin g  b lood  during ev a p o ra tio n  which r e s u l t s  in
b lood  c o a g u la t io n . On the o th er  hand, the form ation  o f  a 
f i lm  on the h e a t in g  su r fa ce  o f tu b es r e s u l t s  in  r e l a t i v e l y  
rap id  d ecrease  o f t h e ir  in t e r n a l  d iam eter and in  d e te r io 
r a t io n  o f h ea t exchange.

- 2  -



E f f e c t iv e n e s s  o f  p re -ev a p o ra tio n  was m a n ifested  in  the  
in c r e a se  o f th e dryer output by 25-35%; s in c e  steam  exp en ses  
in  vacuum -evaporators were 0 .5 2  kg per a kg o f evap orated  
m o istu re , t o t a l  steam  exp en ses fo r  drying up o f  b lood
low ered  from 2 .5  kg to  1 .9  kg per a kg o f evap orated  
m o istu re . At the same tim e , ra p id  overgrow ing o f vacuum- 
evap orator tu b es  and p e r io d ic a l  tem perature r i s e s  o f  blood  
which r e s u l t  in  b lood  p r o te in  c o a g u la t io n , le d  to  freq u en t  
sto p p a g es to  c le a n  the tu b e s , but t h i s  low ered  the  
e f f e c t iv e n e s s  o f  the ap p aratu s.

Firm MN iro A tom izer, Ltd" (Denmark) marks in  i t s  p ro s
p e c ts  th a t  i t  produces vacuum -evaporators where tu b es are 
h ea ted  w ith  warm w ater (n o t  w ith  s tea m ). I t  sh ou ld  be n oted  
th a t  a vacuum—evap orator  fo r  b lo o d , th a t  th e firm  su p p lie d  
to  us in  1959 , has steam h e a t in g  and, th e r e fo r e , i t  does 
not exc lu d e the p o s s i b i l i t y  o f  o v erh ea tin g  b lood  in  tu b es  
and b?ood c o a g u la t io n , which we observed  in  analogous u n i t s .

On the b a s is  o f  the g iv en  above m a te r ia l ,  in  1959 we
s ta r t e d  our in v e s t ig a t io n s  w ith  the aim o f  d e s ig n in g  a 
r e l ia b le  vacuum -evaporator fo r  b lo o d . In t h i s  work we u sed , 
as the b a se , P r o fe sso r  L e v in 's  apparatus employed to  con
c e n tr a te  d i f f e r e n t  s o lu t io n s  in  ch em ica l in d u s tr y .

Laboratory vacuum -evaporator m odel, made a t th e I n s t i t u t e ,  
i s  c h a r a c te r iz e d  by the f a c t  th a t  b o i l in g  zone i s  out o f  
h e a tin g  zone (a s  th ere  i s  h y d r o s ta t ic  p ressu re  o f  b lood  column 
over h e a tin g  zo n e );  owing to  t h i s ,  th ere  was exc lu d ed  the  
p o s s i b i l i t y  o f  o v erh ea tin g  b lo o d . Evaporated b lood  c ir c u la t e s  
through a c lo s e d  system  w ith  the r a te  o f  0 .8  m /s e c . ,  g e t s  
warm w h ile  w ashing the h e a tin g  elem ent a t the bottom  o f the  
l i f t  p ip e . In s id e  the h e a tin g  elem ent th ere  c i r c u la t e s  w ater, 
which i s  warmed up to  60—70^ in  e l e c t r i c a l  h e a te r . V/armed
b lood  r i s e s  through the l i f t  p ipe and b eg in s to  b o i l ,  w h ile  
m oving. Water vapour and foam from b o i l in g  are brought to  
the sep a r a to r ;  secondary vapour g e t s  f r e e  o f  foam and b lood  
in  a tr a p , from where b lood  re tu rn s  through the d r a in -p ip e ,  
w h ile  con d en sate f lo w s  from the condenser to  the c o l 
l e c t o r .

-  3 -
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E xperim ents on b lood  ev a p o ra tio n  in  thé la b o ra to ry  vacuum- 
evap orator were c a r r ie d  out to  measure tem peratures o f b lood  
and o f h e a t in g  w ater on i t s  e n te r in g  and le a v in g ;  r e s id u a l  
p ressu re  in  th e apparatus and the co n ten t o f dry r e s id u e  in  
blood  b e fo re  and a f t e r  ev a p o ra tio n .

The fo l lo w in g  r e s u l t s  were o b ta in ed :

-  -4 -

H eating  w ater: B lood

e n te r 
in g - l e a v i n g : ^ "

•
•
•

le a v in g

6 4 .5 6 1 .8 4 4 .1 4 6 .0
5 8 .5 5 4 .7 4 0 .7 4 2 .5
6 0 .7 5 8 .0 4 2 .6 4 4 .2

:R esid u a l:E v a p o -: Dry re s id u e  
:p r e s s u r e :r a t io n :__c o n te n t_____

xi- b efo re  ’a f t e r
( h r s ) :. evaporar-. evapora

t i o n  ’. t io n

5 3 .4 5 1 5 .0 2 8 .2
3 8 .4 2 1 7 .7 22 .7
4 4 .2 5 1 3 .5 29 .9

on a s im ila r l e v e l  but the
tem perature o f  h e a t in g  w ater reached  7 0 -7 5 ° , b lood  co a g u la ted , 

Study o f th e evap orated  b lood  by sp ectro p h o to m etr ic  
method showed th e  p resen ce o f  unchanged hem oglobin w ith  
t y p ic a l  a b so rb tio n  spectrum . During drying evap orated  b lood  
in  an a tom iz in g  dryer ( MN iro A tom izer, Ltd” , "Minor" tppep , 
th ere  was o b ta in ed  albumen c o n ta in in g  95—96% o f s o lu o l  ' t o —

t e in  m a tters; i t  p o in ts  to  the absence o f d én a tu ra tio n  of  
blood  p r o te in  m a tters  during ev a p o ra tio n  p r o c e s s .

A fter  t e s t in g  the la b o ra to ry  model o f the ap p aratu s, 
in d u s t r ia l  vacuum—evap orator  based  on the same p rin o: va£

d esig n ed .
While d e s ig n in g  the u n i t ,  th e fo llo w in g  was t a k e n  In to  

c o n s id e r a tio n :  b lood  tem perature must be m aintained  on ae 
lo w est l e v e l  p o s s ib le  throughout the whole p r o c e s s . I'^st 
work confirm ed th e p o s s i b i l i t y  o f  ev a p o ra tio n  a t 4 0 c b lood  
"temperature.

With the p r e s e t  c a p a c ity  o f  the in d u s t r ia l  apparatus  
(400 kg o f  evap orated  m oisture per h o u r ), h e a t in g  su r fa ce  
15 m2 , h ea t t r a n s fe r  c o e f f i c i e n t  1 ,1 4 0  k ca l/m 2 -h r .d e g . end
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blood  c ir c u la t io n  r a te  1 .3 7  m /s e c . ,  tem perature d if fe r e n c e  
between b lood  and h e a tin g  medium (w a ter ) w i l l  be 1 5 ° ,accord in g  
to  the c a lc u la t io n s .  A llow ing some erro r  fo r  contam inated  
p ip e s  (due to  s t ic k in g  o f dry p a r t i c l e s ) ,  i t  was accep ted  
th a t w ater tem perature fo r  warming b lood  can be m aintained  
at 6 0 ° . The tem perature o f p ip e -w a ll  from the b lood  s id e  
w i l l  be 50° (maximum), i . e . ,  b lood  c o a g u la t io n  i s  
exclu d ed  c o m p le te ly .

The apparatus sh ou ld  work as fo l lo w s :  b lo o d , under 
atm ospheric p r e s su r e , e n te r s  th e r e c e iv e r  ( 4 ) ,  where upper 
and low er l e v e l s  are c o n tr o lle d  by e le c tr o n  l e v e l - in d i c a t o r s .  
From the accum u lator, b lood i s  su p p lie d  to  the sep a ra to r  
b ousing  through a f l o a t  l e v e l - r e g u la t o r ,  //arming i s  performed  
by w ater c ir c u la t in g  through the b o i le r  under the a c t io n  o f  
c e n tr i fu g a l  pump: in  th e  b o i le r  the w ater reach es  
7 0 ° . Warm w ater e n te r s  in te r - p ip e  space o f tne h ea t exchanger 
4nd then  th e w ater tank . Blood c i r c u la t e s  through h ea tin g  
P ip es . I t  b eg in s  to  b o i l  as i t  moves up due to  the drop in
the p ressu re  o f  f lu i d  column. Vapour and b lood m ixture i s
then thrown in to  the sep a ra to r  h o u sin g , from where secondary  
vapour w ith  a c e r ta in  q u a n tity  o f  foamy blood e n te r s  the  
trap and, r e le a s in g  from b lo o d , p a sse s  to  the condenser. 
Condensate from th e condenser f lo w s  down through the d ra in -  
■-pipe, w h ile  b lood  f lo w s down through the rev er se  c ir c u la t in g  
Pipe to  the c o l l e c t o r ,  and fu r th e r , aga in  to  h e a tin g  p ip es  
° f  the h eat exchanger. Fresh b lood  i s  fed  a u to m a tica lly
through the l e v e l - r e g u la t o r .  Evaporated b lood  i s  con - 
t in i  o u sly  p ick ed  out by the b lade pump. Vacuum-pump c r e a te s  
•^ r e fa c t io n  o f 9 5 .5 #  order o f  m agnitude.

At p r e s e n t , m anufacture o f th e f i r s t  in d u s t r ia l  apparatus 
°°nies to  an end. A fter  i t s  t e s t ,  th ere  w i l l  be organ ized  
Ger i a l  p ro d u ctio n .
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Ftg2 Eolation of protein 
eoneewtratcs in blood to the 
intensity of moisture 
evaporation:
1-at 35: IMmm Hg 861 blood 
humidity 2 -a t  43: 35 mm Hp 
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