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The rap id  growth o f  the food industry  in  the USSR requ ires the 
con stru ction  o f  production  l in e s .  Such an orga n isa tion  o f  the 
te ch n o log ica l p rocesses f o r  tr e a t in g  v is c o u s -p la s t ic  raw s t u f f  and 
sem i-products in  la rge  q u a n tit ies  requ ires the design  and a p p lica 
t io n  o f  in te ro p e ra tio n a l tra n sp orta tion  means. The la t t e r  has a 
number o f  advantages: the sa n ita ry  con d ition s  o f  fo o d s tu ff  produc
t io n  are improved as touching o f  the product by the wo rice rs is  
e lim in ated ; painstak ing manual operations are mechanized; labour 
p ro d u ct iv ity  is  ra ise d , and the production  costs  are reduced w ith a 
simultaneous improvement ®f the processed  product q u a lity .

P ip e lin es  transport equipped w ith  pumping in s ta lla t io n s  
actu atin g  the flow  in s id e , is  a simple and r e l ia b le  type o f  in t e r -  
op era tion a l tran sport prov id in g  i t s  rapid d ism antling f o r  washing. 
Such un its  can be used f o r  in te r -o p e ra tio n a l tra n sp orta tion  o f  
minced meat.

T h eoretica1 Premises

S c ie n t i f i c  grounds o f  the physico-m echanical p ro p e rtie s  o f  the 
transported  produ cts , rate o f  flow  and ch aracter o f  res ista n ce  
during th e ir  movement through the p ip e lin e s , are requ ired  f o r  c o rre c t  
ca lcu la t io n  and r e l ia b le  opera tion  o f  the in te r -o p e ra tio n a l trans
p ort p ip e lin e  d e v ice s .

These problems have not been in vestiga ted  s u f f i c i e n t ly  f o r  
minced meat. This paper aims, by using the re su lts  o f  experim ental 
in v e s t ig a t io n , to provide the b a s is  f o r  hydrodynamical ca lcu la t io n  
o f  the flo w  o f  minced meat in  the p ip e lin e s , the minced meat be in g  
intended f o r  the production  o f  pork F rankfurters.

I t  is  known that the hypothesis form ulated by Newton on the 
value o f  the fo r c e  o f  v iscou s r e s is ta n ce , approved f o r  a large  
number o f  homogenous l iq u id s ,  is  expressed by  the formula ( l ) : -

where 0

0
du
dr

is  the s tr e s s  o f  v iscou s re s is ta n ce , kg/sq.m . :

ji -  the constant c h a ra c te r is t ic  fb r  th is  l iq u id ,  the s o -  
1 c a lle d  v is c o s i t y  dynamic c o e f f i c i e n t ,  k g /s e c /S q .m .;

—  -  v e lo c i t y  gra d ien t, 1 / s e c .
d r

However, th ish yp oth esis  is  in a p p lica b le  f o r  heterogenous system s, 
f o r  example, minced meat, which have the a b i l i t y  o f  form ing a s tru c 
ture (space frame obtained due to the cohesion  o f  separate se c t io n s  
o f  m acrom olecules) and as i f  occupy due to  th e ir  physico-m echanical 
p rop ertie s  an interm ediate p o s it io n  between the v iscou s and p la s t ic  
systems approaching one o r  the o th er  depending on the stren gth  and 
degree o f  development o f  the s tru ctu ra l l a t t i c e .  The s tru ctu ra l 
l a t t i c e  provides them w ith some m echanical p rop ertie s  which are d e ter 
mined by the m olecu lar fo r c e s  o f  cohesion  between the elements o f
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the s tru ctu re ; in te ra c t io n  o f  the stru ctu re  elements with the 
d isp ers ion  medium, and the degree o f  development o f  the stru ctu re  
in  the e n tire  volume. Considering the above, minced meat and 
e s p e c ia l ly  fin e  F rankfurter meat can be re fe rred  to v is co u s -  
p la s t ic  systems which at s l ig h t  d e fo l ia t io n  are s im ila r  to  s o l id  
o r  p la s t ic  b o d ie s , and in  case o f  strong deform ations causing 
d estru ction  o f  the s tru ctu ra l l a t t i c e ,  flow  in the same manner as 
v iscou s l iq u id s .  Hence, one o f  the physico-m echanical p rop erties  
ch a ra cte r is in g  minced meat w i l l  be the maximum shear s tre ss  (Q t.> ) ,
i . e .  the s tre ss  at which the shear s ta rts  ( r e la t iv e  d e form a tion ), 
the o th er  p roperty  bein g  the p la s t ic  v i s c o s i t 3r ( « ) .  These two
values are in  the s o -c a l le d  equation  o f  Shvedov-Bingham (2 ) ,  which 
ch a ra cterises  the s ta tion a ry  v is c o u s -p la s t ic  flow :

I t  is  most expedient to  determine these two c h a r a c te r is t ic s  o f  
minced meat under con d ition s  o f  length y movement in  a stable  
sta tion a ry  flo w  which corresponds most to th e ir  flow  in  the p ip e 
l in e s .  The method o f  determ ining should be chosen so that the 
measuring time should be much le s s  than the time o f  s tru ctu ra l 
changes.

Meth od ica l Premises and Experimental In v e s t ig a tio n  

o f  Maximum Shear S tress and V is c o s ity

On analysing data a v a ila b le  in  l it e r a tu r e  on the in v e s t ig a tio n  
o f  the physico-m echanical p rop erties  o f  d isp ers ion  systems as w ell 
as the v iscom eters used, f o r  th is  purpose, we con s id er  the ro ta tio n a l 
v iscom eter designed by P ro f. P. V o larov ich  and repea ted ly  used 
fo r  most various d isp e rs io n  system s, to be the b est intrument (3 ) .

The fo llo w in g  instruments were used f o r  determ ining the maximum 
shear s tre ss : the co n ica l la y e m e te r  o f  V olarov ich  system by the 
method o f  Academician P. A. Rebinder ( 5 ) ,  shear m eter o f  Simonyan 
(5) and the RV-8 ro ta t io n a l v iscom eter o f  V o larov ich  system mentioned 
e a r l ie r .  The la t t e r  is  provided w ith two corrugated rotors  having 
a diam eter o f  32 and 1 5  mm w hile the in tern a l diam eter o f  the 
cy lin d e r  into which the tested  minced meat is  charged, is  38 mm.

A ll  the research was ca rried  out e ith e r  at the Moscow Mfkoyan 
Meat-Packing Plant and at the Ostankina Meat D ressing P lant, o r  at 
the la b o ra to r ie s  o f  the Moscow T ech n olog ica l In s t itu te  o f  the Meat 
and Dairy In d u stry  on minced meat provided by the Moscow Mikoyan 
Meat-Packing P lant. The content o f  f a t ,  m oisture and s a lt  were 
5®tem ined during each in v e s t ig a tio n .

The above instruments were used f o r  determ ining the maximum 
saear s t r e s s ,  and the ca lcu la tio n s  were carried  out in  accordance 

the form ulae ( 2 ,.5 , 5 ) .

The experim ents and the fo llo w in g  ca lcu la tio n s  made i t  p oss ib le  
^  determine the fo llo w in g : 1) The maximum shear s tr e s s  o f  porlc 
s tu f f in g  f o r  F rankfurters ranged from 35 to 62 kg/sq.m  at a tempera- 
tune £;poni iL| to 18°C depending on the fa t  ana m oisture content o f  
tire minced meat. Minced meat is  encountered in  p ra ct ice  having 
tnese extreme and any oth er mean values o f  the maximum shear s t r e s s , 
co n se q u e n tly  e i t h e r  the mean o r  the g rea ter  values should be con
sidered  f o r  c a l c u l a t i o n s .  2) The co n ica l layerm eter, the shear- 
m eter o f  Simonyan and the ro ta t io n a l v iscom eter having a 15 mm 
diam eter r o to r  provide w e ll c o in c id in g  r e s u lts . T he^rotational 
v iscom eter furn ished  w ith a y 2 mm diam eter ro to r  provides data 
approxim ately 1 . 5 6  times le s s  than the same instrument w ith a 15  mm 
diam eter ro to r . However, we con s id er  the data provided  by the



viscom eter, furnished w ith  a 32 nun diam eter r o to r , to  he more exact 
fo r  p ip e lin e  tran sportation  in small diam eter pipes (up to 35 to kO 
rom) while the readings o f  the viscom eter w ith  a 15  mm diam eter ro to r  . 
meet b e t te r  the requirements o f  large  diam eter p ip es . This case 
presents an analogy: the 32 mm diam eter r o to r  causes great d estru c 
tion  o f  the s tru ctu ra l l a t t i c e ,  i . e .  in  the same manner as in  case 
o f  a small diam eter p ip e . 3 ) The maximum shear s tress  drops w ith  
a ra ise  o f  the temperature ana degree o f  structure d e stru ctio n . 
h) A change in the m oisture and fa t  content in flu en ces the p h y s ico - 
mechanical p rop erties  and m ostly the value o f  the maximum shear 
s tr e s s ; 5) Storage strengthens the stru cture  thereby in creasin g  
the maximum shear s tre ss  i l lu s t r a te d  by the graphs on F igures 1 and 
2 where the load  P, causing the ro to r  to rev o lv e , is  p rop ortion a l 
to the maximum shear s t r e s s .

The v is c o s i t y  was determined on the ro ta t io n a l v iscom eter with 
the same ro to rs  o f  tv/o various diam eters; c a lcu la t io n  o f  the values 
o f  e f f e c t iv e  v is c o s i t y  in  experiments w ith the 32 mm diameter ro to r  
was ca rried  out accord in g  to the form ula ( 6) :

n _ xr P -  Pf
'l  -  iv — —

where K _ instrument constant
N -  r o to r  speed, r .p .s .
P -  load causing r o to r  op era tion , in  g
Pp- load  required  f o r  overcoming f r i c t i o n  in b ea rin gs , in g

C a lcu la tion s o f  the values o f  p la s t ic  v is c o s i t y  was carried  out 
in accordance w ith formulae ( 2) w ith  prelim inary p lo t t in g  o f  in te g ra l 
rh e o lo g ica l r e la tio n s  f o r  the 32 mm diam eter r o to r  (F ig . l )  and fo r  
the 15 mm diam eter ro to r  (F ig . 2 . ) .

Experiments and calculations based on these relations made i t  
Possible to determine:

1. The p la s t ic  v is c o s ity  o f  fre s h  Frankfurter s tu f f in g  is  1 .0  k g / 
sec/sq .m . , and a ft e r  2k hours ageing in a large  amount, i t  is 
approxirnately from 1 . 1 5  to 1 . 2 0  k g /se c /sq .m . at a temperature 
from 1U to 1S°G which is  observed from the graphs on F ig . l  and 2.

2. S ligh t changes in  the f a t  and m oisture content per u n it o f  p la s t ic  
v is c o s i t y  have no e sse n tia l in flu en ce .

3. The p la s t ic  v is c o s i t y  is  a more s ta b le  c h a r a c te r is t ic  than the 
maximum shear s tre ss .

k, The e f f e c t iv e  v is c o s i t y  is  the fu n ction  o f  the v e lo c i t y  gradient 
(number o f  v iscom eter ro to r  revo lu tion s  per second) which s tr iv e s  
to the value o f  the p la s t i c  v is c o s i t y  when in crea sin g .

5. The values o f  e f f e c t iv e  v is c o s i t y  change when using ro to rs  o f
various diam eters. This is  explained by the fa c t  that the shear 
does not concern the en tire  width o f  the r in g  when applying a 
15  mm diam eter r o to r  in case o f  v e lo c i t y  gradient values obtained 
p r a c t ic a l ly  during experim ents. The p la s t i c  v is c o s i t y  values 
do not depend upon the r o to r  diam eter.

Determ ination o f  movement Rate and Pressure Drop

The movement rate o f  minced meat and the pressure drop due 
to the f r i c t i o n  resistan ce  w hile moving along the p ip e lin e  were 
studied  on an in d u str ia l in s ta l la t io n  designed f o r  in te rope ra tion a l 
tran sp orta tion  at the Ostankino Meat D ressing Plant and a t a 
s p e c ia l ly  designed stand at the Moscow T echnologica l In s t itu te  
° f  the Meat and Dairy Industry. The stand and the in d u str ia l
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in s ta l la t io n  are o f  analogous design  and co n s is t  o f  a hopper cn the 
"bottom o f  which is  a worn conveyor f o r  d evelop in g  pressure o f  the 
minced meat b e fore  the eccen tr ic -v a n e  (s l id e  va lve) pump, a pump, 
the d rive  to the l a t t e r ,  and an e l e c t r i c  motor. S ta in less  s te e l  
Pipes having a diam eter o f  O.OU95 m are mounted in  the in d u str ia l 
in s ta l la t io n . Seamless aluminium pipes having a diam eter o f  O.Ctflpm 
or tinned copper p ipes having a diam eter o f  O.OU95 m o f  various 
lengths were te s te d  on the stand. Pressure gauges were arranged 
on the p ip e lin e s  by means o f  s p e c ia l d ev ices  f o r  do terming the p res
sure drop.

jA 1 . 5  m lon g  experim ental opening pipe was used f o r  in v e stig a tin g  
the movement ra te  o f  the minced meat along the p ip e lin e . This pipe 
was in serted  in to  an e x a c t ly  ground s te e l  pipe to prevent pressin g  
out o f  the minced meat betv/een the jo in ts  o f  the two h alves.

The p ipes assembled in  th is  manner are in s ta lle d  on the stand. 
Experimental in v e s t ig a t io n  o f  the movement rate is  ca rried  out as 
fo llo w s : the minced meat is  pumped through the p ip e ; when the pump
is  disengaged, the in s t a l la t io n  is  removed from the stand and carbon 
powder is  poured in to  the pipe from the face  end in an ever la y e r ;

^  when the in s t a l la t io n  is  mounted in i t s  p la ce , the pump is  engaged 
™  fo r  time s u f f i c ie n t  f o r  the product to  move to a d e f in ite  d is ta n ce ; 

these opera tion s are repeated once o r  tw ice a ft e r  which the p ipe 
arrangement is  removed, c o o le d , d isassem bled , the upper h a ll ox the 
opening pipe i s  removed, and the upper part o f  the revealed minced 
meat i s  cut o f f .  P ig . 3. i l lu s t r a t e s  three photographs o l  cuts 
taken during three various experim ents.

The experim ental r e su lts  make i t  p o ss ib le  to  determine the 
fo llo w in g : 1 . The v e lo c i t y  o f  the minced meat flo w  in the cross  
se c t io n  o f  the pipe v a r ie s , be in g  the h ighest along the p ip e lin e  
a x is , somewhat low er in  o th er  p o in ts  o f  the flow  co re , and the low est 
in the boundary la y e rs . However, i t  is  p o ss ib le  that the deform a
tion  o f  the v e lo c i t y  epure in  the centre occurred on ly  due to the 
f i r s t  impulse w hile in general the flow  core moves as a s o l id  body.
2. There is  a boundary la y e r  from 2 to 8 mm th ick . 3 . In s ig n if ica n t  
s l id in g  o f  the product is  observed along the w alls .  ̂ k, The above 
makes i t  p o ss ib le  to present the epure o f  the v e lo c i t y  d is t n o u t io n  
in the cross s e c t io n  o f  p ip e lin e  as i l lu s t r a te d  on P ig . 4.

%  To determine the pressure lo s s e s ,  the readings o f  the pressure
gauges are recorded in  various s e c t io n s  o f  the p ip e l in e , graphs are 
p lo tte d  (pressure -  d istan ce  from p ipe  end a ccord in g  to data recorded, 
by two -  three pressure gau ges), the weight rate is  measured, the 
general and e f f i c i e n t  output o f  the e l e c t r i c  motor is  measured 
sim ultaneously by means o f  a se t o f  e l e c t r i c  measuring instrum ents.

Experimental data and some th e o re t ica l values are given in 
Table l ,v h e re  the actu a l ra te  o f  the product is  compared w ith the 
th e o re t ica l rate ca lcu la ted  accord in g  to the Buckingham equation  w ith 
or without the th ird  term: -

Q =
'¡TpR^
817 1

(1
8
3

1
R

Go 16

p 3
0 Os
w

;3
cek

Q = iTpR^ (1 _ 8 1  ̂ 1
8 rl 1 3 R p cek

pressure at pipe in le t ,  k ^ sq .m . 
p la s t ic  v is c o s i t y ,  kg sec /sq .m . 
maximum shear s t r e s s ,  kg/sq.m . 
pipe len g th , m 
pipe ra d iu s , m.

whe re p
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We consider that co rre ction s  (7 ) should not he applied  due to
the in s ig n ific a n t  s l id in g  o f  the product along ae xiu in le t  i  e 
pipe The 'Table provides a lso  the pressure au tne pipe xnleu, i . e .  
the6drop o f  pressure at overcoming the re s is ta n ce s  ca lcu la ted  hy 
the Buckingham equation without the th ird  term.

p = IS i  ♦ l̂ )  = A i  g  ♦
d ft ap 3 ci 23

where W -  mean v e lo c i t y  o f  product f lo w , i.i/sec. 
v«- _ s p e c i f i c  w eight, kg/cu.m . 
d _ in tern a l diam eter o f  p ip e , _m.
 ̂ _ hydrau lic resistan ce  c o e f f i c ie n t :

l6
3

1
d

■-) o

• i =

Re -  Reynolds criterion: Re = H i

£ .
Re

'I
The experim ents and the ca lcu la tio n s  made i t  p o ss ib le  to d e te r 

mine the fo llow in g :
1 . The pressure changes along the pipe according to the straight

line equation and at the outlet equals zero i eentire pressure is used to overcome t h e  flow roS^tanc ,  .  ^

the pressure at the pipe in le t  equals the pressure dror

2 . The ̂ p ipelines f o r  minced meat can be ca lcu la ted  according to  the
Buckingham equation. . -pnr, m ea t in "

3. A considerable amount of the motor porter is conrŝ d H rf p5 the 
a pressure of the minced meat by the screw convoyoi an
losses In the pump, # \ *. _n a •nn’t* ho use cl

k. Pipes of small diameter (one or two inches) should n
so as to reduce the pressure drop. ror> R 10  me+res

5 Transportation of the minced meat to a distance over o
* is  inexpedient, especially in case of small diameter pipes.

Conclusions

The fo llo w in g  has been determined by experim ental in v e stig a tio n s :

>• s*s.';srfc
«• M “  5SS-TSK.S arSBWK

movement (up to 0 . h m /sec).
3 mhp nressure drop in the minced meat flow through the pipes. 

Investigation has shown the possibility  of a p p l y i n g e  
Buckingham equation for calculating minced meat pipelin .

h Investigation s and practical experience on operating the
* trial installation have proved the expediency of using pipelines 

for^ interope rational transportation.
R rm • n n -rrp TTilP i".0 r Ccl3fX hG Eippliod v/iish SUCCGSS dU.C UO i 1iS

• s S j r S f i  i  f o r o f p c f i t a h u a f i t . t i v o  eva lu ation  o f  the p h y s ico - 
raechanical^propertiec o f  minced meat under working con d ition s .
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**€•1* Graph o f  Frankfurter stu ff la «  flow  In 
ro ta tion a l v ise  owe ter fam ished with a 
32 wm diameter rotor*

1 -  Fresh winced neat*
2 -  Xlnced meat aged for  24 hours



-  8 -

2. 9*aph o f  Frankfurter s tu ff  lag flow  In rota tion a l 
▼iocowator furnished with a 15 ■» dianetor ro to r .

1 -  Fresh winced neat,
2 -  Minced neat aged fo r  24 hoars*



frow the p ip «  ia le t|  c — «pare at 1*0 ■
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Ipur« of Toiooity dl rt ri brut ion during tho
of Frankfurter stuffing in tho pipeline.


