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MEAT_AWD_ITS FLOW_IN PIPELINES

M, Goxbatov, N,E.Fyodorow, A.V.Gorbatov,
S.PsKazakov, I A.Rogov,

Experimental investigations of physioco-mechanical properties
0f minced meat and its flow in pipelines are of great importance
for scientifiocally based calculations for development of new
technological lines and installations and improvement of o0.d ones

).111 view of automation and mechanization of processce of product” o

Physlco-mechanical properiies of iiinced meat

We investigated the fallowing properties: modulus of elasti-

ity for shear, ultimate shearing stress, plastic viscogity and

speed gradients and depending on the degree of the degstruotion of
structure, ;
A rotamy visoosimeter of Prof. Volarovioh system (1,2) was

the nain ingtrument for these investigations. The visoosimeter
‘,r':-ts~: tented for different systems including minoced meat and ouxds
; (5, 6), We determined the ultimate shearing stress by a coniocal
blastometer (7) and by a shearmeter of 8imonyan (8), The aforesaid
instruments are based cn stationary methods of measurement,

We used the rotary viscosimgtcr ag the main instrument
because of the following reasons: Lhis instrument can be used fox
determining the majority of Shysico-chemical preperties without
Changing i1ts design; its vonstrustion is simplej its readings are
Primary and deo not require taring; the ingtrument is transportable
and can be used not only in scientifio laboratories but also in

Planis,
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Analysing the work of the three instruments mote should be
taken that the rotary viscosimeter gives higher readings of ulti-
mate shearing stress than the shearmeter of Simonyan and the conlo
Plastometer, which give approximately equal readings. /e belleve
that this phenomenon is due to the faoct that the last twe instru-

ments make measurements at low speed gradients, giving thhs the

Possibility of measuring “statio" ultimate shearing stress at the
first moment of destruotion of the struoture. At the same time
the speed gradient of the first instrument may be relatively high
and permits the measuvement of “"dynamio" ultimate shearing stress,
that corresponds‘to the destroyed struoture, - the situation
that oocurs in fact in working parts of machines, However, the
shearmeter of Simonyan and, especially, the oonho plastometer
as a result of their simpliocity can be used for an obJeotive
asgessment of the quality of minoced meat,

The experiments were carried out along thre¢ directions in
order to determine: a) oomplete rheologiocal dlagram for computi:g

modulus of elasticity for shear, effeotive viscosity for almost

h‘undeetroyed struotures eto, Experiments began after the tixoetropio

restoration of the structure, For'thio purpose minced meat was
stored in the instrument for several hours at a fixed temperature,
the enlargement of the load was oarried out gradually, beginning
with small yalues; deformetions were measured by means of a bino-
cular magnifying.glass with & 119 magnification and a dial with
10 mioron pointsy b) cffeotive viscosity at different degroes of
destruotion of the struoture and ultimate shearing stress.

Methods of the experiment are the same; o) ultimate shearing
Btrese of plastio and effective viscosity for considexrably

destroyed struotures, The structure was destroyed primarily




- Y&
either by rotating the rotor by hand, or by plecing sufficient
loads. Hysteresis was eliminated by double or triple change of the
load from minimum to maximum,

It should be mentioned, that the stress emerging in minoced
hent 95 proportional to the loads causing the rotor to rotate,
“here 45 the following rclation between stress and weight of
fecie (2):

© =Ky . P dynes/am’

where K, - the constant of the instrument for this experiment;

1
L P =~ the weight of the loads (grams).

However it is mbOre convenient to qonsider all the experi-
mental data as relatilons to the weights of the loads rather than
to the stress.

The measurement of the angle of turn of the rotor of the
viscosimeter for a fixed time as relation te the welghts of the
loads, revolving the rotor, made it possible to ocalculate all the

values and to plot for them specifio graphiocal relations,

Fig.l shows a complete rheologlocal diagram of minced meat
.Eor frankfurters, For an casier handling of the experimental data,
reduction of the number of ourves and greater community on the
Y-a=ie are put the values of volumetrio strain divided by shearing
stress, L.e, valaes of volumetric strain reduced to the unit of

5trese, and not the values of volumetrio strain,.

The curve 1 shows mimmm that at low stresses (1025 dynes/cma)
Minced meat behaves as an elastioc body, because the strain does
ot change depending on the time and is oompletely and instantly
€liminated after the removal of the stress, The plotiing of the
Telation "stress-volumeiric strain" on the axes of ocoordinates

8lves g straight line.
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Using the ourve 1, we can calculate the modulus of instant

¢lasticity for shear according to the Guek's law:
. 6 2
UL, = ——-§;“~ = §715.10-0 = 1,23 . 105dynes/em
5 *
Where B . the primary value of volumetrioc strain ,

The ourve 2 shows that at increasing the stress. $ill

11540 d,ynes/sm2 a process of elastio aftereffeot takes plasc,
\which,after the removing of the stress, is characterized by an
finstant decrease of the strain at the.value of the primary (go)
®nd by o subsequent fall of the strain till zero. The transiticn
from elastioc strains to elastie aftereffeot oocurs at stresscs

|greater than the elastio 1limit, which is betwecen 1000 and

11500 dynoa/amZ. Using the curve 2 we can caloulate the modulus of

| shear of elastio aftereffect:

- s 1. g = 1,03 . 105dyne§/om2
- B 959 240
“ea Gkt _
whiere B _=E ~E, -~ strain of elastio aftereffect;

Em « maximum of volumetrle straln.

4‘ Creep appears at a subsequent inorcase of the strees
(ourve 3), After eliminating the stress, strains deorease instantly
by the velue of the primary strain (E ), and after thal gradually

| diminish until a certaln volumetrio strain, which is conetont
for three stresses 3a-2250,3b-2665 and 3¢~3065 Cynos/omz at tle

| same time after unloading. At the last stress, whioh is near to

the ultimate strength, a partial destruction of the structure

§ Primary strain is always denoted by Eo' but its value 1s
different for every curve,
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hapnenu and a visoous - plastie flow with an extremely little
Erad1ont 0of speed begins, This viscoua-plastic flow is ocharacter—

lzed by effeotive viscosity in aoccordance with the Newton's law:

flo= —2— AT _26___ _5, 1050ise
(2 AL AE_ 5;2 « 10
at ©

Viscosity, ocorresponding to the creep, will be of a greater
Value, since the movement occurs without destruction of the
8tructure, It is possible after all, using these ourves, to
hialculate indireotly the pericd of relaxation, which ranges from

00 to 400 seoonds and depends on the value and duration of stresses,
This instrument cannot be used for a direot caloulation of the
beriod of relaxation,
A oharacteristic feature of the ourves shown on Pip. 1 is

that all of them begin at the same point 5— = 8,15 4 10~ an /cu,uL,

Thus, we may suppose, that at any instantly applied stresses
;(up to 3000 dyneq/oma) minced meat will ebey the Gueck's law, and
;Volumetric strains will come to nought,

The analysis of the ourves (fig.l) shows that: 1, Minced
(‘at can be regarded as a rheological viscous - plastie body of
Shyedoy~Bingham (9, 10), whioh is characterized by the above~
tentioned Properties: 2. Minoed meat, as well as curds, has a
{ixed spatial struoturc (6); 3. The main equation of the visoous—
Plastic flow of minced meat is the Shvedov-Bingham's equation

2,3,5,6,9,10,11), Also 1t should be noted that: 1. All the curves

M fig,1-are plotted for value of absolute strains up to 170 miorone
¥th almost undestroyed structures; 2, We used method of plotting

rheologioal diagram as the relation——%— =f ( T ) for the first
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time, The working of cxperimental data of other Investigators (12)
“0ccrding to this method glves analogous xelations,

Fig.2 shows the curves for the change of viscosity according
to the degree of destruction of the structure and integral rheolo-
£lcal relations of the flow of minced neat fox frankfurters, The
Upper, horizontal section of the curve 4 shows effective vigcosity
for insignificantly destroyed structures, which coincides with
the viscosity calculated according to Figel., An avalanche destruc-
tion of structure begins at a subsequent 1ncrcase of the strcess
(load), which is shown by the straight = line seotion of tho
turve 4 for loads ranging from 250 to 300 grams, At ginllar 1
the curve 3, characterizing the degreec of destruetion of the
structurc, also represents a straight line, “Phexeupon the offcotive
Viscosity decreascs slpwly and the degree of dagtruction of the
Structure aims at 100%, The curve of the degrec of destruction of
the struoture does not reach 100% because the effective vYiscosity
©t diffcrent gradients of specd and complote;y undestroyed struce

“re cennot be determined by this instrument,

‘. o curves of the rclation between the pumber of revolutions

dex second of the rotor of viscosimeter and ghearing load (shearing
Stress) for undestroyed (1) amd destroyed (2) structures present
Sbceial intercst, These curves confirm the faet that the Binghone
Shvedov's equation can be applied to minccd meat, They are pro-
longation of the curve 4 on Fig.l for greater strains,

The plastic viscosity is calculated by the ourveg 1 and 2.
the ultimate shearing stress vhich is, as it 1s geenm on tle
Uagram, greater for undestroyed structure, than for destroyed

%ne, 15 calculated by the point of interscction of the curves

and the XY-axid,
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The calculation of the ultimate shearing stress, plastic

and effective visocosity was made by the formulas mentioned in
literature (1,2,7,8), The calculation of the degrec of destruction

0f the structure was made by the relation

IT
Lo, - 7;12“_ e 100%
/,/' :[‘
i
Where the values of effcotive viscosity Q f' and i717 ore

Calculatcd by the curves 1 and 2 respeotively, as the valuecs
d‘invcrsly proportional to the tangent of the angle of slope of
) the section linking the origin of coordinates and the point
Seleoted,

Experiments and the relations plotted confirm the conclusions
made by Fig.l and correspond to modern ideas about rheological
‘badies (2,3,6,10,11,12),

Fig.3 shows in logarithnic coales nomimm reletions between
effective viscosity of minced meat for frankfurters foxr rotors of

two diameters (32 and 15 nm) with a cup of 38 mm diametér and

circumferential velocity of rotation of the xotor, The dlagram

d Shows that effeective viscosity (dnstrument readings) depends cn
the diameter of the rotor as a result of the fact that cpreciin o
0f ghear in the thickness of the minced meat ring are diflor.:t
for these two diameters, but the angles of slope (exponents) :

Cqual, We used the functional dependence of the change of effce-

tive viscosity upon the spced for the rotor of greater diameter
for summarizing experimontal investigations of the flow of minced
Meat in pipes by means of critcerion cquations and the Buckingham's

fquntion for higher spezds,
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Experiments show that effective viscosity oan be lower than
Plastic viscoslty but in that case this term meanc effective
Viscosity with regard for the slide of minced meat on tho surface
of the rotor or the pPlpe., This assumption does not contradict to
the settleg Opinion that effective viscogity in limit aims at a
Value of plastic viascosity (20,11,12,13),

We have considered the principal -properties of ninoed meat
for frankfurters, Experimental and theoretioal Investigations
and relations plotted by them show that othex types of minced
‘eeat have similar properties and that the'above made oonclusiong
Can be spredd to all types of minced meat,

Table 1 presents the values of the prinoclipal physico-
Mechanical properties in the technical system of units in

Scoordance with the Shvedov-Bingham's and Newton's equations,
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§Ultimate shearin5viscosigxf§kg,sec/mal
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 Nean Iyo8 ofpuse Plastie @ Bffeotive

e < A 7 : Lture
Pork frankfurters 45  29-46  0,96-1,04 0,296 , W 01762
Sausage lyubitelskaya 70 5084 1,80-2,80 0,5 . w79
" doctorskaya 52 5682 . 1,60-1,90 0,42, uwhlé
. zakusochnaya 70 4255 0,74=1,10 0,51 . =067
Pork sgusage, I1I grade 48 39-48 1,90-2,10 0,41 . =72
® suail sausages - 34=40  0,760,86 -
Pork sausages - 40m51 0,92-0,98 o
Holf-fat outtered pork 65  63-80  1,90=2,20 0,60 , W V172
Cuttered beef - 63=74 1,80-1,90 -
Rissoles domashniye - 30«49 0,80-2,0 -
" kiyevskiye - 35«56 0,96-1,0 -

" mosc ovakiye 42 33=47 0,8-1,1 0,38 . w072

L T — —_— e -

lote: Average specd of the movement of minced meat (W) is
meagsured in m/acc,

® Flow_of minoed meat in pipelinecs

We investigated the flow of minced meat on speoial labora~-
tory stands and industrial installations (3, 6), The principal aim
of investigations was to find the simplost and, at the sove t° o,
suffioiently precise equations for caloulating losses of proar o,
But 1t is necessary to know conditions of moyement of minc: a1
in pipes beforc the salution of this problem., We proved scile:r !
fically and confirmed expcrimentally that a certain orecp of

Winced meat on pipe walls begins with an inoreace of specd,
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Therefore we used for calculations the Buckingham'c cquation
(3,4,5,6,9,11), in which plastic viscosity is used at low cpecds
of movement and effective viscosity = at higher speedss Flged
presents the dependence of the coefficient of hydéulic reoicst: .ce
upon the gene;alized ocriterion of Reynolds for 400 experiments
approximately, As it can be seccn on Fig.4 the experimental

dependence is the same as the theoretical ones

\* 64
- BN
/ Ro *0
}1’ However, Buckingham's equation is correct for a structural &

movement, i,e, for low specds, At a higher speed cxrecp of minced

meat along the walls begins, The formation of a fatty layer on

the walls will contribute to a further increase of orecp at the

same speed, It was found as a result of experiments and caloula=

tions that this equation is correct for high speeds with the upe

of effective viscosity only. In view of this faot the methods of

caloulation beoome much more complicated, since it 1s difficult

to define the limits for the use of plastic and effectlive viccoslly,
'® Teking into account the aforesaild, we oarryied out tle elirhu-

ration of the experimental data, as relations (14) between r.liced

Pressure (stress along the wall of the pipe) and the average s .cd

0f the flow. Fig.5 presents these relations fop sonc types of mine

ccd meat, But these relations arc correct in the first approximas

tion because in fact losses of prescure are proportional to the

diometer not in the first power, We roconmended them for the diame-

ters ranging from 30 to 70 mm because the calgulatlon error in this

range of diameters lics in the limits of experimental orror,

The reccived valucs of effective viscosity in the practically

applicable range of spocds permit generalize theoretically expe-
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rimental data as a result of modification of the gencrcl fu
dependence p = f (l,d;eo,§>f, W) with the use of the diron:!
theory. They also permit to find a criterion equation of the
general character both of theoretical and practical interest. In
this_relation we took account for: length and diameter of the
bPipe; ultimate shearing stiess; viscosity and crecp, joined by
the notion Weffeotive viscoslty"; average gpeed of the movement
of minced meat in the pipe. Density is not considered as a defin-
ing factor because its values fox differept minced meats do not
differ from the mean value more than % 5%, The principal units
for transformations were: d = m, O, - kg/m2 and W - m/sec,

Using the 7} ~theorem we obtalhed a criterion equation of visocous-

plastic masses in general aspect:
2 (y ) BuRe )= 0,
u

Where Eu = -Afa—- -~ Euler's criterlon,

ya
Eu' = jrsﬁ-— -~ modified Bulex's oriterion,

o :
Re = -Lﬁiiya-ncynolds' critcerion,
0¢

Solution of the general equation along experimental data of
ninced meat in the range of speeds from 0,01 to 1,6 m/sec. gives

& criterion equation which is true for any minoced meat:

B8, = 2000 1899 (Bu'Re)~01582

Eu
“né alfter trengformations - design equation for defining losses
of pProssure in pipclinoc:

= -0,782 0,118 0,882 0,882
p = 2000 14 ! 90 f) £ W
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This equation shows that an enlargement of the diametor of
the nipe, the rest of the values being constant, leads to a

we of logseS§ of pressurc, The values of physico-nechanical
"rop.rties of minced meat for this equation are showvn in Table 1,

cince the oriterion equatlon is true for any minced meat,
the problem of caloulation for any pipeline oconsists in evaluating
the ultimate shearing stress and effective viscosity of minced.
meat by means of a rotary viscosimeter of dimensions mentioned,

Mathematical investigations showed that the three equationst

‘Buckingham’s one, a system of empiric equations obtained by us

and the general criterion equation give almost equal results,

Which are near to the results 6f the experiments,

5. 3% was found experimentally that minced meat is a viscous~
Plastic body. At low stresces 1t obeys the 1aws of elastic bodics,
ot high stress it flows like a viscous liquid,

By means of exporiments we defined the most important
Phyoico-mechanical propertics of minced meaty ultimate shearing
‘itr ®s and viscosity, and at low stresses = modulus of elastioity
<, It was proved that the Buckingham's gquation is true
Tor the calculation of pipelines with struotural movement,

3. Dynamics of the movement of viscous~plastic bodles in
Pipelines 1s presented in the form of a ecriterion equation, As o
Tesult of the experiments conducted we obtained the criterion
®Quation true for all types of minced meat and proposcd o degi

CQuation for losses of pressure in pipelincs during the moverwnt

°f aifforent types of minced meat.
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FIGURES

Complete theological diagram of minoed meat for
frankfurters,

Dependenoce of the speed of relative shecaying (number of
revolutions per second of the rotor of the visoosimeter)
of partly (1) and.oompletely (3) destreyed struoture, the
degree of destruction of the struoture (3) and effeotive
visocosity (4) upon the shearing load for minoced meat for
frankfurters,

Dependenoe of the effeotive visecosity of minced meat for
frankfurters ufon the oircumferential speed of the rotor

(average speed of the movement of minoed meat in pipes).

Diagram of dependence of hydraulio resistance ooefficicnt
upon the geporalized Roynolds' oriterion for diffcrent

minoecd meat,

Dependenﬁe of the pressure (stress along the pipc wall)
upon. the average speed of the movement of minoed meat:
1 = minoed beef; 2 - half-fat outtered porkjy 3 - pork

frankfurters,
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V.M. Gorbatov, N,E,Fyodorov, A.V.Gorbatov, Se Py Ragakov,
I.A.Rogov,

The knowlcdge of the principal bphysico-meohsnical propcrtims
0f minced meat and changes of pressure, developing during 1ts
Movement in plpes, is necessary for seientifilcally bascd cialeulns
tions for development and improvement of installations and
technological lines of sausage production,

Experimental investigations showed that minced meat can be

‘ega:cded as a viscous-plastic body. At low stresses (strains)
2t i characterized by modules of instant elasticity and elastic
aftereffect, At high stresses crecp occurs and strain is not
eliminated completely after removing the ctresse At streasses
higher than ultimate shearing strcss minced meat flows like
Viscous liquids, The Shvedov-Bingham‘equation was selected as the
Principal cquation for characterizing viscous-plastic flow,

1t was prowed, that the Buckinghan's cquation is true for
caloulating pipelines witl. structural movement, i,c,movement at

‘ow speeds,

An analytic investigation of the flow of Viscous-plastic
bodies_in Pipelines was carried out on the basis of the dimenric:,
theory, A general criterion equation with regard Por physico-
Mechanical properties of viscous-plastic bodies was obtained,
Solving this equation and using the data of our investigetions

0f the movement of differcnt types of minced neat in pipelincs and
cffoctive viscosity values for different spccds,we obtained a par-
tial relation - the criterion cquation of minced meat dynamics,upon
"hich we based the equation for calculating logssce of bProessure in
Dipelines during the movement of any minced meat,




SOMMAIRE DE_LfARTICLE "L'ETUDE DES PROPRIETES PHYSICO-

MECANIQUES DE LA PATE DE VIANDE ET DE SON ECOULEMENT

DANS_IES_CONDUITES

V.M, %orbatov, N,E.Fjedorov, A.W,Gorbatov, §,P,Kasakov,
I,A.Rogov,

Pour les calculs scientifiques, relatifs 3 la construotion
des nouveaux apparells et 3 l'amélioration des vieux, ainsi que
des lignes technologlques de la charcuterie, 1l est nécessaire
de bien connaltre les propribétés physico-méoaniques de la plte,

@:t 10 caractdre des changements, qu'elle sublt pendant son
mouvement dans les conduites.

Les études expérimentales ont montré, que les pites de
viande appartiennent aux matidres visco-plastiquesj dans le cis
des tensions taibles (déformations) elles se caraoctériscnt par
des modules d'élasticité instantande et de ltaotion postérieurc
¢lastique.

Dans le cas des tcnsions élevées on observe "le oreep;
cependant, quand on enleveé lo tension, la déformation ne disparait

'.Pas compldtement avec le temps, Enfin dans le cas de% tensions
axeddont la tension limite de déplacement, los pltos ooulent
cemne des liquides visqueux. Pour la caracteristiquo dtéooulcment
viscoplastique on a choisi 1'équation de Chwodov-Bingham, comme
base,

Pour les calouls des conduites dans le domaine du régime
Structural du mouvement, c'est & dire & petites vitesses,
l'applicabilité de 1'équation de Bukingham “a eté prouvée,

Se¢ basant sur la théoric de dimension on a effectud

l'investigation de la dynamique de l'€coulemont des matidres
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~ Visco-plastiques dans lcs conduites ct on a obtenu, unc dquation
eritdre de fornc générale, prenant en considération les propriétés
physico-mécaniques des matilrec visco-plastiques, Au cours dc 1o
résolution de cctto ‘équation, cn utllisant les résgultatc,
investigations du mouvement de la plte dc différentec cs bocs
dans les conduites, ainsi que tenant compe du r8le dmport:t <o
la vigcosit® effective pour l'amplc diapason des vitesces, on
obtenu un rappory de genrc particulier - une &quation oritdre
de la dynamique dos pftes, pouvant scxvix, & notre avis, de basc
'Bour 1'équation de calcul des pertes de pression dans les conduites

pecndant le mouvement des pltes de différentes cospecls,



UNTERSUCHUNG VON PHYSICO-MECHANISCHEN EIGENSCHAFTEN DES
BRETS_SOWIE DESSEN STROMUNG DURCH DIE ROHRLETTUNGEN

S . @ b G

. '(Zuﬂgmmﬂnfassung) ' ‘

.M. Gorbatow, N.E,Fjodorow, AsWsGorbatow, 8,P,Kasakow,

lesAsRogow,

Flir die wissenschafilich-begriindoten Berechnungen beim
Schaffen neuer und Modernisloren alter Apparate und technologisoher
Wurstherstellungslinien sind die Kenntnisse sowohl der physiko-
mechanischen Eigenschaften des Br¥ts, als auch der Art der Drucke-

: ‘” .B.nderung wihrond dessen Bowcgung duroh die Rihren exforderlioh,

Die experimentellon Urtersuchungen haben gozelgt, dusc
Fleisohbrit zu viskos-plastischen K8rpern geh¥rt, Bei nledripgen
Beanspruchungen (Deformationen) werden sie durch die Augonblioks-
elastizitlits~ sowle die elastischon Nachwirkungemoduln chaxrak-
terisiert. Bei hohen Boanspruchungen wird Krieohen (Creep) boo-
bachtet, wobei zaoch der Beanspruchungslosmachung versohwindet
die Deformatior nicht vollkommen, Bei den Beanspruchungen, die
die Cronsbeanspruchungen dexr Verschiebung Ubersteigen, stxtnmt
das Brit wip viskose Flﬁss:i.g;éﬁeiten. Als Grundgleichung fHr dle

n” Q‘haraktmistuc der viskos~plastischen St:t;vmung wurde dis Sohwedow-
Bingham-Gleichung gewlhlt,

Flir die Berechnung von Rohr;eitﬁngen auf dem Gebiet des
strukturellen Bewegungsreqimes, d,h, bei goxringen Goeohvindigkoiten,
ist die Eignung der Buokd.nghain—ﬁleiohimg bewlesen, :

Auf Grund der Dimensiongtheoris wurde eine analytiscle
Untersuchung von Str¥mungsiyaamik der viskose~nlastischen Fvpos
in den Rohrleitungen vorgenommen urd eine kyiterislle Gletohp

| allgemeiner Axrt nmit Berficksichtigung der physico=mschanischen
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.“iaenuohaftcn der viskos-plastischen K8rpcr erhaltene
AuflOsen dieser Gleichung und Ausniizon unserer Untersuchungs-
-'feréebnisse betreffs der Bewegung des Flo;pchbrdts in Rohxleltungcn
und der Bedeutung der effektiven Viskositit bei unterschicdliche:
;Geschwindigkeiten ergab eincn Zusammenhang spezileller Art -~ dic
‘kriterielle Gleichung der Fleicchbritdynanlik, auf deren Grund
Wir eine Rochnungsgfoichung flir Druckverliiste in den Rohrleitungen

| Wehrend der StrBmung verschiedener Fleischbritarten vorsehlascen,
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