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Structure formation in polyethyleneoxide solution streaming through jet-shaping
head while cutting foodstuffs
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Objective - to determine peculiarities of macromolecule behaviour under conditions of a jet-shaping head that
would allow to solve the issue related to the mechanism of increasing water-jet cutting power with polymer additions.
In converging polyethyleneoxide solution flow macromolecules are forced by a hydrodynamic field to rather strong
stretching that causes the dynamic structure formation in solutions. The determined regularities of macromolecules
behavior in the flow with longitudinal velocity gradient and manifested in this case effects of elastic deformations have
paramount importance in understanding the mechanism of “anomalously” high cutting power of water-polymer jet.
The work for the first time makes it possible to explain the nature of increased water-jet cutting power with polymer
additions when cutting foodstuffs. Understanding the nature of increased cutting power of water-polymer jet will make
it possible to develop recommendations on choosing regimes for water-polymer jet processing of foodstuffs by cutting.
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Ieny - ycmanosumov o0codeHHOCHU NOGeOCHUS MAKPOMOIEKY] 8 YCI08UAX cmpyedhopmupylowieli 201068Ku,
Komopbvle no36071am noOOimu K peuienuio 60npoca 0 Mexanusme y8eauienus peicyuieii ChocoOHoCmu 2ZUopoCcCmpyu ¢
nonumepuvimu  0odaskamu. Ilpu cxoosawemcas meuenuu pacmeopos NOJUIMUNEHOKCUOA MAKPOMOIEK)ibl
n008eEP2AIOMCA 8eCbMA CUILHOMY PA3BOPAYUGAHUIO NOO Oelicmeuem 2UOPOOUHAMUYECKO20 NOJIsA, YHO 6 pe3yibmame
nPUEOOUM K OUHAMUUECKOMY CHIPYKHYPOOODA306AHUIO 6 PACMEOPAX. YCmano61eHHble 3aKOHOMEPHOCIU ROGEOEHUA
MAKPOMOAEKY]l HPU MeYeHUU ¢ RPOOOTAbHbIM ZDAOUEHMOM CKOPOCHU U RPOAGAAIOUWUECA RPU IMOM IPhexkmpl
ynpyzux oepopmauyuii umerom onpedenniouiee 3HaUeHue 6 HOHUMAHUU MEXAHUZMA «AHOMATILHOY) 6bICOKOIL pexcyuieil
cnocoonocmu 600H0-noaumephnoii cmpyu. Paboma enepevie nozeonsaem o0vachume npupooy yeeaudenus pexcyuiei
cnocoonocmu  2udpocmpyu ¢ HOJUMEPHBIMU  000agKkamu  npu  00pabomke  nuuieevix - NPOOYKmMoe
pesanuem.Ilonumanue npupoost yeeauuenus pexcywieii. cnOCOOHOCMU 600HO-NOTUMEPHOU ZUOPOCHPYU NO380TUM
pazpadomams peKoOMeHOAUUU RO BbLOOPY PeENCUMO8 ZUOPOCHPYUHOU B00HO-HOAUMEPHOU 00PAOOMKU NUULEEIX
nPOOyKmog pe3anuem.

Knrwowuesvie cnoga: 1nonuMepHbIl pacTBOp, IMIIEBbIE NPOAYKTHI, IOJIMUITUIEHOKCH], CKOPOCTb, T'MAPOAMHAMHUYECKOE
10JIe, TPAJIMEHT CKOPOCTH, JiehopMamoHHbIE 3 (DEKTHI.
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It is known that small polymer additions lead to a sharp increase of water-jet cutting power when processing
foodstuffs by cutting [1]. In connection with this, it is important to know physical mechanism of the observed effect.
Among the attempts to explain the nature of the effect of water-polymer jet “anomalously” high cutting power a special
place is held by an approach based on deformation impact of hydrodynamic field on macromolecules. To substantiate this
approach it is necessary to prove experimentally the presence of dynamic structure formation in solutions by
hydrodynamic field under conditions of a jet-shaping head.

The research of converging currents has shown that it is possible to generate flow with predominantly longitudinal
velocity gradient, i.e. to simulate conditions that appear in a jet-shaping head, with the help of a short capillary tube [2].

Let’s examine the tests allowing to reveal the ability of hydrodynamic active polymers to dynamic structure
formation effected by hydrodynamic field with stretching. To create hydrodynamic field with stretching there has been

used a flow of Newtonian liquid (water, acetone, dioxan) converging to a small outlet 0.3-10° m in diameter. At quite a
distance from the outlet there have been injected in this flow some jets of PEO solutions or hydrolyzed polyacrylamide

(GPAA) with molecular 6-10% and 4.5-10% and characteristic viscosity 2.42 and 3.70 m? / kg correspondingly. The

degree of PAA hydrolysis was 5 percent. Interval of the studied concentrations was 0.001-0.1 percent. The solutions were
prepared in the following manner. A previously (one week before) prepared 0.1 % solution of PEO was diluted with
distilled water. Additives of 0.05 % potassium iodide were introduced to exclude degradation of the polymer solutions
upon storing [1,2].Polymer solution velocity in points of injection agreed with velocity of the main liquid flow.
Visualization of the flow in the inlet area was done with the help of dye additives injected into polymer solution and
polarization-optical method.

Under small outflow velocities dyed jets of polymer solution visualize stream-lines of the main flow (Figure 1).
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Figure 1 — Picture of flow in the inlet area of a capillary when injecting
polymer solution into water during pre-critical mode of outflow

In his case behaviour of PEO and HPAA solution jets doesn’t differ at all
from the behaviour of water jets injected into converging liquid flow. Reaching some critical flow rate of liquid through
the orifice the character of jet flow of polymer solution drastically changes. Rather thick polymer jets transform into thin
threads that change their length with time flow (Figure 2).

When observing the dynamics of forming and destructing separate threads (here lies the moving pulsation character
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of the flooded polymer jets) the following regularity comes to life. At the beginning when polymer jets approach the
orifice there can be traced their gradual bend towards the orifice. Here their velocity growth along these curve trajectories
becomes more noticeable as the jet thickness gets reduced. Near the orifice discontinuous (for PEO solutions) reduction
of jets thickness takes place as they are transformed into thin threads. Transformation area of a thick jet into a thin thread
starts to shift up along the jets resulting in the increase of the thread length. HPAA water solutions reveal more gradual
change of jet thickness than PEO solutions. As jets approach the orifice not concurrently the length of threads spun by the
flow from separate polymer jets is different at each given moment. Birefringence is observed in the area of thread
emergence.

When reaching some critical length a thread cuts off in close proximity to the orifice. After that the remaining at
the top thread loses its elasticity and sags marking one of the stream lines of the main flow. When a polymer jet
approaches the orifice again the whole thing is repeated anew. This process is resumed with time interval from fractions
of a second to several seconds depending upon the outflow mode of the main flow, polymer molecular mass, polymer
type, solvent quality and temperature, as well as polymer concentration in solution.

Mg = 3-10%, Cppo = ).03%, T = 2.5m-s”
Figure 2 — Photo of flow at the point of wire probe effecting
a polymer thread spun by hydrodynamic field

Outflow velocity growth of converging water flow as well as increase of molecular mass and polymer
concentration result in the increase of thread length and reduction of their length-changing rate. Temperature growth leads
to the opposite effect. Tests with acetone and dioxan (solvents with poorer thermodynamic qualities than water) showed
that under the same velocities as in tests with water pulsation rate of thread length is bigger, but the amplitude of these
changes is less than in case of injecting polymer solution into water. It should be also stressed that there are such ejection
modes for concentrated (to Debay [1]o C > 1) polymer solutions, when the emerged polymer threads don’t cut off during
the whole period of observation.

There also has been studied the effect of initial (non-turbulent by hydrodynamic field) sizes of molecular coils, that
in poly-electrolytes (HPAA) depend on the hydrogen measure of the surroundings, on the ejection character of HPAA
solution jets injected into water flow. The experiment has shown that in case of pH of the main flow equaling 2 the length
of a polymer thread decreases sharply (3-4 times for 0.05 percent concentration) while the thread length-changing rate
increases by 1.5-2 times. The increase of pH in the range between 7 and 9.5 practically doesn’t influence the ejection
character.

The main regularities of the polymer jets behaviour when injected into a flow with stretching, which is the main
liquid flow, are similar to those in case of polymer solution outflow through short capillaries [2,3]. Hence, the observed
behaviour peculiarities of the flooded polymer jets in flow with stretching are caused by rather strong polymer coils
unrolling effected by hydrodynamic field (the degree of unrolling here as it was said above reaches ~60 percent).
Uncoiling of macromolecule chains leads to decrease of their flexibility, which under certain conditions causes phase
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separation effected by hydrodynamic field, i.e. it leads to dynamic structure formation.

The following experiment may serve as a proof of dynamic structure formation effected by hydrodynamic field
with stretching. A thin wire with a device for polymer thread hold-up is introduced into the inlet area of the orifice during
the pre-critical mode of the main flow ejection. This wire travel in the plane perpendicular to jets doesn’t change the flow
picture, i.e. during these modes the polymer jets are permeable to it. If the experiment is repeated during over-critical
mode of liquid outflow, then it would be possible to hold-up one or several polymer threads during their growth and
divert them as it is shown in Figure 2. This can be done only if there is a strong interaction between polymer molecules,
i.e. when sub-molecular structure is formed, in this case under the effect of stretching hydrodynamic field. The minimum
concentration of PEO water solutions allowing to divert a thread spun by hydrodynamic field was 0.008 percent, which
corresponds to the range of diluted solutions ([n]o C < 1).

The given results as well as those obtained while studying converging flows of polymer solutions allow to state that
hydrodynamic active polymer solutions should be divided into at least three concentration ranges. The first is the range of
diluted polymer solutions when macromolecules are under strong deformation effect (unrolling) caused by hydrodynamic
field, but the interaction between them is still weak. The second is the range of semi-diluted solutions (intermediate) when
during pre-critical flow modes become diluted and during over-critical modes they become concentrated due to super-
molecule structure formation caused by the shift of phase separation curves effected by hydrodynamic field. These
dynamic structures should be classified as dynamic phase transitions that are studied by the theory of dissipation
structures [4]. And the last range is the one of concentrated solutions ([n]o C > 1), when noticeable interaction between
molecules do exist without hydrodynamic field. It should be stressed that the first two ranges refer to concentrations when
the “anomalously” high cutting power of water-polymer jet processing of foodstuffs by cutting effect is manifested.

So, the results obtained by us show that dynamic structure formation and periodic processes subjected to
Prigozhin’s principles of self-organization may occur in hydrodynamic active polymer solutions in flow with stretching.
The determined regularities of macromolecules behavior in the flow with longitudinal velocity gradient and manifested in
this case effects of elastic deformations have paramount importance in understanding the mechanism of “anomalously”
high cutting power of water-polymer jet processing of foodstuffs by cutting.
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