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Introduction. Analytical and natural researches of process of
cooling of a packing film of low density polyethylene (LDPE; high
pressure polyethylene) are conducted by the flowing-down water
film.

Material and methods. Pilot studies of cooling of the film are
conducted at the following parameters: film type — flat; speed of the
film — 0.03-0.50 m/s; sizes of the slot-hole distributor of a water
film: slot size — 0.4-0.8 mm, slot width — 300 mm; temperature of
the cooling water — 1540 °C. Rational parameters of process of
cooling are determined on the basis of mathematical modeling.

Results and discussion. Parameters of a liquid film change only
on an entrance zone and depend on liquid concentration, speed of the
polymeric tube and initial distribution of speed of the liquid at the
exit from a distributive ring. At high values of liquid concentration
(Re>20000) only the wall layer of liquid participates in heat
exchange.

For the film from LDPE its external surface hardens at distance
about 0.01 m from the beginning of contact with water, and an
internal surface — at distance about 0.10-0.15 m. Therefore the ring
for distribution of liquid needs to be established after the termination
of a blowing zone of the polymeric tubular workpiece. It is also
necessary to provide the steady movement of a continuous liquid
film on an external surface of a polymeric tube on length to 0.2 m
from the beginning of contact of liquid from the polymeric film.

Temperature of the cooling water in the range of 20-60 °C
significantly does not influence both intensity of cooling process,
and physical-mechanical properties of the produced polymeric film.

For thick films from LDPE (thickness more than 200 pm) and
over 1 m wide intensity of cooling is limited to the critical liquid
concentration.

For practical application of the received results the nomogram for
determination of volume liquid concentration of the cooling water,
and also volume productivity of the technological line depending on
the sizes of a ready tubular blown polymeric film is offered.

Conclusion. The scientific value of results consists in definition
of rational conditions of application of liquid cooling of the tubular
blown polymeric films produced by extrusion.
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Introduction

Process of cooling of an extruded tubular blown polymeric film significantly
influences productivity of the film technological line and quality of the produced product.
Due to relative simplicity of constructive and technological realization of process of
cooling the air method is the most widespread. However the air method of cooling can not
always correspond to high productivity of the basic machine of the film line, namely a
screw extruder, especially at production of thick polymeric films [1-4].

It is essential to increase efficiency and intensity of cooling of a polymeric tubular
blown polymeric film by means of its interaction with a film of the liquid which is flowing
down on its external surface. In this case the method of extrusion of a tubular polymeric
film with blowing according to the scheme "from top to down" is the most expedient
(unlike air cooling when the scheme "from below up" is the most acceptable).

However for the analysis of efficiency of process of cooling of the tubular blown
polymeric film with a gravitational film of liquid it is necessary to investigate
hydrodynamics of the liquid film which is flowing down on the moving firm surface and
also heat exchange between them.

Literature review and research problems

The main stages of technology influencing quality of tubular blown polymeric
packing films are processes of preparation of polymer melt in an extruder, a blowing of
workpiece of the polymeric tubular film at the exit from an extruder die, and also cooling of
the overblown polymeric tubular film.

The analysis of publications on a problem of production of tubular blown polymeric
films showed that the majority of them is devoted to numerical and experimental modeling
of separate stages of process of their production. At the same time the main attention is paid
to process of preparation of polymer melt in the extruder [5—9], to process of a shaping of a
polymer film bubble (the overblown polymer tubular film) [1], and also process of cooling
of the formed polymer film bubble with a stream of air [10].

For example, in work [11] production process, and also rheological properties of
fusion and tubular blown films of the polypropylene filled with various nanoparticles are in
detail considered. At the same time the formed tubular blown film was cooled on air.

The mathematical model of not isothermal process of a shaping of a tubular blown
polymeric film is given in work [12]. The analysis of average temperature of a tubular
blown film from the low density polyethylene and axial tension arising in it in the course of
a blowing is made. Cooling of a film is considered at its contact with air.

In work [13] properties of a tubular blown film from linear low density polyethylene
with an additive of hyperbranched polymer are investigated. The produced films differ in
high quality of a surface with high operational properties. The studied films were produced
by means of a single screw extruder with a diameter of screw of 25 mm and the relation of
length of the screw to its diameter 25:1. Cooling of a polymer bubble was carried out by an
air stream.

Work [14] investigates properties of a tubular blown packing film from polyvinyl
acetate with nanoparticles of starch. The polymeric film was made on a single screw
extruder with a diameter of screw of 35 mm; screw long 25 times more of its diameter and
extent of compression 1:3. The polymer bubble after its blowing was cooled on air.

Features of traditional technology of a tubular blown polymeric film on the basis of
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starch are also considered in works [15, 16].

In work [17] process of blowing and dynamics of further destruction of a
biodegradable tubular blown polymeric packing film on the basis of low density
polyethylene are considered. Cooling of the film after its blowing it is also carried out on
air.

Results of research of process of production of a biodegradable tubular blown film,
and also physical-mechanical properties of this film are considered in work [18].
Production of the film in this work is also considered by the method "from below up" with
cooling of the film on air. Results of similar researches for a biodegradable tubular blown
film on the basis of Polylactic acid are given in work [19].

Results of researches of process of orientation at production of tubular blown films
from various types of polyethylene are given in work [20]. Anisotropy of the films
produced by an extrusion method with their further cooling on air is also considered.
Results of similar researches are given also in work [21].

Possibilities of a blowing of tubular films from polyethylene and polypropylene are
considered in work [22].

In work [23] rheological aspects of process of a shaping of a polymer bubble with its
further cooling on air are in detail investigated.

Similar problems are also considered in works [24-28].

Works [1, 29] present results of mathematical modeling of process of cooling of
tubular polymeric products in a liquid stream. However the models given in these works are
not suitable for the analysis of process of cooling with the flowing-down liquid film.

Directly the problem of cooling of polymeric films is considered in work [30].
However these researches concern cooling to a flat polymeric film on the drum which is
partially shipped in a water bath. And results of mathematical modeling of process of
cooling of a tubular polymeric film by the flowing-down liquid film are given in work [31].
At the same time the analysis only of results of mathematical modeling of the temperature
field of epy polymeric film is made and stability of the polymer bubble and a liquid film in
this work were not considered.

The hydrodynamics and heat exchange of the flowing-down water film at its boiling
on a motionless vertical surface are investigated in work [32].

The majority of the settlement dependences of process of heat exchange which are
available in literature with participation of the flowing-down film of liquid are suitable for
motionless horizontal or vertical surfaces [33] that makes impossible carrying out the
analysis of process of film cooling for a mobile vertical surface.

As we see, the majority of researches of the last years concern the analysis of
properties of new polymeric compositions and films with their use. At the same time results
of researches of process of cooling of a tubular polymeric film with the liquid film which is
flowing down on it are practically absent. Therefore researches of process of liquid cooling
of hose polymeric packing films is actual.

The objective of the study is the analysis of process of cooling of tubular blown
polymeric packing films the flowing-down liquid film. It will allow to determine rational
parameters of process of cooling (type of cooling liquid, its temperature and a volume
discharge, and also cooling zone length) for cooling of a polymeric film up to the required
temperature in a definite time.

It is necessary to solve the following tasks to achieve the objective:

— theoretical investigation the liquid concentration size providing a condition of balance
of forces, acting on a polymer bubble at its cooling with the flowing-down liquid film;

474 —— Ukrainian Food Journal. 2018. Volume 7. Issue 3



Processes and Equipment ——

— experimentally confirm a possibility of practical realization of process of liquid
cooling of tubular blown polymeric films;

— formulate recommendations about rational realization process of cooling of tubular
blown polymeric packing films with the flowing-down liquid film.

Materials and methods
Materials

As material of the studied polymeric films low density polyethylene (LDPE) of two
types was used:
—  LDPE, type 1; density is 919.0 kg/m®; melt flow index of 2 g/10 min at a temperature
of 190 °C and load of 21.17 N;
—  LDPE, type 2; density is 920.5 kg/m’; melt flow index of 0.3 g/10 min at a temperature
of 190 °C and load of 21.17 N.

The studied samples of a polymeric film produced the next way.

The film sample by the sizes 1000x320x0.1 mm (along the polymer bubble) was cut
out from the polymer bubble in folded form produced on experimental-industrial working
plant. Then the long parties of a sample of the film fixed on a similar film substrate by
means of steel wires with a diameter of 0.5 mm. Then the film substrate in horizontal
position had on the flat electric heater. In the middle of the made package from one of its
short parties between a sample of the film and the film substrate placed jumped to thickness
of 0.1 mm thermojunction. After that at a temperature of 180 °C the prototype of the film
and the film substrate were welded among themselves. As a result received a monofilm 0.2
mm thick with sealed in its center (on thickness) the thermocouple.

Samples of a polymeric film of other thickness were similarly made.

Experimental installation

Authors developed the experimental stand for research of process of heat exchange at
a film current of liquid on a mobile polymeric surface. Also experimental-industrial
installation (working plant) was developed for production of a tubular blown polymeric
film with liquid cooling on which operating modes of formation of the polymer bubble and
a design of the liquid cooling system were fulfilled.

Basic elements of the experimental stand are a head for distribution of the liquid film
and the studied flat sample of a polymeric film.

The head is executed in the form of the plane-parallel slot-hole distributor with
regulation of distance between sponges (within 0.4...0.8 mm) and slot of 300 mm wide. At
the same time as cooling liquid the tap water which is previously purified by means of the
filter with a temperature of 15...40 °C was used. Regulation of water temperature was
carried out by means of the heat exchanger supplied with resistance electric heaters. The
volume flow rate of water was regulated the valve, and measured by the rotameter. Also
after each experience carried out control measurement of volume of water by a volume
method by means of a measured vessel and a stop watch. Water temperature on an entrance
and an exit of the studied sample of the polymeric film was measured by the thermocouples
installed in the camera of a distributive head and before a reception funnel.

The prototype of the polymeric film with a film substrate the long parties was fixed on
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links of two vertically located infinite chains which covered driving and tension asterisks of
the pulling device. At the same time the thermocouple of the film sample was connected to
measuring equipment. The run of the film was carried out from the reversive electric motor.
The film run in the vertical direction was limited to two limit switches. The working film
run — vertical from top to bottom with the regulated speed (0.03-0.50 m/s), and idle run —
from below up with a constant speed.

Heating of the polymeric film prototype was carried out thermal radiation from the
thermal screen the size 0.3x1,0 m supplied with the flat electric heater of resistance.
Temperature of the screen was maintained automatically by means of the device of thermal
automatic equipment. For providing the "soft" mode of heating of the sample it was carried
out not only regulations of power of the electric heater of the screen, and distance between
the screen and the sample.

Steel wires at the edges of the double thickness monofilm during experience played a
role of peculiar thresholds, providing at the same time a current of the liquid film, uniform
on sample width.

Research was conducted in the following sequence.

By means of chains the sample of the polymeric film is established in extreme top
point (at the same time the top limit switch works). After that the necessary mode of
heating of epy film with the thermal screen before achievement by a sample of epy
polymeric film of necessary temperature was provided.

Then the necessary volume flow rate of water of a certain temperature which at the
exit from a head in the form of a flat film flew down on the motionless directing plate
established under a sample of the polymeric film and at last got to a reception funnel was
provided.

After that the drive of the pulling device was switched on. At the same time chains
with the set speed moved the polymeric film sample concerning the distributor of a water
film, the sample began to contact to water and was gradually cooled, the lower limit switch
of the stand did not work yet. During the movement of the studied sample of a polymeric
film the thermogram of its cooling continuously registered.

Thus, at the experimental stand it was possible to conduct numerous researches of
cooling process of a certain sample of the polymeric film under various conditions: a
volume flow rate of the cooling water, its initial temperature, and also speed of the
movement of the sample of the polymeric film.

Experimental-industrial installation for production of the tubular blown polymeric
film is developed on the basis of the line for production of a tubular blown film according
to the scheme "from above-down". Installation consists of a single screw extruder, an
extrusive ring die with the central feeding of melt below which the ring for formation of the
water film on an external surface of the polymer bubble is located. For elimination of
possible cross fluctuations of the polymer bubble below the liquid distributive ring the
stabilizing device with system of the rollers made of a polytetrafluorethylene (teflon) which
evenly on a circle contact to the bubble is mounted. Under these device it is mounted the
putting and pulling devices executed in the form of two cheeks located at an angle to each
other and two rubberized rolls, respectively (Figure 1).
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13
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Figure 1. Experimental-industrial installation for production
of the tubular blown polymeric film:

1 — extruder ring film die; 2 — the film cooling system with a distributive ring; 3 — tubular blown
polymeric film; 4 — film of cooling water; 5 — the putting cheeks; 6 — the pulling rolls; 7 — bathtub for
water reception; 8 — drain branch pipe for maintenance of water level in the bathtub; 9 — electrical
heater; 10 — filter; 11 — pump; 12 — regulating valve; 13 — rotameter; 14 — resistance thermometer

On the made experimental-industrial installation (working plant) a number of
experiments on production of tubular blown films from LDPE in the wide range of values
of productivity of the extruder, volume flow rate and reference temperature of the cooling
water, and also film thickness depending on conditions of production of the polymeric film
was carried out.

Mathematical modeling

Earlier authors developed mathematical model of process of liquid cooling of the
tubular blown polymeric film [31]. This model contains the equations of the movement and
continuity for the liquid film current by gravity, the equations of conservation of energy for
the polymeric film and the liquid film, and also the corresponding initial and boundary
conditions on the speed and temperature.

The developed model allows for the set film speed (extruder productivity) and
parameters of the film to determine length of a cooling zone or for the set length of a
cooling zone to determine the maximum speed of the film with the set parameters.
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Results and discussion
Theoretical researches
For determination of design and technological data of cooling process of the tubular
blown polymeric film we will consider balance of forces, acting on the polymer bubble

limited to two sections: melt exit section from a ring extrusive die and section through
contact of the pulling rolls (Figure 2):

|
|

\+P+G+P, +F +F, +F, =0, (1)

T

where E) is the viscoelastic stretching force operating in the bubble basis (it is result of action

of other forces applied to the bubble), N; P is force from action of pressure of air inside the

bubble, N: G is weight of the bubble, N; IBW is force of a high-speed pressure of a stream of
liquid at the exit from the distributing device of a liquid film, N; ﬁ'r is bubble stretching force

from the pulling rolls, N; ﬁfp is bubble friction force on cheeks of the putting device, N; Ffw is
friction force between the polymer bubble and a film of liquid, N.

Let's write down dependence (1) in projections to a longitudinal axis of the bubble

Fy+P-G-PF, cosy—F +F,—F, =0. (2)

Now we will consider each of components of dependence (2).
The viscoelastic stretching force operating on the bubble basis

Fy =27n1,6,0, ,
where ry and §, are initial radius and initial thickness of the polymeric tubular workpiece (initial
polymer bubble) at the exit from the extrusive die, respectively, m; o, is the longitudinal
tension of stretching in the bubble at the exit from an extrusive die, Pa.
Force from action of pressure of air in the bubble is
P =7z(r52 —roz)Ap R
where r, is bubble radius after its blowing, m; Ap — excessive pressure in the bubble, Pa.
The weight of the polymer bubble is equal
G=G +G,+G,, (3)
where G, is weight the bubble on the blowing zone, N; G, is weight of the bubble of a
cylindrical form on the zone from the place of contact of the bubble with liquid to the zone of

folding of the bubble, N; G; is bubble weight on the zone from the place of folding of the
bubble to the pulling rolls, N.
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Figure 2. The scheme of forces operating on the polymer bubble at liquid cooling
(explanations in the text)

Let's analyze the components of formula (3).
Bubble weight on the blowing zone is [1]

G = 27rr050pg[

Vo

(H,~h)In >+ |, )
s Vo Yo

where g is acceleration of gravity, m/s’; v, is speed of tubular workpiece at the exit from the
extrusive die, m/s; v is speed of the formed bubble at the exit from the blowing zone, m/s; H, is
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distance from the beginning of blowing zone prior to contact of the bubble with liquid (the
blowing zone), m; 4 is distance from the extrusive die prior to the beginning of blowing zone, m.

Taking into account practice of production of tubular polymeric films their stability
during cooling with the film of liquid is maximum in a case when % =0. Then dependence
(4) takes a form

Gl=27zr050Hlpg[ Yo h&} (5)

Vs ™V Vo

The weight of the cylindrical part of the bubble on the zone from the place of contact
of the bubble with liquid to the zone of folding of the bubble

G, =2nr6,pglL, . (6)

where 3, is bubble thickness after its blowing, m; Ly, is length of the continuous liquid film flow
zone, m.

Bubble weight on the zone from the place of the bubble folding to the pulling rolls

G, =2n1’5,pg ctgg , (7)

where f is angle of folding of the polymer bubble.

Taking into account expressions (5)—(7) dependence (3) will equal

In V—SJ + 27[}"85Spg(wa + rsctggj .

Vs ™V Vo

Vo

G= ZEroéoHlpg[

Force of a high-speed pressure of a ring liquid stream

P, =nrH pwl7 2
where H is width of slot of the distributive ring of liquid, m, m; p,, is density of liquid, kg/m’;
U is average speed of liquid in a point of contact with the polymer bubble, m/s.
Friction force between the polymer bubble and the liquid film is
Fiy = SiThy »
where Sy, is surface area of the polymer bubble length Lg, (from the place of the beginning of

contact of the bubble with liquid to the place of a rupture of the continuous ring film of liquid
on separate streams), m; Tg, is tangent tension on contact border "polymer — liquid", Pa

Twall =8 gp w2
where § is average thickness of the liquid film of on the zone of its steady current length Lg,,
m.
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We will determine the average thickness of the liquid film on the zone by length Lg,
from dependence [34]

233
V“’J [Re(1£11)]"" if Re(1+I1)>1600,
g

3:0,457[

where v,, is kinematic viscosity of liquid, m%s; II =U, /U — the simplex considering the

relative speed of the liquid film; U, is speed of the polymer bubble, m/s; U is average speed of
a current of the liquid film on the zone length Lg,, which is equal to the average speed of liquid
in a point of initial contact with the polymer bubble, m/s.

As the volume fluid flow rate is to constants (losses on evaporation in environment we
neglect), taking into account expression for irrigation density I', = UH the component of a
high-speed pressure takes a form

_ I
PW = ﬂrsbwpwUz COS)/ =W s

where b,, is liquid stream width at the beginning of contact with the bubble, m (with an
accuracy, sufficient for engineering calculations, it is possible to accept that b, = H ).

Bubble friction force on cheeks of the putting device F§, depends on pressure in the
bubble, coefficient of friction of polymer on material of cheeks at this temperature and the
area of contact of the bubble with cheeks.

In the analysis of dependence (2) practical value has a case when polymer melt is
extended not by effort from the pulling rolls, and a body weight and force of a high-speed
pressure of the liquid stream Fy.

Let's assume that F, = Fy , then dependence (2) takes a form

F()+7z(;;2—r02)Ap—G—ggprrw —nrHp, U’ cosy =0. ®)

Then taking into account the given dependences expression (8) will have an
appearance

1 1
3v2 3| 4T 3 2arp, Il cosy
— S W — VY Re(1+11)| - =W v 2277

w

)

1 1
3yl | 4T 32 r;
=0-gp,S,, M " Re(1+11) _ETPw y COSY
4g v H
In case of supply of liquid on a normal to a longitudinal axis of the polymer bubble
that usually takes place in practice, the component of a high-speed stream of a pressure of
liquid becomes equal to zero. Then taking into account that S; =27rL,, the equation of

w

balance of forces (9) will finally take a form
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1
3v2 Vo [4r 5
—2ﬂi;5spg(wa+rsctg£j—27zrsgprfw Y “Re(1+10) | =
2 4g v

w

(10)

1
23| 4r 3
=0—27zrs5spg(wa+rsctg§j—27trsgprfW[i"wJ { VRe(1+H)} =0
g %

From dependence (10) define the value of volume cooling water concentration Iy,
satisfying the condition of balance of forces (1) in the process of liquid cooling of the
polymer bubble.

From dependence (10) critical values of volume cooling water concentration for
tubular films of a different standard size from LDPE were defined. As in the specified
dependence unknown sizes are both I'y, and Lg,, which in turn depends on I'y, calculations
carried out by method of consecutive approximations.

On critical values of volume cooling water concentration I'y counted the volume
productivity of the technological line ¢g (or the speed of an exit of polymer melt from the
extrusion die vy) from the condition of achievement of necessary temperature on an internal
surface of the polymer bubble.

The nomogram for determination of volume cooling water concentration, and also
volume productivity of the technological polymeric film line depending on geometrical
parameters of a ready polymer bubble is given in Figure 3.

q, gs '8 T |
20 um 5 00
um
B=2.0 m)*
200
B=1.5 m(//% 852100 um
150 P ,
5 10m A\&\j 8,50 pm
100
B=0.55m /\\ N szo—&m
B=0.25 m A i&§
0 0.5 1.0 1.5 20 T,10° m¥s

Figure 3. The nomogram for determination of extreme values of volume liquid concentration G,
and productivity of the technological line ¢ from the geometrical sizes of the tubular blown
polymeric film (film thickness 8, and width of polymer bubble in folded form B)

As a result of theoretical researches of process of cooling of extruded tubular
polymeric films with the flowing-down water film it is established that at the liquid

concentration (T, >5.03-107 m?/s, or Re>20000) arise essential power load of the
polymer bubble. Besides, at such high liquid concentration only the wall layer of liquid
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participates in heat exchange that leads to its over-expenditure.

Therefore when carrying out parametrical calculations it is necessary to define critical
value of volume liquid concentration which can sustain the polymer bubble of a certain
diameter and thickness.

Apparently from nomogram given on Figure 3, the greatest effect of liquid cooling
can be reached at production of films with a width of the bubble in folded form to 1 m.

Experimental researches

Parameters of processes of production of tubular blown films of LDPE (types 1 and 2)
on experimental-industrial working plant are specified in Table 1.

Table 1
Parameters of processes of production of tubular blown films of LDPE of 1 type and type 2 (in
brackets)
Unit of measure of | Absolute value of physical
Parameter . . .
physical quantity quantity
.. . . 17.3-69.4
Mass productivity of installation g/s (16.2-68.3)
Speed of the movement of the
polymer bubble (stretching speed) m/s 0.07-0.5
Width of the polymer bubble in m 0.25: 0.5
folded form
Thickness of the polymeric film mm 0.06-0.2
Melt temperature at the exit from an o
S C 180
extrusive die
Volume consumption of the cooling 10° m/s 0.25-0.92
water
Volume water concentration 10° m%/s 0.35-0.88
Initial temperature of the cooling oC 20-60
water
Length of the zone of the continuous
current of the liquid film m 0.15-0.8
Width of the ring slot of water m 04-08
supply

Follows from table 1 that length of a zone of liquid cooling of the polymer bubble
does not exceed 1 m while length of a zone of traditional air cooling of the polymer bubble
can reach several meters [1].

Physical-mechanical properties of the tubular blown polymeric film from PEVD, type
2, received at liquid cooling are given in Table 2.
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Table 2
Physical-mechanical properties of the tubular blown polymeric film from LDPE, type 2

Sample Ultimate strength of the Tensile strain, % Temperatl‘lre of
film, MPa the cooling
No o

along across along across water, °C

1 20.1 18.9 458 508 20

2 20.6 18.5 432 500 60

3 20.3 18.6 440 512 40

4 19.8 18.1 453 497 50

5 20.9 19.3 439 506 60

Further researches of cooling process of the film were conducted at a temperature of
cooling water of 20 °C which corresponds to the average temperature of cold water in a
water supply system.

Also influence of a ratio of length of the bubble blowing zone (distance Ly from the
extrusive die to the line of contact of cooling liquid with the polymer film bubble) and
diameter of the bubble D on process of formation of the film on condition of ensuring
stability and stability of liquid cooling was investigated.

It is shown that under a condition L /D, <0.5 on the bubble blowing zone has the

parabolic form (a convex form), under a condition 0.5<L_ /D, <1,0 — conic, and under a
condition L /D, >1.0 — the neck is formed (a concave form). At the same time it is

proved that the bubble with a parabolic form blowing zone the steadiest, and the films
received thus are characterized by a minimum of anisotropy of properties.

Results of researches of physical-mechanical properties of the tubular blowing film at
the following data are given in Table 3: diameter — 350 mm, blowing degree — 1.4, the mass
productivity of the extruder — 16 g/s (57.6 kg/h). Apparently from tab. 3, length of the
blowing zone (or the ratio L, /D,) insignificantly influences physical-mechanical

properties of the produced film, however, as it was specified, with increase L, /D,
stability of process of a shaping of the film is broken.

Table 3
Physical-mechanical properties of the film depending on length of a blowing zone

L,./D, Ultimate strength of the film, MPa Tensﬂ;)stram,
along across along | across
0.343 22.7 22.5 750 775
0.429 22.1 22.0 762 785
0.600 22.8 22.6 770 735
0.857 21.0 22.1 745 780

Results of numerical modeling of process of cooling of the tubular blown polymeric
film with the flowing-down film of liquid [31] showed satisfactory compliance to data of
experimental researches.
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Conclusion
The following conclusions can be drawn, based on the obtained results:

1. Parameters of the liquid film (a speed profile, film thickness) change only on an
entrance zone and depend on density of liquid concentration of the polymer bubble and
initial distribution of speed of the liquid film at the exit from a distributive ring.

2. At the high values of liquid concentration providing the developed turbulent mode of a
current of the liquid film (Reynolds number over 20000), only the wall layer of liquid
participates in heat exchange.

3. For the film from LDPE its external surface hardens at distance about 0.01 m from the
beginning of contact with water, and an internal surface — at distance about 0.10-0.15
m. Therefore the ring for distribution of liquid needs to be established after the
termination of a blowing zone of the polymeric tubular workpiece. It is also necessary
to provide the steady movement of a continuous liquid film on an external surface of a
polymeric tube on length to 0.2 m from the beginning of contact of liquid from the
polymeric film.

4. For thick films from LDPE (thickness more than 200 um) and over 1 m wide intensity
of cooling is limited to the critical liquid concentration.

5. For practical application of the received results the nomogram for determination of
volume liquid concentration of the cooling water, and also volume productivity of the
technological line depending on the sizes of a ready tubular blown polymeric film is
offered.

6. Temperature of the cooling water in the range of 20-60 °C significantly does not
influence both intensity of cooling process, and physical-mechanical properties of the
produced polymeric film.

7. Extreme values of degree of the polymer bubble blowing (K,=2) and degree of
stretching (K~=4) from LDPE are established. It is shown that the limiting stage in
production of thin films (thickness of 40 pm and less) with a speed of receiving not
less than 0.5 m/s is not process of cooling, and physical-mechanical properties of the
film (in particular anisotropy of its properties).

The obtained results of researches allow to determine rational parameters of
technological processes of producing tubular blown polymeric films.
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