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The present invention Is directed to an apparatus for differential cooling of a plastic film tube. The apparatus and method includes
the use of a blown film extrusion die that extrudes a plastic film tube upward. An air cooling system applies cooling air across one or
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(57) Abrege(suite)/Abstract(continued):

more surfaces of the plastic film tube. One or more throtting valves are coupled to a pressurization pump that provides a
pressurized working fluid, preferably water. The throttling valves are positioned to project the pressurized working fluid from outlets
of the throttling valves towards circular arcs of the plastic film tube, the circular arcs of the plastic film tube being less than the
circumference of the plastic film tube to provide a blown film tubular plastic film with controlled gauge variation.
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ABSTRACT

The present invention is directed to an apparatus for differential cooling of a plastic film
tube. The apparatus and method includes the use of a blown film extrusion die that extrudes a
plastic film tube upward. An air cooling system applies cooling air across one or more surfaces
of the plastic film tube. One or more throttling valves are coupled to a pressurization pump that
provides a pressurized working fluid, preferably water. The throttling valves are positioned to
project the pressurized working fluid from outlets of the throttiing valves towards circular arcs of
the plastic film tube, the circular arcs of the plastic film tube being less than the circumference of

the plastic film tube to provide a blown film tubular plastic film with controlled gauge variation.
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APPARATUS AND METHOD FOR COOLING PLASTIC
FILM TUBE IN BLOWN FILM PROCESS

CROSS-REFERENCE TO RELATED APPILICATIONS
[0001] Not apphcable,

BACKGROUND OF THLE INVENTION

1. Field of the Invention

(0602} This invention relates generally to an apparatus and method for cooling a plastic film
tube. More particularly, this invention relates to an apparatus and method for cooling a molten
plastic film tube exiting the outlet of an extrusion die in a blown film process by using

evaporative cooling.
2, Description of the Related Art

[6003) Thin plastic filim may be produced, in addition to other manufacturing methods, by
extruding plastic material, such as polyethylene resin, in a process known as blown film
extrusion. In blown film extrusion, polyethylene resin i1s fed into an extruder where an extrusion
screw pushes the resin through the extruder. The extrusion screw compresses the polyethylene,
heating the resin into a molten state under high pressure. The molten, pressurized polyethylene
is fed through a blown film extrusion die having an annular opening. As the molten material is
pushed into and through the extrusion die, a plastic film tube emerges from the outlet of the

extrusion die.

[0004] The plastic film tube is blown or expanded to a larger diameter by providing a volume
of air within the interior of the plastic film tube. The combination of the volume of air and the
plastic fiim tube is commonly referred to as a bubble between the extrusion die and a set of nip
rollers. The plastic {ilm tube 1s commonly cooled by one or more external air rings applying a
constant flow of air upward along thc outside of the plastic film tube. A number of factors
including, but not limited to, the air pressure within the bubble of the plastic film tube, the
cooling rate provided by the air ring, the temperature and flow of material out of the extrusion

die, and the rate at which the plastic film tube is pulled by the nip rollers impact the blow-up
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ratio, diameter of the plastic film tube, and the ultimate thickness or gauge of the plastic film

tube,

[0005]  As the plastic film tube cools travelling upward toward the nip rollers, the plastic filin
tube solidifies from a molten state to a solid state after it expands to its final diameter and
thickness. The point along the bubble where the plastic film solidifies is known as the frost line.
Consequently, the portion of the bubble below the frost line is molten allowing for expansion and
thining of the plastic film tube. Conversely, the portion of the bubble above the frost line has

solidified and the diameter and thickness of the plastic film tube is generally fixed at that point.

[0006]) Improved cooling of the plastic film increases the stability of the bubble, thereby
allowing for more accurate control of the physical properties of the plastic film tube and for a
broader range of plastic film tube diameters and thicknesses. To facilitate better cooling, it is
known in the art to use an internal bubble cooling, or IBC, assembly to dissipate heat from
within the interior of the bubble. Without an IBC assembly, the bubble contains a static volume
of air applying outward pressure on the plastic film tube but there is no avenue to dissipate the
heat absorbed by the static volume of air from the plastic film tube. Consequently, the interior
air volume quickly settles at approximately the same temperature as the plastic film tube,
providing no cooling benefit, Internal bubble cooling assemblies exchange the warm air within
the bubble with cooler air while maintaining a constant pressure. The cooled air within the
bubble absorbs heat from the interior surface of the bubble, cooling the plastic film tube more

quickly and lowering the frost line for increased bubble stability,

[0007] U.S. Patent No. 7,753,666 issued to Greg Wood and is entitled Apparatus and Method
Jor Cooling Plastic Film Tube in Blown Film Process (hereafter, “the Wood Patent’). The Wood

Patent describes an improved internal bubbie cooling assembly using particular air ring

assemblies. The internal air ring assemblies improve the flow of the cooled air within the bubble
to provide improved bubble stability and allow for improved properties of the plastic film tube.

The teachings and specification of the Wood Patent are ncorporated herein by reference.

[0008]  Extruded tubular film, even with improved cooling, still has variations in the gauge or
thickness of the film around the circumference from variations in the extrusion die.

Consequently, the thickness of the film is typically reflected as an average thickness, or more
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precisely, a mean thickness based upon several measurements. However, even for films of a
particular mean thickness, it is desirable to minimize the variations in thickness around the
circumference of the tubular film as much as possible during the manufacturing process. By
reducing variations in film thickness, there are fewer thin or weak areas on the film, which
improve the overall strength and performance of the film since the thin regions represent
common points of failure for plastic film products. There are several methods known in the art

for achieving more uniform thickness around the circumference of the tubular film.

[0009] U.S. Patent No. 4,339,404 issued to Hartmut Upmeier et al. and is entitled Method of
Controlling the Film Thickness at a Blown Film Installation (hereafter, “the Upmeier Patent”).
The Upmeier Patent discloses a method for providing a more uniform thickness distribution for a
tubular film as is generally desired. The disciosed method, and system, uses microprocessors

and sensors to determine control command for sectors of cooling or heating.

[6010] Although extensive efforts have been directed to achieve more uniform thickness in
blown film extrusion, in order to realize certain product characteristics there have also been some
efforts made to intentionally disrupt gauge uniformity, U.S. Patent No. 6,139,186 1ssued to
Robert W. Fraser and is entitled Bag Having Improved Tie Features (hercafter, “the Fraser
Patent”). The Fraser Patent discloses a film formed by blown film extrusion with increased air
cooling from the annular air ring where additional thickness is desired. Specifically, the Fraser
Patent discloses increased cooling in the blown film to provide thicker localized areas which can
be generated by profiling the annular air ring opening at the areas where the additional thickness

1S destred.

10011] However, the method disclosed by the Fraser Patent is not ideal for all situations. The
increased air cooling described by the Fraser Patent requires permanent modification or profiling
of the annular air ring. Thus, the resulting annular air ring of the Fraser Patent is only suitable
for use in the manufacture of tubular plastic film with the same gauge characteristics and profile.
In addition to the foregoing limitations, the permanent modification of the annular air ring does
not allow for controlling processing parameters duc to changes in ambicnt manufacluring

conditions such as temperature or humidity.

[6012] Another method known in the art {or intentionally introducing gauge variations In
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tubular plastic film is to provide a secondary, external source of air to supplement the cooling
provided by the annular air ring. For example, an additional air nozzle might be directed onto
the bubble to provide additional cooling capacity. While the additional air nozzle may be
utilized to provide such gauge variations in certain situations, the method also has certain
disadvantages. The introduction of additiona) air along the cooling bubble can significantly
impact the air flow around the bubble, the relative air pressure around the bubble, and can
unpredictably change the flow of air around the cooling bubble of plastic film. As a result,
bubble stability can be adversely affected and, by extension, the properties of the resultant film

can be negatively impacted as well.

[0013] In view of the foregoing, it would be desirable to provide a method of providing
controlied variations of film thickness in a plastic tubular film that does not significantly impact
the air flow and air pressures around the plastic tubular film. It would also be desirable to
provide a method for allowing for controlled cooling of the plastic film tube to induce thickness
variation that does not require permanent modification of the manufacturing equipment, can be
adjusted for different film propertics or changes in ambient manufacturing conditions, and that

can be quickly and easily enabled and disabled. The present imvention addresses these needs.
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SUMMARY OF THE INVENTION

|0014] The present invention is directed to an apparatus for differential cooling of a plastic
film tubc. In one embodiment of the present invention, the apparatus and method includes the
use of a blown film extrusion die, wherein a plastic film tube is extruded upwardly out of the
blown fiim extrusion die. Also provided is an air cooling system that applies cooling air across
one or more surfaces of the plastic film tube. A first throttling valve is coupled to a
pressurization pump. The pressurization pump supplies a pressurized working fluid to the first
throttling valve. The first throttling valve is positioned to project the pressurized working fluid
from an outlet of the first throttling valve towards a first circular arc of the plastic film tube. The

first circular arc of the plastic film tube is less than the circumference of the plastic film tube.

(0015] In some embodiments, at least a portion of the pressurized working fluid evaporates
after exiting the outlet of the first throttling valve. Evaporation occurs prior to contact with the
plastic film tube. Moreover, evaporation of the pressurized working fluid decreases an air
temperature adjacent the circular arc of the plastic film tube. The result is a mean film thickness
of the plastic film along the first circular arc of the plastic film being at least 25% greater than a
mean film thickness of the plastic film tube along the circumference of the plastic film tube

excluding the first circular arc.

[0016] In some embodiments of the present invention, the pressurized working fluid 1s water.
Moreover, in certain embodiments of the present invention, the air cooling system is provided
having at least one external air ring. Additionally, in some embodiments an internal bubble
cooling system may be provided with the internal bubble cooling system located generally within
the plastic film tube. Furthermore, certain embodiments of the present invention may further

include a first evaporative cooling field generated by the cvaporation of the pressurized working

fluid.

10017] A subset of embodiments of the present invention may further include a second
throttling valve coupled to the pressurization pump where the pressurization pump supplies the
pressurized working fluid to the second throttling valve. Additionally, the second throttling
valve may bec positioned to project the pressurized working fluid from an outlet of the second

throttling valve towards a sccond circular arc of the plastic film tube, the sccond circular arc of
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the plastic film tube being Jess than the circumference of the plastic film tube. Furthermore, in
such embodiments, at least a portion of the pressurized workin g fluid evaporates after exiting the
outlet of the second throttling valve. Evaporation occurs priot to contact with the plastic film
tube. The evaporation of the pressurized working fluid decreases an air temperature adjacent the
second circular arc of the plastic film tube. This increases the gauge of the plastic ﬁ!mttube

along the second circular arc of the plastic film tube.

0018] In some embodiments, a first evaporative cooling field may be generated by the
evaporation of the pressurized working fluid. Additionally, a second evaporative cooling field
may be generated by the evaporation of the pressurized working fluid. In some cases, the first
evaporative cooling field and the second evaporative cooling field overlap while, in other cases,
the first evaporative cooling field and the second evaporative cooling field are distinct.
Additionally, some embodiments of the present invention may include a vertical support
structure positioned above the blown-film ring and surrounding the plastic film tube and a first

tris coupled to the vertical support structure above the first throttling valve.
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BRIEF DESCRIPTION OF THE RELATED DRAWINGS

0019] A ftull and complete understanding of the present Invention may be obtained by
reference to the detailed description of the present invention and described embodiments when
viewed with reference to the accompanying drawings, The drawings can be briefly described as

tollows.

[0020] Figure 1 provides an elevation view of a manufacturing process for a plastic film tube

according to one embodiment of the present invention.

10021] Figure 2 providcs a cross-section elevation view of the blown-film extrusion die and
extruded plastic film tube below the frost line according to one embodiment of the present

imnvention.

10022] Figure 3 provides a cross-sectional plan view of a manufacturing process for a plastic

film tube according to one embodiment of the present invention.

[0023] TFigure 4 provides a cross-sectional plan view of a manufacturing process for a plastic

film tube according to another embodiment of the present invention,
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DETAILED DESCRIPTION OF THE INVENTION

[0024]  The present disclosure illustrates one or more embodiments of the present invention. It
is not intended to provide an illustration or encompass all embodiments contemplated by the
present invention. In view of the disclosure of the present invention contained herein, a person
having ordinary skill in the art will recognize that innumerable modifications and insubstantial
changes may be incorporated or otherwise included within the present invention without
diverging from the spirit of the invention. Therefore, it is understood that the present invention
is not limited to those embodiments disclosed herein. The appended claims are intended to more
fully and accurately encompass the invention to the fullest extent possible, but it s fully
appreciated that ceriain limitations on the use of particular terms is not intended to conclusively

limit the scope of protection.

[0025]  Figure 1 illustrates an overview of a system 100, accotrding to one embodiment of the
present invention, for producing plastic film utilizing a blown film extrusion process.
Polyethylene resin, in the form of pellets, is fed into an extruder 110. The pellets are heated in the
extruder 110 until the polyethylene resin is molten. The molten material is fed under pressure
through an extrusion die 112 having an annular opening. As the molten material is extruded

from the extrusion die 112, a plastic film tube 120 emerges.

[0026] The plastic film tube 120 is blown or expanded {o a larger diameter due, in part, to the
internal air pressure within the bubble 126. The portion of the plastic film tube 120 between the
outiet of the extrusion die 112 and a set of nip rollers 122 is referred to as a bubble. The internal
air pressure within the air bubble 126 applies outward pressure on the plastic film tube 120. As
the plastic film tube 120 rises, it cools, solidifying from a molten state to a solid state as it
expands to its final diameter and thickness. The lower portion of the plastic film tube 120 below
the frost line 124 is generally molten while the upper portion of the plastic {ilm tube 120 above
the frost line 124 is solid. Controlling, among other factors, the air pressure within the interior of
the plastic film tube 120, the cooling rate provided by the air cooling system 130, the speed of
the nip rollers 122, and the amount of resin pushed through the extrusion die 112, the plastic film
tube 120 is blown to a desired diameter and thickness. Most importantly, embodiments of the

present mvention include an evaporative cooling system 150 to facilitate the cooling of the air
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near the surface of the plastic film tube 120, particularly the air expelled by the exterior portions

of the air cooling system 130.

[0027] Figure 2 provides a larger view of an embodiment of the present invention. The plastic
film tube 120 is primarily cooled by an air cooling system 130. In the depicted embodiment, the
air cooling system comprises one or more external air rings 230 surrounding the exterior of the
plastic film tube 120 and directing a flow of air onto the outer surtace of the plastic film tube 120
to facilitate cooling. In some embodiments, the air cooling system 130 may also comprise an
internal bubble cooling system 232 that facilitates the cooling of the air volume within the plastic
film tube 120. In certain embodiments, one or more irises 240 are provided surrounding the
plastic film tube 120 at or below the frost line 124. The irises 240 are supported by a vertical
supportt structure 242 and may be opened and closed to act as baftles, aliowing for more precise

control of the air along the plastic {ilm tube 120.

(0028] In a preferred embodiment of the present invention, an evaporative cooling system 150
comprises one or more throttling valves or nozzles 250 provided around a portion of the
circumference of the plastic film tube 120. Each throttling valve 250 is coupled by a supply line
252 to a pressurization pump 254. The pressurization pump 254 provides a pressurized working
fluid through the supply line 252 to the one or more throttling valves 250. As the pressurized
working fluid passes through the one or more throttling valves 250, the pressurized working fluid
is expelled as a fog of particles, preferably an aerosol. Depending on the relative humidity and
other environmental factors, a portion of the expelled working fluid evaporates due to the drop in
pressure after exiting the one or more throttling valves 250. The evaporation of the expelled

working fluid absorbs heat and causes evaporative cooling or a decrease in the temperature of the

air between the throttling nozzles 250 and the plastic film tube 120. Preferably, a substantial
portion of the expelled working fluid evaporates before reaching the plastic film tube 120
without actually impacting the plastic film tube 120. As a result, the air immediately adjacent to
the plastic film tube 120 may be cooled without significantly impacting the flow of air around
the plastic film tube 120. Consequently, the cooler air caused by the evaporation of the expelled
working fluid causes the portion of the plastic film tube 120 adjacent the cooler air to cool
slightly quicker than the remaining portion of the plastic film tube 120, causing that portion of

the plastic film tube 120 to be generally slightly thicker than the remaining portions of the plastic
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film tube 120. Additionally, the frost line 124 in that region may be lower than in the remaining

portions of the plastic film tube 120. In a preferred embodiment, the pressurized working fluid is

water, but other pressurized working fluids may be utilized for improved cooling.

[0029]  Figure 3 depicts a cross-sectional elevation view of a first embodiment of the present
invention along line A-A as depicted in Figure 2. In the depicted embodiment, a first and second
throttle nozzle 250 are located approximately 75 degrees apart and each throttle nozzle 250 is
configured and oriented to provide an evaporative cooling field 350 covering an approximately
75 degree circular arc of the plastic film tube 120. The evaporative cooling field 350 results
from the pressurized working fluid being expelled through the throttling valves 250.
Specifically, the decrease in pressure as the pressurized working fluid exits the throttling valves
250 causes at least a portion of the pressurized workin g fluid to evaporate. As the pressurized
working fluid evaporates, the evaporative cooling causes a decrease in the air temperature within
the evaporative cooling field 350. The combination of the two throttle nozzles 250 cools an

approximately 150 degree circular arc of the plastic film tube 120,

[0030] Figure 4 depicts a cross sectional clevation view of a second embodiment of the
present invention along linc A-A as depicted in Fign re 2. As shown, four throttle nozzlcs 250
are located approximately 35 degrees apart from each other, each throttling nozzlc 250
configured and oriented to provide an evaporative cooling field 350 covering an approximately
45 degree circular arc of the plastic film tube 120. Consequently, the evaporative cooling field

350 from each of the throttling nozzles 250 may overlap in some embodiments.

10
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CIL.AIMS
I claim:

[. An apparatus for differential cooling of a plastic film tube comprising:

a blown film extrusion die, wherein a plastic film tube 1s extruded upwardly out of the blown

film extrusion die,

an air cooling system applying cooling air across one or more surfaces of the plastic film

tube,

a first throttling valve couplcd to a pressurization pump, the pressurization pump supplying a

pressurized working fluid to the first throttling valve,

the first throttling valve positioned to project the pressurized working fluid from an outlet of
the first throttling valve towards a first circular arc of the plastic film tube, the first circular

arc of the plastic film tube being less than the circumference of the plastic tilm tube,

at least a portion of the pressurized working fluid evaporating after exiting the outlet of the
first throttling valve and prior to contact with the plastic film tube, wherein evaporation of
the pressurized working fluid decreases an air temperature adjacent the circular arc of the
plastic film tube thereby resulting in a mean {ilm thickness of the plastic film along the
first circular arc of the plastic film being at least 25% greater than a mean film thickness of
the plastic film tube along the circumference of the plastic film tube excluding the first

circular arc.
2. The apparatus of claim 1, further comprising:
the pressurized working fluid 1s water.
3. The apparatus of claim 1, further comprising:
an air cooling system comprising at least one external air ring.

4. The apparatus of claim 3, further comprising:

an internal bubble cooling system located generally within the plastic filim tube.

il
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5. The apparatus of claim 1, further comprising:

a first evaporative cooling field generated by the evaporation of the pressurized working

fluid.

6. The apparatus of claim 1, further comprising:

a second throttling valve coupled to the pressurization pump, the pressurization pump

supplying the pressurized working fluid to the second throttlin g valve,

the second throttling valve positioned to project the pressurized working fluid from an outlet
of the second throttling valve towards a second circular arc of the plastic film tube, the
second circular arc of the plastic film tube being less than the circumference of the plastic

film tube,

at least a portion of the pressurized working fluid cvaporating after exiting the outlet of the
second throttling valve and prior to contact with the plastic film tube, wherein evaporation
of the pressurized working fluid decreases an air temperature adjacent the second circular
arc of the plastic film tube thereby increasing the gauge of the plastic film tube along the

second circular arc of the plastic film tube.
7. The apparatus of claim 6, further comprising:

a hirst evaporative cooling field generated by the evaporation of the pressurized working
fiuid, and

a second evaporative cooling field generated by the evaporation of the pressurized working
fluid.

8. The apparatus of claim 7, further comprising;
the first evaporative cooling field and the second evaporative cooling field overlap.
7. The apparatus of claim 7, further comprising:

the first evaporative cooling field and the second evaporative cooling ficld are distinct.
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16.  The apparatus of claim 1, further comprising:

a vertical support structure positioned above the blown-film ring and surrounding the plastic

film tube,

a first iris coupled to the vertical support structure above the first throttling valve.

13
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