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EXTRUSION Blown Film

The applications of blown film range 
from simple carrier bags to hygiene 

and medical articles such as baby diapers 
or films for adhesive plasters. All film 
products have in common that they must 
be produced with maximum mass 
throughput and must be of the best 
possible film quality to ensure maximum 
plant efficiency. Since the mass through-
put strongly depends on the amount of 
heat removed from the bubble, existing 
cooling systems are being constantly 
further developed and optimized [1], 
which also has a positive effect on the 
ecological impact (see Box p. 34).

Principles and Challenges of  
Blown Film Cooling

Conventional blown film lines use air 
cooling rings and internal bubble cooling 
systems to convectively extract heat out 
of the film by blowing cooled air from 
outside and inside at the bubble. If heat 
conduction and heat radiation are ne-
glected, the convective cooling capacity 
of a cooling ring can be described with 
equation 1 (see Box p. 36) [2, 3]. A major dis-
advantage of convective cooling is the 
low heat transfer coefficient α, which cor-
relates with the Reynolds number of the 
air flow according to equation 2. Accord-
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line. This publication deals with the ques-
tion of how the developed air guiding 
system influences the mass throughput 
as well as the film properties such as film 
thickness variation, mechanics and 
shrinkage. 

Figure 2 shows schematically the area 
of the bubble expansion zone of a blown 
film extrusion line, including the flexible 
air guiding system developed at IKV. The 
flow gap between the system and film 
bubble can be adjusted with a transpar-
ent and flexible membrane, made of a 
thermoplastic polyurethane (TPU) of type 
Desmopan 3690AU from Covestro AG, Le-
verkusen, Germany. The transparency of 
the membrane is necessary to set the nar-
rowest possible flow gap between the 
film bubble and the membrane in order, 
on the one hand, to make the best poss-
ible use of the Venturi effect and, on the 

ing to equation 3, an increase in the heat 
transfer coefficient can be achieved by in-
creasing the flow velocity of the cooling 
air v at constant density ρ, characteristic 
length d and dynamic viscosity η of the 
air [2, 4].

In the bubble expansion zone, where 
the film is still in a molten state, the film 
bubble has only limited melt strength, 
which restricts the cooling air velocity 
due to bubble instabilities [5]. Due to the 
risk of bubble ruptures caused by excess-
ive cooling air velocities, machine oper-
ators on blown film extrusion lines are 
often forced to reduce the cooling air vel-
ocities, which also negatively affects plant 
efficiency. One solution to avoid such 
bubble instabilities is to use air guiding 
systems (AGS). AGS can be placed on 
existing cooling rings. These systems 
guide the cooling air through a specially 
designed flow gap between the AGS and 
film bubble (Fig. 1). Furthermore, it is poss-
ible to use the so-called Venturi effect by 
narrowing the flow gap. The Venturi ef-
fect results from the Bernoulli equation, 
which states that the specific energy 
along a streamline is constant [6–8]. Due 
to the law of conservation of energy, a 
change in flow geometry leads to a 
change in velocity of the fluid, which af-
fects the static pressure. 

If the flow gap is narrowed, the flow 
velocity increases, so that the static press-
ure decreases. By increasing the flow vel-
ocity and simultaneously decreasing the 
air pressure, both the heat transfer and 
the bubble stability can be increased [11]. 
In addition, the reduced static pressure 
allows an earlier expansion of the film 
bubble within the AGS, resulting in a 
larger film surface for heat removal. In 
order to utilize the advantages of the Ven-
turi effect, however, a significant reduc-
tion of the flow gap is necessary. Due to 
different bubble geometries, which de-
pend on the process parameters and the 
film width, a significant reduction of the 
flow gap with existing “rigid” AGS is li-
mited. 

Development of a Flexible Air  
Guiding System

For this reason, IKV has developed a flex-
ible air guiding system for blown film ex-
trusion with the aim of increasing the 
cooling capacity and thus the productiv-
ity of an existing blown film extrusion 

other, to be able to adjust the flow gap 
during extrusion. Six iris diaphragms stag-
gered one above the other are used for 
fast and radially symmetrical adjustment 
of the membrane. 

Plant Engineering and  
Design of Experiments

The tests described below were carried 
out on a blown film extrusion line at the 
IKV pilot plant. The extrusion line consists 
of two single-screw extruders (type: KFB 
45/600 (L/D=24), manufacturer: Kuhne 
Anlagenbau GmbH, St. Augustin, Ger-
many) with a 45 mm screw diameter. The 
screws are 3-zone screws with shear and 
mixing elements. The dosing of all ex-
truders is carried out by a gravimetric 
dosing unit (manufacturer: Plast-Control 
GmbH, Remscheid, Germany). The 

Fig. 1. Venturi effect within an air guiding system (AGS) Source: [9, 10]; graphic: © Hanser
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Source: IKV; graphic: © Hanser
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Fig. 3. The use of the AGS developed at IKV leads to increased mass 

throughputs compared to the conventional process (left average values, 

right process points, see text) Source: IKV; graphic: © Hanser 
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Fig. 4. With the AGS the film thickness variations are higher compared to 

the conventional process Source: IKV; graphic: © Hanser
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Savings Potential for Cooling
The continuous optimization of the cooling 

performance not only results in increasing 

mass throughputs, it also enables more sus-

tainable packaging products due to energy 

savings. The most commonly used material for 

blown film is polyethylene (PE). Compared  

to other polymers, it has a particularly high 

 specific heat capacity of approximately  

2.1 kJ/(kg·K). At a processing temperature of 

180 °C, for example, approx. 168 kJ/kg of heat 

must be dissipated when the PE film cools 

down to a temperature of 100 °C at the end of 

the bubble expansion zone. For a medium-size 

blown film extrusion line with a mass through-

put of 700 kg/h, this requires a thermal cooling 

capacity of approx. 33 kW. 

In practice, for extrusion lines with such mass 

throughputs, use is made of cooling units with 

a cooling capacity of 100 kW, which in total 

(cooling ring and internal cooling) provide ap-

prox. 7500 m³/h of cooling air at a tempera-

ture of 7 °C. The difference between the pro-

cess heat to be thermally dissipated and the 

cooling capacity is all lost power. The elec-

trical power consumption of such cooling 

units is approx. 35 kW at usual efficiencies. If 

the cooling capacity is increased by 10 %, 

e. g. by optimized systems, the energy effi-

ciency of the blown film line can be in-

creased to such a level that, at 7200 operat-

ing hours per year, 25,000 kWh (correspond-

ing to a CO
2
 equivalent of approx. 15 t) can 

be saved per blown film line. Per kilogram 

of a produced blown film, this means a sav-

ing of only 2.97 g of CO
2
, but with approx. 

2.28 million tonnes of plastic being pro-

cessed into film for packaging applications 

in Germany, this gives an industry-wide CO
2
 

savings potential of several thousand 

tonnes.

melt is fed from the extruders into a radial 
spiral distributor with a diameter of 
80 mm. For the investigations a die gap of 
1.5 mm with a land length of 8 mm is 
used. The used materials are an LDPE 
(2102 N0W), an LLDPE (6118) and a HDPE 
(FO4660) from Sabic Europe B. V., Geleen, 
Netherlands, and a PP (Moplen EP 310 D) 
from Basell Polyolefine GmbH, Frankfurt/
Main, Germany. Depending on the pro-
cess point, the mass throughput of the 
plant varies between approx. 15 kg/h and 
40 kg/h. For each material, with and with-

out AGS, the design of experiment is 
based on a full factorial test plan with two 
variation levels (Table 1).

Mass Throughput and Film  
Thickness Variation

The results of the test series are summar-
ized in the diagrams: Figures 3 to 8 on the 
left show the average value from all inves-
tigated process points with and without 
the air guiding system. All shown values 
are significant. To illustrate the high sig-

nificance, the right-hand diagram in each 
picture shows an exemplary process 
point from the test design (LDPE at BUR = 
3.2, film thickness 60 μm, blower output 
100 %, T

Melt
 = 200 °C; process parameters 

see Table 1). 
With the developed AGS, it is possible 

to adjust the membrane to the bubble 
geometry during operation. As a result, 
the Venturi effect can be induced by the 
machine operator, independently of the 
process point. Compared to the conven-
tional blown film process without AGS, 
the mass throughput can be increased by 
approx. 30 % on average for all investi-
gated materials (Fig. 3). Depending on the 
process point, even an increase of up to 
approx. 60 % is possible. 

In addition to the mass throughput, 
the variation of the film thickness must 
also be investigated as an important 
quality parameter. The tests showed that 
the developed AGS leads to an average 
increase in film thickness variation of ap-
prox. 3 % (Fig. 4), or even less depending 
on the process parameters (in Fig. 4 right 
e. g. only approx. 1.5 %). One possible ex-
planation for the increase in film thick-
ness variation is the wrinkling of the air-
guiding membrane. During the tests 
with the developed AGS it turned out 
that a wrinkle-free clamping of the TPU 
membrane was not possible, so that an 
inhomogeneous flow gap between the 
membrane and the film bubble was cre-
ated. Areas with a large flow gap lead to 
lower flow velocities and thus to a worse 
cooling performance than areas with 
smaller flow gaps. In theory, the film 
bubble is stretched longer in the extru-
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sion direction in areas of a large flow gap, 
which leads to thin points in the film.

Mechanical Film Properties 

While the film thickness variation is mod-
erately increased by the AGS, the air guid-
ing system has a positive influence on the 
mechanical properties. Breaking stress 
and elongation were determined with a 

universal testing machine (type: Zwick 
Z10, manufacturer: Zwick GmbH & Co KG, 
Ulm, Germany) in a test procedure ac-
cording to DIN EN ISO 527–1. The clamp-
ing length of the film samples, which 
were loaded at a constant traverse speed 
of 200 mm/min, was 50 mm. 

Figure 5 shows that the breaking stress 
in the extrusion direction increases on 
average when using an AGS. As can be 

Fig. 5. Breaking stresses: On average, the values increase with the use of an AGS; in the case of 

LDPE (right), for example, there is an increase of approx. 5 MPa Source: IKV; graphic: © Hanser
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Fig. 6. Compared to 

the conventional 

process, the use of 

the AGS leads to an 

early expansion of 

the film bubble  

Source: IKV; graphic:  

© Hanser
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Unit

[-]

[µm]

[%]

[°C]

Low level

2.4

60

50

LDPE
180 

LLDPE
190 

HDPE
200 

PP
220 

High level

3.2

180

100

LDPE
200 

LLDPE
210 

HDPE
200 

PP
240 

Table 1. Full factorial design of experiment Source: IKV
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seen in Figure 6, the use of the AGS leads to 
an earlier expansion of the film bubble 
within the AGS, so that the film bubble 
has already expanded earlier in its width. 
Until it reaches the frost line, which is de-
fined by the crystallization temperature of 
the material, the film bubble is still in a 
molten state and can therefore be 
stretched much more in the extrusion di-
rection within the AGS than in the con-
ventional process. This results in stronger 
orientations inside the film, which leads to 
an increase in breaking stress. At the same 
time, the orientations ensure that the film 
is pre-stretched much more than in the 
conventional process without AGS. As a 
result, the film can only be stretched to a 
lesser extent under load, so that the films 
have a lower elongation at break than 
conventionally produced films (Fig. 7).

This increase in orientation in the ex-
trusion direction can also be visualized by 
measuring the shrinkage. Figure 8 shows 
stronger shrinkage properties of the film 
compared to the conventional process. 
At the relevant process point (Fig. 8 right), 
the shrinkage of the film with AGS in-
creases by approx. 10 % compared to the 
conventional process. The higher the de-
gree of orientation, the higher the shrink-

age. This can be attributed to relaxation 
effects within the film.

Conclusion and Outlook

The development of a flexible air guiding 
system in blown film production allows a 
TPU membrane to be adapted flexibly to 
the film geometry during the extrusion 
process with the aid of iris diaphragms, 
which significantly increases the efficiency 
of conventional cooling rings. In this way, 
the Venturi effect can be created indepen-
dently of the process parameters and the 
used materials. Compared to the conven-
tional process, an increase in throughput 
of about 30 % on average is possible. How-
ever, the thickness variation of the film in-
creases by approximately 3 %. In addition, 
the breaking stress and shrinking proper-
ties are even higher, while the breaking 
elongation of the blown film is lower. 

To simplify the use of the developed 
AGS in production, a control system for 
the automatic operation of the AGS 
should be developed. This includes, for 
example, concepts that provide for an 
automatic adjustment of the flow gap to 
ensure maximum process stability and 
allow easy start-ups of the process. W

Fig. 7. Compared to the conventional process, the use of the AGS leads 

to decreasing elongation at break Source: IKV; graphic: © Hanser

1000

800

600

400

200

0

%

El
on

ga
tio

n 
at

 b
re

ak

500

400

300

200

100

0

%

LDPE LLDPE HDPE PP Without
AGS

With
AGS

Without AGS

With AGS

Fig. 8. Compared to the conventional process, the use of the AGS leads 

to increased shrinkage properties Source: IKV; graphic: © Hanser
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Equations




Q = A  α 

where: Q : Heat �ow
        A : Blown �lm surface

T

        α : Heat transfer coe�cient
        : Temperature di�erence 

between the blown �lm surface 
and the cooling air

T
   

α
d

Num Re, Pr R e

where: : Thermal conductivity of cooling air 
        d :

        Nu :
        Pr : Prandtl number

        Re : Reynolds number
 

Nusselt number

Characteristic length

Re
v d

where:    :  Cooling air density 
        v  :  Flow velocity of the cooling air
         :  Dynamic viscosity of air
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