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Do Not Forget the Cooling
Measures for More Energy Efficiency in Thin-Wall Injection Molding
Notwithstanding the oil-price fluctuations, in the long term, energy
prices are moving in only one direction: upwards. It will therefore
be even more important in future for manufacturers to keep an
eye on their energy balance. The injection molding machine
manufacturer Engel is concentrating its development work
not only on the drive technology, but also on, e. g., the mold
cooling. This holds great savings potential, particularly in
the manufacture of thin-wall packaging.

A

s regards production performance
data, the packaging industry plays in
the Champions League. Whether it makes
a profit or loss depends on the cycle
times. To be among the winners, it is necessary to make adjustments at two points:
first, the velocity of the machine movements, for example during opening and
closing the mold halves or during ejection of the parts and, second, the cooling
time. The latter is obtained from the part
shape and the temperatures of the melt
and mold surface. The mold cooling thus
becomes a fundamental efficiency factor.
The heat transfer from the melt
through the mold into the cooling medium [1] results in three parameters that determine the temperature at the cavity
surface:
WW The thermal resistance in the mold,
WW the heat transfer resistance from the
mold to the coolant, and
WW the chosen level of the coolant temperature.
These parameters are mathematically related to one another:
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k: Heat transfer coefficient [kJ/m2hK]
δ: Distance from the cooling channel to mold cavity [m]
αM: Heat transition coefficient melt/mold [kJ/m²hK]
λ: Thermal conductivity [kJ/mhK]
αTM: Heat transition coefficient mold/cooling medium
[kJ/m2hK]

As regards the thermal
resistance in the mold,
the closer the cooling
channel is to the cavity, the
smaller is the thermal resistance. Conformal cooling
can be achieved with laser-
sintered mold inserts (“lasercusing” or comparable processes), even with complex
mold geometries. The thermal
conductivity also plays a major
role here. There are advantages in
using inserts made of highly conductive materials such as bronze or copper-beryllium alloy (CuBe), however these
materials are only suitable for exposed areas because of their restricted strength.
The heat transfer from the mold into
the heat-transfer medium is determined
not only by the cooling channel geometry, but also by the throughflow of the
coolant. As is generally known, turbulent flow in the cooling channel is necessary for optimum heat transfer. Turbulence develops at Reynolds numbers
above 2,300; the ideal values are between 10,000 and 20,000 (Fig. 1). At even
higher Reynolds numbers, the heat
transfer only changes marginally and
therefore does not achieve a further improvement. From an energetic point of
view, a higher throughflow should
therefore be avoided [2].

In the production of thin-wall packaging, the
available energy saving potential is often not
completely utilized (figure: Fotolia.com/euthymia)

Physical Principles Are Not Paid
Enough Attention in Practice
The medium supply temperature also influences the heat transition – not only via
the temperature of the cooling channel
but also via the wall temperature of the
cavity. The greater the temperature difference, the greater the amount of heat that
needs to be removed. However, there are
only drastic changes in the heat flow if
the coolant temperature changes very
greatly, which hardly occurs in practice.
In the injection molding of technical
parts, the coolant temperature is »
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Fig. 1. Mold wall
temperature as a
function of the flow
rate: The Reynolds
number should
ideally lie between
10,000 and 20,000
(figure: Engel)
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adapted to the requirements of the material. In thin-wall injection molding, the
bandwidth may be wider, however in this
case, too, the temperature usually remains below 20 °C. Since the temperature
of the cooling channel surface does not
change significantly in this area, the supply temperature of the coolant is only of
minor importance for the heat transfer in
thin-wall technology.
In practice, these physical principles
have so far received too little attention in
thin-wall applications in the packaging
industry. Though the exposed regions in
the mold, such as the core bases of cup or
pail molds are correctly made of highly
conductive materials, conformal cooling
is only rarely to be found.
In addition, there is a widespread
opinion that a higher coolant throughflow can achieve greater heat removal
and therefore a shorter cooling time. As
mentioned above, however, with turbulent flow an increase of the Reynolds
number to over 20,000 no longer has a
significant effect on the heat removal.
This should be taken into account in the
cooling water flow rate that is used.
Even greater saving potential is provided by the cooling channel diameters.
Though, with the use of interfering elements [3], turbulent flow can be
achieved even at relatively small Reynolds numbers, the cooling channel diameters used are often dimensioned too
large. The reasons for this are that production managers often want to limit
the pressure loss in the channels, which
are usually connected in series, and assume that a larger cooling channel surface area also provides greater cooling
performance.

On the other hand, it is correct that the effective cooling channel surface area is derived from the surface area facing the
cavity. If a larger cooling channel is then
replaced by two channels, each with half
the diameter, the effective cooling channel surface area remains unchanged.
However, a considerably smaller throughflow is enough to obtain the same Reynolds number. At the same time, the pressure loss can be compensated by changing from series to parallel arrangement of
the cooling channels. This allows the water throughflow to be drastically reduced
for the same cooling effect. The energy
consumption and the cost are consequently reduced.

Lower Energy Demand despite Higher
Melt Temperature
Besides these simple measures for optimizing mold cooling, other, less obvious
potentials are also available. Observing
the minimum cooling time is essential in
thin-wall technology. In the wall-thickness range below 0.5 mm, this behaves a
little differently than is generally assumed.
The minimum cooling time results not
only from the wall thickness and the material properties, such as effective thermal
conductivity and maximum permissible
demolding temperature, but also from
the melt temperature and mold wall temperature. However, with these small wall
thicknesses, both of these parameters
only have a negligible effect (Fig. 2). That
means that, with a change of these parameters, the cooling time only varies in
the range of hundredths of a second, and
therefore only has a marginal effect on
the cycle time.
For optimizing the energy consumption, this finding opens up new potential.
Though an increase in the melt temperature requires more energy for heating
due to the larger enthalpy difference, the
filling pressure required for these small
wall thicknesses is reduced (Fig. 3). In the
end effect, the overall energy demand for
production of the packaging parts is reduced.
A further approach to saving energy in
the coolant supply is to increase the mold
wall temperature. It makes a difference
whether one works with supply tempera-

© Carl Hanser Verlag, Munich

Kunststoffe international 6-7/2015

© Carl Hanser Verlag, München. Der Nachdruck, auch auszugsweise, ist nicht gestattet und muss beim Verlag gesondert beauftragt werden.

Temperature Control

3.5

Cooling time

2.5
2.0

1.8
Melt temperature
230 °C
235 °C
240 °C
245 °C
250 °C

1.4

1.5
1.0

1.2
1.0
0.8
0.6
0.4

0.5
0

Mold wall
temperature
10 °C
20 °C
30 °C

s

Cooling time

s

INJECTION MOLDING

0.2
0.4

0.5

0.6

0.7
0.8
Wall thickness

0.9 mm 1.0

0

0.4

0.5

0.6
Wall thickness

0.7

mm

0.8

© Kunststoffe

Fig. 2. In the range of very small wall thicknesses below 0.5 mm, the melt temperature and mold wall temperature do not have a significant influence on the cooling time. The graph left shows the dependency of the cooling time on the wall thickness and melt temperature; the graph right
takes into account the mold wall temperature instead of the melt temperature (figure: Engel)
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Fig. 3. The required filling pressure is reduced with increasing melt
temperature. This opens up further possibilities for improving the
overall energy balance. The diagram shows two different filling times

Fig. 4. A typical theoretical limit of cooling can be shown for every
place on Earth. The graph shows the values for Linz in Upper Austria,
which are also approximately valid for South Germany (figure: Engel, source:

(figure: Engel)

ZAMG)

tures of 5 or 20 °C. It depends on whether
production must work with refrigeration
units or can use open-air coolers.

Check Options for Using Open-Air
Coolers to Reduce Costs
There is a theoretical limit of cooling for
every place on Earth. It records the climatic situation of the place in the ten-year average and, for the chosen coolant supply
temperature, indicates how long this
temperature can be achieved with an
open-air cooler, or after how many operating hours a refrigeration unit is required.
The graph (Fig. 4), which is valid for
Upper Austria and Southern Germany,

shows that, in these latitudes, a coolant
temperature of over 20 °C can be covered
100 % by an open-air cooler. At a coolant
temperature of 8 °C (blue line), this is only

possible to an extent of 50 %, and at 5 °C
– i. e. principally in winter – to an extent of
25 %. For the remaining cooling performance, a refrigeration unit is unavoidable.
While the type of back-cooling does not
have any influence on the production of
the parts, there is a large different with respect to the energy consumption and
operating costs.
Both the coolant flow rate and the
temperature difference between the
supply and return determine the energy required for back-cooling, and this is
precisely the difference between the
refrigeration machine and open-air
cooler. For assessing the energy efficiency of the two systems, the socalled annual coefficient of performance (CoP) is used. This indicates the
ratio between the electrical energy
output and consumption.

The annual CoP is about 3 for refrigeration machines and about 15 for open-air
coolers. Correspondingly, when a refrigeration machine is used for cooling a cubic meter of water by 1 K, an energy requirement of 0.40 kWh must be reckoned
with, while, with an open-air cooler,
0.08 kWh is sufficient for the same task. If
the supply temperature can be raised for
the application at hand, open-air cooling
represents a very effective energy-saving
measure [4].

Practical Example: Cup Production
The following example illustrates the difference between the use of a refrigeration machine and that of an open-air
cooler, and therefore the potential within
the latter for optimizing the energy consumption and the costs for mold »
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cooling. In a 4-cavity mold, cups of polypropylene are molded with a cycle time
of 5 s and a shot weight of 65 g. With a
melt temperature of 230 °C (H= 680 kJ/kg)
and a demolding temperature of 60 °C
(H = 100 kJ/kg), there is an enthalpy difference ΔH of 580 kJ/kg.
Since the heat exchange of the mold
with the environment can be neglected,
the thermal energy Q TM to be removed by
the cooling medium has a value of
7.54 kW:
QTM = (m i ΔH )i 3,600 t z =
(2)
(0.065 i 580 i 3,600 5) =

27,144 kJ h = 7.54 kW

m = melt throughflow [kg/h]
t z = cycle time [s]

The power output of the hot runner to
the cooling water (QHR) is assumed to
have a value of 5 kW. This results in a total
power (Q TM + QHR) of 12.54 kW to be removed.
For the power consumption of the
two systems for back cooling, this thus results in the following values:
WW Open-air cooler (total power/annual
CoP): 0.84 kW,
WW Refrigeration machine cooler (total
power/annual CoP): 4.18 kW.
The result is a large difference in energy
consumption between the use of an
open-air cooler and a refrigeration machine. The open-air cooler leads to a significantly better energy balance.

Summary
In the field of thin-wall injection molding, in
this case in the packaging industry, there is
a large saving potential available regarding
both the water consumption and energy
requirement. With correctly dimensioned
cooling channels, not only is the efficiency
of the mold cooling improved but the water consumption is also reduced. Since in
this case, too, very low coolant temperatures do not significantly shorten the cooling time, it is advisable to look at using refrigeration machines based on the local
conditions. It may be possible to obtain significant savings for coolant back-cooling
with the use of an open-air cooler. W
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Vario-Nozzle for Polyurethane Output

Flexible Output Rates at Constant Pressure
With its Vario nozzle, KraussMaffei Technologies GmbH in Munich, Germany,
presents a possibility for processing polyurethane (PU). The pressure in the mixing
head is kept constant, even with fast
changes in the discharge rate of the PU
component. This permits components
with different sizes and hardnesses to be
produced with consistently high quality.
According to the manufacturer, this
flexible adaptation to small and large discharge rates is ensured by the nozzle’s
wide adjustment range, which maintains
a constant pressure in the mixing head
up to a quantity ratio of 1 : 5. During processing, the Vario nozzle also features
high repeatability and particularly good
consistency in pressure and quantity.
Contrary to conventional spring-loaded nozzles, the Vario nozzle operates with
a pressure cushion that counteracts the
component pressure. At a pressure of
some 160 bar, this air cushion is located in
a gas compartment in the rear part of the
nozzle. It acts on the nozzle needle via a
membrane, thereby eliminating the need
for movable seals, as used in spring-loaded nozzles. The latter are subject to high-

er wear and are more sensitive to aggressive media and contamination. Moreover,
under certain conditions, the spring and
nozzle needle system can start to vibrate.
The design of the nozzle without
moving seals reduces cleaning and maintenance costs, as the needle can no longer get stuck or jammed. Thanks to its
compact dimensions, the nozzle can be
retrofitted easily into existing systems.
This requires neither additional control
elements nor changes to the control system, and the Vario nozzle is compatible
with all KraussMaffei mixing heads and
systems.
The nozzle is also suited for multi-
hardness PU products with different hardness zones, e.  g. for the manufacture of automotive seat cushions with differing output rates and molds on a single system.
Hereby, a wide processing window is required for shot weights and flow quantities.
In general, automotive seat cushions
consist of zones with different hardness.
Mostly, the seat and backrest areas are
soft, while the side supports exhibit higher stiffness to provide the necessary support for occupants. For this, the output

Vario nozzle without hydraulic closure (figure:
KraussMaffei Technologies)

rate for the different areas of the PU components must vary from shot to shot
during foaming.
The nozzle’s application range is not
limited to soft-foam applications. The
product can also be used in the white
goods field – e. g. for inserting the insulating layers of refrigerators – and in the
manufacture of fiber-reinforced moldings
using the resin transfer process.
Translated from Kunststoffe 6/2015, p. 12.
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