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Cooling with Heat Pipes

Reduced Energy Consumption and Shorter Cycle Times due to Structurally Integrated

Heat Pipe Mold Cores

In the injection molding of engineering plastics, mold temperature control consumes more than one third of

the total energy input. Thus, energy for mold temperature control is a continuous major cost factor, adding up

to around EUR 1.1 billion industry-wide in Germany alone in 2019. A novel technology offers the opportunity

to reduce this amount - and eliminate hotspots.

he market for processing technical

plastic parts is as large as it is lucrative.
In Germany the production volume
amounted to 3.3 million t in 2019, cor-
responding to a turnover of EUR 19.3 bil-
lion. Thus, after added value, a metric ton
of engineering plastics was resold for an
average of about EUR 6000, which is sig-
nificantly higher than the average of EUR
4500 per ton for the entire plastics pro-
cessing industry [1]. Although engineer-
ing plastics do not account for the largest
share of the production volume, the fig-
ures show that these are components
with special properties, which are sold at
a price significantly above the average.
However, a large proportion of the rev-
enue generated has to be invested in the
process. Regular energy expenditures in
particular are increasingly becoming a
cost driver.

With an average share of 37% of the
total energy requirement (Fig.1), mold
temperature control is the main con-
sumer [2]. Most products made of en-
gineering plastics are subject to high
mechanical requirements, accompanied
by designed structural rigidity as well as
a high degree of functional integration.
It can therefore be assumed that most
of these components are manufactured
by injection molding. Assuming that
some 90% are injection molded, this will
require approx. 6 TWh of energy in Ger-
many. The resulting costs amount to ap-
prox. EUR 1.1 billion [3].

The absolute consumption for the
temperature control units can be calcu-
lated via the percentage share of heat-
ing power of 15% (Fig.1). The energy
requirement is determined based on the
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Fig. 1. The temperature control units have the highest energy share in the injection molding

process Source: M. Schldger et al [2]; graphic: © Hanser

average enthalpy of the most common
engineering plastics (ABS, SAN, PC,
PMMA, ASA, PBT, POM and PA) and as-
suming that the plastic has to be heated
from an average of 30°C to a melt tem-
perature of 275°C [4].

It is increasingly important to convert
the required energy into the equivalent
of CO, emissions. This results in a value of
approx. 2.4 million t CO, [5], which corre-
sponds to the energy consumption of ap-
prox. 2 million households with four per-
sons each [6], the population of Ham-
burg, Germany [7], or over 250,000 flights
between Dusseldorf, Germany, and Mu-
nich, Germany [8-10].

Why is this Cost-Intensive Amount of
Energy Needed?

In the temperature control of injection
molds, the most uniform possible tem-
perature distribution in the cavity is
decisive for quality and cycle time in most
cases [11-13]. To achieve this, the tem-
perature is usually adjusted by pumping
water through the mold, heated with

temperature control units, which may
be energy-intensive. If the temperature
control effort for complex article ge-
ometries is particularly high, several tem-
perature control units are often used per
mold side. A random sample in practice
showed that at a utilization rate of 90%
on 5.2 days per week, each temperature
control unit is responsible for approx. EUR
5500 per year in energy costs. Although
the figures may vary depending on the
pump system, the heating capacity ac-
counts for the majority of the energy con-
sumption.

Conventional Temperature Control
Has Disadvantages

Injection molding enables the produc-
tion of complex molded parts, usually
with the aid of equally complex mold
designs. For many demanding appli-
cations, the conventional temperature
control  methods using water and
copper (Fig.2, left) in the mold [14-16] are
often insufficient. Local heat accumu-
lations (hotspots) occur, which are critical
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Fig. 2. lllustration of the temperature control methods copper and water (left) compared to the system with heat pipes (right; Pl = plastic)

Source: Bielefeld University of Applied Sciences; graphic: © Hanser

to the cycle and must be avoided. It is es-
timated that, for about 30% of all injec-
tion molds, a uniform temperature is not
achieved at the cavity — with the conse-
quence of extended cycle times.

There is a fundamental problem with
narrow and long areas, where water is
ineffective due to laminar flow behavior.
Also susceptible to laminar flow are con-
formal temperature-control systems; in
which additively manufactured or vac-
uum-brazed mold inserts, with small
cooling channels, are used.

In addition, deposits with an insulat-
ing effect can form in the media-carrying
channels, impeding the heat flow or, in
extreme cases, leading to irreparable fail-
ure of the mold element. Therefore, it is
advisable to invest in a water treatment
system because maintenance intervals as
well as incidental set-up processes are
also cost-intensive and can lead to errors
in reassembly.

Mold complexity is also caused by
the temperature control channels,
which run transverse to the ejectors.
Often the customer specifies the posi-
tions of the ejectors without consider-
ing the temperature control — the design
then becomes even more complex due
to the lack of space.

Copper inserts are often located at
critical areas. However, this system often
requires greater effort for ancillary equip-
ment. There is only a small temperature

difference between the mold wall tem-
perature and the temperature of the
heat-removing water, which means there
is very little heat flow. For effective heat
transfer, the temperature must be lo-
wered with a separate cooling channel
circuit and temperature control unit, re-
sulting in additional design effort. Refrig-
erant systems [17, 18] are another means
of eliminating hotspots, but they are very
costly.

How Can this Large Amount of
Energy Be Reduced?

A research project at Bielefeld University
of Applied Sciences, Germany, is pursuing
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the goal of using so-called heat pipe
technology (Fig.2, right) to save a large
proportion of the energy and achieve
shorter cycle times in the injection mold-
ing of technical plastic parts. The heat
transfer rate of a heat pipe is many times
higher than that of copper. Depending
on the design of the heat sink and the ar-
rangement of the cores, it can follow the
route of the ejectors. This increases the
design freedom and reduces the manu-
facturing effort. With this technology, it is
possible to increase the lifetime of free-
form cooling channels even in very con-
fined areas. Since the system is hermeti-
cally sealed, no impurities can form even
in very thin cooling channels, leading  »
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Fig. 3. Functional diagram of a heat pipe: vapor and condensate transport, phase transition areas

and adiabatic zone Source: Bielefeld University of Applied Sciences; graphic: © Hanser
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Advantages at a Glance

The heat pipe is fundamentally character-
ized by a number of advantages:

® Energy saving potential

m Reduced need for ancillary equipment
® Chance of cycle time reduction

m Self-sufficient energy transport

= High design freedom

® Precise simulation

To-Dos until Series Production

There are still a few mandatory tasks before

series production:

m Development of a rheology simulation
with heat pipes as temperature control

® Consideration of further manufacturing
processes

® Development of further structures (sur-
face and cross-section) for optimized
thermal behavior

® Formation of the adiabatic zone from
ceramics with the aim of increasing the
mechanical load capacity
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Fig. 4. Core system in longitudinal section:
molded core cooling based on water (bottom)
and structurally integrated heat pipe core (top)
Source: Bielefeld University of Applied Sciences; graphic:

© Hanser

to irreparable failure with conventional
temperature control.

Heat pipes are sealed tubes with a
negative pressure in their interior and are
usually filled with a small amount of

water (Fig.3). The negative pressure
causes the water to evaporate at tem-
peratures as low as approx. 20°C. The
tubes are divided into three sections: the
heat source, the heat sink and a thermal
separation. At the heat source, heat ener-
gy is extracted from the mold as the
water undergoes a phase transition
from liquid to vapor — this results in
cooling. The vapor is now the energy car-
rier and flows to the heat sink, where it
condenses due to a lower ambient tem-
perature. Thus, the heat energy is re-
leased to its surroundings. The water
flows back to the heat source to evapor-
ate again [19, 20].

The Mold Core Becomes a Hollow
Body with Cooling Effect

The heat dissipation effect could be
demonstrated in initial tests with the
use of commercially available heat
pipes [21, 22]. In addition, a precise
simulation tool was developed [23-25].
Thermal simulation allows hotspots to
be localized in the early development
phase and the amount of heat energy
to be dissipated can then be deter-
mined [26-28]. Heat-pipe mold cores
offer the opportunity to eliminate hot-
spots where conventional methods
are not effective. Thus, cooling time
can be shortened.

Unlike in the past [15], Bielefeld Uni-
versity of Applied Sciences forms mold
cores as structurally integrated heat
pipes; so the core itself is the heat pipe. In
principle, these are mold cores that are
hollow inside and are evacuated and
filled with a defined amount of pure
water during manufacture. The advan-
tages over conventional and assembled

Fig. 5. lllustration of the thermal imaging camera with arrangement of the measuring area for

the inside of the article (left) and view of the thermal imaging camera on the parting line (right)
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heat pipes include defined and reprodu-
cible filling, better heat conduction from
the cavity to the vapor chamber, and
greater freedom of design.

A simple experimental mold can be
used to compare water cooling with
cooling by an additively manufactured,
structurally integrated heat pipe [29, 30].
The article represents a sleeve, which is
formed by two cores. The parting plane of
the core system runs centrally from the
article, creating symmetry and allowing
a comparison of the two systems. The
lower end of the sleeve-shaped compo-
nent is temperature-controlled by a con-
ventionally water-cooled core, while the
upper part is designed as a structurally
integrated heat pipe core (Fig.4).

In the test series (Table1), the mold
was clamped on an Allrounder370E in-
jection molding machine (manufacturer:
Arburg). The temperatures were deter-
mined using a thermographic system
(manufacturer: Infratec). This is an infrared
camera of the type PIRuc180 and the
software Irbis 3. The graphical evaluation
of the results is done with Excel. The mold
is cooled by an energy-efficient tempera-
ture control unit with a speed-controlled
pump. Based on the optical quality of the
component, the limit of the process is de-
termined with the shortest possible cycle.

The core temperature can be deter-
mined by thermographically recording the
temperature on the inside of the article
(Fig.5) and calculating the contact tem-
perature. The core temperature is steady-
state at 91°C for ABS and 60°C for PP. The
same article quality is found at both com-
ponent ends, so that no differences can be
seen in a direct comparison between the

Temperature Control Technology

Fig. 6. Pure heat conduc-
tion in the mold core.
Without the heat-dissipat-
ing effect the component
already warped during the
fifth cycle o Bielefeld University

of Applied Sciences

water-cooled and the component side
cooled via the heat pipe core [31].

Proof that the heat pipe has a heat-
dissipating effect could be demonstrated
on the basis of pure heat conduction
with water cooling. For this purpose, the
vacuum in the heat pipe was dissolved
and thus the core was cooled exclusively
by the heat conduction of the steel itself.
This showed that the component quality
was not durable and that the component
already warped on the side of the new
core during the fifth cycle (Fig.6), while no
deformation occurred on the water-
cooled side.

Saving Money and Cycle Time

With the novel approach of using a heat
pipe as a mold element, the improve-
ments in energy use and cycle time be-
come directly apparent [32]. Proof of
function can be provided in real oper-
ation. The cooling of a core is performed
with cold water instead of a temperature
control unit. If one wishes to set a differ-
ent temperature on the core, there are
basically three parameters available: the
vacuum and the amount of liquid can be
varied; and the heat transfer performance
can be influenced by the temperature of
the heat sink, e.g. by a cyclic water flow.
In principle, heat-pipe pulsed tempera-
ture control is conceivable in this way.

In addition, the Bielefeld University of
Applied Sciences is looking into convec-
tive temperature control of the heat sink
in the future, so that the mold would be
completely free of water and the pump
and its power supply would also be elim-
inated. m
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Holding

Water tem-
peratur [°C]

Mass tem-

Total cycle time [s] perature [°C]

Cooling time [s]
pressure [s]

ABS 73 2 14 230 16 www.kunststoffe.de

Table 1. Process values of temperature control Source: Bielefeld University of Applied Sciences
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