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Think differently. Cool better.

OPENPORE Aluminum
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METAKER® Surface
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NOVEL, INDIVIDUAL, HIGH-PERFORMANCE, COMPACT, LIGHTWEIGHT, MULTIFUNCTIONAL COOLING SYSTEMS
Efficiency of cooling systems depends directly on material
properties, size of heat transfer surface, shape and surface
properties of the solid, fluid properties, flow form, flow
velocity, viscosity and thermal conductivity.

NEW CAPABILITIES INCLUDE

PORECOOL cooling systems are made from OPENPORE
open-pore aluminum chill casting. This new class of
materials differs substantially from foamed, sintered or
3D-printed materials and has many new features and heat
transfer phenomena that are attractive for highperformance thermal management.
The technological novelty of PORECOOL solutions
generates the new engineering knowledge and new
potentials that cannot be realized with other
technologies.

OUR OFFER
Development
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•

direct transfer of heat from hot spots to carrier media
by a conduction-convection mechanism,

•

better efficiency with smaller dimensions and weight,

•

better flow acoustics and directional independence of
the cooling circuit,

•

enormous design freedom for heat sinks, flow circuits,
board layouts, device designs and component
packages,

•

enormous integration capability in installation spaces,
hybrid systems and function bundles and much more.

Consulting and feasibility studies | System development | Prototypes, small and medium series
Simulation

Manufacturing

Functionalization

Hybridization

www.porecool.com

BETTER THERMAL MANAGEMENT WITH PORECOOL COOLING SYSTEMS

PORECOOL cooling systems enable new, unconventional thinking and design of thermal applications
with new technical, economic and ecological potentials.
They are based on functional and structural material innovations in the nano, micro and macro range
of light metals, primarily aluminum and its alloys. They can be produced as completely or selectively
open-pore monomaterials, monomaterial hybrids, multimaterial hybrids, and those with optionally
modified pore surfaces or foreign materials integrated (e.g. thermally conductive) into the pore
spaces or metal lattices.
The new properties include:
• direct transfer of heat from hot spots to support media through a conduction-convection
mechanism,
• better efficiency with smaller dimensions and weight,
• better flow acoustics and directional independence of the cooling circuit,
• enormous design freedom for heat sinks, flow circuits, board layouts, device designs and
component packages,
• enormous integration capability in installation spaces, hybrid systems and function bundles,
• novel modification of mechanical, thermal, electrical, optical and other surface properties,
• easier digitization (temperature and pressure sensors, antennas, signal lights, etc.),
• more sustainable series production in small, medium and large quantities.
New features and heat transfer phenomena
The efficiency of cooling depends directly on the material properties, the size of the heat transfer
surface, the shape and surface properties of the solid, the fluid properties, the flow shape, the flow
velocity, the viscosity and the thermal conductivity.
Conventional open-cell aluminum foams have been considered attractive candidates for convective
heat transfer due to their properties such as low density, high specific surface area, and high
permeability. As a better alternative, novel PORECOOL cooling systems offer many new possibilities
in the design and performance optimization of thermal applications, unthinkable for conventional
aluminum foams.
PORECOOL cooling systems are manufactured from open-porous cast aluminum as well as other
metals and/or polymers. The porous cast aluminum is substantially different from foamed, sintered
or 3D-printed materials and has many new properties attractive for product development and highperformance thermal management, as well as new heat transfer phenomena:
• sustainable gravity die casting process without the use of pollutants and chemicals,
• fine-grained and dense cast structure with very high strength values and approvals for
waterproof applications,
• novel multimodal pore morphology and new heat transfer phenomena,
• flexibly adjustable pore sizes in the micro, meso and macro range,
• low density (0.8 -1.3 g/cm3) and up to 20 times higher compressive strength than conventional
aluminum foams,
• up to 8 times higher material volume and up to 10 times higher thermal conductivity than
conventional aluminum foams,
• enormous variety of possible material settings, architectures and designs for a wide range of
applications,
• any constructions and fastening systems (screwing, pressing, welding, soldering, gluing),
• manufacture as mono- and multi-material hybrids of metals and/or polymers,
• optional novel surface modification and combination with printed electronics (TIM, LED, RFID..),
• and much more.
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NEW CLASS OF MATERIALS FOR CONVECTIVE HEAT TRANSFER

Convective heat transfer
Convective heat transfer in porous metals is difficult or impossible to describe analytically. In general,
it depends directly on the size of the heat transfer surface and the heat transfer coefficient.
Size of the heat transfer surface
Porous aluminum components can be manufactured in any geometries and dimensions up to 800
mm from Al99,5% or Al alloys. Compared to standard heat sinks made of extrusion profiles, with the
same design and comparable settings for fins / pores, they offer:
• 3x larger heat transfer surface area,
•
•

50% less weight,
higher thermal conductivity of pure aluminum Al99.5%.

Compared to standard pin heat sinks, for the same design and comparable pin / pore settings, they
offer:
• 1.7x larger heat transfer surface area,
•
•

50% less weight,
higher thermal conductivity of pure aluminum Al99.5%.

With complete use of the installation space provided for the conventional heat sink:
• 4.5x larger heat transfer surface area,
•
•

25% less weight than extrusion heat sinks and 70% more weight than pin heat sinks,
higher thermal conductivity of pure aluminum Al99.5%.

Heat transfer coefficient
The heat transfer coefficient describes the ability of a gas or liquid to dissipate energy from the
surface of a substance. It depends, among other things, on the material properties, flow
characteristics, geometric conditions and surface properties.
Porous aluminum structures are open-cell, multimodal metal foams with peculiar pore morphology
and enormous variety of architectures that determine their thermal and fluid dynamic behavior:
•
•

hourglass-shaped pores with different sizes in micro, meso and macro scale,
complex winding of passages with multiple 1-n, n-1 and n-n connections in one flow direction,

•
•

multiple, spatially distributed micro and macro flows with laminar, turbulent and mixed regions,
multiple, spatially distributed velocity ranges of micro and macro flows,

•
•

solid aluminum matrix (30% - 60% material content) with very good thermal conductivity,
adjustable properties for better heat transfer with different gases / fluids.

Current research results
The novel multimodal aluminum foams are still little researched. The first evidence from research
projects confirms the following hypotheses:
• the pore morphology is the most important parameter for heat transfer,
•
•

larger surface areas in porous metals do not automatically mean better heat transfer coefficient,
depending on the pore morphology, the heat transfer coefficient can be significantly improved
compared to heat sinks with fins, pins, fins, conventional aluminum foams or TPMS structures,

•

for extremely large surface areas, as is the case with porous metals, the thermal conductivity of
the material is secondary,
depending on the pore morphology, 50% less material thermal conductivity can transfer 50%
more heat,

•
•
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depending on the pore morphology, you can transfer 50% more heat with 20% less surface area.
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NEW LAYOUTS, DESIGNS AND OPTIMIZED INSTALLATION SPACES

New heat sink and device layouts
The components made of porous aluminum are classically machined and can be formed into any
CNC-precise shapes. They are completely open-pored, independent of the flow direction of the
cooling medium, and can therefore be integrated into any free installation space.

New heat-transferring structures and designs
Components made of porous aluminum are very resilient. They can take on load-bearing functions,
offer further functional integration such as attachment points, form load-bearing or decorative
housing structures, or completely enclose circuit boards with semiconductors as a kind of soundabsorbing cool box.
New aluminum monomaterial hybrids
Many different aluminum hybrids can be made: uniformly open-pore, graded open-pore, selectively
open-pore, selectively solid, and many more. For example, the thermal contact point to the
semiconductor can be locally solid aluminum.

New multi-material hybrids and metal matrix composites
Different components made of stainless steel, titanium, copper or aluminum can be integrated into
the aluminum monomaterial hybrids. It can be done either directly in the casting process, or
subsequently by pressing, welding, soldering, bonding, etc.
Various foreign materials can be added to the aluminum melt or NaCl placeholders as particles or
short fibers. This opens up a new material area of open-pore metal matrix composites.
New additive aluminum hybrids
Porous cast aluminum components can be functionalized in additive manufacturing processes. The
reverse is also possible - the additively manufactured aluminum parts can be integrated into the
components made of porous cast aluminum.

New metal-polymer hybrids
The pores in porous aluminum structures can be infiltrated with polymers. This allows extremely
strong, media-dense multi-material systems to be formed for mechanical, fluidic, thermal, chemical,
acoustic decorative and other tasks.

New plastic parts with integrated heat sinks
The plastic parts have poor thermal conductivity (PP2 = 0.08 W/mK, PP6 and ABS = 0.17 W/mK, filled
potting compounds 6 W/mK). Depending on the material setting, the air-filled open-pore
OPENPORE aluminum structures have the thermal conductivity between 30 and 60 W/mK (the
thermal conductivity of air = 0.026 W/mK).
They can be helium-tightly integrated into the plastic parts in the area of the hotspots in different
ways: fully integrated into the plastic matrix (polymer outside and inside), with metallic contact to the
hotspot, with metallic contact to the coolant, with metallic contact to the hotspot and coolant.
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NEW MONO- AND MULTIMATERIAL STRUCTURES WITH NEW FEATURES AT THE MICRO AND MACRO LEVEL

Cohesively connected functional areas
One or more massive and open-pored functional areas.
Material connection in the casting process. Any pore sizes
from 10 µm can be set. Component sizes from 1.5 to 2,000
mm. The material density in the open-pored area is 0.81.3 g/cm3.
Infiltration with materials
Complete or selective infiltration of open-pored functional
areas with one or different materials in various primary
molding processes (injection molding, thermoforming,
resin transfer molding, etc.). Gas-tight, strong composite
material without the use of chemicals.

MATERIAL PROPERTIES
Standard aluminum casting alloys.
The pore sizes can be freely
adjusted using a combination of
multimodal NaCl placeholders.
A total of 40 salt fractions with a
size between 0.1 mm and 20 mm
are available. Larger dimensions are
possible on request.
The structure is macroscopically
isotropic.
Many other adjustable material
properties.

Selective porosity
Separate open-pored functional areas for infiltration with
different materials and / or integration of further functions
such as heat exchangers, filters, crash elements, energy
storage, etc.
Bimodal A

Fasteners
Integration of conventional connecting elements in
porous and solid functional areas: screwing, riveting,
pressing, hooking, ultrasonic welding, soldering, welding,
gluing, etc.
Bimodal B

Inserts made from other materials
Integration into the open-pored and solid functional areas
of inserts made of aluminum, steel, copper, glass etc.
Subsequent infiltration of polymers for reinforcement,
compression and functional expansion.
Tetramodal (A+B)

New class of materials: open-pore aluminum chill casting

Comparison of microstructures

1. Mold filling with
salt granulate.

Open-pored
Al cast

2. Mold filling
with Al melt.

3. Conventional
processing.

4. Rinse out the
salt, done.

Open-pored
Al foam

Open-pored
sintered material

Series production for over 25 years as filters, silencers, sensor protection, lightweight constructions, decorative parts.
Cast structure with isotropic, adjustable, reproducible properties. Different microstructure than with foamed or sintered
materials with better mechanical, fluid mechanical, thermal, acoustic and other properties.
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OPENPORE CAST ALUMINUM. NEW LIGHTWEIGHT MATERIAL CLASS FOR VARIOUS APPLICATIONS.

The cast structure is macroscopically isotropic. The pores can be adjusted
in a wide range of sizes. Selectively porous components can be produced.

Resilient threaded connection between a completely open-pore cast part
and a solid material socket.

The world's smallest, completely open-pore cast parts for use in electronics.

The geometry of the cast parts can be as complex as desired. The maximum
possible component size depends on the application and geometry.

5 parts. 3 materials.

1 part. 1 material.

Series application: Compressed air silencers made of open-pore cast
aluminum (below) are lighter, smaller, better, cheaper and more
sustainable than conventional silencers made of different materials.
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Enormous variety of possible architectures, designs and material settings
as monomaterial hybrids and multimaterial systems for a wide range of
applications.

www.metaker.com

OPTIONALLY MODIFIED MECHANICAL, THERMAL, ELECTRICAL, OPTICAL, CHEMICAL AND OTHER MATERIAL PROPERTIES

METAKER® multifunctional surfaces
Application-specific functionalization of light metals and composite materials for sustainable
structural, mechanical, fluid mechanical, thermal, electrical, chemical, decorative and other
applications with conflicting material requirements. Generation of new, previously unknown material
properties

Example # 1 – mechanics
Ring gear of an air pressure meter. METAKER® modified aluminum part replaces bronze part.
Weight: -70%. Material costs: -93%. Lifespan: + 100%.

Example # 2 - thermal management
Infrared heater made of aluminum. METAKER® surface replaces powder coating on aluminum.
Power consumption: -60%. Better function (thermal radiation).

Example # 3 – Thermoelectrics
Peltier element. METAKER® modified aluminum part replaces ceramic part.
Thermal resistance: -325%. Electrical breakdown: + 46%. Weight: -29%.

Example # 4 – acoustics
Internal combustion engine muffler. METAKER® modified open-pore aluminum part replaces a steel
parts assembly. Better acoustics with less weight. Higher temperature resistance.

METAKER® Surface. New sustainable surface technology without alternatives (www.metaker.com)

Green Technology

METAKER® modification of aluminum-polymer
hybrid component.
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Functionalization, microstructuring and chemical activation in one work step,
without pre-treatment, without post-treatment and without harmful substances.
Conversion of aluminum (and with restrictions also Mg, Ti) surfaces into a
multifunctional, microstructured, chemical activated micro-composite material.
New, previously unknown mechanical, thermal, electrical, chemical, optical and
other material properties and multifunctionality (e. g. more wear-resistant than
steel + dielectric like ceramic + thermally conductive like aluminum).
Substitution of components made of steel, stainless steel, brass, bronze, ceramics,
also with hard anodized aluminum, hard chrome, chem. Ni. and other surfaces.

www.porecool.com

Novel, highly efficient thermal management concepts for
batteries, power electronics, LED, IT, building technology
and many other applications.
Current thermal management solutions are based on the
use of materials with monofunctional properties (e.g.
aluminum is thermally conductive but not electrically
insulating). This fact often requires the use of the
materials that are unfavorable for thermal management or
a multi-layer system structure of materials with different
and often opposite properties. This makes the
optimization of thermal resistances in the overall system
very complex or even impossible.
The modern material technologies allows multifunctional
combinations of conventional materials and novel
aluminum components with previously unknown macroand microstructures and, if desired, modified mechanical,
electrical, thermal, chemical, optical and other material
properties. This opens up many new potentials for the
development of new, highly efficient thermal
management solutions in all industrial sectors.

In the case of thermal radiation, the surface size of the
radiating body, its temperature and its emissivity - the
ratio of the radiation intensity emitted by a body to the
radiation intensity of a black body of the same
temperature (cf. aluminum sheet, bare = approx. 0.1,
stainless steel = approx. 0.3, aluminum oxide ceramic =
approx. 0.25, plastic = approx. 0.92) are decisive.
Despite increasing challenges, application-specific
solution approaches have been limited for decades mainly
to the use of components made of solid metals such as
aluminum, stainless steel or copper, possibly with suitable
surface treatment such as anodizing for aluminum heat
sinks.
The surface coatings required for decorative, electrical or
corrosion-resistant applications also usually have a
negative influence on the thermal resistances of the
overall system.

Conduction, convection and radiation - challenges in heat transfer.
More and more modern products such as LED lighting
systems, control units, power electronics, batteries,
medical devices, and heating, ventilation and air
conditioning systems require increasingly efficient and
compact heat transfer solutions.
The challenges in today's world are the number and
complexity of the problems. On one hand, increasingly
complex relationships must be established between three
different types of heat transfer: Conduction, Convection
and Radiation have to be considered. On the other hand,
lightweight construction trends and interdisciplinarity of
modern applications lead to the use of material systems
that often counteract the quest for the optimal heating,
cooling and ventilation concept.
The positive properties of the components for heat
transfer depend on the respective type of heat transport.
In the case of heat conduction, these are higher thermal
conductivity of the material (cf. aluminum 99.5% = approx.
236 W/mK, stainless steel = approx. 20 W/mK, aluminum
oxide ceramic = approx. 25 W/mK, plastic = approx. 0.5
W/mK), larger surface through which the heat flows and
smaller thickness of the body between hot and cold sides.
In the case of convection, in addition to material
properties, the shape of the body (tube, plate, smooth or
with microstructured surface) and the fluid flow influenced
by it (laminar, turbulent) play an important role.
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Openpore standard aluminum part (top) modified using the METAKER®
surface process (left) and subsequently PVD coated (right).

OPENPORE Light Metal Hybrids
Multistructural, multifunctional mono- and multimaterial systems
based on light metals.
Open-pore aluminum foams have been produced for
several decades using various manufacturing processes.
Their density is 5% - 20% of the starting material and the
open-pored structure with large pores shows very good
flowability for fluids and gases. Nevertheless, they have
hardly found any application in heat transfer systems so
far. On the one hand, they are inflexible in terms of
shaping and joining technology. For another, although the
porous material structure offers very large specific surface
areas, the metal foam webs are too thin to be able to
transport sufficient heat into the material. The data in the
technical literature puts the thermal conductivity of
conventional open-pore aluminum foams at between 6
and 7 W/mK.

www.porecool.com

Compared to conventional open-pore aluminum foams,
OPENPORE aluminum hybrids offers many new material
properties relevant to efficient thermal management:
• light weight (0,8-1.3 g/cm3),
•
•

up to 8x higher material quantity,
up to 10x higher thermal conductivity,

•
•

up to 20x higher compressive strength,
flexibly adjustable pore sizes from a few micrometers
to several centimeters,

•

novel, hourglass-shaped pore topology with new
mechanical, fluidic and acoustic properties,
arbitrary shaping by conventional mechanical
processing,

•
•

•
•
•
•
•
•
•

implementation of arbitrary flow geometries (channels,
meanders, labyrinths, herringbone patterns, etc.) in the
porous structure,
implementation of partially porous structures,
flexible integration of solid material areas into the
foam structure,
flexible integration of selectively porous areas into the
solid material,
flexible integration of functions into the porous and
solid areas of the foam structure,
flexible formation of material hybrids with other
materials (copper pipes, polymers etc.),
modification of material properties in the METAKER®
Surface process,
use of numerous conventional joining methods
(forming, screwing, riveting, soldering, gluing, etc.).

METAKER® Surface. Advanced performance and multifunctionality.
In addition, the functionality and performance of
OPENPORE aluminum hybrids can be expanded by
converting the surfaces of the component in the solid
and/or open-pored functional areas into a highperformance, multifunctional micro-material composite
using the METAKER® Surface process.
The METAKER® Surface Technology changes the
mechanical, electrical, thermal, optical, haptic, chemical,
biological and other material properties of light metals.
Depending on the application, METAKER® surfaces can
bring further advantages:

•

microstructuring of the surface for better heat transfer
coefficient,
increase of heat radiation from the solid into the fluid,

•
•

increase of corrosive and wear resistance,
electrically insulating or conductive functions,

•

chemical activation and compatibility with other
technologies such as printed electronics,
and much more.

•

•

Copper
METAKER® Surface
Aluminum

Copper circuits or TIM, printed on multifunctional, multistructural,
microstructured and chemically activated METAKER® surfaces.

Development of PORECOOL cooling systems.

Local functionalization with PA6 GF30 with ROBIN Robotised Injection
Moulding technology of ANYBRID GmbH.
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PORECOOL porous cooling systems offers several
previously unknown potentials for highly efficient thermal
management.
AUTOMOTEAM offers technology workshops, consulting,
development and industrialization of customized cooling
components and systems for different applications.

www.porecool.com

PORECOOL SYSTEM SOLUTIONS OF THE HIGHEST COMPETENCE
What do we offer?
New perception of feasibility limits puts engineers in a new paradigm and opens up previously unknown solution paths for
product and process innovations in all industrial sectors. These potentials are to be identified and tapped under a systems
perspective. We help you in different project phases to differentiate your products through worldwide unique optimized
weight, function, energy, resource and cost efficiency:
• consult, generate ideas, evaluate feasibility, build prototypes,
• solve technical problems and improve existing products,
• develop and industrialize new products,
• identifying and realizing strategic innovation potential.
Development is done in close coordination with your interdisciplinary team, iteratively, in agile design sprints following
proven methodology to solve problems through concept development, prototyping and testing. The compact framework
consists of 6 phases and is used to develop hypotheses and test them through prototypes quickly in real environments
with as little investment as possible.

What do you need?
A clearly defined challenge.
The challenge defines the goal of the design sprint and is based on an existing problem.
An interdisciplinary team.
A cross-functional team of 5-7 participants is recommended for a design sprint. For example, a sprint team could include a
product development manager and experts in mechanics, electronics, thermal management, surface technology, and
process planning.
Setting budgets.
PORECOOL design sprints can pursue incremental, short-term concepts as well as revolutionary, long-term concepts. In a
short time, meaningful results can be available to be commercialized. A suitable budget must be available for this.
An R&D decision maker as design sprint facilitator.
The facilitator guides the sprint team through all tasks, discussions and team decisions and ensures the necessary focus and
speed.

CONTACT (only for projects in Europe)
PORECOOL cooling systems is a product of the METAHYBRID technology portfolio from AUTOMOTEAM GmbH.
Industriestrasse 6, 70565 Stuttgart, Germany | +49 711 128967-60 | sales@automoteam.com | www.automoteam.com
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