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Company Profile

HiETA Technologies Limited is a product design, development and production company based in Bristol
and Bath Science Park exploiting Additive Manufacturing (AM). Using Selective Laser Melting, we can
‘grow’ components from layers of very fine metal powders. The very high levels of 3D Design freedom
provided by the approach allow us to deploy complex geometries, including lattices, and to integrate
multiple components into single designs. This allows us to create more compact and efficient
components than conventional manufacturing techniques.
In our Technology Centre, we produce products in the areas of:
• High-Temperature Heat Exchangers such as recuperators for micro gas turbine
systems
• Low- Temperature Heat Exchangers such as water-cooled charge air coolers
• Turbo Machinery including lightweight and cooled turbine wheels
• Combustion and Fuel Delivery Parts such as injectors and combustor cans
• Integrated Systems including a waste heat recovery system based on an inverted
Brayton cycle
HiETA’s heat exchangers are typically 40% smaller and lighter and our turbo machinery can operate
at up to 200°C higher than those available elsewhere. We target 40% efficiencies for micro gas
turbine systems. Serving Formula 1, automotive, energy generation, defence and aerospace markets,
our products are in daily use in Formula 1 applications and in various powertrain OEM development
platforms.
HiETA also offers services in design engineering, additive manufacturing, and testing. Operating state
of the art Renishaw Laser Powder Bed Fusion Additive Manufacturing machines in our facility, we’re
fully equipped with powder acceptance testing equipment through to specialist post-processing such
as specialist powder removal equipment and inspection including 3-D GOM scanning equipment.
Whilst fast-growing we still operate an agile and open-innovation culture and can work equally at home
with fast-paced Formula 1 developments or in highly quality assured and safety-critical applications
such as civil aerospace.
If your application demands a high efficiency and lightweight solution we look forward to working with
you.

Technology Centre

HiETA’s Technology Centre has been built to rapidly deliver high-performance products by using additive
manufacturing at a high level of quality. It brings HiETA’s design, analysis, and production capabilities
together, all under one roof, in a purpose-built facility in Bristol & Bath Science Park. Working with our
customers and partners, we address the whole product life-cycle from initial concept through design,
analysis manufacture, post-processing, quality assurance and component testing—all linked by fastpaced agile processes.
Additionally, the Technology Centre is strategically positioned at the Bristol and Bath Science Park to
access facilities at the National Composite Centre and forthcoming Institute for Advanced Automotive
Propulsion Systems (IAAPS). We also have our high-temperature and phase-change test facilities
located just a few minutes’ drive away and Renishaw, our supplier of Additive Manufacturing machines,
is located just 30 minutes away. Also emerging is a cluster of high-end users of Additive Manufacturing
in the locality, which offers exciting opportunities for future collaboration.
Flexible Entry to the Supply Chain
HiETA’s full service offers sophisticated analysis and modelling tools and AM machines facilitate rapid
development enabling businesses to reduce their lead times.
Whatever the level of market readiness, HiETA can help build the framework and optimise designs for
AM, provide flexible manufacturing solutions and ensure that, when ready, there is a validated supply
route to deliver right the first time.
Manufacturing Capability
The Technology Centre houses a number of high specification AM machines, supported by a strong local
supply base, ensuring that HiETA offers flexibility in its design and production solutions as products
move through their lifecycle to full production volumes.
End-to-end product development
The Technology Centre provides HiETA expertise for each function:
•
•
•
•
•
•
•
•
•
•
•

Design
FEA analysis
CFD analysis
Topology optimisation
Materials analysis
Build optimisation
Additive Manufacturing
Post-processing
Component inspection
Component testing
Project management

Whatever stage a customer brings a product to us, HiETA has the expertise and resource to add real
value and accelerate delivery.

High-Temperature Compact
Heat Exchangers
Since HiETA’s beginnings, heat exchangers
have been at the centre of our research
and development activities. Indeed, the IP
on which the company was founded was
in the application of metal powder-bed AM
processes for the manufacture of compact
heat exchangers. The reason this was,
and remains, “core” to HiETA’s offering is
that we believe that producing compact
heat exchangers, particularly those made
of high-temperature capable materials
such as Inconel 625, through Additive
Manufacturing,
provides
compelling
technical and commercial benefits.
HiETA have developed high-temperature
compact heat exchangers for various heat
engines and have demonstrated significant
benefits over those produced through
forming and welding/brazing processes with
inherent constraints and failure locations.
The design freedom of the process allows
us to create highly efficient heat transfer
surfaces, which result in high effectiveness
core technologies with minimal pressure
drop.

Materials:
• Inconel 625
• Inconel 718
• CM 247LC
• SS316 L

Markets:
• Energy
• Automotive
• Defence
• Aerospace

HiETA continues to innovate in the area of high-temperature compact heat exchangers
through the integration of these high performing units with other components. For
example, we have demonstrated the benefits in terms of cost and performance of
integrating recuperators into turbine housings and combustor cans in MGTs.

To support these innovations, HiETA have developed material data sets for a portfolio
of materials including nickel superalloys such as Inconel 625 through tensile and
fatigue testing of representative core geometry. Through its group of partners, it also
has the capability to validate performance at high mass flow rates and temperatures.
Historic applications explored by HiETA include recuperator used to increase efficiency
in Brayton cycle MGTs and heat exchangers in exhaust heat recovery such as the
inverted Brayton cycle.
The benefits of HiETA compact heat exchangers are also realised quicker, as without
the need for tooling, and with its extensive library of performance and materials data,
we can rapidly realise these benefits and meet your application requirements.

Low-Temperature Compact
Heat Exchangers
HiETA have developed low-temperature
compact heat exchangers for internal
combustion engines in cooler applications
such as charge-air cooling devices, we
have developed a library of heat transfer
surfaces optimised for both high and low
Prandtl number fluids.
The freedoms of the process also allow
our designers to employ novel manifold
optimisation techniques to ensure flow
distribution to the core is such that
performance of the unit is maximised.
The opportunity is enhanced in applications
where package space is limited as these
core and manifolds can be formed into
novel shapes to fit the design space
available. We also optimise these shapes
to reduce thermal and pressure losses
using our expert knowledge of advanced
computational fluid dynamic (CFD)
modelling techniques.

Materials:
• AlSi10Mg
• Ti6A14V
• SS316 L

Markets:
• Energy
• Automotive
• Defence
• Aerospace
• Motorsport

HiETA continues to innovate in the area of low-temperature compact heat exchangers
including its development of integrated condensing and separation stages integrated
as part of the compact heat exchangers design. This engineering and Additive
Manufacturing understanding has been applied to various system designs such as
exhaust heat recovery systems, fuel cell cooling, and steam generator systems.

To support these innovations, HiETA have developed material data sets for a portfolio of
materials properties through tensile, fatigue and corrosion testing of representative core
geometry. Furthermore, thermo-mechanical endurance is ensured through extensive
experience in finite element analysis of complex heat exchanger models and experimental
validation through material testing and transient cycling of scaled and full-size compact
heat exchanger articles.
The benefits of HiETA compact heat exchanger products are also realised quicker, as
without the need for tooling and with its extensive library of performance and materials
data, we can rapidly realise these benefits and meet your application requirements.

Combustion and Fuel Delivery

Fuel Injectors
Exploiting the shape freedoms made
possible by Additive Manufacturing,
HiETA has worked with customers to
realise the net-shape integration of fuel
injector assemblies. The benefits of this
have been part count reduction, cost
& lead time reduction, and increased
reliability.
One example of these developments
featured extended fuel routing for
pre-heating and vaporisation of fuel
prior to delivery into the combustor.
Featuring complex internal passages
with enhanced heat transfer geometry
that can only be created using additive
manufacture and net-shape exits the
solution delivered substantial reductions
in NOx emissions.

Porous injectors and filters
HiETA has developed proprietary lattice-based solutions for controlled fuel flow and filtration.
The benefits of this approach are:
• Greater control over fuel distribution and combustion front
• Increased tolerance of particulate fuel contamination particulate fuel contamination
• Reduced pressure drop, particularly with captured particulates
A number of geometries have been sized to suit a range of fuel flow regimes. Micro-computer tomography
confirmed that these architectures are free from remnant powder and the solid structure build meets the
original design intent. Experimental testing has shown excellent correlation with predicted pressure drop.
Integration with an annular recuperator
The benefits of this approach include:
• Improved packaging for decreased overall system size and weight
• Improved flow path control and customisation
• Increased efficiency and reduced emissions
In an alternative approach, HiETA is developing proprietary solutions for the integration of a can combustor
within an annular radial flow recuperator. Here, complexities associated with distributed fuel injection
and film cooling of the combustor walls are easily accommodated via Additive Manufacturing.
Furthermore, this is integrated into the centre of counter flow involute geometry radial flow annular
recuperator. Not only does this facilitate substantially improved packaging but increased system
efficiency due to increased waste heat recovery.

Turbo Machinery

HiETA has developed an in-depth set
of
high-performance
turbomachinery
technologies for both stationary and
rotating components. Exploiting the design
freedoms of Additive Manufacturing, large
performance gains and mass reductions
have been realised.

Applications & Markets:
• Stationery Power - Micro Gas Turbines
• Automotive – F1, WRAC
Materials:
• CM247 LC
• Inconel 718/625

Lightweight & Internally Cooled Radial Turbine Wheel
HiETA Technologies have designed and tested a lightweight and internally cooled Radial turbine wheel,
capable of operating at 1200°C turbine inlet temperature. By increasing the turbine inlet temperatures
to 1200°C, the thermal efficiency of the turbine stage is drastically increased, and thus the overall
efficiency of the engine system can be increased. Actively cooling the turbine wheel, increases the
component life and by light-weighting the wheel, inertia is reduced and so spool up times are quicker,
as well as reducing wear on bearings. Mass reductions of 22% have already been realised, with the
potential to increase to 40-50% depending on the application. Temperature reductions of 60°C at LE and
100°C at TE have been physically demonstrated vs a solid wheel at turbine inlet temperature of 720°C,
with reductions of 200°C at LE, 250°C at TE expected when turbine inlet temperatures are 1200°C.
Turbine Housings
HiETA has developed proprietary designs for turbine housings as well as manufacturing customer
housings using additive manufacturing (AM). AM enables the use of complex wall stiffening features
on housing outer skins, replacing the need for heavy bulky wall thicknesses, whilst retaining required
stiffness and impact resistance for blade retainment requirements. The benefits of this approach have
been:
• Reduced weight
• Reduced lead-time and cost
Radial Compressor Cooling
In collaboration with other partners, HiETA Technologies have developed solutions for cooled compressor
volutes resulting in a temperature reduction of up to 37 °C and pressure reduction of up to 13%.

Waste Heat Recovery System

HiETA have developed and bench tested a novel waste
heat recovery system, aimed primarily at automotive
and truck internal combustion engines but with
applications in energy, marine, rail and off-highway
sectors. Together with collaborative partners Axes
Design, the University of Bath and Equipmake, HiETA
have developed a prototype system, built and tested
it, and validated our thermodynamic model.
The system is based around an Inverted Brayton
Cycle, and in its basic form takes exhaust gas (post
after treatment) at high temperatures and ambient
pressure, expands through a turbine, rejects heat
and then compresses back to ambient to exhaust.
The high-temperature expansion generates more
work than the low-temperature compression, and
as such, the system generates net power. HiETA and
partners are now developing an advanced system
that also integrates a partial Rankine Cycle element
and significantly boosts power and efficiency.

The system offers a number of unique
benefits. In its basic form, it comprises
a turbocharger, a heat exchanger, and
an electric machine, and as such is
easily available, scalable and low cost. It
imposes no back pressure on the engine,
unlike competing technologies such as
turbocompounding and Organic Rankine
Cycles, and can even be configured to
run with a depressed inlet pressure,
offering unique advantages to vehicle
manufacturers. It is also very light – the
prototype system for a 2.0L gasoline engine
weighed less than 10kg.
The prototype system has run on a hot gas stand at Bath University and has generated over a kilowatt
of power. Fuel saving/emission reduction benefits across a whole automotive drive cycle have been
calculated at between 5-15%, and for stationary power or similar applications can be as high as 20%.
HiETA have developed and tested their highest ever effectiveness heat exchanger for this application
(over 96%) and the compact heat exchanger with many packaging possibilities and low-pressure drop is
one of the key factors in making this technology successful.
The consortium are continuing to develop this technology and hope to demonstrate on a vehicle soon.

Design Engineering

HiETA
offers
design
engineering
services to a variety of industries
and has demonstrated that we can
engineer solutions for highly demanding
applications. With extensive experience
in understanding the principles of design
for additive processes our engineering
team also has expertise in thermo-fluids,
structural analysis, 1D component and system modelling, 3D design, and perhaps most importantly,
design for validation. Furthermore, with its comprehensive software toolbox, we prepare data for AM
production, including file slicing repair, and support design.
Areas of specialism include:
Thermal management – with heat transfer and pressure drop requirements as the focus of product
specifications, we are capable of reviewing complex thermal management problems and, alongside
customers, developing novel, more cost-effective and efficient solutions. Most notably we have
developed a range of high-performance heat transfer surfaces that exploit the shape freedom offered
by Additive Manufacturing. These proprietary surfaces can reduce core volume and mass by 40% or
more.
Light-weighting – AM processes provide opportunities for optimising component topology. In particular,
they allow the design and manufacture of conventional and innovative lattice structures that are
integrated into AM components. Such lattices or honeycomb structures can combine both load bearing
and light-weighting functions. HiETA has gained considerable experience of their performance in a wide
range of development projects.
Component integration – a further advantage of AM is that it allows the integration in single AM builds
of two or more components that are normally manufactured separately. Advantages include reduced
part-count and materials use, reductions in tooling and associated costs, reductions in final sub-system
size, weight and costs and higher efficiency.
Novel functionality – product functionality can be improved by designing multi-functions into previously
single-function components. For example, support structures, often in the form of lattices noted above
can, in heat exchangers, be designed to have additional heat transfer or fluid control functions that
again reduce the size, weight, and costs, and increase efficiency.

Additive Manufacturing

From our state of the art Technology Centre, housing a number of Renishaw Laser Powder Bed Fusion
Additive Manufacturing machines, we offer a range of Additive Manufacturing services:
Build to print: Whether a simple part or one with significant internal complexity HiETA offers build to print
services that benefit from our expertise in build set-up, data handling, optimised process parameters.
Parts of up to 250 mm x 250 mm x 330 mm can be built in a single piece or larger assemblies realised
by welding of parts.
Materials selection and process parameter development: HiETA routinely processes AlSi10Mg, Ti6AL4V,
316 Stainless Steel, Inconel 625 and Inconel 718. For thin wall applications, we have developed proprietary
process parameters for AlSi10Mg, Inconel 625 and Inconel 718. Recently we have developed thin-wall
parameters for CM247LC which facilitates improvements in high-temperature performance and we are
working with customers to realise their parts with these parameters. A wealth of experience has been
gained in understanding the suitability and/or limitations for materials in particular applications where
various manufacturing process steps are employed. We have learned that changes in one process step
can affect the behaviour of a part in another process step. An example is changes to process parameters
can affect the dimensional behaviour in subsequent age-hardening heat treatments. Currently, we’re
taking things further via the use of Machine Learning, in collaboration with the University of Sheffield,
to generate models of process chain behaviours so that optimal parameters can be selected, and part
behaviour predicted.
Process parameter development: We have developed specific processes for the development of process
parameters for bulk material and thin walls. If you are interested in developing process parameters for
a specific material, we would be happy to assist so please contact us.
SLM Process: We have established parameters and processes for AM250 Plus-Pac, Ren AM500M, and
Ren AM500Q machines. We are always first or early adopters of new additive technologies and design
parts to build efficiently on future generations of AM machine.
Powder removal: We have established the local limits for powder removal over a range of fine-feature
geometries. These are then combined with strategies for the global removal of powder for large
components with tortuous internal architectures. In collaboration with Renishaw and the University of
Sheffield, we are currently working on developing automated powder removal hardware and process
models using Deep Learning, to ensure rapid and reliable outcomes. Furthermore, we are currently
developing methods for tracking and confirming the successful removal of powder from devices.
These comprehensive services allow customers to access the same enabling capabilities that allow
HiETA to create its range of cutting-edge proprietary products. Please contact us to discuss your
requirements.

Case Study: Microturbine generator

Background:
Started in November 2012, the aim of the
MiTRE project was to design and build a
small lightweight and most importantly
low-cost microturbine generator for
use as a range extender for electric
vehicles. Its addition to an electric
vehicle will reduce the vehicle’s cost (by
displacing some of the batteries) whilst
offering its owner greater availability
and range. The project was worth over
£3 million of investment and was a
collaborative venture part funded by
the TSB (Technology Strategy Board,
now Innovate UK). HiETA Technologies
led the development of the microturbine
recuperator which was key to achieving
the target cost and performance of the
range extender. The project was led
by UK-based vehicle integrator Delta
Motorsports, in Silverstone.

Challenge:
Traditionally, heat exchange products are often made from thin sheets of material thats joined through a
process such as brazing, welding, and diffusion bonding. The complexity of the designs makes production
both challenging and time-consuming, while the material used for the joining process adds to the overall
weight of the part. Prior to the work at HiETA, little research had been undertaken into the use of additive
manufacturing for the manufacture of heat exchangers. The initial challenges were, therefore, to confirm
that AM could successfully generate sufficiently thin walls of the required quality and, then, to produce a
complete component with the complexity of a typical heat exchanger.
The third challenge was to use the knowledge and experience developed to move the process from the
manufacture of samples and prototypes into low-volume production.
Solution:
Firstly, HiETA worked closely with Renishaw to develop specific parameter sets for the production of leakfree thin walls in Inconel down to thickness of 150 microns. Both companies produced samples using a
variety of settings on the AM250 at both companies’ facilities. The resulting samples were heat treated
and then characterised. The test results enabled both companies to confirm the optimum parameters
on the machines for thin-walled structures and also allowed HiETA to develop a design guidebook with
parameters for heat transfer in heat exchangers manufactured laser powder-bed fusion technology.
Having achieved a leak-free integral wall, the next stage was to move to a complete, full-size unit, which
could be completed in a reasonable build time. As well as allowing further optimisation of the Renishaw
equipment to handle the larger samples, HiETA used these projects to develop an extraction process for
removal of excess powder material from the core of heat exchangers.

Results:
The first result of the partnership between HiETA and Renishaw was to produce the basic data needed
to set up the additive manufacturing equipment to produce thin-walled structures successfully and to
provide the parameters needed to predict the performance of heat exchangers manufactured with the
Renishaw equipment.
The thermal transfer and fluid flow data that resulted has been incorporated into the CFD and finiteelement analysis programs used by HiETA. These programs can be used for an initial assessment of the
likely performance of new component designs and thus confirm that the proposals have the potential to
meet the customer’s requirements.
The first attempt at making a complete product on the AM250 system generated a successful component
but needed a build time of seventeen days. Following improvements to the hardware and software, together
with optimisation of the process parameters, this was reduced to eighty hours. Detailed testing showed
that the component would meet the requirements in terms of pressure drop and heat transfer.
However, this performance was achieved with a weight and volume of approximately 30% lower than that
of an equivalent part made by conventional methods.
Application:
Building on the output of the ‘MiTRE’ project, Delta Motorsport have developed a 35kW version of its range
extender to suit the Ariel HiPERCAR. When it came to developing a 35kW version of the MiTRE system for
the HiPERCAR, Delta Motorsport turned to HiETA for a solution. In response, HiETA was able to scale-up the
original 17kW design to meet the increased power demands of the HiPERCAR application.
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