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The impact of generative
design on your thermal
engineering work process




About this whitepaper
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Engineers involved in the design and testing of cooling
systems often rely on physics-based simulation tools to
explore heat flow phenomena, aiming to develop the most
optimal thermal management strategy. Yet, designing
large-scale systems using a classical physics-based
simulation approach can be a time-consuming task, often
requiring several weeks or even months to complete.

This whitepaper emphasizes the advantages of adopting ‘generative design’

in your thermal design process using ColdStream Nxt, a cloud-native thermal
engineering platform. ColdStream Nxt supports the entire thermal management
and cooling design process, from concept generation during the early stages of
the design process, to detailed analyses at the end of the project.

The document is focused on enlightenment about conventional thermal design
methodologies and the improvements offered by ColdStream Nxt. It is intended
for technical experts, engineering collectives, and decision-makers who are
driven by a desire to push the boundaries of thermal performance and efficiency
in their products.

Readers will learn about the vast potential for generative design to reshape

the thermal management landscape across various industries and gain a
comprehensive perspective for both experts and decision-makers, emphasising
the real-world applications and tangible benefits of generative design.

The whitepaper is structured as follows: first we provide an overview of thermal
design in cooling systems, then we discuss some challenges in thermal design
and present a number of case studies to conclude the paper.




Introduction

The pursuit of improved efficiency and performance is causing a significant change in the way we approach
thermal design in cooling systems. As technology and industries progress, cooling components must also
evolve to effectively and efficiently dissipate heat, ensuring the smooth operation of systems across various
sectors, from computing to manufacturing and transportation. Traditional methods of thermal design,
however, often struggle to keep up with the growing need for optimal performance and cost-effectiveness.

Fig. 1 - Heat sinks are used in the electronic components of an electric motor to dissipate excess heat
and prevent overheating.

Thermal design in cooling systems: An overview

Thermal design is a crucial engineering practice that supports the development of cooling systems and
components. The process demands precise calculations, knowledge of heat transfer principles, and
understanding of material properties. However, these requirements present numerous challenges when
using conventional design approaches and engineering tools, necessitating a move towards more innovative
solutions.

Fig. 2 illustrates a typical thermal design process. The procedure starts with identifying the customer
requirements and target specifications, which leads to the generation of several product concept designs.
Then, the design undergoes refinement, and the necessary improvements and adjustments are made.
Finally, the design is subjected to a CFD simulation to validate its intended performance. The product is then
prototyped and tested under real-world conditions. With ColdStream Nxt, engineers can cover the first three
steps of the process, from early concept generation to detailed analysis.
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Fig. 2 - Thermal design process and how ColdStream Nxt can help in any workflow
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The challenges in thermal design

Engineers and designers face numerous challenges that require innovative solutions. These challenges
range from dealing with the complexities of computer-aided design (CAD) and meshing issues to reducing
manufacturing costs. Additionally, the need to use smart algorithms for better thermal management calls
for advanced, Al-driven approaches. Each of these challenges presents a significant obstacle in achieving
optimal thermal performance but also provides an opportunity for the development of cutting-edge
technologies and strategies. By using generative design, sophisticated meshing techniques, and the latest
manufacturing advancements, we can create more efficient, cost-effective, and high-performing thermal
systems.

1. Overcome CAD complexity and meshing issues

The field of thermal design, specifically in CAD geometry, involves dealing with complex challenges.

These challenges include managing complex geometries that not only question the limits of human design
capabilities but also complicate the precise analysis and prediction of thermal behaviors. However, modern
CAD software can handle designs that go beyond traditional human skillsets, highlighting the need for
advanced meshing strategies. Such strategies are crucial in creating suitable meshes for thermal simulations.
They address issues of poor element quality and computational inefficiencies that arise from error-prone
mesh generation processes, especially in the context of complex shapes found in CAD models.

Fig. 3 - Generative-designed cooling sleeves: Example of complex hollow cylindrical design domains (Click here
for the case study)
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https://www.diabatix.com/case-studies/diabatix-formula-student-team-delft

2. Reduce costs by getting the most out of your manufacturing process

The need for cost-efficient product development is constant. Traditionally, thermal design has relied on a
resource-intensive trial-and-error approach, which requires a lot of time, expertise, and understanding of
both the application and successful solution characteristics. This approach results in higher development
costs and falls short of meeting the increasing demand for sustainable products that require optimized

material use and eco-friendly manufacturing practices.

However, it is often overlooked that manufacturing capabilities frequently surpass the limits assumed during
the design process. To tackle this issue and address the growing need for more sustainable and cost-
effective design practices, there is a compelling argument for adopting generative design. This advanced
method enables designers to push the boundaries of what'’s possible by leveraging the full potential of
manufacturing processes to achieve optimal thermal management and system performance.

(Re)Create CAD @
. model

Setup CFD

Analysis/ O
_ Testing

Post-process %
\ results

- simulation

Design challenge

A solution

ColdStream

S
2

Concept 1 Concept 2 Concept 3

Generative

Fig. 4 - The cycle on the left
represents the circular way of
working during a manual design
cycle. Engineers propose a
cooling solution, validate the
performance, and repeat until

a design is returned. With
ColdStream Nxt, the design

cycle is linearized (for a given set
of input parameters). ColdStream
Nxt users upload their geometry,
fill inthe inputs, and let the Al do
the heavy lifting.
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3. Leverage smart algorithms to beat thermal challenges

Traditional design methods struggle to fully address factors such as thermal hotspots, inadequate cooling,
and insufficient heat dissipation due to the limited number of iterations a human designer can reasonably
execute. This limitation often results in standardized, less optimized designs. Yet, identifying and mitigating
these issues requires a comprehensive understanding of the system’s thermal behavior, efficient cooling
solutions, and optimal material selection. The use of smart algorithms, in the broadest sense of the meaning
of the term, allows us to address these challenges effectively and efficiently.

Fig. 5 - Generative-designed liquid cooling for an IGBT module that generates 1.5kW of heat.
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Generative design transforms thermal engineering

Thermal design has been a critical aspect of engineering since the Industrial Revolution. Historically, it
involved a manual and iterative process, where engineers relied heavily on their expertise and intuition

to develop optimal solutions. This traditional approach often leads to a time-consuming design process
and suboptimal designs, as engineers struggle to explore the vast design space and consider all possible
configurations.

With the advent of computational power and simulation tools, engineers gained the ability to analyze and
optimize thermal systems using numerical methods. Computational fluid dynamics (CFD) became a common
tool to simulate heat transfer phenomena and optimize thermal designs. While the tool provided significant
advancements, it still required engineers to define the design parameters and constraints explicitly.

In recent years, generative design has emerged as a transformative approach in several fields, including
thermal design. By leveraging the smart algorithms, generative design has changed the way engineers
approach the creation and optimization of thermal systems.

Why generative design software

The main advantage of ColdStream Nxt lies in its ability to go beyond human intuition and generate designs
that humans simply can’t create through a manual process. By employing smart algorithms, the software

can explore unconventional design solutions and optimize for multiple parameters simultaneously, such as
minimizing weight while maximizing thermal performance (Fig. 6). This capability allows engineers to uncover
innovative and efficient designs that cannot be created using traditional methods.

Furthermore, ColdStream Nxt enables engineers to consider a broader range of design variables and
constraints, accommodating complex geometries, material properties, and manufacturing limitations.
By optimizing the design exploration process, Diabatix ColdStream Nxt saves time and resources while
maximizing the likelihood of finding optimal designs.
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ColdStream Nxt: A game

ColdStream  Projects Libraries Utilities Data overview Dashboard 235/ 900 eCO‘[m‘i:';',z:,‘::c"”m’ BT Y

Case Summary Thermal network History ‘ Download Results ‘ ‘ Download Design ‘

Surface plot
v basePlate
Surface plot
v (T batteryCelld
@ Surface plot
v batteryCell3
Surface plot

I 52.00

v batteryCell2
o g 51.00

@ Surface plot
50.00

T

v batteryCellt

Surface plot
43.00

48.00

v @ design \y‘
! OO G ox oI A

Fig. 7 - Results overview of a sheet metal cold plate

ColdStream Nxt is a solution ready to address these challenges head-on, with the potential to enhance a
variety of thermal design processes. Diabatix’s platform can create and optimize designs with -80% less
engineering time and +20% performance gain.

By generating complex geometric models far beyond the capabilities of manual CAD methods, generative
design enables designers to create high-performance cooling components that take full advantage of the
capabilities of your preferred manufacturing technique.

Learn from the leaders in thermal management:
Watch our video here!

The iterative process of generative design, paired with automated performance simulation, results in
optimized thermal performance across a variety of conditions. This automation speeds up the design process,
reduces human error, and makes it possible to meet performance requirements more consistently.

Diabatix ColdStream Nxt allows the delivery of a fully manufacturable design, thereby reducing adaptation
costs and improving sustainability. By quickly iterating and optimizing designs, the software can find the
optimal balance between performance, cost, and manufacturability. ColdStream Nxt offers a solution to the
challenges that have long plagued the industry, opening the door to a new era of efficiency and performance

optimization.

The following section presents a series of case studies that demonstrate how these principles are used in
real-world scenarios to achieve significant advancements in thermal management and design efficiency.
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Case Studies

ColdStream Nxt, Diabatix’s thermal generative design software,
offers a wide range of features that revolutionize the thermal
design process. In this section, we will explore case studies that
highlight the software’s ability to improve efficiency, reduce
design iterations and costs, optimize cooling performance, and
provide successful examples of generative design in thermal
design for cooling systems.
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Case Study 1:

CPU cooler redesign to gain 55%

performance

The cooling design of a high-power CPU is
critical for the CPU’s performance. This example
demonstrates ColdStream Nxt’s ability to
significantly improve efficiency and accuracy
compared to traditional design methods. The
traditional design approach relied on manual
iterations and was time-consuming, limiting the
exploration of design alternatives.

The case study compares a traditional skived
fin heat sink available on the market with an
optimized custom CPU cooler design. The
outline of the component is shown in Fig. 8.
The cold plate’s and microchannels’ material is
copper used for L-PBF. The coolant is a mixture
of water and glycol at a ratio of 40/60. The heat
source is the CPU Intel 1700, modelled as a
direct heat source, with a power of 250W.

The approach sets optimization targets and
constraints to achieve a refined model.
The inlet is under a pressure loss constraint,

Outlet

Fig. 8 - Measurements of the CPU system and identification
of inlet and outlet
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meaning that the static pressure drop in the
flow through the design will be equal to or
smaller than the prescribed value. Therefore,

a maximum pressure is set for a boundary
concerning environmental pressure. For the
current case, the constraint is set to the original
pressure drop pmax = 11 kPa.

The optimization target for the CPU component
is temperature minimization. This goal function
reduces the temperature across an element

by focusing on the highest temperature.

Additionally, a manufacturing constraint has
been imposed, requiring the CPU cooling to be
produced using 3D printing in copper with a
minimal feature size of 0.28 mm.

After setting the design region, ColdStream Nxt
automatically generates the design without any
human interaction for the CPU cooler setup, as
shown in Fig. 9.

Fig. 9 - Generative design of the CPU cooler
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Traditional Skived Cold Plate

Generative Design Cold Plate
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Fig. 10 - Temperature field (top and bottom view) in K of the
skived fin and the generative design heat sinks

The simulated temperatures of the skived

fin copper heat sink and the generative-
designed heat sink are shown in Fig. 10, for

the liquid-cooled side and the surface attached
to the CPU. The traditional design shows a
maximum temperature of 349.3K (76.1°C), with
the system cooling it down to 316.2K (43.0°C).
The temperature variance of the contact surface
between the heat source and the heat sink is
124.6 k2 and the pressure drop was 11 kPa.

On the other hand, the temperature on the
heated wall of the generative-design heat sink
ranges from 323.4K (50.3°C) to 329.6K (56.4°C),
and its variance is 2.4 k2.

To evaluate the heat sink performance, we
calculate the thermal improvement by comparing
the thermal resistances of different models.

The skived heat sink exhibited a thermal
resistance of 0.145 K/W, whereas the generative
design model showcased a significantly

lower resistance of 0.066 K/W,

representing a remarkable 55% reduction in
thermal resistance.

An experimental study was carried out to
validate the results of the optimized CPU cooler.
The heat sink’s performance (AT=Tmax, heater

- Tinlet,coolant), including uncertainty, is shown

for flow rates ranging from 75 to 200 ml/min in
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Fig. 11. The experimental data corroborates the
simulated values within the uncertainty interval,
showing an excellent agreement between them,
proving that the simulated results accurately
describe reality.

By leveraging the power of generative design,
ColdStream Nxt autonomously generated
multiple design iterations, considering various
geometric configurations and material
properties. The software optimized for

thermal performance and manufacturability
simultaneously, resulting in an innovative design
outperforming the traditional approach.
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Fig. 11 - Experimental validation results
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Case Study 2:

Generative design in thermal

design for cooling systems

Several successful examples of generative
design in thermal design for cooling systems
showcase the capabilities of ColdStream Nxt. In
the automotive industry, the software has been
instrumental in optimizing the design of electric
vehicle battery cooling solutions, resulting in
improved battery life, performance, and safety.

In this case study, we focused on designing

a battery cold plate that ensures optimal
temperature variance while also being
compatible with sheet metal forming for
manufacturing. The specific design region is
depicted in Fig. 12, providing a visual reference.
The cold plate is responsible for cooling four
battery cells, collectively generating a heat
output of Q = 450W for the entire system.
Water is utilized as the cooling medium for the
batteries.

The generative-design cold plate, shown in Fig.
13, showcases a remarkable advancement over

Fig. 12 - Design region of the battery cold plate
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the conventional S-shaped design. Notably, this
plate exhibits an impressive 46% enhancement
in temperature uniformity, ensuring a more
consistent and evenly distributed thermal
performance. Moreover, its superior engineering
leads to a 95% reduction in pressure drop,
offering unparalleled efficiency and improved
fluid dynamics. These improvements in both
temperature uniformity and pressure drop set
the generative-design cold plate apart as a
groundbreaking solution in the field of thermal
management.

ColdStream Nxt explores a vast design space
and generates heat sink configurations
optimized for cooling performance. Through
simulations and performance analysis,
ColdStream Nxt identifies the most effective
heat sink design. These optimized designs lead
to improved battery life, enhanced performance,
and increased safety in electric vehicles.

Fig. 13 - Generative-designed cold plate
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Thermal design made simple with ColdStream Nxt

The introduction of ColdStream Nxt in the thermal management industry is revolutionizing thermal design in
cooling systems. ColdStream Nxt enables engineers to create, optimize, and validate designs with -80% less
engineering time and +20% performance gain than traditional methods. This white paper has highlighted the
benefits of Diabatix’s software, including improved efficiency, eliminating manual design iterations, reduced
costs, optimizing cooling performance, and the exploration of a wider range of design options.

ColdStream Nxt addresses the limitations of the traditional design process, allowing for the creation of
complex geometries that maximize thermal performance. The iterative process of generative design,
combined with automated performance simulations, ensures optimized thermal performance across various
conditions. ColdStream Nxt also enables designers to consider a broader range of design variables and
constraints, resulting in innovative and efficient designs that may have been overlooked using traditional

methods.

By adopting ColdStream Nxt software, companies can streamline the thermal design process, saving time and
resources while achieving optimal system performance and thermal management. The software facilitates
collaboration between engineers, ensuring that design goals, constraints, and specifications are effectively
communicated and met. It also helps in preparing designs for manufacturing and testing, ensuring practicality

and manufacturability.

As we look towards the future, ColdStream Nxt will continue to evolve, enabling even greater advancements
in thermal design for cooling systems. The smart algorithms will lead to further optimization, faster iterations,

and enhanced design exploration.

To see ColdStream Nxt in action, book a demo here.
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Diabatix is the technology leader in generative design software for
thermal management, with their flagship product, ColdStream Nxt,

at the forefront of thermal design innovation. Diabatix’s mission is to
change the way engineers approach thermal design, enabling them
to create highly efficient cooling systems across various industries.

With Diabatix ColdStream Nxt, companies can unlock a new era

of thermal design, revolutionizing cooling system performance,
and achieving unprecedented levels of efficiency and cost-
effectiveness. Diabatix is committed to supporting their clients on
their thermal design journey, empowering them to stay ahead in an
increasingly competitive market.
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