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Clearly, economics and aesthetics figure greatly in the ther-
mal management of industrial and consumer products and 
processes. Simulation can eliminate waste by preventing over-
design — using too much of a material, or using a more expen-
sive material when a cheaper one would suffice. Simulation 
can also prevent under-design, which might compromise your 
product’s safety or reduce its lifetime. In addition, understand-
ing how long your product can work effectively at its operat-
ing temperature helps you to set reasonable warranty periods. 

Engineering simulation using reliable computational phys-
ics and multiphysics can minimize thermal management con-
cerns for your product or process. You can model your product 
and simulate its operation virtually, using parametric studies 
to explore the design space more thoroughly than would ever 
have been possible using the old build-and-test method. You 
can see how your model responds to changes in temperature, 
delineate the optimal range of operation, and choose the best 
materials for your application. The result will be the best prod-
uct possible, both technologically and economically.

ANSYS products enable you to study the effects of conjugate 
flow and heat transfer, Joule heating, chemical reactions, ther-
mal dissipation and electronics cooling, to mention just a few 
areas. ANSYS Mechanical, ANSYS Fluent and ANSYS Icepak are 
routinely used today by engineers worldwide to address prod-
uct design challenges.  

In this issue, a few of our most creative customers relate 
how they used ANSYS engineering simulations to solve their 
toughest thermal management challenges in many industries. 
I think you will find their stories insightful. 

DESIGNING HOT 
PRODUCTS
When developing a new product, managing  
its thermal signature — the thermal energy  
that it releases/absorbs in its operating 
environment — is important for aesthetic  
and economic reasons. Engineering simulation 
can help you to find this optimum value and 
create a long-lasting product that performs well.
By S. Subbiah, VP, Global Product Operations, ANSYS

Designing cutting-edge products today often 
means getting them to work under extreme con-
ditions, which can make it challenging to man-
age the energy generated by the product. 

My most vivid experience of this occurred 
when engineers from Goodrich Aerostructures 

(now UTC Aerospace Systems) described how they design and 
test commercial aircraft landing brakes.  If the pilot of a wide-
body jet decides to abort takeoff at any time while accelerating 
down the runway, the FAA mandates that the brakes must stop 
the aircraft, completely and safely, without endangering the 
passengers. This requires converting the kinetic energy of an 
850-ton aircraft racing at 170+ mph to frictional heat and dis-
sipating it to the surroundings in just minutes! Watching this 
process in action during testing reveals mechanical engineer-
ing at its best — the brakes glow white-hot while bringing the 
massive, speeding vehicle to a halt. 

In this instance and many more, heat must be controlled 
for optimal system operation. Running a chemical reactor at 
less-than-ideal temperatures will reduce the product yield, 
while too high a temperature might cause a dangerous run-
away reaction, or damage the reactor. Overheating integrated 
circuits (IC) can cause stress and IC package delamination, but 
excessive cooling means consuming more electricity than is 
necessary to power fans. Designers of electronic systems must 
strike a balance between electrical performance and physical 
size. A rich user experience requires significant IC computa-
tions, which burn power and create heat, so the design must 
allow for sufficient cooling without compromising user prefer-
ences for size, weight, noise and portability.

Engineering simulation using reliable computational physics and 
multiphysics can minimize thermal management concerns for 
products or processes.

© 2016 ANSYS, INC.

http://www.ansys.com/Products
http://www.ansys.com/Products/Structures
http://www.ansys.com/Products/Fluids/ANSYS-Fluent
http://www.ansys.com/Products/Electronics/ANSYS-Icepak


10 13 25

TABLE OF CONTENTS

FEATURES

6
BEST PRACTICES

Beat the Heat
All products and processes have  
a thermal comfort zone — a range  
of temperatures in which they work 
most efficiently.   

10
CONSUMER GOODS

Full Steam Ahead
Startup Nebia is poised to transform 
the experience of taking a shower. 

13
THOUGHT LEADER

Cooling Trend 
As consumer electronics manufacturers 
squeeze more and more functionality 
into smaller and smaller packages, 
thermal management is a critical 
design consideration. 

17
AEROSPACE AND DEFENSE

Climate Control  
Gets Elevated 
Extreme temperature and pressure 
differences outside the aircraft while 
in flight and on the ground must be 
accommodated to keep passengers 
comfortable and safe. 

21
ELECTRONICS

Hot Flash
Using a reduced-order method, engineers 
at Fairchild Semiconductor have been 
able to decrease development time for 
electronic components for electric and 
hybrid electric vehicles. 

25
TURBOMACHINERY

Weaving In and Out
Turbines need to run at very high 
temperatures to reduce fuel burn, but 
they require internal cooling to maintain 
structural integrity and meet service-life 
requirements.

29
AUTOMOTIVE

Keeping the Block Cool
As cars become more complex, 
companies that manufacture the 
supporting electronic systems must  
make them reliable and safe. 

33
AUTOMOTIVE

Under the Hood  
The electronics in modern automobiles 
must operate in a high-temperature, 
under-hood environment without 
sacrificing performance or reliability. 

37
CONSUMER GOODS

Lighting the Way 
To manage heat removal for LED 
lights, DuPont engineers used ANSYS 
CFD simulation to accurately predict 
temperatures within their proprietary 
substrate — information that could not be 
gained without simulation. 

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         2© 2016 ANSYS, INC.



40
ENERGY

Powering a Home  
with Fuel Cells
Home-based electricity generation 
is possible using a fuel cell system. 
Panasonic Corporation applied simulation 
to help reduce the cost of these systems  
to make them more commercially feasible.

44
TURBOMACHINERY

Blown Away
The ANSYS integrated turbomachinery 
design platform enabled a rotating 
machinery company to design a centrifugal 
compressor with a potential for 2 to 5 
percent energy savings during wastewater 
treatment operations. 

48
CONSTRUCTION

Ahead of the Curve
Simulation software flexibility drastically 
reduced the time to perform structural 
analysis of a railway station with complex 
curves. 

51
HEALTHCARE

Hearing Gain 
Oticon uses multiphysics simulation to 
advance the personalization of hearing  
aid performance. 

SIMULATION@WORK DEPARTMENTS WEB EXCLUSIVES

55
SOLUTIONS

Taking the Heat
A new approach to simplifying ECAD 
geometry makes it practical to predict 
warping and dynamics of PCBs under  
thermal loading.

ART CONSERVATION

Lightning Strikes  
More than Once
Multiphysics simulation can help predict 
where damage is likely to occur, and 
lightning rods can then be installed to 
protect the statue of Christ the Redeemer 
in Rio de Janeiro.

HEALTHCARE

Joined at the Hip
ANSYS simulation helps to determine  
the hip implant position that will provide 
best integration with bone.

HEALTHCARE

Boning Up
ANSYS software simulates stress and 
strain on bones of individual patients to 
study a new hip-implantation method.

55

ABOUT THE COVER

Nebia designed an entirely new type 
of showerhead that saves water while 
providing a hot, comfortable shower 
experience.

View these articles at  
ansys.com/exclusives101

37 48

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         3© 2016 ANSYS, INC.

http://www.ansys.com/exclusives101


Simulation in the News
TKNEWS

ANSYS 17.0 FOCUSES ON EXPEDITING VIRTUAL SIMULATION  
AND PRODUCTIVITY 
Design News
designnews.com, February 2016

The January release of the next generation of the industry-leading engineer-
ing simulation software — ANSYS 17.0 — features quantum leap advances in 
many methodologies of simulation-driven product development. ANSYS 17.0 
offers unprecedented enhancements in simulation solutions for a wide array of 
industry initiatives, from smart devices to autonomous vehicles to more energy-
efficient machines. The most feature-rich release in the company’s 45-year his-
tory, ANSYS 17.0 delivers 10x improvements in product development productivity,  
insight and performance.

“By closely integrating the fluid and the mechanical 
interfaces, we are now able to simulate and gain 
insight into the real physics of the problem without 
having to set up artificial boundary conditions.”
 — Brad Kramer, Director of Engineering, HUSCO International

SPACE TRAINING ADVENTURE AND RESEARCH LAUNCHES  
MOBILE SPACE CAMP  
Aero-News Network 
aero-news.net, December 2015

Space Training Adventure and 
Research (STAR) will soon launch 
the Enterprise Spaceport, a state-
of-the-art mobile space camp that 
will tour the country. The goal is to 
excite and engage elementary to college students in interactive science, technology, 
engineering and math (STEM) activities involving space and earth sciences. STAR 
will leverage ANSYS 3-D visualization software in its 3-D printing and additive  
manufacturing education labs. Students will also use ANSYS simulation software  
to understand how physics-based simulation plays a role in the development of  
products related to space travel.

“It is very exciting to partner with a leading company like 
ANSYS that values STEM education as we do.” 
— Shahinaz Millar, president and CEO of  Space Training Adventure  
and Research (STAR)

ANSYS AND FUJITSU PARTNER 
TO ACCELERATE SIMULATION  
IN THE CLOUD  
Desktop Engineering 
deskeng.com, November 2015

Chiyoda Corporation, a leading Japanese 
company in the global energy industry, 
uses ANSYS Fluent for a variety of app-
lications. The company needed more  
computing resources to quickly process 
complex simulations. Using Fujitsu’s 
Technical Computing Cloud, simulations 
are running six times faster when com-
pared with four-way parallel processing. 
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GE AND ANSYS TEAM UP  
TO BRING IoT DATA INTO 
SIMULATIONS 
Engineering.com 
engineering.com , October 2015

GE’s Predix industrial Internet platform 
is the world’s only industrial cloud offer-
ing designed specifically for industrial 
data and analytics across such industries 
as aviation, transportation, oil and gas, 
and healthcare. Organizations use this 
platform to create innovative Industrial 
Internet applications that turn real-time 
operational data into insight for better 
and faster decision-making while maxi-
mizing machine efficiency. ANSYS has 
joined this program to combine the power 
of their leading engineering simulation 
platform with the first and only indus-
trial cloud offering for industrial data and 
analytics.

“With ANSYS, we look 
forward to giving our 
customers the tools  
they need to adopt 
digital technologies  
and software to drive 
better outcomes for  
their businesses.” 
— Harel Kodesh,  
Vice President, Predix

WINNERS OF THE 2016 ANSYS HALL OF FAME COMPETITION  
Eureka Magazine
eurekamagazine.co.uk, January 2016

From reducing aircraft emissions to pinpointing the degree of cervical degenerative 
disc disease before and after treatment, winning entries of the annual ANSYS Hall 
of Fame competition highlight how simulation software is solving the most complex 
engineering challenges across industries. The winners were announced in January.
View more at ansys.com/hall-of-fame.

�Design Methods coupled ANSYS Fluent for aerodynamic analysis to rbf-morph to successfully design an A-class catamaran sail.

�To investigate droplet–catalyst collisions inside FCC 
reactors, City University London and Centre for Research and 
Technology Hellas used ANSYS DesignModeler and ANSYS 
Fluent. Simulations showed that collisions between droplets 
and hot catalysts of equal size improve conversion.

�Researchers at the National Taiwan University of Science 
and Technology used ANSYS structural simulation in ANSYS 
Workbench to determine the range of motion, maximum 
stress of intervertebral discs, maximum stress of bones, 
and maximum stress of cervical repair devices. The results 
showed that artificial disc replacement surgery could reduce 
degeneration of adjacent segments of the spine compared 
with anterior disc removal and spinal fusion surgery.

MODELITHICS' NEW CLR LIBRARY FOR ANSYS HFSS RELEASED 
Microwave Journal 
microwavejournal.com, December 2015

Advanced, substrate-scalable, high-accuracy parasitic models from Modelithics 
(representing nearly 9,000 components from leading vendors) are now compatible 
with the latest version of ANSYS Electronics Desktop and ANSYS HFSS electro- 
magnetic (EM) simulation software. 

COMPUTER SIMULATION 
REVEALS HOW QUICKLY 
INFECTIONS SPREAD THROUGH 
HOSPITAL WARDS  
Mail Online 
dailymail.co.uk, September 2015

By combining biological experimenta-
tion, hospital observation and simula-
tion with ANSYS software, researchers  
at the University of Leeds can better 
understand how healthcare workers are 
exposed to and spread germs. They 
determined that the hands of those who 
work in a four-bed ward are one-fifth 
more likely to spread germs than those 
who work in rooms occupied by one or 
two patients. 
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H eat is generated during the normal operation of many 
products. Sometimes, this heat needs to be removed to 
prevent damage, and sometimes equipment needs to 

be kept warm enough to work correctly. Thermal management 
is the science of handling heat in the most efficient manner for 
a specific application. 

Controlling the temperature of equipment and devices is 
important in many industries, including aerospace (satellites, 
anti-icing systems, turbines); automotive (exhaust systems, 
drivetrain, disc brakes); consumer products (appliances, 
mobile and wearable devices); electronics (graphics cards, 
welds, computers); and process equipment (pipes, boilers, 
condensers). There are too many examples to list. 

Failure to properly manage heat can be costly because it 
can lead to inefficiency in energy use, sub-optimal perfor-
mance, and even equipment failure, with potential safety 

and health implications for workers nearby. Optimal perfor-
mance may depend on maintaining temperature to sustain a 
chemical reaction, or avoiding temperatures at which mate-
rials become brittle. Turbine blades that deform due to ther-
mal effects do not operate as efficiently as those that retain 
their intended shape. Repeated thermal deformations due to 
temperature cycling can cause cracks, leaks or total failure in 
pipes, tanks and other containment vessels. Predicting ther-
mal effects and deformations is key to ensuring the safe and 
efficient performance of this equipment. 

This issue of ANSYS Advantage contains an interview with 
Alan Wong, president and chief executive officer of Aavid 
Thermalloy, which designs thermal management solutions for 
a wide range of consumer products. Their solutions are com-
monly found in personal computing products, such as desk-
tops, laptops, printers and video game consoles, as well as in 

BEST PRACTICES

By Dipankar Choudhury, Vice President, Program Management, ANSYS

All products and processes have a thermal comfort zone — a range of temperatures in which they work 
most efficiently. Whether this temperature is in the arctic range (for instance, an instrument cooled by 
liquid nitrogen) or closer to an inferno (like the inside of a gas turbine combustor), understanding your 

product’s thermal sweet spot is important to your design efforts. Engineering simulation can provide the 
knowledge you need for the most efficient design and operation of your thermally sensitive devices.  

BEAT THE HEAT
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servers, network devices, instrumenta-
tion and consumer electronics. See the 
interview on page 13 for Alan Wong’s 
high-level overview and insights into 
the thermal management field.

THE SIMULATION SOLUTION 
Engineering simulation is essential to 

predict thermal effects in many types of 
products and processes. For less-complex 
systems, single physics models suffice. For 
example, engineers at Nebia used ANSYS 
fluid dynamics software to simulate the 
mist of small water droplets flowing from 
their revolutionary water-saving shower-
head. Tiny droplets release their heat too 
quickly, but Nebia engineers found a way to 
provide customers with a hot shower using 
ANSYS thermal modeling.  See page 10 for 
their story.  

Similarly, Mechanical Solutions, Inc. 
and Purdue University researchers used 
ANSYS CFD simulation to evaluate novel 
turbine-blade cooling channel geometries, 
resulting in development of an innova-
tive geometry that outperforms existing 
designs. See page 25 for more. 

And DuPont engineers were able to 
determine the junction temperature of 
an LED — which can’t be measured physi-
cally because the junction is located deep 
inside the chip — using ANSYS simula-
tion. This enabled them to produce guide-
lines for developing reliable LED substrates 
for lighting manufacturers that require a 
broad range of configurations. Read more 
about their work on page 37.

So single physics solutions are viable 
for some thermal management challenges. 
However, most thermal management prob-
lems do not occur in isolation or align 
themselves neatly in a single discipline, 
and multiphysics solutions are often 
needed. 

START WITH TRUSTED SINGLE 
PHYSICS SOLVERS

Fortunately, extending single phys-
ics simulations to multiphysics capabil-
ities to provide deep insight into thermal 
management is straightforward, even if 

you have never worked with multiphys-
ics before. Strong single physics solv-
ers are the key. Just as a chain is only as 
strong as its weakest link, a multiphysics 
simulation is only as strong as its weakest 
solver.  So why not just use the strongest 
solver available for each step of your simu-
lation? ANSYS has best-in-class physics 
solvers for fluids, thermal, structures and 
electronics, as demonstrated by a history 
of simulating complex applications requir-
ing deep physics across many industries. 

Additional capabilities, like HPC scalabil-
ity and accuracy, allow you to choose the 
method that provides the level of fidelity 
you need, taking your internal processes, 
available resources and project timelines 
into account.

ADD AN AUTOMATED 
MULTIPHYSICS SIMULATION 
PLATFORM

With ANSYS Workbench, automated 
setup and workflows for multiphysics 

Most thermal management problems do not occur in isolation or align 
themselves neatly in a single discipline, so multiphysics solutions are 
often needed.

Failure to properly manage heat can be costly because 
it can lead to inefficient energy use, sub-optimal 
performance, and even equipment failure, with potential 
safety and health implications. 

�Exhaust gas recirculation (EGR) coolers reduce emissions from engines by helping to decrease in-cylinder temperatures. 
EGRs are subject to thermo-mechanical fatigue from cyclic thermal and mechanical loading, resulting from complex 
physical interactions. By using multiphysics simulation within an integrated platform, engineers can reliably design this 
important engine component early in the development cycle.
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empower you to perform multiphysics  
simulations quickly and easily. Workbench 
enables you to graphically connect sin-
gle physics solvers to perform multiphys-
ics simulations with simple drag-and-drop 
functionality. Being able to visualize your 
workflow lets you confirm that your proc-
ess is viable before you start the simula-
tion. Once linked together in Workbench, 
all simulations share common tools, like 
geometry, meshing, parameterization and 
post-processing. 

But, by far, the real power of ANSYS 
Multiphysics lies in the automated data 
exchange and solver coordination that 
streamline multiphysics simulations. 
Workbench performs fast, accurate, auto-
mated data exchange between meshes 
created for different physics using the 
connections you have established, and 
coordinates solvers for smooth coupled 
simulations. Eliminating the need to run 
a single physics simulation and manu-
ally transfer data to the next solver saves 
time and money, and reduces the chance of 
operator-induced error. 

CHOOSE ONE-WAY OR TWO-WAY 
MULTIPHYSICS SIMULATION

Multiphysics connections come in two 
varieties, with your choice depending on 

the complexity of the problem you are try-
ing to solve: one-way data transfer and 
two-way co-simulation. One-way, sequen-
tial simulations allow temperature and 
heat transfer coefficient data to be trans-
ferred from one simulation to another, say 
from fluid to structural. They are useful in 
situations where the fluid flow has some 
effect on the structure, but not vice versa. 
In this case, the CFD simulation would be 
run first, and the results would automati-
cally be transferred to the structural simu-
lation solver.  The multiphysics simulation 
would end after the structural solver com-
pleted its calculations, and the results 
would be used to inform the design of the 
equipment in question.

Two-way coupled analyses are more 
complex and resource-intensive. They 
involve the passing back and forth of cal-
culated results between two solvers, and 

are used in situations in which flow affects 
structure, and the structural change then 
affects flow. Like one-way simulations, 
they benefit from automated data trans-
fer of temperature and heat transfer coef-
ficient data, as well as information about 
mesh deformations. They also benefit from 
advanced solver coordination.  

ONE-WAY MULTIPHYSICS 
SOLUTIONS

For thermal management, many engi-
neers start with extended single-solver 
capabilities. They gain more insight using 
one-way couplings between products and 
save two-way coupled simulations for 
when tightly-coupled complex analysis is 
truly required.

Kyungshin, a manufacturer of auto-
motive electronics systems, improved the 
thermal management of its smart PCB 

BEST PRACTICES

By far, the real power of ANSYS 
Multiphysics lies in the automated data 
exchange and solver coordination that 
streamline multiphysics simulations.

�Fin and tube compact heat exchangers (FTCHEs) are commonly used in air-conditioning systems, automotive cooling systems and other thermal engineering applications. To increase efficiency, ANSYS 
Fluent was employed to increase heat transfer with moderate pressure loss compared to previous techniques.
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junction using one-way ANSYS multiphys-
ics simulation. They started with ANSYS 
SIwave to predict where high temperatures 
could arise based on current density and 
power dissipation. These results were auto-
matically fed into ANSYS Icepak to identify 
where the PCB was overheating. For more 
details, see the article on page 29. 

Similarly, researchers at Tianjin 
University and Purdue University  
coupled PID controller simulations of 
ANSYS Simplorer with the thermal solver 
of ANSYS Fluent to develop a more efficient 
environmental control system (ECS) for 
passenger comfort in aircraft. See page 17. 

TWO-WAY MULTIPHYSICS 
SOLUTIONS

In two-way thermal management simu-
lations, data is transferred from one solver 
to the other multiple times during the sim-
ulation. The flow field thermal characteris-
tics may be evolving, and the impact of this 
evolution on the temperature of adjacent 
structures is of interest.  Or perhaps heat is 
being generated in the solid object, and you 
are interested in how fast the surrounding 
fluid can remove the heat.

This issue includes a study we did at 
ANSYS to predict warping and dynamics 
of PCBs under thermal loading. The focus 
of this work was a bidirectional multiphys-
ics workflow between ANSYS SIwave and 
ANSYS Icepak. The details start on page 55.

CONCLUSION
Thermal management is a challenge 

for most products and processes being 
developed today. As this issue shows,  
engineering simulation using single  
physics or multiphysics solutions is essen-
tial in overcoming these design challenges, 
and ANSYS can help you every step of the 
way. 

THERMAL MANAGEMENT WITH ANSYS 
MULTIPHYSICS — WEBINAR

ansys.com/thermal101

Engineering simulation using single physics or multiphysics solutions 
is essential in overcoming thermal design challenges.

�Comprehensive conjugate heat transfer analysis of natural gas expansion in a CNG vehicle regulator using ANSYS CFD

�Simulation of a pair of coolant water jackets to replace the original air-cooling system in a new multipurpose rotary engine

Im
ag

e 
co

ur
te

sy
 P

Fm
an

. 
Im

ag
e 

co
ur

te
sy

 P
ar

ke
r A

er
os

pa
ce

.

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         9© 2016 ANSYS, INC.

http://www.ansys.com/Products/Electronics/ANSYS-Icepak
http://www.ansys.com/Products/Fluids/ANSYS-Fluent
http://www.ansys.com/Products/Systems/ANSYS-Simplorer
http://www.ansys.com/Products/Electronics/ANSYS-SIwave
http://www.ansys.com/Products/Electronics/ANSYS-Icepak
http://www.ansys.com/thermal101


O ften, protecting the environ-
ment means making some sort 
of personal sacrifice — taking 

time to sort your recyclables, making 
the effort to walk or ride a bike, carrying 
reusable grocery bags along with you. 

Nebia was founded to deliver a per-
sonal benefit alongside an environmen-
tal benefit. The company’s innovative 
showerhead not only reduces the water 
consumed during a typical shower by 70 
percent, but it also delivers an improved 
personal experience that early users are 
describing as “transformative.” 

The company’s name comes from the 
Italian word nebbia, which translates to 
“fog” or “mist.” Nebia’s groundbreaking 
showerhead technology, inspired by the 

nozzles in jet engines and agricultural 
equipment, delivers water in very fine 
droplets — cutting water consumption 
dramatically, while creating a comfort-
ing, enveloping warm cloud. It is a truly 
revolutionary idea that has the power to 
change the way people around the world 
take showers every day.

A DROPLET OF INNOVATION 
TAKES SHAPE 

The concept behind Nebia was 
inspired by co-founder Carlos Gomez 
Andonaegui, a fitness club execu-
tive in Mexico. In 2010, Carlos wanted 
to reduce the water consumed by 
the 20,000 people showering in his  
company’s clubs every day, without 

compromising the quality of the bath-
ing experience. 

He and his father, Emilio, a retired 
engineer, came up with a few early  
prototypes of an atomizing shower-
head capable of producing an ultrafine 
mist of water. To perfect and commer-
cialize that idea, Carlos recruited a  
management team that included Gabriel 
Parisi-Amon and Philip Winter. Parisi-
Amon’s experience was in managing 
the product supply chain at Apple, 
while Winter had worked on delivering  
clean-water technologies to develop-
ing countries. With the right blend of 
expertise in place, Nebia was officially  
founded in 2013. 

FULL 
STEAM 
AHEAD

By Gabriel Parisi-Amon, Co-Founder and Chief Technical Officer, and Corey Lynn Murphey, Mechanical Engineer, 
Nebia Inc., San Francisco, USA

Startup Nebia is poised to transform the experience of taking a shower. 
While developing its innovative new showerhead, the company’s engineers 
made thermal improvements to ensure that a shower, using much less water 

than average, would be warm and comforting.

CONSUMER GOODS
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SIMULATION HEATS UP 
ENGINEERING EFFORTS

Before Nebia could launch its 
innovative showerhead to the global 
marketplace, however, the product 
development team needed to solve one 
tough engineering challenge — which 
would represent a deal-breaker for 
consumers used to taking hot, steamy 
showers.

Nebia’s core atomization technology 
— called H2MICRO™ — is based on agri-
cultural and aerospace applications, 
where water temperature is generally 
not a concern. But when employed in 
a showerhead, the technology showed 
one significant engineering flaw: The 
large surface area created by all those 
tiny droplets meant that thermal energy 
was quickly lost when the spray met 
room-temperature air. The water, which 
was hot when it left the showerhead, 
was much cooler by the time it reached 
the person taking a shower. Nebia’s 
engineers knew they needed to address 
the issue of thermal loss. 

Historically, Nebia’s engineering 
approach was based on building shower- 
head prototypes, testing them and then 
creating new prototypes. Not only was 
that process expensive, but it was also 
very time-consuming. It might take 
weeks for new parts to arrive, for those 
parts to be assembled, and for a new 
design to be exhaustively tested.

Because Nebia is committed to inno-
vation, the management team began 
to search for an alternative design and  
verification process that would acceler-
ate the market launch, while also lever-
aging advanced engineering technology. 
Once the design team at Nebia began to 
leverage the power of ANSYS CFX and 
ANSYS Fluent to address the issue of 
thermal loss, the change was incredi-
ble. Suddenly an engineer could study 
the thermal performance of 12 design 
iterations per day — instead of spend-
ing a week on one physical test of a sin-
gle prototype.

THERMAL LOSS: A CASCADE OF 
DESIGN CHALLENGES

Using CFD solutions from ANSYS, 
Nebia was able to analyze the thermal 
effects of hundreds of thousands of 
variables in its showerhead design — 
including the angles at which nozzles 
disperse water, the size of water drop-
lets, the pressure and velocity of water 
streams, nozzle geometry, and internal 
flows within the showerhead. 

The Nebia design team found that 
each of these factors played a role 
in managing thermal loss. But these 
design aspects also affected other criti-
cal aspects of the shower experience, so 
the company’s engineering team had to 
make a series of design trade-offs. 

For example, a larger droplet size 

might retain thermal energy more effec-
tively, but it might hit a human body 
with too much force to maintain the 
fog-like effect the brand is based on. It 
might also consume too much water to 
meet Nebia’s aggressive water-conser-
vation targets. Similarly, a high water 
velocity might reduce heat loss, but 
deliver adverse results in other perfor-
mance areas. 

The Nebia product development 
team combined its ANSYS thermal-loss 
simulation data with experiential infor-
mation collected by human test sub-
jects — blending the quantitative with 
the qualitative. This enabled engi-
neers to achieve the right balance of 
water temperature, flow rates and direc-
tions, droplet patterns and sizes, and 
other characteristics to create the ideal 

�Nebia’s patent-pending H2MICRO nozzle array — designed using ANSYS software — is housed in a high-density polymer head.

It is a truly revolutionary idea that has the 
power to change the way people around the 
world take showers every day.

�Nebia’s engineering team has created a game-changing 
showerhead system that balances a feeling of luxury with 
significant environmental benefits — delivering beauty, 
functionality and sustainability in an intuitive package 
that’s easy to install and use.
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shower experience. The simulation 
results were verified using late-stage 
physical prototypes.

By using ANSYS software to simulate 
different showerhead designs, instead of 
building and testing early-stage proto- 
types, Nebia was able to significantly 
compress its research and development 
efforts. In fact, research activities that 
previously took nine months were accel-
erated to just one month. 

Today, engineering simulation via 
ANSYS has become part of the compa-
ny’s DNA. Simulation is used every day, 
and eventually the company plans to 
begin using finite element analysis 
(FEA) solutions from ANSYS to ensure 
the durability of all its individual show-
erhead system components over time. 

FUNDING COMES POURING IN
Engineering simulation made a 

huge contribution at Nebia by dramat-
ically accelerating the market launch 
for its H2MICRO technology. But simu-
lation had another critical application: 
It helped Nebia attract the funding 
required to support a commercial launch 
and compete with established players in 
the residential plumbing industry.

In August 2015, Nebia launched 
a Kickstarter campaign with a goal of 
raising $100,000 in startup funding. 
Simulation images created using ANSYS 
software were used in the campaign to 
provide visual proof of the showerhead’s 
performance to potential investors.

Nebia’s goal of $100,000 was reached 
in just eight hours. After 36 hours, the 
company’s campaign had topped $1 mil-
lion. In total, the one-month campaign 
raised over $3.1 million in pre-orders 
— making it one of the top 25 highest-
funded projects in Kickstarter’s history. 
More than 8,600 backers all over the 
world chose to invest in Nebia’s technol-
ogy, which provides strong evidence that 
reducing water consumption is truly a 
global concern. 

Nebia has also attracted some high-
profile investors and philanthropists 
concerned with the worldwide availabil-
ity of clean water, drought abatement 
and other water-related issues. Like the 
funders attracted via Kickstarter, these 
individuals have been impressed by the 
science behind Nebia’s technology, as 
demonstrated graphically via engineer-
ing simulation.

FLOODING THE GLOBAL 
MARKETPLACE IN SUMMER 2016

With the issue of thermal loss con-
fidently addressed, Nebia will be ready 
to launch its flagship showerhead in 
summer 2016. But the founders are 
just getting their feet wet in terms of 
addressing the world’s urgent water-
consumption concerns.

Nebia executives made the decision 
to begin their water-conservation inno-
vations with showerheads because the 
typical eight-minute shower consumes 
20 gallons (76 liters) of water. By reduc-
ing that to just six gallons, Nebia can 
make a rapid and enormous impact. 
As an example, if everyone living in 
California switched to a Nebia shower-
head, the net water savings would be 
203 billion gallons (768 billion liters) 
per year.  

Looking toward the future, Nebia’s 
management team hopes to build 
on this success by introducing other 
groundbreaking sustainable solu-
tions that make a positive impact on 
the world. Nebia wants to help people 
rethink the role of water in their daily 
lives. One particular area of focus will 
be on delivering sustainable technol-
ogy solutions to the developing regions 
of the world, where water conservation 
and sanitation are most vital. But Nebia 
also wants to reimagine and improve 
many of the everyday plumbing tech-
nologies we’ve used for decades — and 
come to take for granted.

As Nebia develops new products, 
it will continue to encounter the kinds 
of tough engineering challenges asso-
ciated with reinventing current prod-
ucts for a new generation. Engineering 
simulation will remain a vital part of 
the team’s toolkit for driving time and 
costs out of the product development 
cycle, without sacrificing product qual-
ity or reliability. Just as ANSYS software 
helped accelerate the launch of Nebia’s 
flagship showerhead, it will continue to 
help the company introduce other revo-
lutionary products that deliver personal 
benefits, while also fulfilling our collec-
tive responsibility to protect and con-
serve natural resources. 

�By using ANSYS software to simulate the water streams 
output by Nebia’s nozzles, Nebia engineers vary and diversify 
droplet sizes of the streams — and understand how different 
water flow speeds, droplet sizes and spray patterns would 
affect droplet temperatures across the spray. As the velocity 
and droplet size were adjusted, engineers could optimize 
the range of droplet sizes needed to maintain a pleasant 
temperature — while also meeting water-conservation goals. 

�The Nebia team needed to optimize both water 
temperature and air temperature, not just at the core of the 
shower spray, but also at its edges. This would create the 
warm fog-like effect so critical to the company’s foundational 
product promise.

�Nebia’s greater dispersion of droplets yields a larger 
volume of air surrounded by — and intermixed with — warm 
droplets of water. ANSYS software helped engineers ensure 
that a large volume of air was effectively heated around the 
user’s body, creating a steam room—like experience that’s 
unique to Nebia.

NEBIA AND ANSYS — VIDEO

ansys.com/nebia101

CONSUMER GOODS
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THOUGHT LEADER

As consumer electronics manufacturers squeeze more and 
more functionality into smaller and smaller packages, thermal 

management is a critical design consideration. Here, Alan Wong 
discusses challenges in the cooling industry — and explains why 
the world’s leading electronics companies and other innovators 

rely on Aavid for custom thermal management solutions and, 
increasingly, engineering services.

S ince 1964, Aavid Thermalloy has helped 
the world’s largest consumer electron-
ics companies deliver superior per-

formance under increasingly demanding 
conditions. Always pressured to launch 
truly innovative products rapidly and 
reliably, today these companies face the 
most demanding consumers in history — 
a new generation of “power users” who 
not only want significantly more function-
ality and power, but also demand a smaller 
product profile.

However, squeezing multiple electronic com-
ponents into a tiny space can result in thermal 
buildup. Overheating compromises product per-
formance, while also representing a health and 
safety risk. To understand and manage ther-
mal issues, leading companies turn to Aavid 

for custom-designed solutions. While headquar-
tered in Laconia, New Hampshire, USA, Aavid has 

a global team of thermal engineers who design the 
industry’s broadest product offering — ranging from 

the smallest board-level cooling solutions to industrial 
applications requiring several thousand kilowatts. 

By ANSYS Advantage Staff
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Since 2007, President and Chief 
Executive Officer Alan Wong has sup-
ported the innovation-driven strategies 
of Aavid’s customers by fostering similar 
innovations within the walls of his own 
company. For example, in 2011 Wong 
led the creation of a dedicated Design 
Services Group within Aavid, which 
delivers customized engineering exper-
tise to customers worldwide — whether 
or not Aavid actually manufactures the 
resulting product design. Recently, Wong 
spoke with ANSYS Advantage about the 
challenges of thriving in the incredibly 
demanding consumer products industry 
— and his own ambitious vision for the 
future.  

Your customers are consumer 
products leaders and household 
names, yet Aavid has kept a 
relatively low profile. Tell us 
about your products.

It’s true that many people have not 
heard of Aavid, and that’s because our 
products are somewhat invisible. We 
design heat sinks, air movers and other 
devices that optimize conduction, con-
vection and radiation within larger prod-
uct systems. Our thermal management 
solutions are commonly found in per-
sonal computing products such as desk-
tops, laptops, printers and 
video game consoles. They’re 
also used in servers, network 
devices, instrumentation and 
consumer electronics. Aavid 
also designs larger cool-
ing systems that are used in 
the transportation, health-
care and power generation 
industries. 

If our products are doing their job, 
you’ll never even know they are there. 
And that’s the goal of our engineering 

team — to understand and support our 
customers’ overall performance goals, 
so that our solutions can be successfully 
integrated and work silently behind  
the scenes.  

How much of Aavid’s engineering 
efforts focus on creating  
customized designs versus 
standard products?

Nearly 100 percent of our engineer-
ing time is invested in design custom-
ization to meet unique customer needs. 
There are several reasons for this. First, 
we produce an extremely diverse array of 
solutions, ranging from small heat sinks 
embedded in printed circuit boards to 
large industrial cooling units mounted 
on rail trains or generators. Obviously, 
these are very different applications, so 
it would be hard for Aavid to develop a 
set of off-the-shelf products. 

Second, thermal management is 
such a complex issue that it really needs 
to be analyzed and addressed on a case-
by-case basis. As customers continually 
improve other aspects of their product 
designs — which is a cost of remaining 
competitive today — yesterday’s thermal 
management solution quickly becomes 
irrelevant. 

And third, our customers are amaz-
ingly innovative, always 
coming up with clean-sheet 
product designs that have the 
power to change their indus-
try. As a result, probably 50 
percent of our own design 
work represents clean-sheet 
thinking. The other 50 per-
cent of our engineering efforts 
center on customizing a pre-

vious product design for a new applica-
tion, product package or performance 
requirement.

To meet this high demand for 
product customization, how have 
you structured your global 
engineering organization?

Aavid operates nine design cen-
ters in the United States, China, India, 
Taiwan, Germany and Italy that employ 
more than 300 engineers. These nine 
engineering teams are located strategi-
cally near our largest customers, so we 
can work closely with these partners and 
truly understand their needs. 

In addition, seven of these teams  
are co-located with Aavid’s worldwide 
production facilities, allowing us to link 
design closely to manufacturing. Aavid 
not only employs the world’s best ther-
mal product development specialists, 
but we also maintain a staff of highly 
skilled process engineers at each manu-
facturing plant. These experts make 
sure that our conceptual designs transi-
tion seamlessly to actual production.

This organizational structure — 
coupled with our “localized” global 
approach — means that customers’ real-
world needs are accurately translated 
into solutions that are optimized for per-
formance, cost and manufacturability. 
We’ve built a seamless, extremely effi-
cient product development process by 
creating direct interfaces among cus-
tomers, development experts and pro-
duction specialists.

THOUGHT LEADER

If our products are doing their job, you’ll never even know 
they are there.

AAVID THERMALLOY AND ANSYS — VIDEO

ansys.com/aavid101
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When managing such a  
multi-national, geographically  
dispersed engineering team,  
what is your biggest challenge? 
And how have you addressed it?

Because our local teams literally 
speak the language of their customers, 
these engineers will always take the lead 
in gathering and delivering on customer 
requirements. But, in order for Aavid 
to produce best-of-breed solutions on a 
worldwide basis, these geographically 
dispersed teams need to collaborate, 
share knowledge and apply a common 
set of advanced engineering practices. 
Making that happen — across multi-
ple time zones, cultures and technology 
systems — has historically represented 
Aavid’s greatest challenge.

How have we addressed this chal-
lenge? By identifying the best technol-
ogy solutions and making them readily 
available to our employees. In today’s 
fast-paced product development envi-
ronment, technology is a key enabler of 
speed and collaboration.

As an example, we have approxi-
mately 60 simulation experts around 
the globe who rely on ANSYS software 
to verify the thermal performance of 
their designs. Often, they need to share  
simulation data, build upon previous  
simulation studies, or work together on 
a specific customer project. To facilitate 
this, Aavid has partnered with ANSYS 
and its cloud-hosting partner Nimbix to 
implement a cloud-based approach that 
enables these 60 users to access the soft-
ware, data and high-performance com-
puting power they need in a flexible, 
cost-effective manner, 
at any time of the day or 
night — from wherever 
they are in the world. 

We’ve been very 
impressed by the results 
of this initiative. Our 
users are happier because 
they can readily access 
the software and the 

bandwidth they need to run computa-
tionally large simulations, as well as 
post-process the results interactively on 
the Nimbix cloud infrastructure. Our cus-
tomers are more satisfied because their 
designs are delivered much faster. And 
on a worldwide basis, we’ve increased 
the output of our simulation team by 
200 to 300 percent. 

What we’ve accomplished is elegant 
and simple: We’ve eliminated physical 
simulation constraints. Previously, if 
an engineer was running a large simu-
lation, he or she might have to wait for 
available server capacity. Today that 
capacity increases flexibly as 
it is needed. 

This is just one example 
of our mindset at Aavid. We 
are focused on providing our 
global employees with reli-
able access to the best-in-class tools they 
need to do their jobs most effectively. 

One of your biggest accomplish-
ments has been creating an 
independent Design Services 
Group that’s not directly linked  
to Aavid’s production facilities. 
What drove this decision?

About five years ago, our executive 
team recognized that we had assembled 
some of the world’s deepest expertise in 
engineering thermal management solu-
tions. Our 300 engineers have incredible 
knowledge in so many areas of prod-
uct development, including simulation. 
It occurred to us that many customers 
could benefit from Aavid’s intelligence 
and experience in thermal engineer-

ing — whether 
or not they also 
contract with us 
for component 
manufacturing.

I n  2 0 1 1 , 
we established 
Aavid’s Design 
Services Group 
to offer state-of-

the-art engineering and design services 
to customers who value collaboration 
in solving difficult and complex ther-
mal management problems. Aavid 
Design partners closely with our cus-
tomers early in the design phase of prod-
uct development to assist with modeling 
and simulation, as well as develop inno-
vative solutions. 

This initiative makes it even more 
critical for Aavid to identify and employ 
advanced technological design solutions 
such as ANSYS software. By assembling 
the best possible toolkit, Aavid Design is 
able to develop, test and verify our own 

designs to meet cus-
tomer needs. ANSYS and 
other technology pro-
viders have been key in 
partnering with Aavid 
to drive the success of 

this group, by scaling up resources as the 
Design Services Group has grown in reve-
nue, number of users, and the number of 
customer projects it supports.

Aavid recently celebrated its 50th 
anniversary. What’s your vision 
for the future?

Today, Aavid is embarking on a jour-
ney to become a values-based company. 
Our mission is to provide the best ther-
mal management solutions that enable 
meaningful technological advancements 
in the industries we serve. We want to 
be more than a successful company — 
we want to make a real difference in the 
world.

Our Design Services Group is a great 
example of how we have begun to sup-
port true innovation in new ways. For 
over four decades, Aavid focused on its 
own internal development efforts, and 
those designs were always handed off to 
our internal production staff. That model 
was very successful. But we decided to 
change that, to redefine the way we sup-
port our customers’ product develop-
ment efforts. The Aavid Design Services 
Group has grown from 50 employees in 

It is even more critical for Aavid to identify and employ advanced 
technological design solutions such as ANSYS software.
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THOUGHT LEADER

I believe Aavid’s future success lies in continuing to make  
bold choices that support our customers’ innovation.

ANSYS: Ahead in the Cloud
Engineering teams have become more global in nature, while the pace of 

technology innovation continues to accelerate. In this challenging environ-
ment, many companies are finding it cost-prohibitive to provide every engi-
neer, around the world, with consistent access to advanced engineering tools 
— not only simulation software, but also the processing power needed to run 
large simulations.

Cloud computing is an obvious solution, because it removes the limitations 
of physical technology resources, reduces financial investments, and delivers a 
truly high-performance, end-to-end simulation experience via the latest tech-
nology architectures.

Recognizing that every organization has different needs, ANSYS has devel-
oped three approaches that enable our customers to capitalize on the power, 
speed and cost-effectiveness of cloud computing:
•  ANSYS alliances with cloud-hosting partners — including Nimbix, mentioned 

in this article — offer customers flexible access to a high-performance com-
puting (HPC) infrastructure, as well as expert information technology ser-
vices. Customers can outsource their implementation of ANSYS software 
when their internal capacity is taxed, or rely on the cloud as a permanent 
extension of their in-house computing capacity.

•  The ANSYS Enterprise Cloud is a turnkey, enterprise-level simulation plat-
form, hosted by ANSYS within a dedicated corporate account on the public 
cloud. Powered by the ANSYS Cloud Gateway portal, the Enterprise Cloud 
solution is an extensible solution offering HPC auto-scaling, HPC resources, 
storage and remote visualization on a global scale. 

•  ANSYS deployments in private cloud environments enable customers to 
securely run ANSYS solutions in environments architected using component 
technologies — such as operating systems and job schedulers — that are certi-
fied by ANSYS. The ANSYS Engineering Knowledge Manager solution supports 
an integrated job and data management portal that can dramatically improve 
engineering productivity. 

— Wim Slagter, Lead Product Manager, ANSYS

RUNNING ANSYS SIMULATIONS AT SCALE WITH EASE IN THE NIMBIX CLOUD — WEBINAR

ansys.com/nimbix101

HPC FROM DESKTOP TO CLOUD — WEBINAR

ansys.com/hpc101

ENTERPRISE-LEVEL SIMULATION ON THE CLOUD — WEBINAR

ansys.com/enterprise101

INTRODUCING ANSYS ENTERPRISE CLOUD — VIDEO

ansys.com/cloud101

What we’ve 
accomplished is 
elegant and simple: 
We’ve eliminated 
physical simulation 
constraints.

2011 to 100 team 
members today — 
and I expect that 
number to dou-
ble again in three 
years. This group 
has helped us con-
tribute to our cus-
tomers’ success, while also serving as an 
important source of revenue.

I believe Aavid’s future success lies 
in continuing to make bold choices that 
support our customers’ innovation. 
When a company has such a long history 
of success, it’s difficult to change what 
is viewed as a winning business model. 
But today’s world is so radically differ-
ent from the business environment that 
existed in 1964 or even 1994. Just as 
our global engineering team is focused 
on delivering radical innovation every 
day, Aavid must embrace innovation in 
its corporate strategy as well. That will 
set the stage for our next 50 years of  
success. 

Alan Wong
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R eliably comfortable and safe com-
mercial air travel requires creat-
ing a cabin that is a hospitable 

in-flight environment throughout a wide 
range of extreme external climatic condi-
tions. To successfully design a cabin for 
passenger comfort, a system of aircraft 
components must work in concert within 
industry standards for cabin climate con-
trol to maintain suitable pressure and 
temperature inside the plane.

An airliner’s environmental con-
trol system (ECS) consists of several key 
parts, including heat exchangers, pipe-
lines, compressors, fans, turbines and 
a water separator. At a cruising altitude 
of 30,000 to 40,000 feet, the outside air 
temperature is around –50 C to –60 C 
(–58 F to –76 F) and the pressure is 0.3 
atm to 0.2 atm (4.2 psi to 2.9 psi).  These 
conditions are much too low for traveler 
safety and comfort, and must be raised 
inside the cabin. To do this, several sys-
tems must effectively work together. For 

example, in a two-wheel ECS system, hot 
high-pressure air bled from the engine is 
cooled by ram air in a heat exchanger. A 
compressor then further pressurizes the 
air to reach the desirable pressure but at 
a high temperature. The hot air is cooled 
again in the main heat exchanger and, 
after passing through a turbine, the air 
temperature is cooled to the required 
cooling temperature and a suitable pres-
sure. The cooling process leads to water  
vapor condensation so the condensed 
water is removed by a water separa-
tor. Finally the cool air mixes with the  
filtered return air from the cabin to 

deliver a suitable temperature and pres-
sure. The ECS then distributes air from 
the mixing manifold to the cabin to 
remove heat in cabin air produced by 
passengers, crew and equipment, and  
to maintain a pressure in the cabin  
similar to that at around 6,000 feet above 
sea level. 

SYSTEMS SIMULATION
For the benefit of ECS designers, it is 

important to understand the interaction 
of these components before testing them 
during an actual flight. Researchers at 
Tianjin University in China and Purdue 

CLIMATE CONTROL 
GETS ELEVATED 

By Xiong Shen, Tianjin Key Laboratory of Indoor Air Environmental Quality Control,  
School of Environmental Science and Engineering, Tianjin University, Tianjin, China
Qingyan Chen, Professor of Mechanical Engineering, Purdue University, West Lafayette, USA

Extreme temperature and pressure differences outside the aircraft while in flight and on 
the ground must be accommodated to keep passengers comfortable and safe. Systems-level 
simulation and detailed thermal analysis are combined to meet industry standards. 

To successfully design a cabin for passenger 
comfort, systems must work together to 
maintain suitable pressure and temperature 
inside the plane.

AEROSPACE AND  
DEFENSE
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University in the U.S. have been inves-
tigating the behavior of an ECS using 
both systems-level and computational 
fluid dynamics (CFD) simulation tools 
from ANSYS. The two universities work 
together using ANSYS software to study 
the problems related to human health, 
safety and comfort in the field of trans-
portation. Aircraft manufacturers such 
as Boeing and the Commercial Aircraft 
Corporation of China (COMAC) are 
members of the Cabin Air Reformative 
Environment (CARE) consortium, as is 
ANSYS. The universities’ work supports 
CARE goals.

At the overall system level, the cabin 
thermal environment is regulated by a 
temperature controller, in which feed-
back signals from the cabin are used 
to modify the flow rate of the supplied 
engine bleed air. The controller con-
tains proportional–integral–derivative 
(PID) logic, which the research team 
implemented into a systems-level model 
using the built-in PID module in ANSYS 
Simplorer. At the detailed level, the team 
created a 3-D model of the first-class 

cabin of an MD-82 jet in ANSYS Academic 
Research CFD (ANSYS Fluent) software 
using geometry obtained from a laser 
tracking system and employing a mesh 
with 6.4 million cells. 

Researchers then coupled the 
Simplorer and Fluent models to analyze 
the transient impact of the ECS on the 
cabin thermal environment. During the 
coupled simulation, Simplorer predic-
tions of the air temperature supplied to 
the cabin provided boundary conditions 
to the detailed CFD cabin model. CFD  
predictions of temperature at various 
cabin locations were compared to the 
desired temperature set point, and any 
deviations directed the temperature con-
troller to adjust the flow rate of engine 
bleed air. This flow rate was a new 
boundary condition for the Simplorer 
ECS model, and iteration proceeded to 
completion.

GROUND-BASED CLIMATE 
CONTROL

Prior to modeling the ECS, however, 
the team needed to evaluate the effec-
tiveness of simulation on a climate- 
control system that did not require them 
to physically conduct in-flight testing. 
The first step was to analyze the ground 
air-conditioning cart (GAC) system, in 
which a mobile vehicle pipes outside air 
into the plane while it is idle at the air-
port. The GAC contains a heating coil, a 
cooling coil and a centrifugal fan that 
can heat the cabin in cold months and 
cool the cabin during warmer months. 
The team followed a similar process to 
build a systems-level model of the GAC in 
Simplorer, and then coupled it to the CFD 
model of the MD-82 cabin. 

�The MD-82 aircraft and GAC system used to heat or cool the cabin on the ground

Researchers have been investigating the 
behavior of an ECS using both systems-level 
and CFD simulation tools from ANSYS.
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�Process diagram of airflow from the engine into the cabin through the components of the ECS
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Researchers evaluated the impact of 
different locations for the sensors send-
ing data to the PID modules controlling 
flow. The first temperature feedback loca-
tion studied was at the GAC outlet pipe 
sending air into the plane, while the sec-
ond location was inside the cabin at pas-
senger breathing height. Air temperature 
and velocity test data measured from an 
MD-82 cabin in Tianjin during January 
and June — with respective outside tem-
peratures of about –5 C (23 F) and 35 C 
(95 F) — agreed closely with predic-
tions made by the Simplorer GAC system 
model and the detailed CFD cabin model. 
The results helped the team learn that 
locating temperature feedback sensors 
closer to passenger seats provided more 
uniform temperature distribution at dif-
ferent heights within the cabin.

IN-FLIGHT CLIMATE CONTROL
Having developed and validated 

this simulation procedure, the research 
team then used the coupled Simplorer–
Fluent analysis to simulate ECS behavior 
for conditions that a commercial aircraft 
would encounter during the typical seven 
stages of a short flight. These conditions 
included a four-minute taxi on the run-
way, one minute for takeoff, 15 minutes 
of climbing, five minutes of cruising, 
20 minutes  descending, 40 seconds for 
landing, and five minutes to taxi back to 
the gate. Simplorer predicted the chang-
ing mass flow rate of engine bleed air 
required to keep the cabin at the desired 
temperature set point of 23 C (73 F) dur-
ing all seven flight stages. As expected, 
CFD simulations predicted that the in-
flight cabin air velocity and temperature 
would fluctuate more when it is hot at 
ground level because of the larger tem-
perature difference between the ground 
and the flight altitude. 

Over the course of seven different 
coupled simulations of GAC and ECS 
cases, the team typically completed 
model setup in Simplorer and Fluent 

�Geometry (left) and mesh (right) for the CFD model of MD-82 first-class cabin

The researchers coupled ANSYS Simplorer and ANSYS Fluent 
models to analyze the transient impact of the ECS on the cabin 
thermal environment.

FEEDBACK THERMAL SENSORS

OUTSIDE 
AIR

SUPPLY 
AIR

GAC PIPE

M2M1

�Process diagram of airflow from the external environment into the cabin through the GAC system. M1 and M2 represent  
the locations of two different temperature controllers being studied.

�Detailed ANSYS CFD predictions of temperature within the cabin during the initial taxiing stage of a  
simulated flight on a hot day 
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in about four hours. Simplorer models 
ran very quickly, while a typical highly 
detailed transient CFD analysis of cabin 
airflow during simulated flight condi-
tions required about 60 hours running 
on 32 processors.  Work is continuing 
to implement a reduced-order model 
(ROM) representation of the ANSYS 
Fluent CFD model of the cabin so that 

overall system simulation time can be 
drastically reduced without sacrificing 
the accuracy of the simulation output.

The Tianjin and Purdue team shared 
its findings with researchers at Boeing 
and COMAC through the CARE consor-
tium. Early indications are that these 
manufacturers will be setting up their 
own virtual platforms for simulation of 

future ECS designs. Future experimental 
validation of the team’s ECS predictions 
done in collaboration with CARE indus-
try partners is also on the horizon to help 
further elevate the performance of such 
aircraft systems. 

CFD simulations predicted that the in-flight cabin air velocity and 
temperature would fluctuate more when it is hot at ground level.

�ANSYS Simplorer predictions for air temperature in the cabin for the seven simulated flight stages on cold (left) and hot (right) days. These results indicate that the control strategy should 
produce reasonably uniform temperatures at different heights within the cabin over the flight duration.
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�ANSYS Simplorer predictions for air temperature in the cabin being heated by the GAC system in January compared well to experimental results measured at different  
heights inside the cabin.
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By Roy Davis, Senior Manager, Ann Arbor, USA
Klaus Neumaier, R&D Engineer, Fairchild Semiconductor, Munich, Germany

Using a reduced-order method, engineers at Fairchild Semiconductor have been able to decrease 
development time for electronic components for electric and hybrid electric vehicles. By employing 
ANSYS Icepak for thermal management and ANSYS Simplorer for multi-domain systems design, the 
engineers performed dynamic thermal analysis under realistic power loss conditions approximately 
2,000 times faster than a full 3-D thermal analysis.

I
n electric vehicles (EVs) and hybrid electric vehicles (HEVs), 
many of the systems we take for granted in internal com-
bustion automobiles must be implemented differently. In 

addition to the main powertrain motor–generator sets, some 
accessory systems are also electrified. For example, because 
the engines in these vehicles do not run continuously, electri-
cally driven air-conditioning (AC) compressors and transmis-
sion oil pumps may be used instead of usual engine accessory 
belt-driven systems. All of these electric drives require fast,  
efficient and reliable power electronic converters.

Fairchild Semiconductor, a pioneer in the semiconductor 
industry, produces a wide range of power components suitable 
for these power electronic converters, as well as a complete 
portfolio of low- to high-power solutions for the mobile,  

industrial, cloud, automotive, lighting and computing indus-
tries. A typical Fairchild inverter consists of an array of six insu-
lated gate bipolar transistors (IGBTs), each of which is paired 
with an anti-parallel diode, to convert DC voltage provided by 
the vehicle’s battery pack into three-phase AC voltage required 
to drive the AC motors. Two IGBTs and two diodes form each 
“half-bridge” powering one phase of the motor. A single IGBT 
and diode pair form one bi-directional switch and, in combina-
tion with the other switches in the inverter, operate according 
to a pulse-width modulation scheme to generate the AC wave-
forms necessary to control the motor.  Switching the IGBTs on 
and off at 5 to 20 kHz results in pulsed DC voltages that average 
out to yield a sine wave on each phase, with the three sine waves 
being 120 degrees out of phase with each other. The three-phase  

HOT FLASH
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sinusoidal drive produces a rotating elec-
tric field in the electric motor, precisely 
controlled in a closed-loop feedback sys-
tem to generate the necessary torque to 
drive the load.

EV or HEV power train inverters are 
rated in the 50 kW to 100 kW range, and 
AC compressors are in the 6 kW range, 
so the power dissipated in these devices 
is high, and thermal considerations are 
critical to their design. The traditional 
approach is to simulate the circuit to 
determine power dissipation under spec-
ified operating conditions. These power 
losses are then used as inputs to a 3-D 
thermal simulation that predicts junction 
temperatures on the IGBTs and diodes. 
This approach usually requires about 8 
hours to simulate tenths of seconds of 
operating time needed to thermally char-
acterize a design iteration under a given 
set of operating conditions. In addition, a 
considerable amount of engineering time 
is tied up running separate electrical 
and thermal simulations and manually  

passing data back and forth. Fairchild 
engineers have improved the inverter 
design process by using ANSYS Icepak 
to develop a systems-level linear time-
invariant (LTI) reduced-order model 
(ROM) that runs in the ANSYS Simplorer 
system simulation environment to pre-
dict thermal performance in minutes 
rather than hours or days. 

VALIDATING THE ROM METHOD
Fairchild engineers created an Icepak 

model of the three-phase inverter, 
including its package and enclosure. 
They ran a few simple simulations to 
validate the model’s accuracy, and per-
formed a steady-state simulation. Then 
they performed a series of step response 
analyses in Icepak for a set of input and 
output quantities to build a compact 
model. For the inverter, the power dis-
sipation of the six IGBTs and six diodes, 
as well as the heat sink temperature, is  
typically used as input, while the junc-
tion temperatures provide the set of 

output quantities. Based on the fully 
described thermal system, the team then 
used Icepak to generate a linear time-
invariant reduced-order model (LTI ROM) 
that can be used in Simplorer to simu-
late specified electrical and thermal con-
ditions in a fraction of the time required 
for a full 3-D thermal simulation. 

Fairchild engineers evaluated their 
initial ROM against a full 3-D thermal 

�The inverter converts direct current to three-phase alternating current by generating pulses that combine to yield a sine wave.

In electric vehicles (EVs) and hybrid electric vehicles (HEVs), 
many of the systems we take for granted in internal combustion 
automobiles must be implemented differently.
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�3-D thermal analysis accurately determines thermal 
status at a high computational cost.
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analysis to test its accuracy. The tem-
peratures of all components as pre-
dicted under a step-load test by the 
ROM were a near perfect match (below  

1 percent error) with the predictions 
made by the full 3-D thermal analysis. 
The solver time for this full 3-D simula-
tion was about two hours, while the ROM 

took about one minute to run. Then, a 
variety of pulse load tests were employed 
to compare the results of the ROM against 
3-D thermal analyses. Again, the ROM 
results matched the 3-D analysis very 
closely (below 2 percent error level). In 
this case, the 3-D model took eight hours 
to solve for 150 milliseconds of operat-
ing time, while the ROM took four hours 
to solve a much longer 150-second time 
period. In this case, the ROM provided a 
2,000-to-1 speedup, taking half the time 
to produce 1,000 times more informa-
tion. Fairchild engineers did not feel the 
need to validate the results with physical 
testing because they have validated 3-D 
thermal analysis against physical testing 
many times and found a very close corre-
lation every time. 

FIRST USE ON ACTUAL PRODUCT
The Fairchild team used the ROM 

method to develop a three-phase inverter 
for an air-conditioning compressor for 
an EV. Engineers used Icepak to create 
a ROM of the components, package and 
enclosure. They imported the model into 
Simplorer and computed the demands on 
the inverter with the compressor motor 
spinning at 5,000 rpm when the air-
conditioner is turned on. The ROM com-
puted the junction temperatures of each 
device. Once the ROM was developed, the 
Simplorer environment enabled integra-
tion of device models, load models, pack-
age model and control systems elements 

Fairchild engineers 
have improved the 
inverter design 
process by using a 
reduced-order model 
to predict thermal 
performance in a 
minute or two. 

�A reduced-order model created by varying load on components and ambient temperature in 13 separate 3-D thermal 
analysis runs

6 IGBT, 6 Diode, Tref

13 Analyses   26h

ROM (Ideal HS) Versus 3-D Step Response Test

SYSTEM-LEVEL SIMULATION USING 
ANSYS ICEPAK AND ANSYS SIMPLORER
— WEBINAR

ansys.com/system101

�A reduced-order model provides a near perfect match to 3-D thermal analysis results.
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to generate systems-level performance 
projections and design optimization. The 
engineer can also change circuit param-
eters to run under different operating 
conditions. 

In this project, the ROM enabled 
Fairchild engineers to react to changes 
in design specifications and evaluate 
design alternatives in much less time 
than was possible in the past. For exam-
ple, originally the customer said the 
heat sink would run at 85 C, but phys-
ical tests showed that it would actually 
run at 105 C. Engineers simply changed 
one parameter in Simplorer, and in a 
few minutes the ROM produced updated 
results. Motor operating conditions (such 

as switching frequency) also changed 
several times during the design process; 
Fairchild engineers were able to quickly 
evaluate the impact of each change.

Fairchild engineers expect substan-
tial time savings in developing robust, 
reliable inverters. Key engineering team 
members involved in the project are 
already experiencing significant work-
load reductions. They fully expect that 
completely integrating ROM-based anal-
ysis methods with ANSYS tools into the 
development process will reduce engi-
neering expenses, encourage innovation, 
and enable the company to take on more 
product development projects. 

The ROM took half the time compared with 
the previous method to produce 1,000 times 
more information.

Integrating ROM-based analysis methods 
with ANSYS tools into the development 
process will reduce engineering expenses, 
encourage innovation, and enable 
the company to take on more product 
development projects. 

�ANSYS Simplorer determines power losses and uses ROM to compute junction temperature.
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N atural gas–fueled turbines operate more efficiently at 
high temperature. Gas temperatures in the latest gen-
eration of turbines can reach 2,700 F, but blade materi-

als can typically only withstand temperatures of about 1,700 F, 
so cooling is required. However, because the trailing edges of 
turbine-blade airfoils are very thin, there is little opportunity 
to cool them without endangering the structural integrity of the 
blade. Another challenge is that the amount of flow required to 
cool the trailing edge, as well as pressure losses within the cool-
ing circuit, must both be minimized because the power required 
to generate this flow detracts from the efficiency of the engine. 

Trailing edges with internal cooling channels are usually 
manufactured using investment casting, in which ceramic cores 
are used to create internal channels. This has limited design-
ers to developing cooling channels with very simple geometries. 
However, new manufacturing technologies can now create more 
complex cooling channel shapes. But what shape is the best? 

The author and his colleagues at Purdue University used ANSYS 
CFX to investigate the performance of some new geometries and 
to create an innovative shape that delivers significantly higher 
performance.

PRODUCING CERAMIC CORES FOR  
COOLING CHANNELS

Investment casting has been the technology of choice 
for producing gas turbine components with complex airfoil 
shapes and internal cooling passage geometries. For this type 
of casting, the lost wax process creates a ceramic shell with 
an interior that corresponds to the airfoil shape. One or more 
ceramic cores are positioned within the shell to form the inter-
nal cooling passages. Molten alloy is introduced into the shell 
and allowed to cool and harden. Then the shell and core are 
removed by mechanical or chemical means to leave the fin- 
ished component. Until recently, design choices for cooling 

TURBOMACHINERY

WEAVING 
IN AND OUT

By Adam Weaver, Project Engineer, Mechanical Solutions, Inc., Whippany, USA

Turbines need to run at very high temperatures to reduce fuel burn, but they require internal 
cooling to maintain structural integrity and meet service-life requirements. Engineers used 
simulation to evaluate state-of-the-art turbine-blade cooling-channel geometries and developed 
an innovative geometry that outperforms existing designs.

Because trailing edges of turbine-blade airfoils are very thin, there 
is little opportunity to cool them without endangering  
the structural integrity of the blade.
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channels have been limited by manufac-
turers’ abilities to produce ceramic cores 
with geometric features of about 1 or 2 mm. 
So only very simple cooling channel 
shapes could be used for turbine blade 
cooling passages.

These simple channel geometries are 
not very efficient at transferring heat 
from the surrounding metal. If the cool-
ing channel is straight with a square 
cross-section, for example, a hot thermal 
boundary layer will form near the solid 
surface, but the flow in the center of the 
channel will absorb little heat. Much of 
the energy expended to cool the airfoil is 
wasted.

New manufacturing methods intro-
duced in the last couple of years have 
broadened the scope for possible cooling 
channel geometries. One new manufac-
turing approach involves slicing a com-
puter model of the cooling channels into 
slivers about 25 microns thick, which are 
used to create photomasks. The photo-
masks are in turn used to etch metal foils 
that are laminated together to make an 
extremely accurate 3-D cavity. The mas-
ter pattern produces a mold from a mate-
rial such as silicone, which can be used to 
cast ceramic material to very high levels 
of accuracy.

SIMULATING NEW COOLING 
CHANNEL GEOMETRIES

These new manufacturing methods led 
the team at Purdue to explore several cool-
ing channels with more complex geome-
tries that can break up the boundary layer 
and increase heat transfer. 

• The triple-impingement design causes 
high-velocity jets to form through area 
contractions and directs the jets at 
perpendicular solid surfaces. 

• The multi-mesh design uses square 
posts angled at 45 degrees to the flow 
direction to deflect and mix the flow 
with jet-to-jet interactions. 

• The zig-zag design constricts the flow 
to channels and bends these channels 
to cause secondary flow structures and 
drives cool fluid to the walls. 

�Position of new channels within the blade

�Three new cooling channel geometries enabled by new manufacturing methods
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�Heat transfer coefficient contours for the weave design at different flow velocities
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The Purdue team used CFD to evaluate the performance of 
these designs along with the author’s own design, which has 
two layers of 45-degree–angled channels that undulate at inter-
sections to avoid contact and constantly disrupt the flow direc-
tion. The team performed conjugate heat transfer analysis with 
the shear-stress transport (SST) turbulence model for all four 
designs. The temperature of the hot gas surrounding the trail-
ing edge was maintained at 1,755 K, and the external heat trans-
fer coefficient was set at 2,000 W/m2K. The temperature of the 
cooling flow at the inlet passage was 673 K, and the pressure 
at the exit of the duct was maintained at 25 bars. Inlet coolant 
mass flow or pressure was varied to investigate a range of perfor-
mance. The passages were 2 mm tall. 

ANSYS meshing and fluids capabilities allowed the team 
to create models that consistently converged to a solution with 
node spacing as small as 0.001 mm, although more commonly 

the spacing was 0.01 mm near the wall where mesh density is 
most critical. Other codes that were tried in this application often 
did not converge at this node spacing. The researchers validated 
the CFD results against a test problem consisting of a planar jet 
impinging on a flat plate and achieved very good correlation.

IDENTIFYING THE BEST GEOMETRY
The researchers simulated the three existing designs to 

select equivalent points on the performance map so that they 
could directly compare any two designs. The results show that, 
for a given mass flow rate, the multi-mesh design performs 
about 5 percent better than zig-zag and 10 percent better than 
triple-impingement in terms of the amount of heat transferred. 
For a given pressure drop, zig-zag provides about 30 percent 
more heat transfer than triple-impingement and multi-mesh, 
but requires about twice the cooling flow rate compared to  

�The weave design has a flow divider at the upstream end and aligned ducts at the 
trailing edge of the airfoil.

�Streamlines and temperature contours projected on cross sections of the weave cooling 
channel show how it breaks up boundary layers.

�Temperature distribution using matched mass flow (top) and matched pressure drop (bottom) shows the superiority of the weave design over the multi-mesh design.
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multi-mesh and triple-impingement 
methods. The researchers concluded that 
multi-mesh is the best design among 
these three because it achieves maximum 
cooling with minimum cooling fluid flow.

The researchers then compared the 
multi-mesh design to the new weave 
design. With the same mass flow rate, 
multi-mesh performs similarly in terms 
of heat transfer, and even provides loca-
tions where external temperatures are 
lower than those of the weave design. 
However, multi-mesh’s strenuous flow 
path resulted in more than two times 
the amount of pressure loss when com-
pared with the weave design, demon-
strating a much less efficient use of the 
cooling airflow. When pressure drop is 

matched between the two designs, the 
weave design produces a higher flow rate 
of coolant gas and thus provides 20 per-
cent greater heat transfer, resulting in a 
relatively cooler blade.

The increase in heat transfer makes 
it possible to operate at a higher combus-
tion temperature while maintaining the 
same blade temperature, thereby pro-
viding a higher thermal efficiency cycle 
for the engine. The amount of efficiency 
that can be gained will depend greatly on 
the specific engine used and the owner’s 
preferred operating limits. The Air Force 
has awarded a Small Business Innovation 
Research (SBIR) grant to integrate the 
weave design into the Air Force Research 
Laboratory’s research turbine at Wright-

Patterson Air Force Base with the goal 
of ramping up to full-scale testing of the 
new design in 2016. 
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Keeping Turbines Cool: A Multi-faceted Challenge
The high and increasing operating temperatures of contemporary gas tur-

bines present “hot section” engineers (including those who work with high-
pressure turbines) with many challenges. Both materials and fluids engineers 
must contribute to overcoming heat transfer challenges. One part of the fluids 
solution is predicting the flow in the complex passages inside blades; a related 
concern is understanding the main flow path physics.

Much of the cooling air supplied by the compressor is ultimately delivered 
to the main flow path, providing a thermal cushion between the hot main flow 
and the metal surfaces that enclose that flow. The flow field is quite complicated 
because the interaction of the cooling jets and the main flow results in flow fea-
tures that are much smaller than the main flow path scales. Thus, a full and 
detailed computational resolution is still a challenge. In addition, the flow is 
transient due to the relative motion between the rotor and stator blades. 

One useful simplifying approach is to model the cooling jets as sources 
of mass and energy. Such sources could number in the hundreds. In the most 
recent release of ANSYS CFX, the workflow is streamlined so that any additional 
computational cost for inclusion of hundreds or thousands of source points is 
minimized.  

Engineers would also like to simultaneously solve for the heat transfer in 
blades and in the flow path. Again a problem of scale complicates matters, 
because the time scale for conduction is several orders of magnitude different 
than in the fluid. ANSYS provides a solution for transient blade row simulations 
to overcome this taxing problem. 

With each release, ANSYS works to improve the fidelity, efficiency and scal-
ability of its turbomachinery tools.

— Brad Hutchinson, Global Industry Director, Industrial Equipment  
    and Rotating Machinery, ANSYS

The weave design produces a higher flow rate of cool gas and thus 
provides 20 percent greater heat transfer, resulting in a relatively 
cooler blade.

�A transient blade row simulation with conjugate heat transfer 
shows the effect of thermal hot streaks and their temporal variation.

�A new capability reduces total CPU time by as much as  
70 percent when a large number of source points are involved. 

TURBOMACHINERY
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W ith each new generation of automobiles, features 
that depend on electronic systems increase in 
number and complexity. Engines and transmis-

sions require electronics to control a wide variety of functions, 
including cooling systems, emissions and throttle operations. 
Electronics monitor and control braking systems, climate  
control, power windows and doors, wipers, headlights, and 

KEEPING THE 
BLOCK COOL

Cars are safer and more 
comfortable — and more 
complex — than ever before. 

As cars become more complex, companies that manufacture the supporting electronic systems 
must make them reliable and safe. Automotive electronics system manufacturer Kyungshin 
improved the thermal management of its smart junction blocks while cutting production time  
by 80 percent and costs by over 50 percent over previous methods. 

By Oyoung Kwon,  General Manager, Wiring Harness Design 2 Team, Kyungshin, Incheon, South Korea 

AUTOMOTIVE
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entertainment and navigation systems. Our cars are safer and 
more comfortable — and more complex — than ever before. 

The hub of a vehicle’s electronic system is the smart junction 
block. South Korea–based Kyungshin Corp. develops state-of-
the-art electric devices, connectors and eco-friendly products, 
including smart junction blocks. These blocks work with the 
wiring harness to manage electricity and distribute power to all 
parts of the car, acting much like the central nervous system 
in the body. The smart junction block contains a printed cir-
cuit board (PCB) junction block that enables efficient control of 
more electronic units than conventional junction blocks. 

COMPLEX JUNCTION BLOCK DESIGN
Companies designing conventional junction blocks are 

largely concerned with the effects of vibration on the unit. The 
Kyungshin team originally relied on physical prototyping before 
turning to simulation in 2004. The team used ANSYS simula-
tion tools to perform linear and nonlinear structural analysis to 
minimize the effects of vibration by examining design variables 
like rib thickness and type of injection molding. They also used 
simulation to reduce materials and weight. 

New PCB junction blocks are even more complex and require 
that the effects of temperature, humidity, thermal flow and  
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�Diagram of the junction block and the PCB junction block

Current Density Power Dissipation

�ANSYS SIwave DCIR drop prediction of where high temperatures could arise based on 
current density (left) and power dissipation (right)
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�Heat distribution in the PCB using ANSYS Icepak simulation (left) and physical  
heat imaging (right)

AUTOMOTIVE

Using simulation early in the design process saved the company  
tens of millions of won (tens of thousands of U.S. dollars) for each 
junction block prototype. 
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electrical load be examined to maintain reliability. Furthermore, 
these physical phenomena need to be tested simultaneously to 
account for any effects they may have on each other. Finally, the 
PCB needs to be evaluated in its operating environment.

COMPONENT TESTING  
AND SIMULATION

When designing a smart junction block, Kyungshin engi-
neers discovered that the PCB junction block temperature often 
exceeded 60.4 C, causing it to overheat. To find the cause, they 
employed a combination of experiment, physical prototyping 
and ANSYS simulation. The experimental analysis concluded 
that the temperature rise was caused by Joule heating of the 
coils in the PCB relay. 

First, the engineers tested individual components such as 
the fuse and the PCB relay. However, it was vital to use simula-
tion to determine conditions in the PCB that might contribute 
to temperature rise, as this cannot be done with physical test-
ing. They applied ANSYS SIwave (power integrity, signal integ-
rity and EMI analysis of electronic packages and PCBs) and 
ANSYS Icepak (computational fluid dynamics [CFD] software 
for electronics thermal management) to identify where the PCB 

JOULE HEATING SIMULATION USING TWO-WAY SIWAVE-ANSYS 
ICEPAK CONNECTIVITY — WEBINAR

ansys.com/joule101

�Model

�Busbar Joule heating�ANSYS SIwave DCIR drop results

Physical phenomena need to be tested simultaneously to account for 
any effects they may have on each other. 
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Simulation Adoption at Kyungshin
Kyungshin now considers it essential to use simulation to test all of its components. For analysis of electromagnetic 

fields and EMC for PCB components, engineers use ANSYS SIwave, ANSYS Designer SI and ANSYS HFSS. To examine  
temperatures and thermal–fluid dynamics, they employ ANSYS Icepak. ANSYS LS-DYNA and ANSYS Mechanical enable 
them to conduct linear and nonlinear structural analysis. 

Before adopting ANSYS tools, Kyungshin struggled with the typical pitfalls of the design, prototype, assess, redesign 
and reassess cycle. The design process was time-consuming, taking between five and six months to ensure the perfor-
mance of the junction block once it was manufactured. Using ANSYS simulation tools cut the overall production time  
to one month.  

When ANSYS was introduced, Kyungshin engineers were able to analyze and solve issues early in the development 
phase rather than during the manufacturing phase. Using simulation early in the design process saved the company tens 
of millions of won (tens of thousands of U.S. dollars) for each junction block prototype that it was not required to build. 
These costs do not even include expenses to modify the design and retest it.

AUTOMOTIVE

Using ANSYS simulation tools cut 
the overall production time from 
five months to one month.  

�ANSYS Icepak reveals temperature rise 
around the fuses in the second design.

�ANSYS Icepak predicts excessive 
temperature in the PCB block for the 
first design.

was overheating. Each PCB layer was modeled, and tempera-
tures were calculated for each layer. Using current density and 
power dissipation profiles, SIwave predicted the locations where 
high temperatures arise. While both physical imaging and sim-
ulation identified the hot spots on the PCB, the simulation also 
identified a secondary spot where a current bottleneck gener-
ated extra heat. 

FULL JUNCTION BLOCK SIMULATION
In a different case, to improve the design of the complete 

junction block, Kyungshin engineers simulated two different 
designs to understand how to optimize the design and prevent 
unit heating in the future. The multiphysics simulation lever-
aged SIwave’s DCIR drop (voltage drop) results as input data 
for the Icepack thermal simulation. The first design resulted 
in overheating of the PCB block. The second design solved the 
problem of PCB overheating but identified an area where heat 
would build in the fuses. This provided the engineers with 
enough information to develop a final design.

The simulation results were in close agreement with physi-
cal testing. Kyungshin engineers are now confident that multi-
physics simulation is a reliable way to resolve thermal issues in 
junction blocks as complexity increases. 
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The automotive environment presents one of the most difficult thermal 
challenges for electronic component designers.

UNDER THE 
HOOD

By Jehoda Refaeli, NXP Semiconductors, Austin, USA

The electronics in modern automobiles must operate in a high temperature, under-hood environment 
without sacrificing performance or reliability. The traditional approach to thermal design, which is 
based on the assumption that the entire integrated circuit (IC) is at a constant temperature, is fast 
becoming obsolete as higher power dissipation and shrinking form factors make thermal design more 
critical. NXP engineers use ANSYS tools to calculate temperature and current density throughout the 
device, making it possible to predict local junction temperatures more accurately and perform thermal-
aware electromigration (EM) analysis.

T he automotive environment presents one of the most 
difficult thermal challenges for electronic component 
designers because ambient temperatures in under-

hood applications can reach 135 C. The thermal challenge 
is increased because the electronic components are exposed 
to water and dust, so enclosures must be sealed against the  
elements and, in most cases, cannot use a cooling fan due to  
reliability concerns. The design team is faced with the challenge 
of ensuring that device junction temperatures remain at safe 
levels — typically under 150 C — while also guarding against  
failure due to EM (the mass transport of a metal due to the 
momentum transfer between conducting electrons and diffus-
ing metal atoms). Over time, the mass transport in the lattice of  

interconnect material leads to connection failure and circuit  
malfunction. Applications in which high direct current densi-
ties are used, such as integrated circuits, are especially impacted 
by EM. As the size of ICs decreases, the practical impact of EM 
increases. Automotive ICs are particularly susceptible to EM 
because this phenomenon increases as a function of temper-
ature, and the hot under-hood environment combined with 
the increasing heat flux of modern electronics drives up chip 
temperatures.  

Traditionally, NXP engineers used design rules to check 
and correct EM problems. This approach assumes a uniform 
worst-case temperature across the chip, when actually tem-
peratures vary widely between hot spots and cooler areas. As 

AUTOMOTIVE

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         33© 2016 ANSYS, INC.

http://www.ansys.com/Solutions/Solutions-by-Industry/Automotive


NXP increased the speed and power of 
its devices, the company found it pro-
gressively difficult to meet EM specifi-
cations due to the large margin of error 
that the traditional approach produced. 
With ANSYS RedHawk, ANSYS Totem and 
ANSYS Sentinel-TI, NXP engineers can, 
for the first time, accurately determine 
the junction temperature of individual 
complementary metal oxide semicon-
ductor (CMOS) devices and calculate EM 
based on actual temperatures. The ability 
to make design decisions based on ther-
mal gradients enables NXP to increase 
product performance while ensuring reli-
ability and reducing time to market.

AUTOMOTIVE ELECTRONICS 
THERMAL CHALLENGES

An NXP automotive device, consist-
ing of a memory chip stacked on top of 
a system-on-chip (SoC) and connected 
via Cu pillar technology, is used for  
powertrain, safety, motor and battery 
control. This type of 3-D IC stacked 
device can reduce power consumption 
and improve communication speeds, 
but the complex thermal interaction 
between chips is impossible to analyze 
using conventional methods. For exam-
ple, the stacked component needs to be 
validated with high power on the bottom 
and low power on top when a logic oper-
ation is performed, and with low power 
on the bottom and high power on top dur-
ing memory read/write situations. Each 
device must also be validated with man-
ufacturing variation taken into account. 
The two possible conditions that need to 
be evaluated from a thermal standpoint 

are slow processing/low leakage and fast 
processing/high leakage.

In the past, thermal design was 
normally carried out using systems-
level thermal analysis, which pre-
dicts complete system temperature 
based on sources of heat and thermal 
transfer to the environment. But this 
approach is limited because it does 
not take the detailed design of the chip 
into account. In a major simplification, 
power is usually considered to be dis-
sipated uniformly across the chip, and 
the simulation predicts a uniform tem-
perature for the entire chip. This tem-
perature is then used as the estimated 
junction temperature for every CMOS 
device on the chip. The uniform temper-
ature is also used in the electronic com-
puter aided design (ECAD) system as the 
basis for design rule checks (DRCs) for 
EM signoff. The inherent assumption of 
uniform temperature in this approach 

leads to unreliable results. Previously, 
this limitation was addressed by using 
a large margin of safety to account for 
temperature gradients. But today, the 
increase in heat caused by putting more 
CMOS devices in a smaller volume makes 
it difficult or impossible to meet thermal 
signoff requirements using traditional 
methods.

CALCULATING TEMPERATURE 
PROFILE THROUGHOUT  
THE CHIP

NXP addresses this challenge using 
the ANSYS semiconductor thermal tool-
set to model chip details and determine 
the power density and thermal gradients 
at any point. Modeling every wire and 
device in detail would be too compute-
intensive, so chip design is simplified 
by dividing each layer into rectangular 
elements. Each element contains infor-
mation about the power and metal layer 

�Typical NXP automotive component consists of a memory 
chip stacked on top of a system-on-chip (SoC).

The design team is faced with the challenge of ensuring that 
junction temperatures of devices will remain at safe levels while 
also guarding against failure due to EM.

AUTOMOTIVE

Layer Thickness in  .mh

LAYER 10 METAL1 0.530000 VIA12  0.729000 
METAL2 0.530000 VIA23 0.729000 METAL3 
0.530000 VIA34 0.729000 METAL4 0.530000 
VIA45 1.106750 METAL5 0.990000 TOP_LAYER 
0.177500  

�Each layer of chip is divided into elements with dimensions in microns to create a chip thermal model (CTM). The chip 
thermal model contains a multi-layer structure of thin layers on top of a silicon chip and the temperature profile with model 
resolution in microns.

Chip Thermal 
Model
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density based on the detailed design, 
as well as the thermal conductivity 
between layers. This information is used 
by ANSYS RedHawk (for SoCs) and by 
ANSYS Totem (for custom digital devices 
such as memory dies, as well as analog 
and mixed-signal ICs) to calculate the 
temperature profile across the chip. This 
becomes the base temperature profile of 
the chip. The temperature gradients on 
the chip are dominated by the power dis-
tribution of the chip’s CMOS devices. 

Wire temperatures on a chip are fur-
ther increased by Joule heating and ver-
tical thermal coupling from devices to 
wires. In the past, Joule heating was not 
a major concern, but today, with wires 
placed closer to each other than ever 
before and buried in low-thermal-con-
ductive dielectric materials, Joule heat-
ing of wires can no longer be ignored; 
therefore, a Joule heat model of each 
wire is created using the root-mean-
square (RMS) current on a signal wire, or 
the average current on a power or ground 
wire, along with thermal coupling. The 
temperature change of each wire is cal-
culated directly based on the power, 
size, aspect ratio, elevation, thermal 
conductivity and thickness of dielectric  

�CTM is used to provide tile-based temperature-dependent power density and per-layer metal density maps.�Temperature and EM maps

M2 Temperature Map

Signal EM (M2) Map

�Joule heat is calculated for each wire and its neighbors.
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material using a simple linear superposition principle, so min-
imal computational effort is involved. The localized thermal 
effects of Joule heating on current density and temperature are 
added back to the thermal analysis based on the chip thermal 
model (CTM).

Dynamic power, which relates to the operation of devices on 
a chip, was dominant in traditional designs. However, the pro-
portion of static power, driven by leakage current, is catching 
up in new chip designs. Static power scales with temperature, 
so this phenomenon is particularly important in under-hood 
automotive designs. The power map for distributed tempera-
ture on the chip is used to calculate static power. The static 
power generates additional self-heating, and the CTM and EM 
analyses are updated to take this into account. 

ANALYZING THE CHIP-PACKAGE-SYSTEM
The CTM model for each chip along with 3-D IC and package 

details is passed to ANSYS Sentinel-TI, which performs a CTM-
based thermal analysis to generate converged temperature 
and power maps of the complete system. The system thermal 
boundary conditions are fed back to RedHawk and Totem for 
use in re-running the CTM-based thermal analysis to take the 
effects of the other chip and the package into account. The con-
verged power map produced by Sentinel-TI can also be passed 
to ANSYS Icepak, which can perform a complete system analy-
sis and simulation of the complex airflows around the package. 

Rather than relying on a single temperature value repre-
senting a whole chip, NXP engineers can now view plots that 
show the temperature at any point in the chip so they can eas-
ily identify individual devices with excessive junction tem-
peratures. They can also perform thermal-aware EM checks 
based on the actual temperature experienced by each wire on 
the chip. Based on this information, engineers can make cor-
rections into the design early in the process to eliminate trou-
blesome hot spots. They can also address different operating 
and process conditions, which were not considered in the past, 
simply by re-running the model based on the relevant condi-
tions. The result is that NXP engineers can improve the per-
formance and reliability of critical automotive semiconductors 
while reducing time to market.  

NXP addresses this challenge using the ANSYS semiconductor 
thermal toolset to model the detail of the chip and determine the 
power density and thermal gradients at any point. 

The ability to make design decisions based on thermal gradients 
enables NXP to ensure reliability and reduce time to market. 

Wire Temperature Map Wire EM Map

�Actual wire temperatures are used to calculate thermal-aware electromigration (EM).

�ANSYS Sentinel-TI analyzes the complete thermal flow path of the ICs, package and 
system. 3-D IC and package details are crucial in accurate on-chip thermal analysis.

Junction Board

Top or Case-Top

AUTOMOTIVE

Heat flow in 3-D IC/package/board (conduction)
Heat dissipation from exterior surface (convection and radiation)
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L ight-emitting diodes (LEDs) are an increasingly popular 
source of lighting because they are very efficient, long-
lasting and controllable. The global commercial LED 

lighting sector was expected to reach $26.7 billion in 2015 [1] 
and $42.7 billion by 2020 [2].

Because they are cool to the touch, LEDs are often consid-
ered to be thermally efficient compared to incandescent light-
ing. Thirty percent of the energy passing through an LED chip 
is converted to light, while 70 percent is converted to heat. (In 
incandescent bulbs, 90 percent of the energy escapes as heat 
[3]). Energy is dissipated as heat reduces the energy available 
for light output. If allowed to build up, the heat would eventu-
ally destroy the LED chip, but it can be easily removed using a 
thermally conductive material such as copper. Unfortunately, 
most thermal conductors are also electrical conductors, so the 
LED chip must be electrically insulated to avoid shorting out 
the device. Heat is often removed with a thermal substrate com-
posed of a sandwich containing thermally conductive metals 
and a thin dielectric material to transfer heat as efficiently as 
possible while providing the necessary electrical insulation.  

Developed specially for cooling LEDs, DuPont CooLam® ther-
mal substrates consist of a sandwich of (moving from the LED 

outwards) copper foil, polyimide dielectric, and an aluminum 
heat sink or base. As lighting manufacturers have increasingly 
adopted this product, questions have arisen about the optimal 
configuration for specific applications. For example, what are 
the cost and performance trade-offs involved in using a larger 
or smaller base, different aluminum alloys, etc.? The challenge  
for DuPont engineers tasked with answering these questions 
is that the junction temperature — the point in the chip where 

LIGHTING 
THE WAY

To manage heat removal for LED lights, DuPont engineers used ANSYS CFD simulation to 
accurately predict temperatures within their proprietary substrate — information that could not 

be gained without simulation. This information is employed in guidelines to develop reliable 
CooLam® substrates for lighting manufacturers that require a broad range of configurations.

By Kevin Allred, Stacy Hamlet, Winston Fan and Lei Zhao, DuPont Engineering, 
E. I. DuPont de Nemours and Company, Wilmington, USA

TKCONSUMER GOODS

�CooLam® thermal substrates consist of copper foil, polyimide dielectric and aluminum 
base. The arrow shows the center of the thermal pad, which cannot be measured under 
operating conditions.

LED

COPPER
DIELECTRIC

ALUMINUM BASE

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         37© 2016 ANSYS, INC.

http://www.ansys.com/Solutions/Solutions-by-Industry/Consumer-Goods


temperature is most important — can’t  
be physically measured because it is deep 
inside the chip. DuPont engineers over-
came this challenge by using ANSYS CFD 
software to simulate heat transfer of a 
typical LED with a wide range of thermal 
substrate configurations. They developed 
application guidelines that help deter-
mine the best configuration for nearly 
every application.

LED COOLING CHALLENGE
The junction temperature at the heart 

of the LED chip must be kept at 75 C to  
85 C to provide optimal light output and 
service life. The traditional approach 

used to cool LEDs (thermal substrates 
made of aluminum-based FR-4 glass-
reinforced and epoxy-based materials) is 
limited by relatively low thermal conduc-
tivity. More recently, the industry moved 
to metal-core printed circuit boards 
(MCPCB) made of sandwiches in which 
each component is designed to optimally 
conduct heat through the board, where 
it can be dissipated by convection and  
radiation. The thermal properties and 
geometry of each material in the sand-
wich are all important parameters that 
determine the junction temperature and 
ultimately the LED performance.

DuPont engineers set out to quantify 
the impact of the specific thermal sub-
strate construction and design on the 
junction temperature of the chip. They 
performed lab measurements on an LED 
chip cooled by a number of different ther-
mal substrates. They measured the tem-
perature on the thermal pad of the LED 
chip as close as possible to the solder pad 
and also on the back side of the alumi-
num heat sink. The LEDs were powered 
with a constant voltage/current DC power 
supply; the heat sinks were cooled in a 
natural-convection air-conditioned room 
environment. A high-power LED lamp 
was tested over a range of power levels 
from 5 to 17 watts. The LEDs were cooled 
with CooLam thermal substrates having: 

• two different copper foil thermal pad 
thicknesses of 35 µm and 140 µm 

• two different polyimide dielectrics 
with thermal conductivities of  
0.7 W/mK and 0.24 W/mK

•  two different aluminum heat sinks 
with thicknesses of 1 mm and  
2.5 mm made of two different 
alloys. The alloys have thermal 
conductivities of 138 W/mK and  
205 W/mK
 

Four different test board layouts were also 
evaluated:

• One LED and a thermal pad with the 
same footprint

• One LED with an extended thermal 
pad

• One LED and a thermal pad covering 
the full 3.5-inch by 2-inch test board

• An array of three LEDs with heat 
sinks having the same footprint.

CFD MODEL ACCURATELY 
PREDICTS JUNCTION 
TEMPERATURE

The next step was creating an ANSYS 
CFD model to match the test setup.  
ANSYS Fluent was the best tool for this 
simulation challenge for several reasons. 
The Boussinesq approximation for nat-

ural convection with parameter-fitting 
included in Fluent helped to easily map 
the model to physical measurements. 
The product’s discrete ordinate radiation 
model was used to model the heat leav-
ing the LED through radiation from the 
lens. The software also made it easy to 
apply different thermal conductivities to 
the multiple materials in the model. This 
was accomplished easily via the ANSYS 
Workbench parametric capability.

DuPont engineers obtained alumi-
num and copper material properties from 
the literature and dielectric properties 
from in-house measurements. LED and 
solder-mask properties were estimated 
based on data provided by their manu- 
facturers. The heat dissipation of the 
LED was based on rated wall-plug effi-
ciency — the energy conversion efficiency 
with which the system converts electri-
cal power into optical power. Engineers 
ran transient conjugate thermal simula-
tions and compared the results with the 
time histories of the thermocouples and 
dynamic IR thermal imaging. The simu-
lations were tuned by carefully matching 
the gentle laboratory room air flow in the 
CFD model. Adding the discrete ordinates 
model to track radiation losses through 
the lens and from warm surfaces was the 
final model element needed to refine the 
simulations. The result was a near perfect 
match between the CFD predictions and 
thermocouple measurements. 

It’s not possible to measure the junc-
tion temperature of the LED, or even the 
temperature in the center of the thermal 
pad directly under the center of the LED. 
So LED design engineers typically take a 
measurement on the solder pad located 
on the outside edge of the LED and use 
that as an estimate of the temperature 
at the center of the thermal pad. Then 
they use the thermal resistance specifica-
tion provided by the LED manufacturer to 
estimate junction temperature. With the 
CFD results validated, DuPont engineers 
were, for the first time, able to determine 

DuPont engineers were, for the first time, able 
to determine the temperature at any point in 
the LED and thermal substrate.

�DuPont CooLam® thermal substrate improves thermal 
management of LEDs.

�Test setup in laboratory with yellow LED mounted on 
thermal substrate hidden behind LED and thermal substrate 
mounted on gray board

CONSUMER GOODS
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the temperature at any point in the LED and thermal substrate. 
They discovered that the temperature at the solder pad was 15 
C less than the actual temperature at the center of the thermal 
pad. The simulation demonstrated that the previous method had 
substantially underestimated the junction temperature under 
actual operating conditions.

DEVELOPING APPLICATION GUIDELINES  
FOR A WIDE RANGE OF APPLICATIONS

The simulation results provided useful guidelines to help 
DuPont engineers configure CooLam thermal substrates for 
specific customer applications. The results show that using 
a thicker aluminum base has the biggest impact, providing a 
12.4 C to 12.7 C reduction in junction temperature depending 
on the power of LED and type of dielectric used. With this major 
insight, engineers now consider increasing the base thickness 
as a first step in difficult thermal management problems. Using 
an aluminum alloy with higher thermal conductivity from 
138 W/mK to 205 W/mK, regardless of other parameters, also 
assists in temperature reduction. And the high-performance 
dielectric of 0.7 W/mK provided a significant junction temper-
ature reduction, from 5.4 C to 5.7 C depending on the power 
level and type of heat sink. 

The simulation results provided the first validated mea-
surements of the impact of CooLam substrate design variables 
on the junction temperature of an LED. This could not have 
been determined using any method other than simulation. 
DuPont engineers demonstrated the value of high-performance 
configurations and made it possible to quantify their impact 
under various operating conditions. As a result, the DuPont 
application engineering team can confidently supply lighting 
manufacturers with thermal substrates that ensure high LED 
performance, reduced power consumption and long life. 

References
[1] Yu, H. LED Journal. Global LED Lighting Trends Reveal 
Significant Growth and Product Development. ledjournal.com/
main/blogs/global-led-lighting-trends-reveal-significant-growth-
and-product-development (10/21/2015). 

[2] Breslin, M. Electrical Contractor. Global LED Market Expected 
to Reach $42.7 Billion by 2020.  ecmag.com/section/your-
business/global-led-market-expected-reach-427-billion-2020 
(10/21/2015). 

[3] Lighting Technologies: A Guide to Energy-Efficient 
Illumination. energystar.gov/ia/partners/promotions/change_
light/downloads/Fact%20Sheet_Lighting%20Technologies.pdf 
(11/18/2015). 

�Simulation showed a 15 C temperature difference between the solder pad and the center 
of the thermal pad.

Measurement Location Center of Thermal Pad

Thermal Pad

Heat causes reduced light 
output and would eventually 
destroy the chip.

�Effect of aluminum thickness on junction temperature for two power levels and two types 
of dielectric material (LA and LX)

�Simulation results show temperature plotted on LED, thermal substrate and board.

MULTIPHYSICS OPTIMIZATION OF AN LED LIGHT BULB 
USING ANSYS — WEBINAR

ansys.com/bulb101
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Simulation@Work

Ahousehold fuel cell cogeneration system is a 
new way to generate electricity and heat. The 
system can be installed on-site at individual 
residences, and uses the electrochemical reac-
tion between hydrogen and oxygen to produce 
energy. It is, essentially, an environmentally 

friendly power plant for the home. The hydrogen required can 
come from natural gas piped into residences, where available; 
the oxygen is provided by the ambient air. Such a system gener-
ates electric power with high efficiency even when the required 
electrical output is low, and is expected to help increase energy 
savings and decrease CO2 emissions. 

Panasonic Corporation is developing a household fuel cell 
cogeneration system called Ene-Farm. The company needs to 
overcome the challenges of system cost and reliability before 

widespread deployment. Reducing cost requires a better under-
standing of how hydrogen ions flow through the membranes in 
the membrane electrode assembly (MEA) that is the heart of a 
polymer electrolyte membrane fuel cell (PEMFC). The Panasonic 
engineering team used simulation software from ANSYS, along 
with some software they developed in-house, to model MEA for 
different materials and fuel cells. Simulation helps the team 
reduce the direct material cost for the Ene-Farm, while increas-
ing efficiency and improving its commercial potential.

In the MEA, hydrogen atoms release their electrons on the 
anode side of the cell upon passing through a layer of anode 
material and then protons reach a layer of catalyst material. The 

It is, essentially, an 
environmentally friendly 
power plant for the home.

TECHNICAL OVERVIEW OF FUEL CELL SYSTEMS: HOW COMPUTER 
SIMULATION IS USED TO REDUCE DESIGN TIME — WHITE PAPER

ansys.com/fuelcell101

POWERING A HOME 
WITH FUEL CELLS

Home-based electricity generation is possible using a fuel cell system.  
Panasonic Corporation applied simulation to help reduce the cost of these  
systems to make them more commercially feasible. 

TKENERGY

By Keiichi Yamamoto; Eiichi Yasumoto, Manager; and Masataka Ozeki, General Manager; 
Panasonic Corporation, Appliances Company Corporate Engineering Division,  
Air-Conditioning and Cold Chain Development Center, Osaka, Japan
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electrons return to the anode current col-
lector and travel through a load circuit to 
the cathode (air) side, thereby generating 
electrical energy. The remaining hydro-
gen ions then pass through the polymer 
electrolyte membrane and react with the 
electrons and the oxygen on the cathode 
side to produce water vapor, which is the 
final product of the fuel cell reactions. 

2H2 4H+ + 4e– (anode)
O2 + 4H+ + 4e–   2H2O (cathode)

Though these reactions are relatively 
simple, the nature of the species trans-
port (atoms, ions) through the different 
layers of the MEA is complex, and must 
be kept in the proper balance to maximize 
the performance of the PEMFC.

DEVELOPING ACCURATE GAS 
DIFFUSION MODELS

Simulation of diffusion through a 
thin membrane requires an approach that 
resolves both macroscale and microscale 
effects for optimization. The ANSYS Fluent 
fuel cell and electrolysis add-on model 
with full multicomponent diffusion was 
used for the macroscale simulation. To 

model at microscale, several options are 
available. Panasonic engineers chose to 
develop an algorithm called the multi-
component Lattice Boltzmann method 
(MC-LBM) to support multicomponent 
gas diffusion. After validating their 
microscale model by comparison to 
experimental results, the team modified 
the ANSYS Fluent fuel cell and electrol-
ysis model using user-defined functions 
(UDFs) to incorporate MC-LBM. 

An important parameter in gas dif-
fusion models is the coefficient of per-
meability, which describes the degree 
of permeability of a porous material. 
Panasonic engineers computed the coef-
ficient of permeability of various mem-
brane materials using their microscale 
model and used these values as inputs to 
the CFD model. In this manner, they cre-
ated effective models for each layer of 

the fuel cell, which is required to accu-
rately predict the overall performance. 
In addition to the coefficient of permea-
bility for porous materials, these models 
include other parameters such as effec-
tive electrical conductivity, effective ther-
mal conductivity and effective diffusion 
coefficient. Though the engineers did 
compute all of these parameter values, 
the process for determining the effective 
diffusion coefficient for porous materials 
using Fluent and MC-LBM is highlighted 
here due to the importance of this coeffi-
cient to the PEMFC’s performance. 

DETERMINING THE EFFECTIVE 
DIFFUSION COEFFICIENTS 

To compute the coefficient for a 
porous material, Panasonic engineers 
created a flow domain model where the 
material was sandwiched between two 

FUEL CELL SYSTEM BODY

HYDROGEN

OXYGEN

WATER

ELECTRICITYHEAT

ELECTROCHEMICAL
REACTION

2H2 + O2    2H2O + 4e

�Panasonic’s Ene-Farm household electricity system employs a fuel cell stack to generate power. �How a fuel cell generates energy

Panasonic needs to overcome the challenges 
of system cost and reliability before 
widespread deployment. 
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flow channels that allow the different 
gases to flow in through each side. They 
performed a simulation using their in-
house microscale algorithm to compute 
the value of the mole fraction of each gas 
at the outlet section of the channel. 

Next, the engineers used the fuel cell 
and electrolysis model with full multi-
component diffusion. For each material 
layer, the team set a homogeneous (bulk) 
diffusion coefficient for the porous mate-
rial section and used this as a variable to 
compute the value of the effective diffu-
sion coefficient for that layer. The team 
varied the bulk diffusion coefficient value 
in the CFD software until the mole frac-
tion of each gas species matched the 
results from the in-house microscale sim-
ulation. The computed effective diffusion 
coefficient values ranged from approxi-
mately 10 to 80 percent of the diffusion 
coefficient for the bulk material. In PEMFC 
simulations, a model with an effective dif-
fusion coefficient that is proportional to 
the porosity and a value approximately  
60 to 80 percent of the bulk material is 

The ability to quickly, efficiently and 
accurately model fuel cells will eventually 
lead to decreased production costs and 
wider deployment of household fuel cell 
cogeneration systems.  

GAS CHANNEL (H2)

GAS CHANNEL (AIR)

COOLING CHANNEL(S)

ELECTROLYTE MEMBRANE

O2 + 4H+ + 4e      2H2O

2H2       4H+ = 4e

e

H+ H+LOAD

ANODE COLLECTOR

ANODE GAS DIFFUSION LAYER (ELECTRODE)

ANODE CATALYST LAYER (TPB)

CATHODE CATALYST LAYER (TPB)

CATHODE GAS DIFFUSION LAYER (ELECTRODE)

CATHODE COLLECTOR
COOLING CHANNEL(S)

�Schematic of a PEMFC showing the different layers that comprise the membrane electrode assembly (MEA) 

SEGMENTED LINE

O2
N2

1CM

�Macroscopic flow channel of approximately one centimeter 
used to compare ANSYS Fluent results to a multicomponent 
Lattice Boltzmann method (MC-LBM) simulation using an  
in-house simulation tool 

�Comparison of ANSYS Fluent and MC-LBM computed mole fractions for gas flow rates of  
0.1 meter/second for both nitrogen and oxygen

�Experiment and simulation results to validate the accuracy of battery performance predictions 

ENERGY
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generally adopted. However, these computed results indicated 
that modeling an effective diffusion coefficient that is simply 
just proportional to porosity is inadequate. 

Finally, the Panasonic team applied the in-house microscale 
MC-LBM algorithm to the fuel cell and electrolysis model using 
UDFs to create an improved simulation for each layer of the 
PEMFC. They validated the accuracy by checking the voltage 
behavior of the cell with straight flow channels under specific 
conditions. 

PREDICTING THE CELL VOLTAGE BEHAVIOR
To complete the study, the team predicted the cell voltage 

behavior for two conditions of fuel cell oxygen utilization (Uo): 
humidified dew points of 65 C and of 35 C. Oxygen utilization is 
the percentage of available oxygen used to generate electricity.  
A lower oxygen utilization value indicates a higher amount of 
supplied oxygen and vice versa. By changing the utilization 
value, the concentration of oxygen within the fuel cell will 

change, and an increase or decrease in cell voltage can be pre-
dicted. The PEMFC’s voltage behavior for a specific oxygen uti-
lization value can be obtained from experiment and compared 
to the simulation results to indirectly validate whether the gas 
diffusion that occurs within the fuel cell is accurately modeled. 
The Fluent predictions agreed very well with the experimental 
results for the dependency of oxygen utilization on the humid-
ified dew point. 

By using highly accurate simulation software, Panasonic 
has improved the accuracy of predicting PEMFC characteristics. 
This has greatly contributed to improving the process efficiency 
in developing fuel cell stacks. The ability to quickly, efficiently 
and accurately model fuel cells will eventually lead to decreased 
production costs and wider deployment of household fuel cell 
cogeneration systems.  

�Coefficient of permeability results from permeometer test measurements and MC-LBM calculations 

  Material A Material B Material C Material D

Measurement results (m2) 1.52 E-15 1.15 E-15 6.8 E-12 5.7 E-12

Simulation results (m2) 1.49 E-15 1.17 E-15 6.6 E-12 5.6 E-12

Accuracy 0.98 1.01 0.97 0.98
(Simulation vs. measurement ) 

Fuel Cell Design Solutions
While fuel cell developers advance this renewable energy 

source technology for transportation, stationary power, 
material handling machinery and other distributed power 
applications, they must refine the reliability, performance 
and durability of fuel cell systems and components. Fuel cell 
operation requires continuous access to a fuel source (typ-
ically hydrogen) and, for many types of fuel cells, the fuel 
can be reformed on-site to be consumed. Fuel cells have no 
moving parts and generate less emissions (including the 
conversion of required hydrocarbon used to generate hydro-
gen) than fossil-based power sources. 

There has been more significant advancement in the 
development of fuel cells for stationary power because of 
simpler logistics and infrastructure than, for example, those 
for the automotive industry. However, continuous innova-
tion and incremental improvement are required for both 
industries to expand on success for stationary power gener-
ation and encourage broad acceptance for the transportation 
industry.

One focus area for research and development, and 
design, is the fuel cell membrane. ANSYS continues to 
develop solutions for modeling solid-oxide fuel cells (SOFC) 
and proton exchange membranes (PEM), as well as other 

types. For PEM full cells, the focus has been on a complete 
3-D model that resolves catalyst layers and membrane sep-
arately, rather than assuming that the membrane electrode 
assembly (MEA) is one infinitesimally thin flat surface. 
Ability to resolve 3-D effects within the MEA enables bet-
ter understanding of spatial variation of key parameters. 
Engineers use this insight to choose materials, determine 
the performance of different fuels, assist with water and 
water vapor management, resolve the effects of mass trans-
fer and phase change, and ascertain the influence of temper-
ature variation on exchange current density. 

Other areas of development focus are individual chem-
istry models, as well as the ability to combine chemistry, 
electrochemistry and fluid mechanics to obtain an accurate 
understanding of how interactions affect the entire fuel cell. 
This capability is of special interest to developers of SOFC 
stack systems, which are used for auxiliary power units 
and to generate electricity for data centers or for distributed 
power applications. ANSYS solutions can be employed to 
study individual components or full fuel cell stacks to opti-
mize the stack design, improve electrical resistance, and 
design the entire power-unit system. 
 
— Ahmad Haidari,  Director, Energy Industry Marketing, ANSYS
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BLOWN AWAY
The ANSYS integrated turbomachinery design platform enabled a rotating machinery company 
to design a centrifugal compressor with a potential for 2 to 5 percent energy savings during  
wastewater treatment operations. In addition, the company was able to reduce costs and design 
time in developing a next-generation product. 

TKTURBOMACHINERY

Improving the efficiency of the compressors used for aeration 
provides an enormous opportunity for cost and energy savings.

By Brice Caussanel and Renaud Signoret,  Turbomachinery Engineers, Continental Industrie, Saint-Trivier-sur-Moignans France

Most wastewater treatment plants use natu-
rally occurring microorganisms in waste-
water to quickly break down organic matter 
to form carbon dioxide and water. Aeration 
plays an integral role in these plants by add-
ing air to the wastewater to promote aerobic 

biodegradation of the organic pollutants. The compressors that 
inject this air consume substantial amounts of electrical power 
to overcome the backpressure of the water height and losses in 
the air injection system. The amount of power is significant. 
For example, the approximately 20,000 municipal wastewa-
ter treatment plants in the United States consume about 4 per-
cent of all the electrical energy generated in the U.S. [1], and 
the compression of air for the aeration process is estimated to 
account for about 60 percent of this power [2].  

Aeration is a huge expense for municipal treatment 
plants, and improving the aeration compressor’s efficiency 
provides an enormous opportunity for cost and energy sav-
ings. Continental Industrie has 40 years of experience in 
research, development and manufacturing of centrifugal 
blowers and exhaust products. The company’s engineers uti-
lized the ANSYS integrated design system for turbomachinery 
applications to design a next-generation centrifugal compres-
sor for wastewater aeration applications that provides a 2 to 
5 percent improvement in efficiency compared to the previ-
ous-generation compressor. This should provide savings of 
15 kW to 50 kW for the average wastewater plant. Based on 
operating 2,000 hours per year and a cost of $0.20 per kWh, 
this would yield an annual savings of $6,000 to $20,000 per 
year per compressor. Engineers used optimization algorithms 
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to explore 1-D, 2-D and 3-D designs to 
get the design right the first time while 
minimizing modeling and computa-
tional effort.

PREVIOUS DESIGN METHODS 
There are many design variables 

involved in centrifugal compressors, 
each of which has complex and often 
interacting effects on the finished prod-
uct’s performance. To design the previ-
ous generation of these compressors, 
experienced designers used empiri-
cal methods. The process began with 
the use of one-dimensional analysis 
and engineering intuition to obtain an 
initial design with a reasonable effi-
ciency level. A bench model was then 
built so that rough performance mea-
surements could be taken. Experienced 
turbomachinery designers reviewed 
the test results and made educated 
guesses on which design changes might 
be able to deliver significant perfor-
mance improvements. These design-
ers were able to achieve significant 
improvements but were not able to 
fully optimize the design. The full scale  
prototype did not always meet the 
design specifications, and this required 
costly additional cycles of prototype 
building and physical testing.

To design its newest single-stage 
centrifugal compressor for the waste-
water treatment industry, Continental 
Industrie utilized simulation from the 
beginning of the design process to 
optimize the design before com-
mitting to physical prototypes. 
Continental Industrie selected 
the ANSYS integrated 
approach for turboma-
chinery design for sev-
eral reasons: The ease 
of use of ANSYS solu-
tions makes it possible 
to define a complete work-
flow and methodology in 
a short period of time the 
ANSYS parametric platform 
allows the team to explore 
the complete design space 
to identify the optimal solu-
tion with a high level of accu-
racy, eliminating guesswork; 
and both flow and structural 
engineering teams work with 

Continental Industrie utilized simulation from 
the beginning of the design process to optimize 
the design.

�New centrifugal compressor

�ANSYS Workbench geometry and CFD simulation workflow schematic used in the design of a new compressor
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the same design geometry, making it possible to easily incor-
porate both simulation types into the optimization.

PRELIMINARY DESIGN
Continental Industrie engineers used the ANSYS Vista CCD 

tool (included with ANSYS BladeModeler software) to perform 
preliminary design or sizing of the compressor based on input 
parameters such as the pressure ratio, mass flow rate, rota-
tional velocity and other geometrical constraints. They evalu-
ated about 50 impeller blades manually to gain an informed 
understanding of the effect of the different parameters, and 
then used ANSYS DesignXplorer to perform a designed exper-
iment that evaluated about 200 more designs to fully opti-
mize the variations from a 1-D perspective. The very short run 
times provided by Vista CCD made it possible to evaluate each 
design in less than a minute.

Next, engineers used ANSYS Vista TF to evaluate the  
2-D blade row design. The throughflow solution captured 
many features of a full 3-D flow simulation with much less 

computational effort. An additional step was performed at 
this stage to optimize the blade in the context of the impel-
ler. During this stage, Continental Industrie engineers exam-
ined 20 different designs and made only very small changes to 
the parameters, but gained significant improvements in pro-
jected efficiency.

COMPLETE 3-D COMPRESSOR DESIGN
The next step involved integrating the impeller into the 

complete 3-D compressor. Continental Industrie engineers 
produced the geometry of the complete flow path, including 
the inlet guide vanes, impeller, diffuser and volute casing 
in SolidWorks® computer aided design software. After they 
imported the geometry into ANSYS DesignModeler, the ANSYS 
Meshing platform generated the mesh in the volute casing 
fluid volume, and ANSYS TurboGrid automatically produced 
a hexahedral mesh of all the bladed components — the inlet 
guide vanes, impeller and diffuser. Using ANSYS CFX compu-
tational fluid dynamics (CFD) software to minimize the flow 
losses through the diffuser and volute, engineers re-opti-
mized the system by employing ANSYS DesignXplorer to per-
form another experiment, in this case with about 250 designs.

�Engineers used simulation to meet design objectives for the new product.

OBJECTIVES
• Flow Range         • Efficiency   
• Pressure Ratio     • Nominal Flow

1-D ANALYSIS
• Parameters' influence on   
   objectives
• First set of parameters

TESTS

WHOLE SYSTEM STUDY
• Global performance
• Set diffuser parameters
• Determine volute geometry

IMPELLER MECHANICAL STUDY
• Stress analysis
• Blade deformation
• Modal analysis

2-D AND 3-D IMPELLER 
ANALYSIS
• Wheel performance
• Parameter optimization

1-D 2-D
ANSYS BladeModeler

3-D Fluids 3-D Structural

ANSYS Vista CCD ANSYS Vista TF

ANSYS DesignXplorer

ANSYS CFX ANSYS Mechanical

�ANSYS Workbench enabled engineers to easily design and optimize the compressor.

�Mid-span pressure field calculated by ANSYS CFX

TURBOMACHINERY
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STRUCTURAL DESIGN
Engineers also used ANSYS Workbench to link the pres-

sure and temperature predictions from ANSYS CFD to ANSYS 
Mechanical to evaluate the stress levels and deformation of 
the impeller wheel and other mechanical components. The 
structural simulation revealed that the initial impeller design 
experienced stress values beyond the impeller material yield 
strength, so engineers increased the thickness of the blade to 
ensure reliability. Additional CFD calculations were performed 

to check the new design at three mass flow rates. The impeller 
deformation results provided by ANSYS Mechanical were used 
to avoid contact between impeller blade tips and the shroud. 
A modal analysis was also performed to investigate the vibra-
tional behavior of the rotating impeller and ensure that it 
did not have any resonant frequencies that would be excited 
under normal operating conditions.

By using an integrated design process that optimized the 
compressor at three separate phases, Continental Industrie 
engineers were able to deliver 2 to 5 percent higher efficiency 
than the company’s previous generation of wastewater aera-
tion centrifugal compressors. The new compressor can vary 
flow while maintaining constant pressure, which makes it 
possible to save even more energy by reducing flow rate to the 
minimum level required by the process. Continental Industrie 
also generated substantial cost savings in the process because 
the entire design was completed by a three-person team, and 
the first prototype met the company’s performance require-
ments.  
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�3-D flow simulation using ANSYS CFD allowed Continental Industrie to improve the 
performance of a centrifugal compressor.

�Modal analysis of the impeller was performed. �Stress field on the compressor blades was simulated to ensure reliability.

�Total pressure variation through the compressor

MODELING INTERNAL FLOW-INDUCED MOTION WITH ANSYS 
FLUID–STRUCTURE INTERACTION — WEBINAR

ansys.com/motion101

ANSYS ADVANTAGE  Volume X  |  Issue 1  |  2016         47© 2016 ANSYS, INC.

http://www.ansys.com/motion101
http://www.ansys.com/Solutions/Solutions-by-Application/Structures


The 36,000-square-foot railway station trans-
fer hall is the centerpiece of the Arnhem Master 
Plan, a large urban plan development composed 
of office space, shops, housing units and other 
structures in the Netherlands. The transfer hall 
includes ticket sales and waiting areas for trains, 

taxis and buses, as well as retail shops and restaurants. The 
organic design created by UNStudio consists of a series of flow-
ing curves. The original plan was to build the structure from 
concrete, but when the complex curves made concrete infea-
sible, designers turned to steel. Instead of using traditional 
steel construction with a load-bearing truss, the design and 
engineering team decided to use a method pioneered in the 
shipbuilding industry: a curved steel-plate interior with an 
attached web of frames for the load-bearing structure. The steel 
structure was divided into 150 smaller blocks. These building 
blocks were built at construction yards and assembled on-site. 

Central Industry Group (CIG), a company that got its start in 
the shipbuilding industry but now also serves the architectural 
market, was selected to build the unique structure. Because the 

construction method has been used only a few times in pub-
lic buildings, extensive calculations were required to prove the 
global and local strength, and the stiffness and stability of the 
design. Because the geometry is so complex, it would not have 
been practical to perform the required calculations using tra-
ditional manual structural analysis methods within the proj-
ect schedule. In fact, it is difficult to estimate how long manual 
analysis would have taken, but CIG’s familiarity with the ANSYS 
Mechanical Parametric Design Language (APDL) made it possi-
ble to perform the analysis using automated methods in a rela-
tively short period of time.

CREATING A STRUCTURAL MODEL
CIG engineers began by creating a full model of the load-

bearing structure in Rhinoceros® 3-D computer aided design 
(CAD) software using the inner shape of the building as pro-
vided by the architect. No simplifications were made to the 
actual shape. Rhinoceros cannot export thicknesses or materi-
als, so if the entire model had been exported, thicknesses and 
materials would have to have been recreated manually. To avoid 

The design and engineering team decided to use a method 
pioneered in the shipbuilding industry: a curved steel-plate interior 
with an attached web of frames for the load-bearing structure.

AHEAD OF 
THE CURVE

TKCONSTRUCTION

By Martin Weinans, Senior Structural Designer, Central Industry Group, Groningen, 
The Netherlands

Simulation software flexibility drastically reduced the time to perform structural analysis of a railway 
station with complex curves. The innovative construction method required extensive structural 
calculations that were performed with ANSYS simulation software to automate the engineering of this 
award-winning structure.
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this, CIG engineers built the Rhinoceros model as a series of  
subfiles, with each having a constant thickness and a single 
material. The structure primarily consists of AH36 steel. They 
used a Rhinoceros script to separately export each subfile in the 
SAT format. Then they used an APDL script to import each sub-
file into ANSYS Mechanical while capturing the thicknesses and 
material properties of each layer. Each subfile was converted to 
an ANSYS Mechanical group so that each section of the model 
could easily be made visible or hidden. The model consists of 
SHELL281, SHELL132, BEAM189 and COMBIN14 elements. 

GLOBAL ANALYSIS
Engineers then performed a global strength/stiffness/stabil-

ity analysis to first demonstrate that the structure could feasibly 
be built using this construction method. The team selected 19 
different loading conditions, including gravity, snow, wind and 
ambient temperature loading. These loading conditions were 
combined into 75 load combinations. Engineers used another 
APDL script to perform 75 simulations and search the results for 
the load combination that generated the highest stress in each 
element. Then the script plotted the highest stresses for each 
element onto a single image of the structure so that it was pos-
sible to see hot spots at a glance. The script determined the load 
combination number that generated the highest stress on each 
element onto the structure. This method enabled engineers to 
understand the performance of the structure, and also saved 

time when presenting results to the customer. The hot spots 
were further analyzed in submodels using the prescribed trans-
lations and rotations at the boundaries of the submodel obtained 
from the global model. The submodels included more construc-
tion details and a finer mesh.

Residual stresses due to this block assembly and reaction 
forces on the temporary supports were determined by simulating 
the on-site block-building process of the roof structure using the 
global model. The residual stresses were used to define margins 
for the local stability calculations of the individual structural 
items. The reaction forces were used to design the temporary 
support structure.

Global linear and nonlinear buckling analyses were per-
formed to determine the global stability of the structure. The 
global stiffness model was also used to determine deflection of 
the structure in areas where it adjoins glass panels. The max-
imum deflection of about 5 cm, determined using simulation, 
was accommodated in the construction with a joint that creates 
a small gap between steel and glass. 

MODELING SUPPORT STRUCTURE VARIANCES
The station hall is built on top of different concrete struc-

tures, such as parking garages. The vertical stiffness of these 
structures and the soil below was incorporated into the model 
with spring elements. The concrete structure was modeled by 
its contractor using a different finite element software package.  

� Absolute difference between the standard stiffness configuration and another  
leading configuration

� Global analysis results from area where “global” submodel is required 

� Rhinoceros model of steel structure � Highest stress values for each element as determined by global strength analysis
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CONSTRUCTION

For each of the 19 loading conditions, engineers iterated between 
the steel ANSYS model and concrete structural analysis while 
changing the prescribed horizontal translations at the supports 
until the horizontal movement and reaction forces for both mod-
els were equal. 

An APDL script was created with a range of vertical spring 
constants in an array table to iterate with different spring values. 
This enabled the ANSYS model to determine effects of variances 
in support structure properties. For example, if one support was 
100 percent stiffer than the specification, how would that affect 
stresses in the steel structure and influence the reaction forces 
in the supports? This analysis was used to provide the builder 
of the concrete parking structure with construction constraints. 
Another APDL script was used to plot differences between the 
standard stiffness configuration and the stiffness variants onto 
the structure to determine the margin of safety required to 
account for variances in the support structure. This margin is 
used for calculations of the supports and local stability calcula-
tions described in the next section.

SIZING THE INDIVIDUAL PLATES
Dutch and international building codes do not specify a 

detailed method to determine the stability of panels with com-
plex curves, so an analysis method was developed within ANSYS 
Mechanical using APDL scripts.  

An APDL script created submodels from the global model in 
areas containing highly curved and loaded areas. These submod-
els incorporated more detail and a refined mesh. Internal nodal 
forces from global analysis were used as boundary conditions to 
represent the stresses in the panel. The edges were simply sup-
ported in the out-of-plane direction.

When the sheet metal structure is constructed, the geom-
etry will not perfectly match the model, so allowances needed 
to be made. To take into account these imperfections, a lin-
ear buckling analysis was performed on the isolated plate. The 
most critical calculated buckling shape was used as a starting 
geometry for the nonlinear analysis. The displacements of 
this buckling shape were scaled to match the maximum allow-
able imperfections from the building code. A geometrically  
nonlinear elastic buckling analysis with imperfections (GNIA) 

was performed to estimate the stress level at which the plate 
would fail. In the variation analysis described earlier, it was 
determined that stress could be 10 percent higher than predicted 
by analysis because of possible variations in the support struc-
ture, so the maximum allowable stress value was reduced by 10 
percent. A further reduction took into account residual stresses 
calculated in the block-building process described earlier. This 
entire process was automated by an APDL script that also gener-
ated all the relevant figures, graphs and calculation data needed 
for client reporting.

This project demonstrates the capability of APDL to auto-
mate complex analysis processes. Using traditional manual 
analysis methods, this project would have taken so long that it 
would have exceeded the time frame of the project. APDL scripts 
made it possible to do the entire analysis efficiently and on a 
timely basis. Without simulation this structure could not have 
been validated and may not have been built. Using simulation 
to test building methods before construction allows architects 
to design innovative structures that would not have been possi-
ble in the past.

AZURE magazine, a publication with a focus on contempo-
rary architecture and design, named the Arnhem Central Station 
one of the 10 best buildings of 2015.  

� Nonlinear failure analysis of shape with imperfection (GNIA) � Model of an individual plate

Using simulation to test building 
methods before construction allows 
architects to design innovative 
structures that would not have 
been possible in the past.

SUBMODELING IN ANSYS WORKBENCH — ARTICLE 

ansys.com/submodeling101
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To suppress sounds coming from any direction 
other than in front of the wearer, hearing aids 
typically use a software-based digital filter. 
Because the wearer normally looks in the direc-
tion of the person who is speaking, or toward 
some other sound they want to hear, designers 

engineer the devices to target sound originating from the front. 
Designed only once for each model type, engineers develop 
these digital filters by fitting a physical model of a head and 
torso with a specially instrumented hearing aid and taking 
measurements from a surrounding array of speakers. However, 
research has shown that the directional performance of a hear-
ing aid depends on the specific geometry of each human head 

and torso, and that people whose head size and shape is differ-
ent from the norm often obtain less benefit from a directional 
microphone.  

It would be ideal to design a custom digital filter for each 
hearing aid wearer. However, the physical approach described 
above is much too expensive and cumbersome to be used in a 
clinical practice. Oticon has developed a new approach in which 
an accurate 3-D model of the individual’s head and torso is 
used to perform simulations of this clinical setup to optimize 
the directional filter for the wearer’s head and torso geometry. 
Simulation makes it possible to quickly determine personal-
ized settings for the hearing aid to reduce background noise and 
allow the hearing aid wearer to focus on more relevant sounds. 

Hearing aid directional filters are normally designed to provide optimal 
performance on an average head. However, directional performance actually 
depends on the individual’s head and torso shape.  Oticon uses multiphysics  

simulation to advance the personalization of hearing aid performance.

Simulation makes it possible to quickly determine personalized 
settings for the hearing aid to reduce background noise and allow  
the hearing aid wearer to focus on more relevant sounds. 

By Martin Larsen,  R&D Engineer, Oticon, Copenhagen, Denmark
Stine Harder, Postdoctoral Student, Technical University of Denmark, Copenhagen, Denmark

TKHEALTHCARE

HEARING GAIN
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MEASURING DIRECTIONAL 
PERFORMANCE

Typical hearing aids contain a front 
and a rear microphone; the digital fil-
ter subtracts a time-delayed version of 
the rear microphone’s output from the 
front microphone sound. The directional 
microphone performance of a hearing 
aid is measured by the directivity index 
(DI), which describes the sensitivity to 
sounds arriving from the front relative to 
sounds arriving from all directions. The 
directional filter performance is usually 
evaluated using head-related transfer 
functions (HRTFs) measured on a physi-
cal model of a head and torso. An HRTF 
describes how a sound from a specific 
point will be affected as it travels through 
the air to the outer end of the auditory 
canal. Research has shown a large range 
of benefits provided by directional micro-
phones, and has proven that many people 
could benefit from a directional filter that 
is optimized specifically for their head 
and torso.

Oticon recently engaged in a joint 
research project with the Technical 
University of Denmark to determine 
whether it was possible to simulate the 
physical test setup described above to 
accurately simulate HRTFs based on an 
individual’s head and torso shape. The 
goal was to develop a personal digital fil-
ter optimized for the wearer. The advan-
tage of this approach is that a 3-D model 
can be obtained in much less time and 

at a lower cost than would be required to 
perform physical testing. Oticon selected 
ANSYS simulation tools because of their 
multiphysics capabilities, which made it 
possible to perform the mechanical and 
acoustical simulations in the same envi-
ronment with minimal data handling. 

The Technical University of Denmark 
researcher used ANSYS Mechanical to 
simulate ear deflection when the hearing 
aid is worn, and to calculate the HRTFs 
generated in the ear from a speaker array 
based on a common test setup. The per-
sonalized model of the human head and 
torso used in the simulation was obtained 
via 3-D scanning of the individual under-
going HRTF testing. This made it possible 
for the simulation results to be adjusted to 
the participant’s physical measurements. 

MULTIPHYSICS SIMULATION
The researcher generated a mesh for 

the ear deflection simulation with 25,580 
nodes for the ear and 4,754 nodes for 
the hearing aid, and then simulated the 
event by applying a displacement to the 
hearing aid. The displacement was then 
released and the hearing aid moved to 
its final position. The deformed mesh of 
the ear and hearing aid was substituted 
for the natural ear geometry to create a 
full system model of the hearing aid in 
position. The new simulated head model 
was then placed inside a box with dimen-
sions of 420 mm by 700 mm by 250 mm. 
The model was subtracted from the box, 

HEALTHCARE

� Empty space surrounding head and torso used for 
acoustic simulation

� Mesh for the air surrounding the head

� Initial position of ear deflection simulation � Final position of ear deflection simulation

Optimizing the 
directional filter 
for the individual 
user provides  
an improvement  
that can make the  
difference between 
understanding and  
not understanding  
a sentence.
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leaving empty air space surrounding the 
model. 

Sound reaches the ear through pres-
sure changes in the air-filled space. The 
air surrounding the simulated head was 
meshed with first-order acoustic ele-
ments. To reduce computational times, 
one mesh was created for frequencies 
below 7.5 kHz and another for frequen-
cies below 10 kHz. Considerably larger 
elements can be used in the lower fre-
quency mesh, which greatly reduces com-
putational times. The low-frequency mesh 
was used for rapid evaluation of alter-
native cases, while the higher-frequency 
mesh was used for validation purposes.

Acoustic measurements are per-
formed in a semi-anechoic room with 
special internal surfaces that elimi-
nate reflections off the walls, ceiling 
and floor that would otherwise interfere 
with sound measurements.  In the sim-
ulation, a similar effect was achieved by 
adding a 40 mm perfectly matched layer 
(PML) to the outside of the simulation 
model. The non-reflective PML absorbs all 
sound waves traveling outward from the 
bounded domain, and is also used to cal-
culate sound pressure in the far field out-
side the box. The key advantage of using 
a PML is that it requires only a fraction of 
the computational resources that would 
otherwise be required to model the far 
field. Engineers took advantage of the 
acoustical principle of reciprocity, which 
states that the speaker and microphone 
positions can be swapped with each other 
without affecting HRTFs, to reduce the 
number of simulations needed. Placing 
the speakers in the subject’s ear in the 
simulation and positioning several micro-
phones around the subject made it possi-
ble to measure the HRTFs for all speakers 
used in the physical tests in a single sim-
ulation run.

VALIDATION WITH PHYSICAL 
MEASUREMENTS

The HRTF simulation results were 
compared with HRTF measurements 
obtained with an instrumented hearing 
aid. Engineers concluded that simula-
tions and physical experiments exhibited 
similar overall trends. Oticon engineers 
optimized the directional filter based on 
the simulation results. Additional mea-
surements showed that the resulting 
directional microphone performs almost 
as well as a directional microphone opti-
mized using physical testing. Researchers 
concluded that current simulation accu-
racy levels are sufficient to optimize 
hearing aid directional performance for 
individual users. 

Optimizing the directional filter for 
the individual user provides an improve-
ment in directionality of up to 2 dB to 3 dB, 
which in many cases can make the dif-
ference between understanding and not 
understanding a sentence. Performing 
this optimization using physical test-
ing would require the patient to travel to 
one of only a few suitably equipped facil-

ities in the world for tests that would cost 
at least $500. The current goal is to gain 
more insight into individualized hearing 
directionality using simulation. At some 
point in the future, it may become possible 
for a customer to visit a clinic, be scanned 
and then have a custom directional filter 
designed through simulation.  
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� The polar plots show the directionality at a specific 
frequency. A perfect circle means that sounds coming from 
all directions are weighted equally. The plots show how the 
head and torso create a directional pattern, where sounds 
from some angles are suppressed. Acoustic simulation 
results are shown for three different cases and two different 
element sizes. Step 1: Head model only; Step 2: Head and 
half of torso; Step 3: Head and full torso.

Researchers concluded that current simulation 
accuracy levels are sufficient to optimize 
hearing aid directional performance for 
individual users.

HARMONIC VIBRATIONS AND 
ACOUSTICS — ARTICLE

ansys.com/acoustics101

� Direction filter optimized with simulation (red line) 
shows 2 dB to 3 dB improvement over standard directional 
filter (blue line).
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Oticon integrates simulation into the  
product development process

In addition to cutting-edge research, Oticon has also 
tightly integrated ANSYS simulation tools throughout the 
product development process. Confronted with increasing 
product complexity and the need to stay competitive in a 
fast-paced and highly regulated market, the company made 
the strategic choice to democratize the use of simulation 
across its organization. Oticon is taking advantage of ANSYS 
ACT, a development tool that leverages a common language 
to configure and customize the simulation user interface, 
simulation workflow and solver extensions. The company 
has made advanced simulation technology accessible to 
designers not traditionally exposed to simulation by inte-
grating the company’s product development best practices 
directly into the ANSYS user interface. 

Oticon analysts have developed simulation models of 
critical hearing aid components, such as the receiver sus-
pensions and microphone inlets, that are used extensively 
for validating designs prior to the final prototyping/testing 
phase. As a result, up to 75 percent of the work tradition-
ally done by experts is now delegated to designers, freeing 
time for engineers to quickly create more innovative and reli-
able products. The successful deployment of simulation to a 
broader user base was a significant step forward for Oticon, 
extending its capabilities to innovate while delivering the 
highest quality products in the shortest possible time. The 
company has gained insight into the design of its products, 
eliminated trial-and-error design loops, and reduced trou-
bleshooting in the later stages of the product development 
process.

HEALTHCARE

Up to 75 percent of the work traditionally done by experts is now 
delegated to designers, freeing time for engineers to quickly  
create more innovative and reliable products.
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Thermal stress is a constant concern in printed 
circuit board (PCB) design. For example, ther-
mal cycles can generate stress in the PCB itself 
due to the difference in the coefficients of ther-
mal expansion (CTE) of copper and the epoxy 
resin typically used in a PCB. As the temperature 

changes from hot to cold in repeated cycles, the solder balls 
that provide contact between the PCB and the integrated cir-
cuit (IC) package are stretched and squeezed. This can cause 
separation from the IC package or the PCB, leading to disas-
trous electrical failure. The difference in the CTE between the 
ceramic package and the PCB may generate additional board 
deformation.  

Damage due to electronics failure because of thermal cycling 
is not just a nuisance: It can be catastrophic. The report on why 
an AirAsia flight crashed in December 2014, killing 162 passen-
gers, concluded that crew member errors when attempting to 
recover from a rudder malfunction due to a cracked solder joint 
was the cause of the disaster.

In the past, it had not been practical to accurately simulate 
the amount of thermal deformation of a proposed board design. 
Engineers have been able to determine point sources of heat 
from manufacturer’s specifications and use ANSYS SIwave to 
calculate Joule heating in PCB traces and vias. They could then 
use these heat sources as inputs for an ANSYS Icepak simula-
tion, and determine temperature fields on and around the board. 
Furthermore, they could apply these temperature fields to an 
ANSYS Mechanical simulation of the board to predict its defor-
mation under manufacturing and operating cycles. However, 
accurately determining the mechanical properties of the com-
plete board geometry, including all traces and vias, was not pos-
sible. The resulting model was so complex and large that it could 
not be solved within the time frame of a normal design iteration. 

ANSYS has overcome this obstacle with a new multiphys-
ics methodology that simplifies PCB geometry while accurately 
tracking its material properties at any point. This method effec-
tively simulates board performance under thermal loading.

By understanding the effects of thermal loading on the structural 
integrity and reliability of the board, engineers are empowered to 
design products with lower failure rates and reduced warranty costs 
while also reducing time to market and engineering expenses.

TAKING 
THE HEAT

By Tim Pawlak, Research and Development Fellow, ANSYS

A new approach to simplifying ECAD geometry makes it practical to predict warping and dynamics of 
PCBs under thermal loading. The potential for PCB failure due to thermal loading is escalating because 
of steadily increasing power dissipation combined with smaller board sizes. Multiphysics simulation 
is essential to calculate the DC current flow, determine the temperature field, and predict the resulting 
thermal–mechanical stresses and deformation. 

DepartmentsSOLUTIONS

SPEED UP YOUR TIME FOR ANALYSIS WITH ANSYS SPACECLAIM 
— WEBINAR

ansys.com/heat101
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COMPUTING DC SOLUTION
The first step is to use SIwave to com-

pute DC currents and voltages through-
out the PCB. SIwave then calculates the 
current density throughout the board, 
which in turn determines Joule heating 
(the process by which heat is produced 
due to electrical resistance when an elec-
trical current flows through a conductor). 
Joule heating has increasingly become 
important as a source of thermal load-
ing in PCBs as board sizes are reduced 
and power consumption remains steady 
or rises.

PERFORMING THERMAL 
SIMULATION

With the release of ANSYS 17.0, ANSYS 
SIwave and ANSYS Icepak bidirectional 
workflow has been automated, making it 
much easier to determine Joule heating. 
This capability imports the board, trace 
map and current density predictions, and 
sets the thermal boundary conditions for 
Icepak, which uses the trace map to cal-
culate the orthotropic thermal conductiv-
ity of the PCB. This is important because 
much of the heat generated on the board 
is dissipated via convection or radiation 
from the board itself. Icepak solves fluid 
flow equations and includes all modes of 
heat transfer — conduction, convection 
and radiation — to compute temperatures 
at every point in the solution domain. The 
macro then exports the resulting tem-
peratures from Icepak back into SIwave, 
which updates the electrical properties 
for the DC solution based on the temper-
ature field. SIwave then recalculates the 
DC field and exports it to Icepak. This iter-
ative process continues until the power 
dissipation and temperature results have 
converged. 

�ANSYS SIwave generates a DC solution.

�ANSYS Icepak predicts maximum temperature with Joule heating at 76.6 C.

�ANSYS Mechanical predicts response under random vibration loading.

�ANSYS Icepak predicts maximum temperature without Joule heating at 40.0 C.

SOLUTIONS

A new multiphysics 
methodology 
simplifies PCB 
geometry while 
accurately tracking 
its material 
properties at  
any point.
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CALCULATING TRACE  
METAL FRACTION

The next step is to build the struc-
tural model for computation of deforma-
tion, strain and stress. ANSYS SpaceClaim 
reads the ECAD geometry and converts it 
into a 3-D model of simplified layers. That 
geometry is then opened in Mechanical, 
where it is easily meshed due to the layer 
nature of the geometry. Each layer can 
have a combination of metal and dielec-
tric. The metal of the ECAD model is 
mapped onto the mesh on an element —
wise basis. Some elements will be entirely 
metal, others entirely dielectric, and still 
others a mixture of metal and dielectric. A 
higher mesh density will produce a more 
accurate representation of the model and 
take more computational time. Lower 
mesh density will take less computational 
time and be less accurate.

CALCULATING THERMAL–
MECHANICAL STRESSES  
AND DEFORMATION

The resulting model with its mesh is 
the basis of a structural simulation with 
appropriate material properties taken 
into consideration. Its solution will quan-
tify thermal stresses, strains and defor-
mation at any location on the board. By 
knowing these locations, engineers are 
able to determine whether some aspects 
of the model are at risk of failure, includ-
ing attachment locations such as at sol-
der balls. The engineer can also perform 
dynamic analysis to determine the modal 
frequencies and effects of random vibra-
tion on the board with thermal loading 
taken into account. 

This multiphysics simulation method-
ology gives engineers the ability — for the 
first time — to accurately determine the 
effects of thermal loading on a PCB within 
a time frame that is relevant to a typical 
design cycle. Engineers can now identify 
thermal loading issues, propose possible 
solutions and determine whether or not 

each of their proposed solutions solves 
the problem long before a prototype is 
produced. By understanding the effects of 
thermal loading on the structural integ-
rity and reliability of the board in the 
early stages of the design process, engi-
neers are empowered to design products 
that have lower failure rates and reduced 
warranty costs while also reducing time 
to market and engineering expenses.   

� ANSYS Mechanical model showing trace metal fractions.

�  Full geometry in ANSYS SpaceClaim

� ANSYS Mechanical predicts deformation on the board with Joule heating.

Thermal stress can 
cause solder balls to 
separate from the IC 
package or the PCB, 
leading to disastrous 
electrical failure.

This methodology  gives engineers the ability — for the first time — 
to accurately determine the effects of thermal loading on a PCB 
within a timeframe that is relevant to a typical design cycle. 
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