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Realize Your Product Promise® 
If you’ve ever seen a rocket launch, flown on an airplane, driven a car, used a computer, 
touched a mobile device, crossed a bridge, or put on wearable technology, chances are 
you’ve used a product where ANSYS software played a critical role in its creation.  

ANSYS is the global leader in engineering simulation. We help the world’s most innovative 
companies deliver radically better products to their customers. By offering the best and 
broadest portfolio of engineering simulation software, we help them solve the most 
complex design challenges and engineer products limited only by imagination. 
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POWERING GLOBAL PROSPERITY:  
NEW ENERGY FOR PRESSING INDUSTRY CHALLENGES

Engineering organizations face continual  
challenges to meet new product introduction 
deadlines and development-time/cost schedules,  
while ensuring that the resulting product is  
reliable, sustainable and safe. Complete virtual  
prototyping and systems-level thinking are 
proven methods to shorten time to market,  
minimize costs associated with development, 
meet government regulations, and solve  
incredibly complex product design and assess-
ment performance requirements. Engineering 
simulation technologies enable evaluation and 
development of next-generation technologies, 
help eliminate overdesign, provide additional 
insight into failure analysis and warranty con-
cerns, and bring robust computational physics 
into predictive analytical initiatives. 
 Energy industry initiatives include light-
weighting, which cuts manufacturing, transpor-
tation and installation costs and improves  
operations via more-reliable components. In 
this age of smart products, making the switch 
from mechanical to intelligent electronic equip-
ment comes with game-changing advantages, 
including better control, automated and remote 
operations, and lighter weight. The trade-off: 
Smart product design demands increased col-
laboration among engineering teams. This col-
laborative approach results in a design cycle that 
takes one-ninth the time and incurs one-fourth 
the overall product costs. 
 Smart design also builds in capabilities for 
efficient asset management. Using the data  
generated by equipment sensors, energy com-
panies can predict real-world behavior of field 
assets, optimize maintenance plans and avoid 
unscheduled downtime. Combining big data 
analytics with physics-based simulation can 
speed up next-generation product development. 

UPSTREAM OIL AND GAS
For drilling, completion and production, the 
greatest challenge is engineering the well. 
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EDITORIAL

Global prosperity requires reliable energy at a reasonable cost. 
To meet this demand, the industry is changing the way it 
produces energy and power, whether it comes from 
hydrocarbon, nuclear or renewable means. Supplying it 
requires sustainable development, environmental 
stewardship, compliance with regulations and cost 
management. 
Independent of prices, the industry’s most pressing challenge 
is cost per unit of energy. Recent layoffs and out-of-the-
ordinary cuts to capital and operating costs are driving the oil 
and gas industry to produce energy more efficiently, more 
safely, and with a smaller carbon footprint. Debate over 
subsidies, reliability and viability have resulted in accelerated 
development/deployment and widespread innovation in 
renewable energy, which includes solar, wind and 
hydropower, fuel cells, wave and tidal, energy storage, the next 
generation of fission nuclear reactors and advancements in 
fusion energy. 

Cost-cutting takes the form of drilling holes 
closer together, completing the well in a smarter 
way, and producing resources with reduced 
downhole water or heat. Virtual analysis tools 
lower the cost and risk of evaluating new con-
cepts, and they do so faster than traditional pro-
totyping methods.
 To improve performance of separation  
equipment, Swift Technology Group lever-
aged multiphase simulation. Researchers found 
that the time for each design change cycle was 
approximately eight weeks, with seven changes 
required. Computer analysis enabled modeling 
each change in two weeks, requiring only one 
actual test — saving a total of nearly $500,000.
 Electric motors that drive field equipment 
work around the clock under harsh condi-
tions. WEG engineers applied CFD simulation 
to deliver new motors with optimal energy effi-
ciency, low operating noise and long bearing life. 
The company used CFD simulation to substan-
tially reduce lead time and development cost. 
 Designers use structural and hydrodynamic 
analyses to ensure that working vessels meet 
challenging demands in harbor and at sea.  
Vuyk Engineering Rotterdam relies heavily on 
engineering simulation to meet government  
and industry standards, resolve field problems 
that may arise, and gain greater insight into  
vessel behavior.
 To balance performance and cost, Hyundai 
Heavy Industries used electrical, thermal and 
structural simulation tools to design 
lower-weight oil-immersed power transformers, 
reducing engineering costs by up to 5 percent. 

RENEWABLE ENERGY
Focus on sustainability and environmental stew-
ardship extends to energy production from solar, 
wind, geothermal and ocean energy resources. 
Though cost is a primary challenge, energy com-
panies must also deal with intermittency and 
energy storage issues. 

 Designing and evaluating wind turbines calls 
for a systems-level approach. Simulation incor-
porates tools to tackle aerodynamic design, 
materials science, structural design, electronic–
mechanical control, site selection and farm  
layout. The industry innovates to increase safety, 
reliability and remote monitoring; reduce  
system maintenance; and address regulatory 
concerns.
 Capturing the kinetic power of the world’s 
tides, oceans and rivers is another promising 
source. One consulting firm used virtual analy-
sis to optimize an innovative tidal-current power 
generator to produce four times as much power 
as earlier designs. Complete design optimization 
took 4 percent of the time required using build-
and-test methods, a total of about two weeks.  
 In working to harness the ocean’s thermal 
energy, reliable analysis models can provide 
answers in minutes rather than days, without 
compromising the fidelity of results — resulting 
in reduced equipment size and costs for heat- 
engine power plant installations.

NUCLEAR
Nuclear power has its niche because it is car-
bon free. However, the industry must develop 
solutions at lower capital cost while overcoming 
safety concerns. Many plants today are operated 
with increasingly smart instrumentation, pro-
tection and control systems. Engineers leverage 
advanced analysis tools to investigate seismic 
activity and predict the behavior of piping,  
reinforced concrete, welding and fatigue under 
real-life conditions. 
 Fusion power-generation innovators are 
working to produce thermal energy at the 
level of an electricity-producing power plant. 
Scientists at CERN used extensive analysis to 
investigate the Large Hadron Collider’s magnet 
system. The new design saved money on mate-
rial and reduced the manufacturing lead time 
by five months without compromising magnet 
quality.
 The energy industry’s complex physics and 
geometry challenges will grow more compli-
cated in the future. To accelerate product devel-
opment, R&D companies must employ advanced 
computational simulation tools for component 
and system design in new ways. Collaboration 
is key, since it removes functional engineer-
ing silos. But collaboration must be combined 
with reliable physics technologies, HPC/cloud 
enablers and optimization tools applicable 
across the entire design cycle, across the entire 
supply chain, across 24 time zones. The result 
will be realization of the ultimate customer 
promise: safe, reliable, environmentally respon-
sible and cost-effective energy solutions.

By Ahmad Haidari, 
Global Industry Director,  
Process and Energy, ANSYS
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By Jim Cashman, CEO, ANSYS

There is some dispute about who said it first, but the 
great Danish physicist Neils Bohr is often credited 
with having said “It is very difficult to predict — espe-
cially the future.” Even some of the most brilliant, 

respected pioneers in their fields have had difficulty making 
predictions. Like Thomas Watson, president of IBM, who said 
in 1943, “I think there is a world market for maybe five com-
puters.” Or Ken Olsen, founder of Digital Equipment Corpora-
tion, who made this statement in 1977: “There is no reason 
anyone would want a computer in their home.” These were 
tough calls based on sound reasoning at the time. To be fair, 
we all make mistakes, and we shouldn’t be too hard on these 
stellar businessmen.

About 20 years ago, the engineering simulation industry — 
which uses software to make models of new products whose 
properties and performance can be tested on a computer, 
eliminating the need to build and test physical prototypes 
—  experienced a similar period of doubt. Some industry lead-
ers believed that the market had plateaued. They had some 
solid reasons for believing this: Performing simulation was 
difficult, generally requiring an engineer with a Ph.D. and a 
good grasp of the complex mathematics involved, along with 
enough expensive computing power — and time — to solve 
complex product design challenges. The limited supply of 
such high-level engineers and the relatively slow computers 
of the time led them to believe that engineering simulation 
had peaked.

Around the year 2000, some experts believed that the market for engineering simulation 
software had leveled out. However, ANSYS leaders saw almost infinite opportunities for growth. 
By meeting the needs of product developers, ANSYS stayed just ahead of new product design 
requirements and delivered essential simulation software. Sixteen years and many software 
advances later, the company still believes in endless possibilities to help customers develop 
better products through simulation. 
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Our Contrarian Viewpoint

At ANSYS, we did not share this outlook. 
In fact, we believed the market had tre-
mendous room for growth. How could 
you talk about stagnation when only 
about 1 in 30 engineers used simula-
tion at all? From decades of continual 
improvements, engineering simulation 
software was increasingly proving its 
worth by reducing product development 
times and costs, enabling companies to 
get their new products to market faster. 
It also increased their confidence that 
the product would work as specified the 
first time and every time throughout its 
expected lifecycle. Finally, engineering 
simulation was moving in the direction 
of creating a virtual prototype of the 
complete product, not just each com-
ponent of the product in isolation. The 
physical, electrical and thermal interac-
tions of various components when put 
together in a final product play a large 
role in determining how the product will 
function in the real world. To create a 
virtual prototype of a complete product, 
you have to be able to simulate ALL of 
it. As you’ll see below, this factor drove 
ANSYS to add electronics (and soon 

other physics) simulation to our offer-
ings; it also gave rise to the concept of 
considering embedded software an inte-
gral component of a product, not simply 
some control code added as an after-
thought. Engineers became convinced 
that embedded software could be subject 
to modeling, simulation, verification 
and certification as much as any physi-
cal component of a product. 

Our attitude at ANSYS reflected these 
positive trends and driving forces. We 
believed that every engineer could bene-
fit from simulation — not just the Ph.D.s, 
but any engineer involved in product 
development. After all, simulation is 
basically the automated solution of the 
equations they learned during their 
engineering studies. We just had to con-
tinually make setting up and running 
these automated simulations easier so 
that it was accessible to every engineer. 
So we started on a journey that contin-
ues to this day to simplify simulation. 
To do this, we have relied on experts in 
the field to let us know what is coming 
so we can strike out a little bit ahead of 
the pack. It’s like surfing. You want to 
stay just a little bit ahead of the wave. If 

you’re way ahead of it, you will miss the 
ride (in technical terms, new enabling 
technology and computing advances 
might make your innovation obsolete). 
And if you’re far behind the wave (with 
a “me too” product), you have missed 
the opportunity entirely. 

Making simulation easier has involved, 
at least in part, incorporating more of 
the specialized knowledge in the brains 
of mathematically inclined Ph.D. engi-
neers into the software solution itself. 
So we hired some of the best mechani-
cal engineering thought leaders — back 
then, ANSYS was mainly a mechanical 
engineering simulation company ana-
lyzing the structural components of 
products for strength, toughness, dura-
bility, etc. — to work with our software 
development experts to transfer their 
knowledge to the software. At the same 
time, they thought hard about each 
step in the simulation process to make 
it more intuitive, creating menu-driven 
human–machine interfaces to replace 
arcane code-based input instructions. 

Responding to Product Evolution

While implementation of these changes 
in our software solutions was expand-
ing the simulation market, the nature of 
the products being developed started to 
evolve. In the past a mechanical device 
was made up of mechanical compo-
nents, but increasingly electronics were 
being incorporated into the same device. 
The microelectronics being developed 
were combined with mechanical com-
ponents to produce electromechanical 
devices that were capable of better sens-
ing and control of the machines they 
were part of. This trend accelerated as 
electronics continued to get smaller. 

But combining the physics of mechanics 
and electronics made product develop-
ment more difficult: a complete virtual 
prototype had to include both types of 
physics to be valid. The number of new 

variables involved, and how electronic 
properties affected mechanical perfor-
mance and vice versa, rapidly increased 
the number of prototypes a company 
had to investigate. The demand for 
simulation solutions increased, and the 
idea that simulation had reached a pla-
teau began to fade.

To keep up with these new require-
ments, ANSYS had to evolve to handle 
electronics simulations involving elec-
tric and magnetic fields, integrated cir-
cuits, radio frequency signals, etc. The 
era of multiple physics simulations was 
born, and the challenges we faced multi-
plied. It was not long before other phys-
ics were included in the mix: fluidics, 
heat transfer, and embedded software 
modeled as another component in a vir-
tual prototype. 

© 2016 ANSYS, Inc.        ANSYS.COM 



is really the only way to understand 
how products are going to behave in 
an increasingly complex, regulated 

and demanding business world.  

Simulation

Physical Product

Smart Product

IoT = Smart & 
Connected Product

is a logical
evolution

of product
design

Multiple physics simulation is a sequential process: You do a structural anal-
ysis and then you do a thermal analysis, maybe followed by a flow analysis. 

But in the real world, those aren’t individual things. They all happen at once. 
For instance, if you’re operating something in a hotter environment, the com-

bination of heat and the mechanical vibration stress can cause failures where 
neither one alone would have had the same effect. 

That led to multiphysics — as opposed to multiple physics — simulation. Multi-
physics tries to look at all of those combined effects at once. So the structural, 

thermal and flow analyses take place simultaneously, passing changing variables 
back and forth automatically between solvers. This process eventually converges on 
an optimal solution that takes all of these interconnected physical properties into 
account, producing a holistic approach to managing the multitude of conflicting 
trade-offs.

If this sounds complex, it is. But once again, we had to focus on making simula-
tion easier so it could be done by more engineers even as the complexity increased. 
We had to develop a platform that enabled various physics solvers to work together 
seamlessly, so engineers could perform simulations without excessive training. The 
resulting ANSYS Workbench platform does precisely that, and it continues to grow 
as the needs of our customers expand. Workbench helps our customers to build a 
complete virtual prototype of an entire system, not just individual components. 

© 2016 ANSYS, Inc.        ANSYS.COM 
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Keeping Simulation Flexible

We also learned that many of our customers had unique soft-
ware that they had created in-house to give them an advantage 
over competitors, or because there was no commercial software 
available to perform a critical task. Whatever the reason, 
they had to be able to integrate their custom software with 
ANSYS solutions to optimize their simulations. So we 
made Workbench flexible, enabling customers to plug 
in their own software and seamlessly run simulations 
that combined the power of our physics solvers with 
their unique expertise. 

As simulations became more complex and compa-
nies required more innovation to compete, high-
performance computing (HPC) and the cloud were 
necessary to speed up product design and reduce 
costs while ensuring reliability. We responded by 
making it possible to use HPC and cloud solutions 
to produce higher-fidelity simulations of products, 
which enabled engineers to look at complex inter-
actions and see not only where something failed but 
why. Simulation began to be used earlier in the design 
process and throughout it, instead of just at the end as a 
final verification point. This saved cost, time, computing 
and personnel resources — it’s cheaper to make changes 
earlier in the design process than later.

produce higher-fidelity simulations of products, enabling 
engineers to look at complex interactions and see not only 

where something failed but why.

HPC and cloud solutions

VIRTUAL 
PROTOTYPING

PROCESS
COMPRESSION

ADVANCED
TECHNOLOGIES
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The Way Forward 

Recently, some of our customers have 
started to use our simulation solutions 
for a purpose we and others had long ago 
anticipated: to monitor the operation of 
systems and predict when maintenance 
will be needed, because unscheduled 
downtime is considerably more expen-
sive than scheduled downtime. They 
do this by creating a “digital twin” of 
the system — a virtual copy of their 
product that can be used to deter-
mine what the expected behavior of 
the actual product should be. If the 
real-world system begins to deviate 
from the digital twin’s behavior, 
that’s an indication that something 
is wrong. The digital twin can help 

you diagnose the problem and sched-
ule the downtime to fix it. 

Though it may seem like something out 
of science fiction, perhaps one day we’ll 
have enough computing power and suf-
ficiently advanced software to produce a 
complete virtual prototype of the entire 
Internet of Things — effectively, a digital 
twin of the IoT — to monitor its workings 
and accommodate every new change to 
the system.

Regardless of whether we ever get that 
far, it’s clear that simulation is really the 
only way to understand how products 
are going to behave in an increasingly 
complex, regulated and demanding 
business world. We’ll continue trying to 
surf just ahead of the wave, so we can 
see what’s coming technologically, and 
constantly improve our software to deal 
with the changes that our customers will 
be facing. We’ll make simulation easier 
even as products get more complex, so 
every engineer in your organization can 
use it to save you time and money. 

Today, about one in six engineers is 
using simulation; we’ve long been pre-
dicting that by 2030 every engineer will 
do so. We’ll stick by that prediction, with 
full knowledge of the perils involved. We 
look forward to working with you so that 
we can reach this goal together. 

ANSYS is the 
simulation leader

Jim Cashman is the chief executive officer  
ANSYS, Inc. Prior to joining ANSYS, Cashman 
held positions at PAR Technology Corporation, 
Metaphase Technology, Inc. and Structural 
Dynamics Research Corporation. He is chair-
man of the Pittsburgh Technology Council and a 
past board member of the Carnegie Museum of 
Natural History. Cashman’s experience includes 
senior responsibilities in technology, product 
and market strategy management, as well as 
sales, operational and international functions 
prior to his general management role with 
ANSYS for the past 15 years. His long-standing 
vision and well-diversified background are ey 
components of the company’s board structure 
and effectiveness.

JimCashmanbio
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BEST PRACTICES

ENSURING A  
WELL-CONNECTED 

FUTURE
All around us, electronic devices are proliferating — and old, familiar 

products have newer, smarter functionality. As the Internet of Things grows 
larger every day, ANSYS offers the full range of simulation capabilities to 

maximize product performance across a wide range of criteria.

By Sudhir Sharma, Director, High-Tech Industry Marketing, ANSYS
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ENSURING A
WELL-CONNECTED

FUTURE

The business media is filled with statistics about the continued, explosive growth  
of the worldwide Internet of Things, or IoT — and there is plenty of evidence to 
support these projections. All around us, phones, tablets and other devices keep 

us connected 24 hours a day, seven days a week. Smart functionality powers 
connected cars, drones, medical devices and industrial equipment. But the 
IoT is much more than just smart functionality in devices. The full value  
of the IoT will be realized through data analytics, powered by faster  
networks and quantum leaps in computing and data center technologies.

The IoT is clearly an exciting business opportunity for large and small companies.  
Yet success in the IoT economy depends on the ability of companies to constantly 
reinvent their offerings. Increasingly, product development and engineering teams need 
to address critical challenges related to communication system design, sensor design 
and product reliability to out-innovate the competition.

In this incredibly fast-paced environment, simulation software is an important 
strategic tool for creating a meaningful competitive advantage by getting 
the newest product model or next-generation features into customers’ 
hands as fast as possible. Through engineering simulation, product 
designers can identify and address any functional flaws, such as imprac-
tical power demands or faulty antenna design, as quickly as possible — and 
as early as possible in the design cycle, when mistakes are less costly to address. 

To help drive the exponential growth of the IoT, ANSYS has developed the industry’s  
most comprehensive simulation solutions that improve the performance and reliability 

of electronic devices, as well as more traditional products that now include 
smart functionality. From confirming a product’s structural integrity with 
ANSYS Mechanical to verifying the performance of embedded software  
with ANSYS SCADE, product developers can attack the full range of design 

issues associated with the IoT by relying on the proven power of 
ANSYS simulation software.

SMART DESIGN VIA SIMULATION
The multiphysics, multidomain capabilities of the ANSYS simulation software 
portfolio are especially critical in engineering today’s smart, connected products. 
Because these products have complex functionality, smart product development 

teams demand an extremely high level of reliability, precision, robustness and 
innovation. At the same time, these teams face enormous pressures to keep costs low and accelerate 
launches. To achieve these goals, companies can neither design in silos nor rely on traditional build-and-
test methods. 
 Not only is simulation a competitive requirement today, but it has significantly leveled the playing 
field, enabling smaller companies to compete with established market leaders. Using simulation, a few 
engineers can virtually prototype and refine many ideas quickly and cost-efficiently. Their ability to  
go beyond traditional engineering discipline boundaries — and instead leverage multidomain and  
multiphysics analyses — is consistent with their company’s overall commitment to innovation. 

© 2016 ANSYS, INC.

Engineering the Internet of Things
ansys.com/ensuring
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While every smart product has its own design challenges, the exponential growth of the 
Internet of Things means that some common design requirements are emerging. For 
example, each new generation of smart products typically must be smaller, lighter in 
weight and more power-efficient than the previous generation.
      There are five key engineering challenges created by the rise of the IoT. The sheer size 
of the IoT opportunity, is creating new competitors for many established market leaders. 
Data from the Aberdeen Group highlights that winners and losers in the IoT economy 
will be separated by their ability to address these five design challenges successfully.

SIZE, WEIGHT, POWER AND COOLING (SWAP-C) 
 Whether designing planes, cars or smartphones, engineers typically need to optimize IoT  

products for size, weight, power and cooling — a set of design requirements popularly known 
as “SWAP-C.” As consumers demand greater functionality, including pervasive connectivity 

and sensing, engineers are forced to add more electronic components. This high den-
sity of electronics brings new challenges in terms of product size, weight, energy 
demand and thermal build-up. Often, traditional products must be completely 
reimagined and redesigned for a new era. For example, as modern hearing aids 

transform into smartphone-connected devices with greater functionality, their 
design now includes a flexible printed circuit board (PCB), a battery, a receiver, 

an antenna and, in many cases, a telecoil. The flexible PCB alone incorporates more than 60 
different components and integrated circuits. Engineers must manage all these components in 

a constrained space, while optimizing performance. This means relying on simulation to make 
design trade-offs quickly and cost-efficiently.

SENSING AND CONNECTIVITY 
Today’s products are considered “smart” because they can sense their environment, communi-

cate with other electronics, and enable faster, more-informed decisions and outcomes. For  
example, modern cars are equipped with a host of sensing and communication technologies to 

make drivers safer, better connected and more informed. This is a huge and growing market; 
in fact, revenues are expected to grow from $8.4 billion today to $30 billion in 2020. The sheer 

amount of smart functionality in cars today is staggering. For example, adaptive 
cruise control technology utilizes radar sensors embedded in the bumper 
to keep cars at a safe distance from one another. Blind-spot monitors and 
lane-departure warning systems help drivers avoid collisions. Modern vehicles 

can even monitor and report traffic conditions, informing other drivers and 
suggesting alternate routes via global positioning system (GPS) capabilities. Unlike  

previous generations of automotive engineers, engineers designing today’s cars need to consider 
electromagnetic interference, signal integrity, uninterrupted connectivity and other complex 

issues that may affect electronic performance. Simulation provides a means of maximizing  
reliability and ensuring a robust design from the earliest stages of product development.

ENGINEERING THE IOT: 
 FIVE KEY CHALLENGES

Well-Connected Future (continued)
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RELIABILITY AND SAFETY 
As smarter products proliferate and we increasingly rely on them for critical decision- 

making, safety and reliability become even more important product design  
considerations. While the IoT is driving enormous revenues, those revenues  
can’t be outweighed by the cost of maintenance, repair, warranty charges or 
lack of uptake by the market. In addition, many products — such as those  
in the automotive, aerospace and healthcare industries — operate in safety- 

  critical environments. Because lives are at stake, these products need to  
meet the highest standards for reliability and safety. An often-overlooked, 
yet mission-critical, aspect of the IoT is the embedded control and display 

software needed to operate the integrated mechatronic systems that guide connected cars 
and aircraft. Validating the tens of millions of lines of safety-critical embedded software code 

that underlie these systems is essential. Simulation and modeling enable the fast, automated 
production of flawless code that is needed whenever human safety is involved.

INTEGRATION 
As the complexity of smart, connected products has increased over time, engineers have 

broken down the design process into smaller pieces to make it more manageable. While a 
component-level, bottom-up design methodology allows for very thorough verification 

of pieces and parts, significant late-stage design issues can arise when components 
are actually assembled to create a system. Finding system-level flaws late in the 
development cycle can lead to over-design, cost overruns and ill-considered design 
trade-offs as engineers scramble to meet product launch deadlines. For example, 

an antenna designed for a wireless fitness band may work perfectly when ana-
lyzed as a single component. But, once installed on the actual band, the antenna 

might not work as expected when adversely affected by such real-world factors as the cur-
vature of the wristband, the presence of a biometric sensor antenna or even the metal clasp 

that fastens the wristband. Simulation can help predict system-level performance issues in a 
risk-free, low-cost virtual environment. 

DURABILITY
While tiny and often unseen, trillions of sensors and microprocessors form the backbone of 

the IoT. These hardworking electronics collect and share useful information 24 hours a day, 
seven days a week. They need to perform reliably not just in optimal conditions, but must 

also withstand the rigors of harsh, unpredictable environments. For instance, consider a 
sensing system at the end of a drill bit in the oil and gas industry, in the highest-temperature 

regions of a jet engine, or in an unmanned military vehicle subjected to a hostile electro-
magnetic environment. As an extreme example, new solar-powered drones developed 

under Facebook’s “Aquila” project will leverage lasers to provide internet access 
to remote parts of the developing world — flying for up to three months at a 
time. It is virtually impossible to explore these types of extreme operating 
scenarios using physical testing, so simulation plays an essential role in 

bringing these innovations to market with a promise of reliability. While not 
all products need to endure extreme conditions, every product must be verified 

for durability. Anyone who has dropped a smartphone understands the rigors  
of everyday usage.
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 Holistic Development vs. Siloed Development
Holistic Development Experiences:

Length of
 Development  
 Time 7x reduction

 Overall
 Product Cost 2.5x reduction

 Warranty 53% more likely to decrease Costs

Number of Change
Orders After Release

to Manufacturing 123% more likely to decrease 

Percent Successful
New Product

 Introduction (NPI) Rate 33% more likely to achieve

Drive Scenario Model
Antenna Model
Sensor Model

Vehicle Dynamics Model
Vehicle Component Model

Control System Model
Automatic Code Generation
Human_Machine Interface

Just as the Internet of Things has changed our daily lives, smart 
devices have also revolutionized foundational product develop-
ment processes. Because these products are multifunctional, their 
design requires the input of engineers from multiple disciplines. 
As cross-disciplinary teams are formed and the barriers between 
traditional engineering functions are broken down, engineers now 
need shared tools that can work across multiple departments and 
disciplines.
     ANSYS has been a pioneer in providing versatile, broad-reaching  
engineering simulation tools that connect a series of discrete 
functional application areas in a common working environment, or 
simulation platform. Today, ANSYS provides both industry-leading 

discrete application simulation capabilities, as well as the consolidated platform needed to deliver 
an integrated IoT product development solution. 
     In addition to fostering cooperation and collaboration across different disciplines, a shared 
platform for simulation delivers a number of tangible benefits. Research has shown that product 
development teams that consolidate their 
simulation-driven product development  
capabilities on a single platform are 33  
percent more likely to meet their new  
product introduction targets. Additionally,  
they reduce product development time  
by 7 times and costs by 2.5 times,  
compared to teams that use siloed  
development methods. These critical  
metrics can mean the difference  
between success and failure in today’s  
fast-paced, highly disruptive and  
competitive business environment.

THE IMPORTANCE OF A 
          CONSOLIDATED SIMULATION PLATFORM

For applications such as connected cars, a consolidated simulation platform is an absolute neces-
sity. An advanced driver assistance system (ADAS) is a classic example of a large, complex system 
encompassing the entire vehicle — and incorporating an enormous range of product functionality. 

From traditional features like cruise control and automatic airbags to newer func-
tionality such as parking-assistance and lane-departure warning systems, the 

modern car equipped with ADAS is a multidisciplinary engineering marvel. To 
virtually validate ADAS design, all other major vehicle systems — includ-
ing control systems and human–machine components such as brakes and 
vehicle dynamics — need to be modeled in a comprehensive system-level 
simulation. Next, the performance of that comprehensive vehicle and 
ADAS model must be tested in a simulated model of roads, buildings and 

pedestrians under diverse driving scenarios. The ANSYS consolidated sim-
ulation platform provides all the capabilities required to model these perfor-

mance aspects, providing a one-stop resource for automotive product development 
teams. The ANSYS platform is also open and collaborative, enabling the participation and input of 
suppliers in today’s fast-paced, highly disruptive and competitive business environment.

Well-Connected Future (continued)

CASE IN POINT: ADVANCED DRIVER ASSISTANCE SYSTEMS

^The ANSYS
 consolidated 

simulation platform  
provides all the  
capabilities required  
to model the  
connected car.

Aberdeen Group, 2016
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ANSYS: YOUR TRUSTED PARTNER
ANSYS does not manufacture electronics or devices, but today the Internet of Things is absolutely 
critical to our product offerings and our customer value proposition. Whatever your industry 
or product focus, the IoT is poised to impact your business in significant and often unexpected 
ways. 
 At ANSYS, we’ve developed an expanded range of capabilities, including electronic and embed-
ded software modeling, to help you anticipate and prepare for that impact with innovative new 
products and smart functionality that enable you to 
thrive in the IoT era. In fact, the world’s leading companies 
are already using ANSYS solutions to deliver the most 
innovative smart products — from smartphones and 
spacecraft to autonomous vehicles, drones, robots and 
wind turbines.
    As the IoT continues to evolve, ANSYS will remain 
your trusted partner — delivering the proven sim-
ulation capabilities you’ve come to rely on, along 
with new capabilities that support your continued product development 
success in a transformed world. We can help you engineer, design and 
test the best possible products for the Internet of Things. 
 In this issue of ANSYS Advantage, we invite you to read how ANSYS 
simulation is not only applied to the development of IoT technologies for 
smarter products and faster networking equipment, but also for quantum 
computing data centers, which require advanced energy and heat 
management solutions enabled by ANSYS simulation.

Engineering the Internet of Things
ansys.com/future

SMART PRODUCTS REQUIRE COLLABORATIVE DESIGN
Independent research has shown that smart product design requires an increase in communica-

tion and collaboration among functional engineering teams. A product designed without  
collaboration can lead to integration issues, especially when subsystems are built and over- 

designed as each team adds its own safety margins. Launch delays, reliability issues and cost  
overruns are other risks. 

    Engineering simulation is an important  
vehicle for fostering collaboration. Today, best-in-

class companies use a consolidated simulation  
platform to analyze component- and system-level 

behavior, as well as subsystem interactions, before 
building physical prototypes. Designers at these  

companies are able to quickly explore the perfor- 
mance of numerous design alternatives at a rapid  

pace. This ability to analyze multiple alternatives  
enables designs to be optimized for cost, quality  

and/or performance. The metrics highlight just  
some of the benefits of a simulation-based  

design approach executed on a consolidated  
platform that enables cross-functional  

engineering interaction.  

Simulation vs. No Simulation
Simulated Environments Experiences:

Length of
 Development  
 Time 9x reduction

 Overall
 Product Cost 4x reduction

Warranty 89% more likely to decreaseCosts

Number of Change
Orders After Release

to Manufacturing 2.5% more likely to decrease 

Percent Successful
New Product

 Introduction (NPI) Rate 67% more likely to achieve

“Simulation software is an
  important strategic tool for 
 creating a meaningful 
competitive advantage.”

Aberdeen Group, 2016

       ANSYS ADVANTAGE   Best of Energy   2016        13 

http://ansys.com/future


 © 2011 ansys, Inc. 14

Separating the Streams
multiphase simulation can improve performance 
of oil and gas separation equipment.
By David Stanbridge, Managing Director, Swift Technology Group, Norwich, U.K.

Separators are used throughout  
the oil and gas industry to split  
production fluids into components of 
oil, gas and water (as well as contam-
inants). on an offshore facility, the 
equipment is found in many parts  
of the overall process. the initial  
separator, usually referred to as first-
stage, separates the initial stream into 
distinct gas, oil and water streams. 
these streams are then individually 
processed. poor separation perfor-
mance can hinder overall production; 
in some cases, platforms produce 
only 50 percent of design capacity 
due to poor separation. 

the industry has used compu-
tational fluid dynamics (CFD) exten-
sively to troubleshoot separation 
equipment performance with different 
methodologies. most common is  
segregated single-phase simulation, 
in which gas and liquid phases are 
analyzed separately. multiphase  
volume of fluids (VoF) simulations are 
useful in analyzing liquid sloshing 
behavior in separators secured to 
moving platforms. this sloshing  
analysis is usually carried out in com-
bination with a user-defined function 
that adjusts gravity and applies  
three inertial forces: Coriolis, euler  
and centrifugal. Historically, fluids  
neither enter nor leave the vessel.

Benefits of Multiphase Simulation
As new separation equipment 

becomes smaller and flow rates 
exceed the design capacity of existing 
equipment, end users are questioning 
the accuracy of both the segregated 
single-phase approach and VoF for 
sloshing. extended use of multiphase 

OiL ANd gAS

Simulation of a vertical cyclone vessel 
designed to remove bulk liquid from the feed 
stream. Pathlines of primary gas phase show 
where the liquid has a concentration of more 
than 25 percent.

Swirl element fitted in the cyclone

simulation is now possible as a result 
of enhancements to computer power 
and ANSYS FlueNt capabilities. 
Software improvements have led to 
reduced run times; multiphase and 
turbulence models have a greater 
ab i l i ty  to  handle pr imary and  
secondary phases. the multiphase 
method overcomes the limitations of 
segregated single-phase and VoF 
approaches. It also allows for detailed 
analysis of interphase interactions,  
providing more realistic results. Swift 
technology Group has studied two 
types of separation devices that use 
the multiphase method. the company 
is a technology-driven organization that 
offers complete end-to-end product 

development for the aircraft, marine, 
automotive, oil and gas, and renewable 
energies industries.

Droplet separation is fundamental 
to good separation. the most common 
equipment for droplet separation is 
vertical or horizontal vessels that use 
gravity as the driving force. more-
compact separation equipment often 
uses cyclones. By spinning the flow, 
employing a standard tangential inlet, 
or using more-elaborate swirl elements, 
cyclones can generate accelerations 
many times that of gravity to potentially 
provide more efficient separation in a 
smaller amount of space. However, 
many other considerations must be 
investigated. traditionally, cyclonic 
equipment required exhaustive proto-
typing and testing to ensure that the 
many negative consequences were 
designed out of the final product — a 
lengthy and costly exercise. In 
a recent r&D program for cyclone 
development, Swift researchers found 
that the time for each design change 
cycle was approximately eight weeks 
at a cost of around £45,000 (approxi-
mately $73,000 u.S.) per cycle, with 
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seven changes required. By using 
CFD, each change can be modeled in 
two weeks, requiring only one actual 
test — saving a total of more than 
£300,000 (approximately $485,000 
u.S.). Note, however, that it is
difficult to quantify the exact benefits
of simulation in every case.

Simulation of Separation Equipment
there are many examples in 

which the mixture multiphase model 
has been used to analyze separation 
within cyclonic equipment. the model 
is applicable for dilute-to-moderately 
dense volume loading, for low-to- 
moderate particulate loading, and for 
cases in which the Stokes number is 
less than 1. the simplified model can 
be used for hydrocyclones — equip-
ment whose main function is to sepa-
rate final oil droplets from water prior 
to disposal at sea. the comprehen-
sive eulerian multiphase model is 
applicable to the complex flows that 
are found in the most common types 
of separation equipment designed  
to remove bulk phases as well as  
re-entrained droplets. users can 
enhance their analysis of cyclonic 
flows by applying the reynolds stress 
turbulence model without limitation 
for all primary and secondary phases. 

one important part of separator 
analysis is commonly overlooked:  
the impact of upstream piping. this  
system has a large effect on the  
distribution of fluids within the vessel. 
the simulation examples provided — 
horizontal and vertical gravity-driven 

separators as well as 
cyclone-based separators — 
incorporate the impact of  up- 
stream piping. 

It is difficult to accurately validate 
the simulation results of the installed 
vertical cyclone and separator. 
Simulation has been shown to accu-
rately capture both flow field and sep-
aration performance in lab and pilot 
test rigs. [See references.] using 
these modeling strategies as well as 
exhaustive testing performed over 
many years, all the critical aspects of 
the flow are correctly resolved and 
indicate the key performance charac-
teristics. As a result, Swift is changing 
out the internal components of many 
vessels based upon simulation 
results. 

the main function of a horizontal 
three-phase separator is to split a 
feed stream into discrete gas, oil and 

Multiphase simulation within a horizontal three-
phase separator with inlet piping, a vane-type 
inlet device and full-diameter perforated  
baffles. The lower layer of fluid is water; above 
that is the oil phase with the inlet device in the 
gas phase of the vessel. The pink area at the 
bottom of the vessel shows where sand 
entrained in the water phase will initially settle.

separators as well as 
cyclone-based separators — 
incorporate the impact of  up-

Multiphase simulation within a horizontal three-
phase separator with inlet piping, a vane-type 

water streams. Normally, gas is the 
primary phase, and the two liquid 
phases are  secondary.  these  
liquid phases form droplets that are 
entrained in the gas phase, and they 
produce a film on the pipe walls  
leading to the separator. the first 
component in the separator is the 
inlet device, whose primary function 
is to provide a coarse separation of 
gas and liquid phases. the gas phase 
continues along the top of the vessel, 
while the liquids drop to the bottom 
of the separator. At the bottom of the 
vessel, the two liquid phases sepa-
rate, with the water at the bottom and 
the oil forming a layer between the 
water and gas phases. 

In most cases, perforated baffles 
are used along the length of the hori-
zontal vessel to control liquid phase 
flows and to distribute them evenly 
across the available cross-sectional 
area of the vessel, minimizing axial 
velocity and maximizing separation. 
the eulerian model is required in this 

The complete length of a typical horizontal separator: The blue layer represents the interface 
between gas and oil phases, and the green layer represents the interface between oil and 
water. The vertical blue areas represent part diameter perforated baffles. Along the length of 
the vessel, four contours show velocity distribution in both oil and water phases. 
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Analysis of a vertical production separator 
with a vane-type inlet device shows that 
the inlet pipe keeps much of the liquid on 
one side of the vessel — leading to non-
optimal separation.

type of simulation because of the 
number of fluid regime changes. 

In a vertical production separator 
wi th a vane-type in let  dev ice  
example, gas and liquid are intro-
duced at the start of the pipe run to 
the separator vessel. the pipe routing 
causes the liquid to be biased to one 
side of the vessel — which does not 
produce optimal separation and, in 
some cases, can lead to the gross 
carryover of liquid though the vessel’s  
gas outlet. 

In conclusion, Swift researchers 
have found that ANSYS FlueNt soft-
ware can model — to a high degree 
of accuracy — many combinations 
and permutations of separators  
available within the industry. ■
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ROBUST ELECTRIC 
MACHINE DESIGN 
THROUGH 
MULTIPHYSICS

By Cassiano A. Cezario, Briam C. Bork, Marcelo Verardi, Research and Technological Innovation Department, and José R. Santos, 
Product Development and Application Department, WEG Equipamentos Elétricos S.A. — Motores, Jaraguá do Sul, Brazil

Electromagnetic, mechanical and thermal simulation plus 
design optimization help to improve energy efficiency, noise 
and bearing life of robust electric motors.

ROBUST ELECTRIC 
MACHINE DESIGN
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WEG engineers used a wide range 
of ANSYS tools to deliver optimal 
energy efficiency, low operating 
noise and long bearing life on  
its new line of electric motors.

WEG’s Robust Design of Electric Machines

E
lectric motors are the single biggest consumer of electric-
ity, accounting for about two-thirds of industrial power 
consumption and about 45 percent of global power con-

sumption, according to an analysis by the International Energy 
Agency. The World Energy Outlook 2012 states that the devel-
oped world is planning to increase its energy efficiency by  
1.8 percent annually over the next 25 years. Much of this 
improvement must come from advancements in electric motor 
design. Companies that develop these devices must ensure that 
motors have low operating noise and long life. Engineers have 
worked to balance these demands to improve and optimize the 
design of electric motors for almost two centuries, and now new 
methods and tools are needed to generate further progress.

WEG is the largest industrial electric motor manufacturer 
in the Americas and one of the largest manufacturers of indus-
trial electric motors in the world, producing more than 10 million 
units annually. WEG engineers used the ANSYS comprehensive 
design solution for electric motors to leverage electromagnetic, 
mechanical and thermal simulation. Design optimization helped 
the engineering team to deliver optimal energy efficiency, low 
operating noise and long bearing life on the new W50 electric line 
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� Response surface map depicts fan airflow 
efficiency as a function of several design variables.

ELECTRIC MACHINE DESIGN METHODOLOGY:  
A REVOLUTIONARY APPROACH

ansys.com/82robust
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of motors. The broad range of ANSYS capa-
bilities was instrumental in designing 
and optimizing the electric motor with-
out the need to individually evaluate each 
design alternative.

IMPROVING ENERGY EFFICIENCY
Large electric motors in the 125 horse-
power to 1,750 horsepower range typ-
ically have two fans: one to cool the 
motor interior and the other to cool its 
exterior. These fans consume a consid-
erable amount of power, and WEG engi-
neers believed that a promising approach 
to improving energy efficiency was to 
improve fan efficiency. They focused on 
the internal fan, particularly on reducing 
losses as air flows through the motor. The 
airflow generated by the fan flows through 
openings in the frame. Losses could be 
reduced by increasing these openings — 
but this strategy would reduce the motor’s 
electromagnetic performance. 

WEG engineers used ANSYS CFD soft-
ware to model the airflow through the 
interior of the motor. They defined key 
parameters, such as the openings where 
air passes through the frame, as para-
metric dimension variables. Since many 
of these design parameters impact the 
motor’s electromagnetic performance, 
engineers produced an ANSYS Maxwell 
electromagnetic model of the motor with 
the same parametric variables as the CFD 
model. They generated a table of varying 
values for each of the parameters. 

WEG employed ANSYS DesignXplorer 
to create a design of experiments (DOE) 
that subdivided the design space to effi-
ciently explore it with a relatively small 
number of simulation experiments and 
to run multiphysics simulations with-
out human intervention. Comprehensive 
simulation tools in the ANSYS Workbench 
environment and design optimization 
with ANSYS DesignXplorer enabled WEG 

to increase the number of simulations per-
formed from four per month in 2005 to 800 
per month currently. High-performance 
computing (HPC) also helped enable this 
improvement. WEG uses HPC Packs for 
CFD, and Maxwell runs with 64 cores dis-
tributed across eight workstations.

Output results for each design point 
were stored in a table and visualized 
with a response surface map that com-
pletely maps out the design space. The 
response surface was used to graphically 
plot the effect of variables on fan losses. 
Simulations were not coupled in this case 
due to computing resource limitations; 
however, in the future, WEG will use cou-
pled multiphysics simulations to even 
more accurately determine optimal val-
ues for parametric variables by consid-
ering all of the physics. WEG engineers 
manually compared response surface 
maps, plots and tables for the CFD and 
electromagnetic analysis to determine the  

� Before-and-after comparison of ANSYS CFX simulations shows improved airflow that reduces fan losses in W50 motor compared to 
previous-generation design. 

WEG increased the number of CFD simulations 
performed from four per month in 2005 to  
800 per month currently.
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ROBUST ELECTRIC 
MACHINE DESIGN

ANSYS multiphysics tools 
help WEG deliver best-in-class 
performance for electric motors 
while substantially reducing 
the lead time and cost of the 
product development process.

� ANSYS Maxwell simulation helps to optimize the trade-off between fan losses and 
electromagnetic performance.

� Fan efficiency plotted against two design variables (one on x axis and other in multiple plots)

combinations of parametric variables that 
delivered the best mix of performance. 
Engineers then reran the electromagnetic 
and CFD simulation for the best combina-
tions and selected the one that delivered 
the best performance: a substantial reduc-
tion in fan losses and a resulting improve-
ment in energy efficiency without any 
sacrifice in electromagnetic performance.

REDUCING NOISE
WEG engineers also wanted to reduce the 
noise generated by the new W50 motor 
design. An electric motor primarily gen-
erates noise through two independent 
sources: aerodynamic and electromag-
netic. Aerodynamic noise is generated by 
the fan rotor and transmitted through the 
air; WEG engineers used ANSYS CFD to 
optimize the fan rotor geometry to mini-
mize aerodynamic noise. Electromagnetic 
noise is created by the interaction of mag-
netic fields produced by stator and rotor. 
In extreme cases in which the resultant 
force frequency excites the natural fre-
quencies of the mechanical structure, this 
noise will be dramatically amplified. 

WEG engineers used ANSYS CFD 
to optimize the internal fan system. 
Engineers designed a new internal fan 
system to reduce the length of the motor, 
which improved the dynamic perfor-
mance. However, the original design was 
not acceptable, so engineers used ANSYS 
DesignXplorer to optimize the internal 
fan geometry and develop a new solu-
tion that met the requirements. The new 
internal fan reduces vibration, improves 
power density of the motor, and increases 
the maximum rotating speed. 

To predict and avoid electromagnetic 
noise of the motor prior to the prototyping 
stage, WEG engineers used electromagnetic 
simulation to calculate the electromagnetic 
force and losses. These quantities are used 
as inputs to the structural and thermal sim-
ulation to predict mechanical vibrations. 
WEG engineers used the ANSYS Application 
Customization Toolkit to implement the 
methodology of topological optimization 
to increase the natural frequency of the 
frame. They then set up parametric vari-
ables and used ANSYS DesignXplorer to run 
a table of design points and optimize the 
design to produce the lowest levels of noise. 

IMPROVING BEARING LIFE
Bearings are usually the first component 
to fail during the lifetime of an electric 
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� CFD simulation of airflow around the bearing was used to reduce 
bearing operating temperature.

   ANSYS Mechanical simulation predicted vibration of the structure  
to reduce noise.

motor, and the life of bearings is strongly 
correlated with the operating tempera-
ture. The cooler the bearing runs, the lon-
ger is its life and the longer its lubrication 
intervals (how often grease is required), 
so the motor will require less mainte-
nance. The team ran a CFD analysis of the 
airflow around the bearing and changed 
the shape and dimensions of some com-
ponents in the region to ensure a constant 
airflow and reduce operating temperature.

Based on these and several other 
multiphysics simulations, WEG engi-
neers developed the detailed design for 
the W50 motor. The company then built 
a prototype. Physical testing showed 
that the design worked exactly as pre-
dicted by simulation. As a result, only 
a few very minor changes were required 
during the prototype phase. Normally, 
a larger number of more substantial 
design changes are required. The ability 
to get the design right the first time pro-
vided a major cost saving. 

The new W50 motors deliver signifi-
cant improvements in performance over 
existing electric motors in their class. 
Energy efficiency varies depending on 
the application, but it is generally signif-
icantly better than today’s best-in-class 
motors in the same applications. The new 
motors offer exceptionally low noise lev-
els of 82 dB(A) at 3,600 rpm (60 Hz) and 
78 dB(A) at 3,000 rpm (50 Hz). Bearing 
life has been improved to 100,000 hours 
of L10h life over the 40,000 hours pre-
viously offered. At least 90 percent of all 
motors produced will achieve the L10h 

life. The use of ANSYS multiphysics tools 
helps WEG to deliver best-in-class perfor-
mance for electric motors while substan-
tially reducing the lead time and cost of 
the product development process. 

Technical support and sales for WEG is provided by 
ESSS, ANSYS channel partner for South America.

� The final virtual motor prototype required only 
minor changes, making it possible to get the 
product to market faster. Virtual prototype (A) 
with a low-voltage terminal box and final product 
(B) with high-voltage terminal box.

A

B
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marine

Ship-Shape Simulation 
Designers use structural and hydrodynamic analyses to ensure that 
working vessels meet challenging demands in harbor and at sea. 
By Kuno van den Berg, Project Manager, Gijsbert Jacobse, Marine Engineer  
and Michiel Verdult, Marine Engineer, Vuyk Engineering Rotterdam b.v., The Netherlands 

Designing ships is a demanding  
process, as vessels are among the 
most massive and mechanically  
complex moving structures in the 
world. Ships must operate reliably in 
harsh envi ronments and meet  
stringent standards. Engineering 
demands are particularly challenging 
in designing work vessels for harbor 
and open-water applications, such as 
hoisting, dredging, construction, pipe-
laying and other marine operations. 
The hull and internal structural  
members must be seaworthy and  
stable. In addition, topside mechanical 
assemblies, such as cranes, must  
provide sufficient strength and reliability 
to work efficiently even while waves 
excite the ship. 

In meeting these demanding 
requirements, engineers at Vuyk 
Engineering Rotterdam (VER) in The 
Netherlands rely heavily on engineering 
simulation to develop designs and 
upgrades, ensure that government  
and industry standards are met, and 
resolve field problems that may arise. 
VER serves the maritime industry 
worldwide by providing consultancy 

and engineering services for ship 
design, equipment design, marine 
operations and building supervision. 
The company has used ANSYS 
Mechanical software exclusively  
since 2002 for structural analysis  
in determining stress distributions,  
elastic deformation, reaction forces 
and component fatigue. Engineers 
utilize the software for other types of 
detailed analysis such as calculation 
of structural vibration and impact 
loads of one structure colliding with 
another. Vuyk chose ANSYS after an 
exhaustive evaluation of competitive 
packages based on the flexibility of 
the code for a range of applications, 
recognition of the software globally as 
best in class in numerous industries 
and depth of the technology for a 
broad range of features. 

In 2007, VER implemented 
ANSYS AQWA software for  
computing hydrodynamic 
motions and loads on  
vessel hulls for strength 
and fatigue analyses. 

Matador 3 in action on open-water 
construction site

This software can be used to deter-
mine vessel response to wave environ- 
mental conditions. Such capabilities 
are requi red to study cr i t ica l  
operational details such as cargo 
swaying as it is l i fted, relative  
movement of a moored vessel and 
interaction of adjacent ships as well as 
the ability of the ship to hold a given 
position in heavy seas. The capability 
to smoothly exchange data between 
ANSYS AQWA and ANSYS Mechanical 
products is critical in performing  
analysis in applications in which  

ANSYS AQWA and ANSYS Mechanical

best in class in numerous industries 
and depth of the technology for a 

In 2007, VER implemented 
ANSYS AQWA software for 
computing hydrodynamic 
motions and loads on 

products is critical in performingproducts is critical in performing 
analysis in applications in which 
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Finite element analysis calculated stress  
distribution in the overall Matador 3 lifting 
structure (top) as well as individual critical  
components such as the sheave support  
plates (bottom).

cargo. Alternatively, the A-frame can 
be used with four blocks for lifting. 

The aim of the redesign project 
was to increase the jib lifting capacity 
from 600 tonnes to 900 tonnes. 
Engineers accomplished this by 
increasing the number of sheaves 
(pulleys) used on the ship for the 
cables to the two jib hoists as well as 
sheaves for holding the A-frames in 
place. Engineers used ANSYS 
Mechanical software to optimize the 
j ib load capacity by modeling  
the lifting frame with beam elements 
and calculating reaction forces at the 

structural behavior is closely related to 
hydrodynamic effects. 

Prior to licensing ANSYS AQWA, 
VER employed rudimentary 2-D strip 
theory software. This calculation 
method had limitations, as it was only 
applicable for a narrow range of  
traditional ship hulls and was not suit-
able for pure wave-load calculations or 
multibody motion analysis. In these 
cases, VER outsourced work to an 
outside research center or university. 

Bringing the work in-house with 
ANSYS AQWA technology gives  
engineers more control over the hydro-
dynamic analysis and greater insight 
into vessel behavior. The design team 
also can iterate much faster by varying 
parameters to compare alternatives 
and optimize designs. Performing 
time-domain dynamic motion analysis 
in-house posit ions VER among  
the leaders in the marine industry  
and strengthens the company’s  
competitive value as an engineering 
services provider. 

Upgrading Lifting Capacity 
In one recent project,  VER  

engineers used the ANSYS tools to 
upgrade the lifting capacity of the 
Matador 3 sheerleg — a self-propelled 
floating crane used for lifting heavy 
loads at the Rotterdam seaport docks 
as well as for offshore construction 
projects, open-water wreck removal 
operations, and bridge and lock  
construction along inland rivers  
and canals. 

The Matador unit consists of two 
hinged, adjustable A-frame structures 
with a hoisting jib held in place by a 
network of cables looped through 
deck sheaves and controlled by main 
power winches on the base of a  
pontoon platform. One of the larger 
floating sheerlegs in the world, the 
Matador 3, which is owned and  
operated by Bonn & Mees, has a max-
imum height and reach of 70 meters. 
Two lifting blocks at the top-most  
point of each structure are raised and  
lowered by cables and winches to lift 

hinge points and stresses across all 
structural members. By parameterizing 
the model, the team was able to 
quickly enter different angular  
variables to generate lift, reach and  
lifting capacity curves for the Matador. 

In separate analyses, ANSYS 
AQWA was used to study the motions 
and loads of the lifting structure  
as waves of various heights and  
frequencies impact the vessel at  
different angles. In these studies, the 
vessel and crane structure were  
modeled separately from the lifted 
structure and then combined with  
representations of the connecting 
cables into a multibody hydro- 
dynamic model. The engineering team  
determined the working range of  
the structure with respect to the  
sheerleg capacity and positioning 
accuracy. 

VER also performed studies for 
individual projects in open waters, 
including a motion analysis for various 
wave scenarios of the Matador during 
lifting, transporting and installing  
a wind-turbine high-voltage station  
in the North Sea. ANSYS AQWA  
software was used to determine the 
maximum wave height allowable for 
various wave periods (time between 
wave crests) and headings. using the 
simulation from the study, operators 
were able to match the ship’s work 
schedule to weather forecasts for the 
12-hour trip from harbor to the open- 
water location to safely transport the
sections of the wind turbine, position
the vessel, and lift the foundation into
place with the platform on top. To
describe the rigorous method of the

Diffraction analysis calculates the sway and stability of hoisted loads.

marine
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study to the client, VER cited ANSYS 
AQWA capabilities and included the 
graphical and tabular output from the 
software in the client report. 

Upfront Simulation 
In another study, engineers used 

ANSYS Mechanical and ANSYS 
AQWA software in a one-way coupled  
simulation in which hydrodynamic 
pressure loads against the outside of 
the vessel hull calculated by ANSYS 
AQWA software were transferred 
directly into ANSYS Mechanical to 
determine the structural behavior  
of a trailing suction hopper dredging  
vessel. In particular, the study was 
intended to check longitudinal  
bending of the critical midship region 
of the hull, calculate overall hull girder 
effects at the aft and fore hopper ends, 
and provide a detailed stress analysis 
for evaluating girder fatigue. 

Joint structural and hydrodynamic analysis determined maximum combined torsion and bending 
aft of the hopper.

Girder analysis of the twin-hull Pieter Schelte 
pipelaying vessel, whose unique design  
created a number of engineering challenges

Girder analysis of the twin-hull Pieter Schelte 
pipelaying vessel, whose unique design 

Initially, engineers created a finite 
element model for ANSYS Mechanical 
using shell elements. The model 
included all the major parts of the ship, 
such as the outer hull, girders and 
basic topside structure. This repre-
sented only the basic geometry and 
mass distribution so analysis could  
be done in the early stages of basic 
vessel design, which takes about five 
months to complete. In this way, 
results of this upfront simulation could 
be used as input for the overall design 
of the ship. 

A 3-D diffraction analysis was then 
performed with ANSYS AQWA soft-
ware to determine the pressure 
distr ibution around the  
complete perimeter of the 
hull from loads generated 
by waves on the side of the 
vessel along with associated 
vessel motions. The finite element hull 

geometry served as the basis for the  
diffraction model, ensuring compatibility 
between the finite element and  
 diffraction analyses. 

VER engineers combined still- 
water and wave load sets from ANSYS 
AQWA into a load set representing 
total water pressure against the hull. 
This data was then used in ANSYS 
Mechanical to determine stress and 
buckling of the structural girders. In 
this simulation, engineers found a 
stress concentration in the main  
deck aft of the hopper. Structural 
strengthening in this region was 
achieved by adding thicker deck plates 
and additional girders. A subsequent 
fatigue analysis on the modified  
structure ensured the validity of the 
final design. 

ANSYS Mechanical model of the trailing suction hopper dredger 
and longitudinal stresses in the dredger’s midship section

In a separate project, coupled sim-
ulation was used in the analysis of the 
hull girder design of a unique and very 
large twin-bow vessel named Pieter 
Schelte, currently in final design and 
planned to be the world’s largest pipe-
laying vessel. The ship will be about 
1,250 feet long and 380 feet wide. Due 
to the significant height-to-length ratio 
of each bow, traditional rules for ship 
design are not applicable for this twin-
bow vessel. Thus, the use of ANSYS 
AQWA technology was beneficial 
because the flexibility of the software 
allowed it to be customized. n

ware to determine the pressure 
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D esigning power transformers and 
associated equipment is compli-
cated by a range of conflicting 

requirements that reach across physics 
and engineering disciplines. Heat gener-
ated by current flow may produce elevated 
temperatures that have a negative impact 
on the performance of tap changer con-
tacts. A further concern is reducing stray 
eddy current losses in clamping plates, 
tie plates and other power transformer 
components that can generate losses and 
excessive loading on the structural com-
ponents. Engineers also must address 
the potential for short circuit in a power 
transformer to produce electromagnetic 
forces that may generate excessive load-
ing on winding conductors.

A tap changer is a connection point  
selection mechanism along a power  

transformer winding that allows a vari-
able number of turns to be selected in dis-
crete steps. By varying the turn ratio of 
the transformer, its output voltage can 
be controlled. Hyundai Heavy Industries 
Co. Bulgaria (Hyundai) builds tap chang-
ers for its own and others' transformers. 
The company manufactures oil-immersed 
power transformers and tap changers for 
power substations, thermal power plants, 
hydro-electric power plants and indus-
trial enterprises throughout the world. Its 
products have been validated consistently 
in tests by independent laboratories. 
Hyundai’s compact design and depend-
able technical parameters reduce trans-
former weight and cost. The company 
is among the world’s leading producers 
of tap changers, with more than 50,000 
units produced so far. 

DESIGN METHODS
In the past, Hyundai engineers used a 
combination of stand-alone analysis 
tools and physical testing to design trans-
formers and tap changers. Engineers 
applied simulation tools to analyze vari-
ous aspects of the equipment’s electrical, 
thermal and structural design. However, 
they performed each type of analysis sep-
arately without considering interrelated 
effects. For example, the electromagnetic 
simulation was not tied to the thermal 
and structural analysis; it was not possi-
ble, for example, to determine thermal 

� Transient analysis showing equivalent stress 
on main shaft of tap changer

Balance  
of Power
By Petar Bozhkov and Yordan Botev, Electro-Mechanical Analyses Department, Hyundai Heavy Industries Co. Bulgaria, Sofia, Bulgaria

To balance performance and cost, Hyundai Heavy Industries 

Co. Bulgaria uses ANSYS multiphysics solutions to design power 

transformers and associated equipment.

Parameterization is performed within 
ANSYS Workbench, which provides 
a single environment for design 
optimization across physics.

ROBUST ELECTRONIC 
SYSTEMS DESIGN
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stresses caused by eddy currents. The time 
required to perform tests in multiple simu-
lation environments meant that only very 
limited amounts of simulation could be 
performed. This made it difficult to opti-
mize first-pass design performance; it also 
meant that expensive modifications often 
had to be made during the trialing process.

MULTIPHYSICS SIMULATION
Hyundai engineers made the decision 
to utilize ANSYS simulation software 
because it provides industry-standard 
multiphysics capabilities combined with 
data and process management, reduced-
order modeling and cosimulation via 
a single technology platform. ANSYS 
Workbench provides a collaborative envi-
ronment for engineering teams to work 
together in developing multiphysics solu-
tions. By coupling ANSYS simulations 
based on electromagnetic, thermal and 
structural models, Hyundai engineers 
can evaluate design alternatives within 
multiple domains, conduct what-if stud-
ies, and optimize final designs in a rapid, 
cost-effective manner.

Optimizing the contact system of tap 
changers is one of several critical areas 
for which Hyundai engineers utilize  
multiphysics analysis. The contacts  
operate at elevated temperatures due 
to the large values of electrical current 
passing through them. The team runs 
electrical analysis with ANSYS Maxwell 
low-frequency electromagnetic software 

to simulate the flow of current through 
the tap changers and determine losses in 
the contacts. An engineer enters mate-
rial properties for tap changer compo-
nents and then specifies excitations and 
boundary conditions based on a volt-
age distribution designed to stress the 
components. These losses provide loads 
for steady-state thermal analysis with 
ANSYS software to determine the temper-
ature distribution throughout the con-
tacts. Engineers check to make sure the 
temperatures do not exceed the limits 
specified in the IEC 60214 tap changer 
standard. On some tap changer compo-
nents, the Hyundai Heavy Industries 
team uses ANSYS Maxwell and the tran-
sient thermal capabilities in ANSYS 
Mechanical to determine temperature 
distribution, then couple the results 
within ANSYS Mechanical’s static-struc-
tural simulation solver to calculate the 
stresses and deformations due to ther-
mal expansion. All of this is performed 
within the ANSYS Workbench environ-
ment, so data can be easily transferred.

Engineers use multiphysics analysis 
on the clamping plates and tie plates used 
in the active parts of power transformers. 
They apply current in the windings, and 
Maxwell predicts the eddy current losses 
in the plates and metal structure of the 
transformer. These losses provide loads 
for transient thermal analysis in ANSYS 
Mechanical to determine the tempera-
ture distribution throughout the plates 

and metal structure. Engineers go one step 
further in analyzing the bus bars in the 
power transformer: They use Maxwell to 
determine eddy current losses in the bus 
bars and ANSYS Mechanical to perform 
transient thermal analysis to predict tem-
perature distribution. This temperature 
distribution data is used as input to a static 
structural simulation to predict stresses 
and deformations due to thermal expan-
sion caused by electromagnetic forces.

Hyundai reduced 
engineering costs by 
up to 5 percent. It 
expects to achieve 
up to 15 percent 
cost reduction in 
the future through 
multiphysics 
simulation.

� Three winding power transformer

� Current density in bus bars, flexible 
connections and bushings of transformer

ROBUST ELECTRONIC 
SYSTEMS DESIGN

ELECTROMAGNETIC AND THERMAL 
MULTIPHYSICS ANALYSIS
ansys.com/82balance
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� Electrical field stress and voltage distribution 
between two contacts of tap changer

� The company conducts seismic analysis of power transformers to ensure that equipment functions 
reliably in earthquake-prone areas. Equivalent stress in horizontal direction: response spectrum 
analysis (left) and modal analysis (right)

� Voltage distribution inside the insulation 
system of a power transformer

� Temperatures of the tie-plate, a power 
transformer component

For each new power transformer 
design, engineers must verify that torsional 
forces produced in the event of a short cir-
cuit in the helical windings do not pro-
duce a catastrophic failure of the support 
structure. Hyundai engineers use ANSYS 
Maxwell 3-D electromagnetic analysis to 
predict the torsional electromagnetic forces 
based on the leakage magnetic field distri-
bution. These electromagnetic forces are 
coupled to an ANSYS static structural sim-
ulation to determine the mechanical stress 
components and circumferential displace-
ments of the conductors. 

In addition, because Hyundai Heavy 
Industries Co. Bulgaria has clients all over 
the world in many seismic zones, the com-
pany’s engineers perform static, modal 
and response spectrum simulation to ver-
ify that the transformer is able to withstand 
earthquakes.

Tap changers contain complex mecha-
nisms with shafts, bearings, gears, hinges, 
springs and contact systems. Smooth and 
proper operation of the tap changer is vital 
to maintaining performance of the entire 
transformer. A problem with tap changer 
operation could potentially damage or even 
destroy the entire transformer. Hyundai 
engineers use ANSYS Mechanical to per-
form rigid/flexible transient simulation of 
the mechanism. The team can then deter-
mine tap changer performance and gener-
ate velocity, acceleration, deformation, and 
stress and strain data to verify smooth con-
tact switching of the diverter switch. Loads 
on components are often used as input for 
fatigue analysis to predict operating life. 

In most of these simulations, the team 
evaluates a number of iterations by try-
ing different values for design parameters, 
such as winding clearances, insulation 
thickness and type of material. Engineers 
optimize the design to minimize material 
use and component size while maintaining 
required safety factors. They maximize the 
efficiency of a power transformer by remov-
ing material when possible in areas where 
eddy current losses are high. In some cases, 
power losses are reduced by using magnetic 
shunts to protect exposed metal parts from 
stray fields. Parameterization is performed 
within ANSYS Workbench, providing a sin-
gle environment for design optimization 
across physics.

SAVING ENGINEERING COSTS
With electrical power demand grow-
ing rapidly, power transformer and tap 
changer performance must be continu-
ally improved. Hyundai Heavy Industries 
uses coupled ANSYS multiphysics systems 
in Workbench to evaluate 3-D conceptual 
designs. Simulation reduces the time and 
number of prototypes required to develop 
higher-performing products, reduce time 
to market, and minimize production costs. 
Hyundai estimates that engineering costs 
have been reduced by 3 percent to 5 per-
cent; it expects to achieve a 10 percent 
to 15 percent cost reduction in the future 
through multiphysics simulation. 

� Distribution of flux density in tank, caused 
by high current in low-voltage side of furnace 
transformer
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APPLicATiONs

gallerY: oil and gas 
indusTrY aPPliCaTions
Around the world, oil and gas companies require best-in-class technology 
to maintain profitabi iy, reliability and safety.

By ANSYS Advantage Staff

Design, engineering and manufacturing groups within 
the global energy supply chain span multiple geographies 
and encompass teams engaged in discovery, drilling, 
production, storage, transportation, refining and end-use 
petrochemicals. Each sector faces a broad set of challenges 
that require solving with different physics, scales and 
components. ANSYS delivers class-leading software and 
employs a network of technical experts who work with 
oil and gas customers around the world. These industry 

mulTiPhase PiPe Flow
ANSYS CFD solutions are used throughout 
the oil and gas industry for subsurface, 
pipeline, transport, processing and 
refining applications; almost all these oil 
and gas applications involve multiphase 
flows.  For example, flashing simulation 
can be performed using ANSYS Fluent.  
The images reveal contours of vapor-
phase mass fractions at various 
downstream cross sections. The mass 
fractions of vaporized hydrocarbons 
increase with distance downstream from 
the mixing point. Red is maximum, blue 
is minimum. 

professionals operate from regional offices close to energy 
companies in Houston, Aberdeen, Oslo, Stavanger, Kuala 
Lumpur, Beijing, Calgary and other locations worldwide. 
With a network of channel partners and ANSYS industry 
experts — and a long-standing commitment to the energy 
industry — ANSYS fosters close relationships with energy 
industry customers, and provides targeted solutions backed 
by local service and support. This gallery highlights some 
recent  examples of best-in-class solutions. 

PrediCTing equiPmenT Failure due To erosion  
Drill cuttings, produced sand and proppants transport reduce 
the life of equipment, pipelines and downhole tools through 
erosion. ANSYS solutions can predict  erosion due to particulate 
flow  as well as that caused by both impact and rolling at the 
surfaces. The ANSYS toolkit enables flow modeling of single 
or multiple fluids that take into account particle size and 
loadings. A wide array of industry-accepted models is provided 
to determine erosion rate. Calculations allow for material wear, 
so geometry is dynamically modified as the material is eroded. 
The image shows contours of erosion rate on a choke valve.
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weT deCk slamming: irregular sea waves 
The successful design of an offshore vessel requires that sea wave forces and the motion 
created by irregular wave slamming are accurately taken into account. Engineers 
use ANSYS Fluent to study free-surface flows and related sea motions (six degrees of 
freedom: yaw, roll, pitch) for offshore floating production, storage and offloading units 
(FPSOs), platforms, and other vessels used for oil and gas drilling, production and 
transport.  Sample results from a CFD study demonstrate two time sequences of peak 
impact pressure incidence (5,000 metric tons) on a twin-hulled offshore ship.

ComPrehensive mulTiPhYsiCs analYsis oF equiPmenT launCh 
Accurately simulating the motion and behavior of offshore and subsea structures 
during equipment launch requires the use of a full set of solutions — including 
hydrodynamics, fluid mechanics and structural mechanics. ANSYS comprehensive 
solutions for fluid–mechanical systems simulation help engineers to fully understand 
and optimize the successful launch of complex equipment. 

Recently, results for a fluid–structure interaction approach using ANSYS solutions 
was demonstrated (OTC-25233-MS)* on a 58-metric-ton subsea manifold. Transient 
simulations were conducted to calculate fluid forces, which in turn were used to cal-
culate the structural response of the manifold through the splash zone. 
* Fluid–Structure Interaction: Lowering Subsea Structure/Equipment in Splash Zone
During Installation 
D. Jia, Technip and M. Agrawal, ANSYS

CusTomizaTion and engineering ProduCTiviTY Tools 
ANSYS customers and channel partners develop customized solutions using ANSYS 
ACT. Within this framework, targeted applications and complete vertical solutions can 
be created for a problem of interest.  One productivity toolkit of interest to the oil and 
gas industry is a collection of ACT applications developed to follow standard design 
practices.  This oil and gas productivity toolkit contains applications to enable efficient 
pre- and post-processing of models typical for the industry. Assemblies with a large 
number of bolts as well as applications that require nonlinear soil stiffness as a bound-
ary condition are examples that the toolkit can efficiently handle. Results evaluation 
based on common standards such as ASME VIII, DNV GL–recommended practices and 
weld-strength calculations are other simulation tasks that can be accomplished using 
the productivity toolkit.
This toolkit has been developed by ANSYS channel partner EDRMedeso. 

oPTimizing hYdroCarbon ProduCTion and uniT develoPmenT 
CosTs in unConvenTional oil and gas reservoirs
Engineers can combine structural mechanics and fluid flow analysis for jointed rocks 
with sensitivity and parametric analysis to optimize hydraulic fracking. This allows 
companies to balance an increase in production with unit development costs and will 
lead to efficient fracking design and stimulation treatment. Using simulation to under-
stand factors for hydraulic fracturing performance results in a cost-effective hydraulic 
fracking strategy and improved production profile for the budget.
This information was obtained in partnership with Dynardo GmbH.
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THERMODYNAMIC PHASE CHANGE IN OIL AND GAS  
PIPELINE AND FACILITIES
Production, transport and refining of crude oil require equipment and processes that 
control oil components with different thermodynamic properties. Historically, only 1-D 
flow analysis software accounted for phase equilibrium in multiphase flow equipment. 
ANSYS customers use 3-D computational fluid dynamics analysis and PVT calculations 
to account for detailed fluid mechanics and related flow properties for different fluid 
temperatures and pressures.  ANSYS channel partner Grupo SSC developed an applica-
tion that determines thermodynamic characteristics of different reservoir fluids. This 
application matches available experimental data (saturation pressure, density and gas–
oil ratios), and it allows prediction of properties when there is no data available. The 
application is connected to ANSYS CFD software and provides all the PVT information 
needed to accurately account for fluids properties, enabling more–accurate predictions 
of phase changes, such as with the vaporization process. 
This work was performed by Grupo SSC, ANSYS channel partner in Mexico.

COOL-DOWN ANALYSIS OF SUBSEA SEPARATORS
Design of subsea equipment to effectively and reliably operate for long periods of time 
is challenging. Some of the complexity is derived from understanding multiphase flows 
and cool-down for each device during a disruption or pause in production. Engineers 
are seeking to prevent the undesirable formation of hydrates. FMC Technologies engineers 
in Brazil performed thermal and fluid flow analysis of a three-phase gravitational 
separator to optimize the design and help determine the cool-down requirement for a 
temperature range from 55 C to 15 C (hydrate formation temperature) with an external 
temperature of 4 C (seawater).
FMC Technologies in Brazil  is supported by ESSS, the ANSYS channel partner for South America.  
This information was presented at CFDOIL2014.

FLOW ASSURANCE: GAS HYDRATE CHARACTERIZATION   
Utilizing a combination of species transport and population balance modeling, engineers 
can perform hydrate formation simulation in oil and gas equipment and pipelines 
under given pressure, temperature and gas composition conditions. Volumetric and 
surface-initiated phase change processes are accounted for by including hydrate 
formation kinetics. This framework enables the use of ANSYS computational fluid 
dynamics solutions to track hydrate deposition, aggregation and dissociation effects of 
two-phase flows in oil and gas applications. 

NONLINEAR ANALYSIS OF ELASTOMERIC SEALS 
Downhole packers are critical to ensure a proper seal between different stages of the 
well; they are often subject to extreme loads and downhole conditions. Real-world 
wellbore conditions are very difficult to replicate in a laboratory setting, so there is a 
strong need to simulate the behavior of the packer using numerical tools.  ANSYS has a 
rich library of highly nonlinear material models that replicate the behavior of packers 
under a variety of conditions.  The robustness of the solver allows users to manage the 
complexity of self-contacts and large geometric distortions.

Courtesy FMC Technologies.

�Volume fraction of gas due to phase change 
(vaporization) behind a butterfly valve for a 41° 
API and 60 GOR
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OPTIMIZING FUEL REFORMERS
Fuel reformers and cracking furnaces contain a combustion chamber in which heat is 
generated using burners. This heat is transferred to serpentine tubes carrying process 
steam. These tubes must uniformly heat the flow for effective cracking. To gain 
maximum efficiency and eliminate hot spots that can lead to fouling and tube failure, 
equipment designers must understand the interactions between 3-D combustion in the 
furnace and 1-D exothermic chemical reaction within the process tubes.  ANSYS CFD 
software uses a channel model to simulate complex reformers and cracker furnaces in 
less time by coupling the desired 1-D to 3-D reactions in one integrated simulation.   The 
image shows hot gases from the burners providing heat to the process tubes and 
enabling internal reactions. The ANSYS integrated solution allows engineers to change 
operating conditions to use the full length of the process tubes for production.

PORO-ELASTIC ANALYSIS: RESERVOIR VERTICAL COMPACTION  
Reservoir compaction as a result of hydrocarbon production causes surface 
subsidence, permeability loss and casing failure. Casing crushing, shear and stability 
(withstanding buckling) are the direct results of subsidence. Subsidence can also lead 
to the reactivation of faults. ANSYS structural mechanics products offer coupled pore–
pressure thermal elements that can be used in the analysis of porous media. ANSYS 
engineers are assisting oil and gas companies with modeling vertical compaction of 
reservoir as well as vertical compaction causing damage to a surface facility.  Given 
the right formation properties (assuming saturated porous media), it is possible to 
calculate pressure distribution in the reservoir as a result of fluid extraction. Although 
there are typically dozens of variables involved in accurately predicting reservoir 
behavior, this method is proven to provide valuable insights.

SUBSURFACE EQUIPMENT AND TOOLS IN SAGD   
Flow control devices (FCDs) are a critical part of production in oil sands operations for 
steam-assisted gravity drainage (SAGD).  Variations on FCD designs can be used for injector 
and producer wells. One of the key performance parameters is the relationship between 
pressure drop and flow rates. It is desirable to have designs that do not exhibit large 
changes in pressure drop with flow changes. This ensures that consistent flow rates are 
obtained for a large range of conditions present in non-homogeneous reservoirs, helps 
mitigate flashing and steam production, and assists in controlling erosion.  ANSYS CFX 
was used to perform CFD analyses on Alberta Flux Solutions’ production and injector tool 
designs. The simulations ensured that the correct pressure drop was obtained at a nominal 
flow rate. Additional sensitivity studies were conducted to obtain the pressure drop profile 
over a range of flow rates to help gauge performance relative to other products on the 
market and differentiate them from competition. Finally, the results guided newer designs 
and reduced the sensitivity of the FCDs’ performance to manufacturing tolerances.  
Alberta Flux Solutions is supported by ANSYS channel partner SimuTech Group.

TESTED EXPERIENCE, TRUSTED SOLUTIONS 
In a recent issue of the EnginSoft Newsletter, from the ANSYS channel partner in 
Italy, over 20 simulation case studies explore the technology requirements and 
range of problems that can be solved within the oil and gas industry. This magazine 
demonstrates how companies worldwide use simulation to understand root–cause 
failures, improve product reliability, evaluate new designs, and examine recovery 
concepts for topics including multiple–phase effects, electromechanical effects, 
particulate motion studies, free–surface flows, rock fractionation, erosion and fluid–
structure interaction, thermal stresses, and soil–pipe interaction.

APPLICATIONS

Courtesy Alberta Flux Solutions.

For more information from ANSYS partners, visit the corresponding websites.
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Don’t Rock the Float!
Fluid–structure interaction allows designers to assess 
impact of waves on freshwater and offshore systems.
By Richard Grant, President, Grantec Engineering Consultants, Inc., Halifax, Canada

on a recent project commissioned by environment 
Canada, grantec engineering Consultants, Inc. was 
tasked with developing a water quality monitoring float 
designed to carry a sensor for capturing environmental 
data. the float plays a role similar to — and looks 
somewhat like — a catamaran, though it is designed to be 
moored rather than driven by an engine or sails. the goal 
of the analysis was to minimize drag and ensure stability 
of the float as well as to develop specifications for the 
mooring system and structure. to meet this goal, grantec 
used multiphysics simulation software from ANSYS to 
determine the fluid–structure interaction (FSI) by modeling 
the float and sensor under a wide range of water current 
and wave conditions. 

based in the maritime province of Nova Scotia on the 
east coast of Canada, grantec and its engineers have an 
extensive background in both structural and fluids analysis 
helping customers in the defense, offshore, marine, 
manufacturing, energy and aquaculture fields advance 
new designs and systems. more recently, however, 
grantec has often faced the challenge of how to combine 
these two analyses that have historically been performed 
separately. previously, when the interaction between fluid 
and structure was critical, grantec’s engineers needed to 
enter the results from the fluid dynamics software manually 
into the structural analysis software and vice versa. In 
contrast, ANSYS offers a solution integrating several of its 

most powerful and trusted fluids and structures simulation 
tools. With its multi-field solver, the ANSYS FSI solution 
provided grantec’s team with a bidirectional capability for 
time-transient or steady-state analysis with moving or 
deforming geometry. using ANSYS multiphysics software, 
the grantec engineers were thus able to evaluate both the 
structural part of the analysis and the fluid flow solution 
with just a single tool. 

In the original float design, the team modeled the float 
and sensor as a flow obstruction, which accounted for the 
flow currents and wave loading on the float as well as 
buoyancy forces. they then evaluated the development of 
bow and stern waves that result from the resistance of the 
hull to fluid flow, just as with the hull of a ship. the 
software duplicated the vertical heaving and angular 
pitching of the float in response to different wave and 
current conditions. the impact forces from the waves 
calculated in the fluid simulation were automatically 
passed back to the structural model to more accurately 
simulate the stresses and deformations on the hull. 
though they have little effect on fluid flow, the stresses 
are important because they make it possible to optimize 
the design of the hull to a much higher level than would 
be possible without them.

With the FSI solution from ANSYS, grantec evaluated 
the performance of a wide range of hull profiles and mass 
distributions under different flow conditions, and it took 

Sensor float fluid–structure interaction (FSI) transient response  
to current flow

Sensor float bow nosing down due to flow on sensor below float, 
deck awash

OFFShOrE
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Finite element mesh (top) and contours of stress (bottom) on a half 
model of the sensor float. The FSI analysis was performed to look at  
the effect of a fixed flexible boom on the float.

OFFShOrE

advantage of parallel processing to accommodate larger 
models more efficiently than using a single-machine 
environment. In the initial series of designs studied, the 
sensor was fixed to the stern of the float and extended 
vertically into the water. the FSI results for these designs 
showed the force exerted by water currents on the sensor 
combined with the bow wave tended to push the bow of 
the float underwater in faster currents. It was not practical 
to solve this problem by simply changing the hull design, 
so the team tried a hinged connection between the sensor 
and the float to reduce the load transmitted from the 
sensor to the float. the hinged sensor, however, greatly 
increased the complexity of the simulation analysis.

grantec addressed the new challenge of the hinged-
sensor design by modeling the float with the sensor fixed 
in different hinge positions using the immersed pipe 
element in the structural portion of ANSYS multiphysics 
software. unlike the extensive approach used for the non-
hinge designs, this new method provided a more simplified 
way to perform FSI analysis. With the immersed pipe 
element, the team applied wave and current loading to 
the structural model without the computational load 
involved in coupling it to a full fluid dynamics analysis. In 
the future, grantec plans to use a moving mesh to perform 
a more complete FSI analysis including full fluid dynamics 
simulation that will evaluate the motion of the hinge in 
response to hydrodynamic forces. 

beyond its studies of water quality monitoring floats, 
the company has done extensive work with engineering 
simulation to help create safer and more structurally 
sound offshore structures and systems. grantec’s 
engineers have also used the ANSYS multphysics solution 
to assess gravity-based structures (gbSs) used to protect 
offshore oil drilling and production platforms from 
icebergs. gbSs rely on weight to secure them to the 
seabed, which eliminates the need for pilings in hard 
seabeds. Concrete gbSs are typically built with huge 
ballast tanks so they can be floated to the site and, once 
in position, sunk by filling the tanks with water. the 
grantec team used FSI from ANSYS to simulate wave 
loading a gbS including the effects of massive waves 
from storms — also known as green water — coming over 
its top.

the company believes that its investment in ANSYS 
multiphysics software has made a significant addition 
to its analytical capabilities. Clients seek out grantec 
because of its track record in performing advanced 
engineering to solve very complex problems. ANSYS 
technology has helped put another tool in the grantec 
toolbox that makes it easier to address design challenges 
that just a few years ago would have been much more 
difficult. n

Waves washing over top of gravity-based structure of offshore platform 
(waves traveling to the right)
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Energizing the Wind Industry
Increased complexities require a system-level approach 
in designing and evaluating wind turbines.
By Ahmad Haidari, Global Industry Director for Process, Energy and Power, ANSYS, Inc.

Wind energy projects around the globe — from small installations to very large wind 
farms — have a common goal: to reduce unit energy cost while improving reliability. 
From a business perspective, technology contributes to viability by influencing 
efficient wind turbine design, manufacture, deployment and operation. Whether 
the application is an onshore, offshore or far-shore installation, advancements in 
science and engineering will contribute to the industry’s success, especially through 
capabilities related to aerodynamic design, material science, structural design, 
electronic mechanical control, site selection and farm layout.

Wind turbines and wind energy projects are becoming increasingly more 
complex, so they must operate dependably at levels unimaginable a few years ago. 
Installations of very large wind turbines in offshore and floating configurations are a 
major technological achievement. energy companies hope to design, install, and 
efficiently and reliably operate superstructures whose wind blade spans are over 
50 meters and subject to wave and wind loading at different angles of attack. 

Historically, wind energy companies have used engineering simulation software 
as a point solution, used only to simulate a specific design aspect or analyze a 
component. Successful application of ANSYS solutions ranges across the wind 
energy industry, including:  

• Aerodynamic design: thrust coefficient, blade structural integrity, ultimate
loads and fatigue, noise predication, wind gust fluid–structure interaction, bird
strike, icing, boundary layer transition, near-wake and far-field studies

• Structural design: tower and rotor structural integrity/safety, power conversion
efficiency, installation cost and maintenance, offshore transport and installation

• Component design: blades, gearboxes and bearings, generators, nacelles,
rotors, drivers, motors, electronics cooling

• Site selection and farm layout: maximum project potential, power output
(both peak and average), wind loads, fatigue

• Turbine placement: variable terrain, roughness, forestry, multiple wake effects,
buildings and setbacks

• Electromechanical system: electrical machines, variable-speed control
systems, transformers, power electronics, power distribution, sensor and
actuator design

• Blade manufacturing

today’s increased complexities require a system-level approach in designing 
wind turbines and evaluating performance based on real-world conditions. 
Advances in engineering simulation software increasingly make this possible: For 
example, the ANSYS Workbench environment is designed with capabilities that 
enable modeling entire wind turbine systems. Its value is further enhanced through 
advanced solver functionality including turbulence transition models, advanced 
contact models, multiphysics capabilities, composites tools, high-performance 
computing and the flexibility to connect to third-party software for wind turbine 
blade manufacturing or aero-elasticity calculations. 

engineers can perform electromechanical system-level analysis using Simplorer 
software, electromagnetic analysis on electric machines and drives with maxwell, 
wind power analysis via ANSYS CFd, and stress and modal analysis using ANSYS 
mechanical. by leveraging high-level integration and advanced capabilities, 
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engineers over time are extending their once-simplified 
simulations to include additional details in overall wind 
turbine design — enabling small efficiency gains,  
important in an industry in which a minute efficiency/ 
performance gain can translate into much larger electricity 
production, reduced downtime and greater project profit-
ability. Such details can also improve reliability and enable 
better wind energy project operation.  

Already, there are many exciting examples of the 
expanding use of engineering simulation throughout  
the wind energy supply chain. three separate wind energy 
applications are presented in this issue of ANSYS 
Advantage — and each highlights the breadth of  
ANSYS solutions. Without simulation capabilities, the 
projects presented may not have been as successful.

With increased demand for wind energy, engineers will 
face additional complexities, such as even-larger turbine 
blades that will be installed farther offshore and in harsher 
environments. Wind farm site selection must continue to 
reduce risk and overcome proximity and environmental 
concerns. New powertrains, lighter towers, multi-access 
turbines, floating platforms and quieter machines will be 
developed. the industry will innovate to meet the  
challenges of increased safety and reliability, improved 
remote monitoring, reduced system maintenance and  
regulatory concerns. ANSYS is keeping pace by providing 
high-fidelity integrated, advanced capabilities that meet 
single-physics needs as well as system-level and multi-
disciplinary requirements of the wind energy industry. n

Offshore installation 
and certification

Tower design and fluid 
structure interaction

Blade design

Rotor sizing  
and acoustics
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Software from ANSYS meets the challenges of individual applications as well as of complete systems in the wind energy industry.

Design of floating  
offshore wind turbine

Power distribution analysis Site selection, land and sea Wind farm configuration for 
optimal power generation

Wind Farm and Power Distribution
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A ddressing growing worldwide electricity consump-
tion and the desire to reduce greenhouse gas emission 
from fossil-fuel–based resources drives the demand 

for renewable energy technologies. Along with harnessing wind 
and solar power, capturing the vast kinetic power in the world’s 
tidal currents, ocean streams and river flows is one of the most 
promising sources of renewable energy. Predictability of tidal 
currents and ocean streams means that underwater power sta-
tions could form part of the baseload power supply that produces 
energy at a constant rate. This offers a significant advantage 
over other unpredictable or intermittent renewable energy alter-
natives.  An earlier generation of experimental marine power 
generators used a shrouded propeller with blades that were sup-
ported only where they connect to the shaft. However, resulting 

stresses on the blades led to failures, and the search for solu-
tions has resulted in the use of expensive materials.

Inventor Michael Urch’s design avoids the failure problem by 
connecting the outer diameter of the rotor blades to the shroud. 
The rotating shroud connected to the rotor, combined with a sta-
tionary shroud that expands the effective flow area, provides 
excellent flow guidance when compared to an open turbine. 
This design increases efficiency and power output.  A circum-
ferential slot on the interior helps to maintain flow attach-
ment to the walls in the portion of the shroud downstream of 
the rotor (where the shroud acts as a diffusor). By avoiding flow 
separation, drag decreases and the amount of power produced 
increases. A stator at the turbine inlet introduces a pre-swirl to 
the flow so the rotor can extract more power. Gilmore Engineers 

ENERGY

RISING TIDE

By Richard Billett, Senior Consultant, Gilmore Engineers Pty Ltd, Brisbane, Australia

By employing simulation, a consulting firm optimizes the 
design of an innovative tidal current power generator to 

produce four times as much power as earlier designs.

Complete design optimization took 4 percent of the time  
that would have been required to optimize the design using  
the build-and-test method and 25 percent of the conventional 
CFD approach.
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was contracted to evaluate the concept, 
accelerate design assessment and opti-
mize the design. Engineers employed 
ANSYS computational fluid dynamics 
(CFD) simulation, which made it possible 
to considerably improve the output and 
significantly reduce development time 
over standard build-and-test methods.

TRIAL AND ERROR METHOD
Urch basically developed this unique 

design concept on a napkin, but real-
ized that it was essential to optimize the 
design, validate the concept and provide 
an estimate of how much power it would 
generate before taking the next step. The 
traditional approach would have been to 
build a series of prototypes to evaluate the 
performance of different shroud and blade 
designs. Engineers would have set up 
operations in a water flow facility to run a 
series of tests. During these tests, flow and 
pressure could have been measured only 
at a few discrete points, which would have 
restricted the data obtained from each 
test. The complexity of experimental setup 
and the limited insight gained would have 
slowed the development process so much 
that it would have taken about one year to 
iterate to an optimized design. 

SIMULATION APPROACH
Elemental Energy Technologies Ltd. 

was formed to commercialize the design 
concept, called the SeaUrchin™ marine 
power generator. This company con-
tracted with Gilmore Engineers, an engi-
neering consulting firm, to optimize the 
challenging design using simulation. The 
shroud design was complicated because 
engineers needed to accurately simulate 
the boundary layer as water moved from 
inlet to outlet to identify any tendency 
of the flow to separate. Separation has a 
major impact on turbine performance. The 
complexity of flow patterns in the bound-
ary layer required a fine mesh for reso-
lution of turbulent flow in this area. The 
other challenge was to take into account 
the motion of the blades through water.

One approach to analyzing the turbine 
would have been to use a full 360-degree 
transient simulation to model the motion 
of the blades through the water. Turbulent 

ENERGY

ENHANCING DESIGN PRODUCTIVITY 
WITH ANSYS TURBOMACHINERY 
SOLUTIONS

ansys.com/93tide

�CFD results show pressure plotted on the surface of the power generator with velocity streamlines.

�CAD model of marine power generator

Diffuser

Slot

Rotor blades

Rotating shroud

12 stator blades

�Prototype of SeaUrchin marine power generator
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flow at the boundary layer would be mod-
eled with a Reynolds-averaged Navier–
Stokes (RANS) turbulence model. Using a 
model with this level of complexity would 
have taken approximately as long as the 
build-and-test method for each iteration. 
However, the model would have provided 
much more information than physical 
testing, including flow velocity and pres-
sure at any point in the computational 
domain, so engineers estimated that they 
could have optimized the design in three 
months using this approach.

ROTATING AND TURBULENCE 
MODELS KEY TO SOLUTION

Gilmore engineers looked for an even 
faster method to optimize the design. They 
selected ANSYS CFX CFD software because 
it provides models and infrastructure for 
accurate, robust and efficient modeling 
of rotating machinery. Since the marine 
power generator possesses rotary symme-
try, they used a five-degree periodic model 
to conserve computational resources. To 
represent the blades, they began with a 
simplified model with a porous region that 
takes energy out of the flow. This model had 
between 100,000 and 200,000 elements. 
Engineers used the shear stress trans-
port (SST) turbulence model, which is as  
economical as the k-ε model but offers 
much higher fidelity, especially for sep-
arated flows, to provide answers on 

a wide range of flows and near-wall  
mesh conditions.

This model could be solved very quickly 
even on a desktop personal computer,  
which was what engineers were using at 
the time. They simulated about 30 sizes 
and shapes of the shroud in the course of 
a week, focusing on the diffusor or draft 
tube region, to determine the design 
that provided the lowest pressure while 
maintaining flow attachment to the wall. 
Further analysis was then performed on 
the best-performing shapes by varying 
the size, shape and number of slots and 
taking into account production costs. 
Over the course of these iterations, they 
increased the expansion rate of the tur-
bine by 25 percent.  

ITERATING TO AN  
OPTIMIZED DESIGN

With the shroud optimized, the blades 
were solved in a rotating reference frame, 
and engineers used the frozen rotor model 
to connect the rotating component to the 
stationary components. They performed 
computations in a steady-state mode, 
based on the assumption of quasi-steady 
flow around the rotating component at 
every rotation angle. The model size was 
increased to about 10 million elements. 
Engineers first simulated an early phys-
ical prototype to validate the simulation 
model. The physical prototype generated 

1,484 watts with a coefficient of power 
(Cp) of 0.46. Cp is the electricity produced 
divided by the total energy available in the 
water. In this case, the simulation model 
predicted a power generation of 1,600 
watts and a Cp of 0.50, which was very 
close to the experimental results consid-
ering the difficulty of accurately matching 
the physical test setup.

Next, engineers ran a series of 10 
more iterations on the blades using the 
optimized shroud design. They increased 
the amount of torque generated by the 
turbine by 15 percent compared to the ini-
tial design. The design optimized by CFD 
generated 3,892 watts with a Cp of 1.22, 
an improvement of nearly 150 percent 
over the initial design. The Cp exceeds 1.0 
because it is calculated based on the inlet 
area, while the outlet area is almost four 
times as large. The complete design opti-
mization process took about two weeks, 
4 percent of the time that would have been 
required to optimize the design using 
the build-and-test method and 25 per-
cent of the conventional CFD approach.  
The SeaUrchin recently won first place 
in the annual Engineering Excellence 
Awards sponsored by the Newcastle 
Division of Engineers Australia and The 
Australian Awards. 

Gilmore Engineers Pty Ltd is supported by ANSYS 

channel partner LEAP Australia Pty Ltd.

�Turbulent kinetic energy plotted over this shroud design shows that flow separates from the diffusor. Inefficient power generation (left) and efficient power generation (right).

The SeaUrchin recently won first place in the annual Engineering 
Excellence Awards sponsored by the Newcastle Division of Engineers 
Australia and The Australian Awards.
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O cean thermal energy conversion (OTEC) is a marine 
renewable energy technology. It is based on exploit-
ing the temperature gradient in tropical seas between 

the surface seawater (around 25 C) and deeper waters (around 
5 C at about 1,000 meters). Unlike many renewable energy tech-
nologies, OTEC produces reliable electrical power that is not 
affected by weather conditions. This temperature gradient pro-
duces a continuous supply of electricity. In the medium term, 
OTEC will help to respond to the growing need for electricity in 
regions located in the tropics and ensure their future energy 

ENERGY

POWER FROM 
THE SEA

By Vincent Melot, Thermodynamics Engineer, DCNS Group, Nantes, France

DCNS uses ANSYS simulation and services to optimize design 
of marine renewable energy technology.

Reliable models can provide 
answers in minutes rather than 
days, without compromising 
the fidelity of results.
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independence. This innovative solu-
tion is a green alternative to fossil fuels, 
which are still used extensively on iso-
lated sites that are not connected to con-
tinental power networks.

DCNS now offers a turnkey ocean 
thermal energy floating offshore solu-
tion to produce 16 MW. The Group is 
developing a floating OTEC power plant 
in Martinique, in the framework of the 
NEMO project (New Energy for Martinique 
and Overseas), under a European grant 
obtained in July 2014.

To facilitate design of the condens-
ers for this plant, the DCNS research 
team employs ANSYS simulation soft-
ware and services to speed the product 
development process. This installation 
showcases the potential of OTEC technol-
ogy to benefit overseas island territories 

that are not connected to the continen-
tal power grid by helping them to achieve 
energy self-sufficiency. 

RANKINE CYCLE
With its experience in propulsion 

system design for submarines and sur-
face vessels, DCNS developed an OTEC 
based on a traditional Rankine cycle, in 
which ammonia is used as the working 
fluid in a closed loop. The liquid ammo-
nia enters a steam generator where it is 
heated by the warm water near the sur-
face of the sea. The liquid ammonia 
becomes a gas by boiling at a constant 
pressure. The turbine requires a con-
stant supply pressure, so heat is added to 
generate more vapor to replace the vapor 
being consumed by the turbine. The gas 
expands through a turbine that drives an  

electrical generator, then enters a con-
denser where it is cooled by the cold sea 
water and becomes liquid again. This liq-
uid is pumped to the steam generator 
and the cycle is repeated. 

The condenser, which is critical to 
the performance of a Rankine cycle tur-
bine, contains a large number of hori-
zontal tubes around which the working 
fluid (ammonia in this case) circu-
lates. A cooling fluid, typically cold 
seawater, circulates inside the tubes. 
Condensation of the working fluid out-
side the tube assembly involves several 
complex phenomena. Gas condenses as 
it contacts the tubes to create a liquid 

�OTEC Rankine cycle 

�Condenser phenomena must be accounted for in the design of a condenser for a Rankine cycle turbine.
�Tube bundle (upper), porous media model (center) and 
meshing (bottom)

HOW BEST-IN-CLASS COMPANIES 
AMPLIFY ENGINEERING WITH CFD

ansys.com/93power

Stagnant fluid Under vapor velocity Inundation
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film. The shape of the film evolves in  
the tube assembly based on the sur-
rounding gas velocity and gravity. 
Condensate falls from the upper tubes 
to the lower tubes in the bundle (inun-
dation). Depending on the rate of con-
densation, the condensate may fall 
as droplets, columns or a continuous 
sheet. Increasing gas velocity agitates 
the film and intensifies the thermal 
exchange, while inundation increases 
the thickness of the film, reducing ther-
mal exchanges. The goal in condenser 
design typically is to maximize thermal 
exchange to reduce the size of the tube 
bundle, which, in turn, reduces the size 
and cost of the condenser.

Designers usually develop condens-
ers using analytical methods to create 
an initial design. The weakness of this 
approach is that analytical methods  
do not take the geometry of the con-
denser into account and are not capa-
ble of predicting local values in the 
heat exchanger. Therefore, a vital ele-
ment of the condenser — the arrange-
ment of the tube bundle — cannot be 
optimized. Physical tests normally 
use laboratory-scale prototypes with  

hydrodynamic performance that often 
does not accurately scale up to produc-
tion-size units.

SIMULATING THE CONDENSER
For years, DCNS has had great succ– 

ess with ANSYS CFD solutions for 
troubleshooting and investigating 
new designs. But to migrate simu- 
lation workflow from research to 
design engineering, the organization 
needed to develop reliable models 
that can provide answers in minutes, 
rather than days, without compro-
mising the fidelity of results. The 
ANSYS Customer Excellence team in 
France developed simplified but reli-
able and comprehensive models for 
DCNS. These models provided a good 
prediction of condenser behavior 

almost instantly. The collaboration  
was smooth and results matched 
expectations.  DCNS engineers then 
developed additional models with a 
new approach to simulate inundation 
in three dimensions. This made it pos-
sible to put powerful simulation tools, 
normally used only by researchers, into 
the hands of engineers responsible for 
product design and development.

DCNS is improving the condenser 
design process using ANSYS Fluent. The 
condenser model depicts the tube bundle  
as an equivalent domain with porous 
media. This method enables DCNS to con-
siderably reduce the number of mesh ele-
ments. Nevertheless, it is still necessary  
to complete the resolution of Navier–
Stokes equations by adding source 
terms to correctly model all hydraulic 
and thermal phenomena. 

The model assumes only gas phase 
flow; condensate is not represented. 
The proportion of liquid is very low 
in the condenser, typically just a thin 
layer around the tubes. However, this 
thin liquid film plays an important 
role in thermal exchange between the 
inner and the outer walls of the tubes. 
An algorithm determines the flow rate 
for each tube and calculates inunda-
tion of the film liquid in the tube bun-
dle. This approach makes it possible 
to calculate thermal resistance caused 
by inundation and integrate it into 
the calculation of the condensation 
flow rate, which is based on the heat 
balance between the inside and out-
side of each tube. Thermal exchanges 
are determined based on an analytical 
correlation drawn from the literature.  

This project made it possible to put powerful simulation tools 
into the hands of engineers responsible for product design  
and development.

The result will be a reduction in size and cost 
of future OTEC and heat-engine power plant 
installations and ship propulsion systems. 

�Three-dimensional simulation of OTEC prototype

Pass #1

Pass #2

Pass #3

Pass #4
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The flow rate of condensation is then 
represented by a term in the mass con-
servation equation. A source term rep-
resenting gas pressure losses of the 
bundle is added to the momentum con-
servation equation.

User-defined functions calculate 
these two source terms: pressure drop 
and the rate of condensation flow. A 
custom user interface simplifies the 
process of setting up the simulation 
and reduces the risk of input errors. 
ANSYS Meshing automatically gener-
ates the mesh with tetrahedral and 
hexahedral elements.

The team successfully validated 
this simulation methodology on an 
OTEC condenser prototype. DCNS engi-
neers compared the vapor mass flow 
rate and outlet temperature inside the 
tubes. CFD results agreed with experi-
mental data.

DCNS engineers also simulated the 
condenser used in the steam-operated 
heat engine in the Coleson Cove power 
generating plant in Saint John, Canada. 
For the Coleson Cove plant, engineers 
compared CFD results to experimental 
data, including temperature at six dif-
ferent points. CFD results were in good 
agreement with experimental data, as 
shown in the figures. 

CFD simulation makes it possible, 
for the first time, to accurately predict 
local values in the heat exchanger prior 
to construction of large-scale prototypes. 
This, in turn, enables product design 
engineers to optimize the arrangement 
of the tube bundle and improve the per-
formance of heat exchangers much ear-
lier in the design process. 

In its next program, DCNS plans to 
use CFD simulation to optimize the tube 
bundle geometry and the inlet posi-
tion to improve vapor velocity and limit 
inundation. The CFD model will be used 
to visualize these and other phenomena 
and optimize the design prior to build-
ing the first prototype. DCNS expects 
that simulation will provide a lighter, 
smaller and less expensive compressor 
design that will meet or exceed perfor-
mance requirements. The customized 
process allows design engineers to use 
simulation tools to speed the design 
process. The result will be a reduction 
in size and cost of future OTEC and 
heat-engine power plant installations 
and ship propulsion systems. 

Condensation rate

Velocity

�CFD results from Coleson Cove condenser

Outlet temperature inside tubes
Absolute deviation in C

Mass flow rate shell side
Relative deviation in percent

Case 1 0.18 2.1

Case 2 0.21 3.2

Case 3 0.26 5.1

Case 4 0.07 0.3

Case 5 0.01 0.9

Case 6 0.02 -0.4

Case 7 0.06 0.8

�Comparison between experimental data and CFD results for OTEC condenser prototype
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�Measurement points at Coleson Cove plant

�Comparison of CFD and experimental pressure results for power plant at Coleson Cove

�Comparison of CFD and experimental temperature results for power plant at Coleson Cove
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N ew magnets for the Large 
Hadron Collider (LHC) at the 
European Organization for 

Nuclear Research (CERN) have to be 
smaller than the magnets they replace. 
The new sizing allows room for addi-
tional instruments, yet the magnets 
must generate a higher magnetic field 
than the components they replace. 
These new magnets generate axial forces 
of up to 84 metric tonnes per side on the 
endplates and 3.16 MN/m lateral forces 
per quadrant at the nominal current of 
11.85 kA, which is very impressive as 
it is almost double the existing main 
dipoles on the LHC. The structure must 
maintain near-zero deformation of the 
conductor to avoid generating quenches 
(transition of the conductor from the 
superconducting to the resistive state) 
in the coils. Even a small deformation 
could increase the electrical resistance 

By Charilaos Kokkinos, Mechanical & Aeronautics Engineer, FEAC Engineering, Ioannina, Greece

CERN used ANSYS multiphysics tools to optimize  
the design of a superconducting accelerator magnet.

and raise the temperature enough to 
cause the conductor to lose its super-
conducting state. The author, while 
working at CERN, did extensive analy-
sis work to design 11 Tesla (T) super-
conducting accelerator magnet for this 
project. Engineers addressed the chal-
lenge by using ANSYS electromagnetic, 
thermal and structural simulation tools.  
The multiple physics domains, coupled 
in the ANSYS Workbench environment, 
made it possible to optimize the design 
via simultaneous consideration of all of 
the physics — which was never possi-
ble in the past. The automated transfer 
of models, design parameters and data 
between simulation domains provided 
by ANSYS Workbench also reduced engi-
neering time.

NEW GENERATION OF MAGNETS
LHC is the world’s largest and most  

powerful particle accelerator. Inside the 
accelerator, two high-energy particle 
beams travel in opposite directions in 
separate beam pipes at close to the speed 
of light before they are forced to collide. 
These beams are guided around the accel-
erator ring by a magnetic field maintained 
by superconducting electromagnets that 
operate at 1.9  K (–271.3 C), a tempera-
ture colder than outer space. To upgrade 
the current layout of the LHC — which suc-
cessfully confirmed the existence of the 
Higgs Boson — to the HL-LHC (high lumi-
nosity LHC) requires the installation of 
some new magnets. These magnets must 
be shorter to make room for new instru-
ments that will help narrow the particle 
beam and protect the LHC ring from beam 
losses. Consequently, the smaller magnets 
must compensate by generating a higher 
magnetic field of 11T compared to the 8.3 
3T magnets that are used currently. To 

ADVANCED MATERIALS 
 SYSTEMS DESIGN
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increase the magnetic field, the conductor 
had to be changed from Nb-Ti to Nb3Sn. 

The magnets needed to be extremely 
rigid, because even a slight movement of 
the conductor (within the order of nano-
meters) could initiate quenches. A small 
deformation of the conductor can increase 
its electrical resistance locally, leading to 
a rise of the temperature at that point and 
the loss of the superconducting state. On 
the other hand, the structural design can 
take advantage of how the magnet’s low 
operating temperature increases the stiff-
ness of the materials and subsequently 
the rigidity of the structure. The correct 
combination of applied pre-stress at room 
temperature along with the additional 
stress from the shrinkage of the structure 
during the cool-down will allow the coil to 
perform within safe stress limits. Clearly, 
the coupled electromagnetic, structural 
and thermal properties of each proposed 

©
CE

RN

Engineers addressed the challenge of 
designing new magnets for CERN by 
using ANSYS electromagnetic, thermal 
and structural simulation tools.

� 2-D magnetic flux density predictions 
generated by ANSYS Maxwell

� ANSYS Maxwell 3-D 
electromagnetic analysis model

� 3-D magnetic flux 
density predictions

� Lorentz forces predicted
by ANSYS Maxwell

� Deformation of magnet predicted by 
ANSYS Mechanical based on Lorentz 

forces determined by ANSYS Maxwell
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ADVANCED MATERIALS 
 SYSTEMS DESIGN

The new design saved money on material and 
reduced the manufacturing lead time by five months 
while providing the same high level of rigidity  
as the previous generation of magnets.

� Response surface model of design space for three important design parameters

design must be considered to fully under-
stand the performance of each proposed 
design iteration. 

Previous generations of magnets were 
designed using stand-alone simulation 
tools. This approach required that users 
learn and work in multiple software envi-
ronments, enter or import model data 
manually into each environment, and 
manually enter results into other simu-
lation environments. The entire simula-
tion process was so time-consuming that 
only a relatively small number of design 
alternatives could be considered, and it 
was not possible to simultaneously opti-
mize the design based on its performance 
in multiple domains.

DIRECT COUPLING BETWEEN 
ANALYSIS DOMAINS
The engineers introduced a new method-
ology for designing the next generation 
of superconducting magnets: combining 
advanced computer-aided design (CAD) 
tools with coupled multiphysics simula-
tion in an integrated design environment. 
The new approach makes it possible to 
perform the entire design process in a sin-
gle environment, while providing bidi-
rectional integration with CATIA’s CAD 
platform and enabling all applications 
to share design parameters from a single 
table. Direct linkage and data exchange is 
provided between simulation domains, 
making it easy to explore the design space 
and iterate to an optimized design. 

The magnet’s initial concept design 
was created in CATIA® as a paramet-
ric model, and all parameters were 
transferred to ANSYS Workbench using 
CADNEXUS/CAPRI CAE Gateway for 
CATIA V5. The model was modified and 
simplified in ANSYS DesignModeler 
to prepare for finite element analysis. 
Electromagnetic analysis was performed 
in both ANSYS Emag and ANSYS Maxwell, 
and results were compared in the two 

analysis environments along with differ-
ent mesh densities, element types, solu-
tion setups and algorithms. CERN still 
designs superconducting magnets with a 
specialized electromagnetic simulation 
program called ROXIE for accelerator 
magnets developed in-house. Engineers 
analyzed the previous design using both 
Emag and Maxwell, which use different 
laws, solvers and methodologies, and 
both programs came up with the same 
results as ROXIE. 

The electromagnetic forces known as 
Lorentz forces were calculated by Emag 
and Maxwell and then transferred to 
ANSYS Mechanical as body force densi-
ties through the direct linkage provided 

by the ANSYS Workbench environment. 
ANSYS Mechanical was used to conduct 
structural analysis and perform ther-
mal analysis, which took into account 
the higher rigidity of the structure after 
it is cooled to operating temperature. 
Thermal effects were accommodated by 
applying pre-stress to the model that 
counteracts deformation of the coil due 
to the Lorentz forces. 

OPTIMIZING THE MAGNET DESIGN
Engineers explored the design space 
and determined the design’s sensitivity 
to the various parameters using ANSYS 
DesignXplorer. The Workbench integra-
tion platform provided seamless data 
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transfer between the electromagnetic and structural solvers, 
and a process controller sequentially simulated all of the design 
points and collated the outputs. DesignXplorer used advanced 
design of experiments (DOE) algorithms to efficiently investigate 
the design space with the minimum number of design points.  
When the engineer clicked the Update All Design Points button, the 
first design point, with the first set of parameter values, was sent 
to the parameter manager in Workbench. The new design point 
was simulated, and output results were returned to the design 
point table where they were stored. The process continued until all 
design points were solved. DesignXplorer builds a response surface 
(meta model) from the data and uses statistical methods to ana-
lyze the design space for sensitivities and to optimize the design. 
The software automatically ran through hundreds of iterations and 
identified a design that minimized the usage of expensive magnetic 
material while meeting the rigidity requirements and conforming 
to both size restrictions and the limitations of the manufacturing 
process.

Some subassemblies of the optimized design proposed by the 
analysis have already been built and tested, and their performance 
matched the simulation predictions. The end plate size was reduced 
from 70 mm to 50 mm for the 1-in-1 magnet and from 90 mm to 
75 mm for the 2-in-1 component to meet space restrictions; this 
new design saved money on material and reduced the manufactur-
ing lead time by five months while providing the same high level of 
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UNDERSTAND AND IMPROVE YOUR DESIGN FASTER  
WITH ELECTROMAGNETICS
ansys.com/82magnetic

rigidity as the previous generation of magnets. Using design explo-
ration to produce the response surface, to conduct sensitivity anal-
ysis and to understand the design space, engineers were able to 
find the best set of design parameters to create an 11T magnetic 
field while keeping the coil stress below 150 MPa and minimiz-
ing any irreversible degradation of the electrical properties of the 
Nb3Sn conductor. It was also possible to find the best match among 
all crucial assembly parameters to ensure safe operation condi-
tions for the accelerator magnet. This method reduced the overall 
engineering time compared to the previous design method. In addi-
tion, the company decreased time over the previous method that 
involved writing APDL input files and macros to link different sim-
ulation tools. ANSYS Workbench saved three weeks in the design 
optimization process and also saved time during model setup, so 
it will be used for designing future superconducting accelerator 
magnets. 
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Charilaos Kokkinos left CERN in 2013 to found FEAC Engineering, a startup engi-
neering company specializing in simulation-driven product development. FEAC 
warmly thanks the project leader of the 11T dipole magnet, Mikko Karppinen.
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