
Ansys + Team Bath Heart
“There’s a lot to get done in a short amount of time with very 
minimal funding. So, from this perspective, simulation is really 
helpful because it lets the students explore different possibilities 
and ideas quickly without needing to physically create each 
prototype.”  

— Katharine Fraser 
Faculty Advisor / Team Bath Heart
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CASE STUDY

	/ Using Simulation to Design Total Artificial Hearts

Heart disease is the leading cause of death for nearly every ethnicity in the U.S., affecting men and women 
alike, and it accounted for one-third of total global deaths in 2023. There are many types of heart disease, 
including arrhythmia, cardiomyopathy, coronary artery disease, and heart valve disease. 
 
When heart disease is severe enough, it can lead to heart failure. Late-stage heart failure can result in a 
person needing a heart transplant. This procedure is the third-most common transplant in the United 
States — in 2023, 3,451 people received a new heart in the U.S. However, 4,298 people remained on the waitlist, 
and unfortunately, not everyone waiting on a new heart will receive one in time. But another option is now 
available: total artificial hearts (TAHs). 
 
To encourage competition and innovation of TAHs, the Heart Hackathon was created in 2022 for university 
students around the globe. This yearlong competition offers students hands-on experience in researching, 
designing, and constructing a TAH, connecting them with industry experts while they develop technical, 
business, and professional skills. The inaugural winner, Team Bath Heart, hopes to repeat its success in the 
2024 competition.

	/Challenges

The team’s heart uses compressible bags located in the ventricles to pump blood throughout the body. A motor-powered mechanism 
contracts the bags, forcing blood out of the respective arteries. 
 
To encourage innovative ideas, the Heart Hackathon TAH has surprisingly few technical requirements. The main requirement is the 
artificial heart must have a flow rate of at least five liters per minute delivered to both systemic and pulmonary circulations. Other than 
that, the size, materials, and powering mechanism are entirely up to the teams. 
 
The team’s target demographic is a 49-year-old man who is 175 cm (almost 5 feet, 9 inches) tall and weighs 85 kilos (187 pounds). This is 
partially because older, heavier men are more likely to need heart transplants. This is also because decreasing the TAH size is one of the 
most difficult tasks the team has faced.

	/ Technology Used
•	 Ansys Mechanical™ software
•	 Ansys Fluent® software
•	 Ansys CFX® software
•	 Ansys Granta EduPack™ software
•	 Ansys HFSS™ software 

	/ Engineering Solution

The casing of the heart is currently made of titanium. This strong material 
keeps the mechanisms inside the TAH from getting damaged, and it’s 
already been tested for biocompatibility by many existing medical device 
manufacturers. While titanium works great, the team is looking at other 
polymers to make the heart lighter, and the team uses the Ansys Granta 
EduPack set of teaching resources to do this.

Rendering of the 2024 TAH casing 
in Autodesk Inventor

http://www.ansys.com
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://world-heart-federation.org/wp-content/uploads/World-Heart-Report-2023.pdf
https://transplantliving.org/organ-facts/heart
https://data.hrsa.gov/topics/health-systems/organ-donation
https://www.hearthackathon.com/
https://teambathheart.co.uk/
https://data.hrsa.gov/topics/health-systems/organ-donation
https://www.ansys.com/products/materials/granta-edupack
https://www.ansys.com/products/materials/granta-edupack
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The team uses Ansys Mechanical structural finite element analysis software to analyze different stress points and, more specifically, 
cyclic stress. Just like natural hearts, TAHs need to beat, or pump blood, for as long as the patient lives. Team members use Ansys 
Fluent fluid simulation software and Ansys CFX computational fluid dynamics (CFD) software to simulate blood flow within the TAH 
valves. Due to time constraints, the team uses valves that are already on the market, but the team simulates the profile of each valve to 
determine which one works best with the TAH design.

Through its design iterations, the team determined target specifications for blood trauma parameters, such as shear stress, Reynolds 
numbers, and flow rates. Performing different blood trauma tests helps meet the target specifications.

Not only is Team Bath Heart’s pumping mechanism unique, but so is its powering method. One of the biggest issues with artificial hearts 
is the electrical power delivery, which is typically made of cables stitched into the patient’s body through the thoracic cavity or abdomen. 
The risk of infection is high, and many patients complain that it is uncomfortable. It can also be inconvenient, as patients then have to 
carry around an external power supply, much like carrying around an oxygen tank.

The team uses Ansys HFSS high-frequency electromagnetic simulation software to model how different bodily features, such as skin, 
muscles, and fat, will affect the antennas.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
They also use HFSS software to analyze absorption rates of the wireless power transfer system. To charge the heart, high power densities 
pass through the patient, which poses the risk of the body absorbing that energy and producing heat. This ultimately harms the patient if 
warm enough.

With the help of academic supervisors, the team knows that there is a limit to the electrical power density that antennas can put out in 
the body. So, team members design all their antennas and wireless systems to be below that limit, with the goal of getting it as low as 
possible while still functioning to minimize heat.

Wall shear stress (left) and washout (right) simulations of the 2024 TAH design

An antenna coil radiation pattern in free space (left) and an antenna coil 
radiation pattern in a simple phantom of transcutaneous layer (right)

http://www.ansys.com
https://www.ansys.com/products/structures/ansys-mechanical
https://www.ansys.com/products/fluids/ansys-fluent
https://www.ansys.com/products/fluids/ansys-fluent
https://www.ansys.com/products/fluids/ansys-cfx
https://www.ansys.com/products/electronics/ansys-hfss
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Canonsburg, PA 15317  

U.S.A.  
724-746-3304  

ansysinfo@ansys.com

When visionary companies need to know how their world-changing ideas will perform, 
they close the gap between design and reality with Ansys simulation. For more than 50 
years, Ansys software has enabled innovators across industries to push boundaries by 
using the predictive power of simulation. From sustainable transportation to advanced 
semiconductors, from satellite systems to life-saving medical devices, the next great 
leaps in human advancement will be powered by Ansys.

Ansys and any and all ANSYS, Inc. brand, product, service and feature names, logos and 
slogans are registered trademarks or trademarks of ANSYS, Inc. or its subsidiaries in the 
United States or other countries. All other brand, product, service and feature names or 
trademarks are the property of their respective owners.

Visit www.ansys.com for more information.

©2024 ANSYS, Inc. All rights reserved.

	/ Benefits
•	 Reduced the size of the TAH by 20% from the previous year’s iteration
•	 Quickly ideated without physically creating every prototype
•	 Determined which valve type produces less shear stress
•	 Performed different blood trauma tests to meet the target specifications
•	 Custom-designed antennas to power the TAH 

	/Company Description

Team Bath Heart are a University of Bath competition team designing the next artificial heart for the Heart Hackathon competition, 
with the aim to design, prototype, and test an artificial heart and compete with teams worldwide while contributing to the global 
development of total artificial hearts.

A wireless power transfer coil design (left) and a wireless power transfer 
coil specific absorption rate plot in a simple phantom (right)

http://www.ansys.com
https://transplantliving.org/organ-facts/heart
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html

