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Abstract 
 

More than five million Americans suffer from moderate to severe heart valve disease, creating 

the need for proper tools that allow for not only learning about how heart valves function, but 

also for testing and further developing them. This research produces a device to visualize flow 

through inserted aortic valve prototypes between a simulated left ventricle and aorta. It was first 

decided that replicating human heart values of 70 mL for stroke volume, 120 mmHg for blood 

pressure, 1.47 mL/mmHg for aortic compliance and 70 beats per minute (BPM) for heart rate 

would be realistic as these are typical values for a human heart. A pump was designed using 

polyvinyl chloride (PVC) piping to move water through the apparatus in a way that mimics the 

outflow waveform produced by the human left ventricle. Tests were conducted to determine the 

compliance of various elastic materials to find one that has a similar value to that of the aorta. 

Then, solid modeling and additive manufacturing (AM) were used to manufacture a left ventricle 

which produces realistic flow patterns. The apparatus was then assembled resulting in a device 

which realistically pumps water through artificial heart components, allowing for the 

visualization of the process to be used as a teaching device as well as to assist in the development 

of novel artificial heart valve designs. 
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1. Introduction 
 
The human heart is a four chamber, four valve system as can be seen in Figure 1. This project focused on the left 

ventricle, aorta, and aortic valve. The aortic valve is one of the two most common valves to fail, usually due to 

stenosis. Stenosis occurs when a calcification builds up on the heart valve, causing it narrow and therefore work 

harder to pump the correct amount of blood through the heart. This extra work can cause heart failure which can 

result in death. Per the Heart Valve Society of America, more than 5 million Americans suffer from moderate to 

severe heart valve disease.1 Because of this, an in-depth knowledge of heart valves and how they work is paramount 

to ensuring that lifesaving operations can be performed. The leading heart valve test devices (the M6 and MP3) are 

sold by Dynatek Labs and have been used to test nearly every heart valve approved for transplant.2 While these 

devices accomplish everything this project sets out to do, the M6 costs $79,500 and the MP3 costs $119,000.3 With 

such equipment only being available to those able to spend such large amounts of money, it is important for a more 



cost-effective replacement to be available as a teaching resource and for testing and developing novel valve designs 

with uncertain commercialization potential. Surprisingly, through extensive searches, it was determined that there 

have been no attempts to build a similar device. Such a device would allow for better understanding of the cardiac 

cycle for students, allow for minimal testing to be performed on novel valve designs, and result in a useful device to 

be used by physicians when explaining to patients why they need a heart valve replacement. 

 

 
Figure 1. A figure showing the heart and its chambers from Physiology of the Heart 5th ed.4 

 

2. Methodology 
 

2.1 product design 

 
The device was designed such that it would function as a real human heart would. This meant setting a target of 

pumping 5-6 L/min with a downstream resistance to generate a peak pressure of approximately 120 mmHg and 

mimicking an aortic compliance value of 1.47 mL/mmHg5. It was determined that using a piston made of polyvinyl 

chloride (PVC) piping, modeled after the design used by YouTuber Grant Thompson - “The King of Random”6 

would allow for a cost-effective option which would produce a naturally pulsatile output with a controllable duty 

cycle and realistic stroke volume. The pump was then designed to draw water from a reservoir and pump it into a 

mock left ventricle. To produce semi-realistic flow patterns, the mock left ventricle was designed in Solidworks to 

hold a volume of roughly 130 mL (a realistic end-diastolic volume) and with a rounded conical shape as pictured in 

Figure 2. This model was then sent to the Rapid Prototyping Center (RPC) at the Milwaukee School of Engineering 

(MSOE) to be 3D printed using stereolithography (SLA) printing. This process was chosen as it uses a resin which, 

when printed, treated, and sanded, is transparent enough to properly visualize the process of the heart valve opening 

and closing as the heart valve sits inside of the mock left ventricle. Further, standard sizing tables were referenced to 

determine the correct sized nuts, bolts, and O-ring that would be needed to hold the part together and make it 

watertight.7, 8  

 

   Compliance testing was then carried out to produce a material with a similar compliance to that of the aorta. This 

was an extremely important aspect of the product because compliance is the property of the aorta which allows it to 

expand during systole and then produce a back-pressure on the heart valve during diastole which in turn forces the 

valve to fully close. Without proper compliance, the heart valve may not close, resulting in an inaccurate model. 

Finally, a length of ¾” surgical tubing served as a mock aorta, and a hose clamp was added to the end of it to 

achieve downstream resistance which would, in turn produce the desired upstream pressure of 120 mmHg. After 

passing through the mock aorta, the water once again flows into a reservoir. A fully assembled prototype device can 



be observed in Figure 3, but it should be noted that a proper material for the compliant chamber was not determined 

(as noted in section 3.3) and the material used in the figure was used for visualization purposes only. 

 

 
Figure 2. Solid model of a left ventricle-shaped chamber 

 

 
Figure 3. Fully assembled pump design 

 

2.2 compliance testing 

 
Compliance testing was performed using a Bipoac Systems MP35 data acquisition unit. As can be seen in Figure 4, 

a syringe (10 mL for the water balloon, 60 mL for the party balloon and compression bag) was attached in series 

with a blood pressure transducer and a digital manometer. The pressure transducer sent data to the data acquisition 

unit and by setting a calibration pressure in the Biopac Systems software on a laptop, it was possible to calibrate the 

pressure transducer by reaching the calibration pressure on the manometer. After successful calibration was 

completed, the manometer was replaced with an elastic test material and experiments were initiated. Three-way 

stopcocks were used to release all air in the system and ensure accurate results. A water balloon was tested first, 

where 1 mL increments of water were added to the balloon and corresponding pressures recorded. This was 

followed by a party balloon using 2 mL increments, and finally a 600 mL compression bag using first 2 mL 

increments, then 5 mL increments.  
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Figure 4. Compliance testing setup 

 

3. Data 
 

3.1 compliance results 

 
In Figure 4, the results of compliance testing are outlined. In order to calculate compliance, Equation 1 was used 

 

 

      C = ∆V/∆P                     (1) 

 

 

where ∆V is the volume added to the test material and ∆P is the pressure change due to the volume change. Because 

the results were plotted on a volume-pressure graph, the slope of the fit line yielded the compliance value of the 

material. Using this method, it was determined that the material most similar to the human aorta was the 

compression bag, yielding an approximate error of 16%. It should also be noted that once the pressure reached 

approximately 80 mmHg, testing was terminated as the compression bag seemed unable to hold more volume 

without bursting. Because the compression bag was unable to reach the desired 120 mmHg and the test was not 

repeated, it was decided that future testing would be necessary in order to find a more suitable material to mimic 

aortic compliance. 

 

 

Figure 4. Comprehensive scatterplot depicting data for compliance testing of three materials 
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3.2 solid modeling results 

 
In order to create a semi-realistic human left ventricle, it was determined that a shape which would allow for 

realistic flow patterns and which produced a realistic volume would be the most important factors. As seen in Figure 

2, the rounded conical shape of the design is believed to yield flow patterns similar to those which could be found in 

a human left ventricle. It was also designed such that it would hold a strikingly similar volume (129.77 mL) as an 

average human left ventricle would (130 mL). Finally, the design includes a maximum diameter of 7.50 cm, 

maximum height of 8.00 cm, and was designed to hold an artificial heart valve with a maximum diameter of 3.30 cm 

across the suture ring. 

 

4. Conclusion 
 
In summary, a working prototype was created which will be a baseline for future research. A pump was built which 

pushes water through the system, a realistic left ventricle was produced which held an artificial heart valve to be 

visualized, compliance testing was performed to determine a sufficiently compliant material, and a hose clamp was 

added to ensure correct pressures. In order to improve this device and make it more accurate, future research can be 

performed on several aspects. Most importantly, additional research and experimenting will be performed on 

compliance to produce an accurate material to replicate aortic compliance. Next, testing will be performed with the 

goal of measuring left ventricular and aortic pressures to ensure accuracy. Finally, the pump will be motorized to 

allow repeatable replication of the cardiac outflow waveform. 

 
   Using the methods previously outlined, it is possible to build a cost-efficient device which allows for learning 

through the visualization of the opening and closing of a human heart valve as well as by demonstrating important 

concepts of cardiac physiology. Using similar materials could make such a device accessible to educators at all 

levels, allowing for students to gain a better understanding of cardiac physiology. This device would also allow for a 

more cost-efficient method for studying flow patterns through novel valve designs. Finally, it would give physicians 

a resource for easily explaining heart conditions to patients. 
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