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Introduction:
Thermal dilution is a method in which you measure the change in temperature of a 
fluid or in the bloodstream after injecting a measured amount of cool solution, such 
as saline. An application of a thermal dilution flow meter is to measure the cardiac 
output. Cardiac output (CO) is the amount of blood the heart pumps through the 
circulatory system in a minute. 

Currently, Mercer University does not have a device that would be able to 
demonstrate this important concept pertaining to the medical field. The proposed 
thermodilution flow meter device will serve as a learning aid to students. 
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Budget:

After our preliminary design review, we found it best to split our testing into three phases. Phase 1 focused 
on individual testing for the separate components before the device is constructed as a whole. Phase 1 
testing can be broken into three main categories: thermistor time response, bolus injection and interfacing 
PIC16F73 with the LCD screen. Phase 2 focused on testing the device built-in its entirety to make sure that 
it falls with the given accuracy range of ±5%. Phase 3 focused on ensuring that our operating manual is user 
friendly and provides clear instructions. 

The goal of this project is to design a device capable of outputting the average flow rate and used in 
lab demonstrations. The purpose of a thermal dilution flow meter is to simulate blood flow, 
specifically cardiac output, by observing the average flow rate of the water through the tube. The 
thermodilution technique is an indirect way to measure this output by injecting an indicator into the 
right atrium. The bolus  is injected into the flow of blood and mixed at the pulmonary artery, where 
a thermistor is used to detect the temperature change. [1]  This lab will be simulating physiological 
temperatures of blood. The temperature when flowing into the tube, upstream, will be ranging 97°F 
(36.1°C) to 99°F (37.2°C). The hot bolus will then be injected at a temperature of 140°F (60°C). The 
thermistors will provide measurements to the microcontrollers to calculate and output the flow rate 
of the flow meter. The success of the device is dependent on the accuracy of the LCD outputting the 
flow rate during lab demonstrations. 

Conclusions:

Future Plans for Testing:
• Include VREF 
• Use Different Water Temperatures
• Perform Usability Testing

While we are content with the overall progress made through the design phase of this 
project, we had intended to accomplish more. It is our hope that if a group continues 
this project in the future, we can provide insight on what should be improved and 
modified. We have several areas that we think should be focused upon.

Method and Analysis:

Table 2: PIC Outputting and Average Flow Rate Continuous Trials with Fudge Number

Results:
The overall results of our tests showcased the practical application of the device and 
proof behind the theory of how the thermodilution method is used to calculate the 
flow rate. Our team was able to improve the functionality of our device after each test 
we completed. Phase 1 of our testing plan took us longer than expected to complete. 
This was due to complications with getting  the thermodilution equation to properly 
work in our code. We made many modifications to our code and continued testing 
individual pieces of it, until it was fully working. 

Unfortunately, due to COVID-19 our testing was cut prematurely for the safety of all 
involved. We were unable to complete Phase 2 and 3 of testing. Since we were not able 
to finish testing, we were unable to complete the final prototype design and therefore 
two of our given design criteria were not met. The two specifications that were not met 
in our final design were having a battery-powered unit and having percent errors within 
±5%. Although we were unable to fully complete our thermodilution flow meter device 
according to our clients design criteria, our team still believes this project was 
successful.

Figure 1: Test Circuit Breadboard
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Trial  1 Bucket 1 2.37 4.74 5.84 18.84%
Bucket 2 3.11 6.22 5.60 11.07%
Bucket 3 2.49 4.98 5.42 8.12%

Trial 2 Bucket 1 5.55 11.1 9.302 19.33%
Bucket 2 5.34 10.68 9.48 12.66%
Bucket 3 4.04 8.08 10.90 25.87%

Trial 3 Bucket 1 4.76 9.52 9.87 3.55%
Bucket 2 3.50 7 9.84 28.86%
Bucket 3 4.73 9.46 9.63 1.77%

Average 14.45%

The budget provided by the client was a total of $300. The final budget ended up being 
$208.84 which was $91.16 below the $300 allotted to us. However, our budget was 
$66.27 over the estimated budget of $142.57 due to shipping costs.

Table 1: Budget Table

Figure 2: Printed Housing Unit

Figure 4: Thermodilution Flow Meter Device Set Up in Lab

Operational Requirements
● Device accurately outputs the flow rate of the water and accounts for change of 

temperature when the bolus is injected 
● Source of fluid will be water from a sink tap in the lab and all water must be 

contained 
● Flow rates that are in the physiological range between 3-10  L/min
● Tubing size will have an inner diameter of 0.5 inches
● The tube should have a total length of 3 meters or less
● The device will be powered using a 9 V DC power supply
● The purpose of the LCD screen is to output the average flow after an experimental 

run
● The size of the main unit will be less than 4 by 4 by 5 inches
● The difference between the flow sensor rate and the calculated flow rate should 

have a percent error of ±5%. 
● The thermal dilution flow meter will be mainly used for lab demonstrations. 

Therefore, there will be an operating manual  to help individuals set up and work 
the device. 

Figure 3: PCB Wiring Unit 

The test circuit allowed us to test different components 
one at a time, as the code progressed. First, we worked on 
connecting the LCD to the PIC microcontroller. Once the 
LCD was working properly, we put the thermistors in. The 
thermistors were then inputted into the PIC at different 
Analog-to-Digital Ports. A voltage reading of the thermistor 
is inputted and then converted into a temperature to output 
flow rate on the LCD screen. A picture of our test circuit 
can be seen in Figure 1. 

In order to protect our circuit board, a housing unit was 
created. We decided to 3D print our box because it would 
be easier to create the custom spaces for our wires and the 
LCD display. A front and back view of our design can be 
seen in Figure 5 and an inside view can be seen in Figure 2 
below. Our client specified that the main unit cannot be 
greater than 4 x 4 x 5 in. This box satisfies this specification 
at exactly 4 x 4 x 5 in. and the PCB will be contained within 
the box at 3.81 x 3.81 x 0.059 in. The box includes a space 
for the LCD screen, three thermistor holes, and one hole for 
the battery. The PCB will be secured inside to the bottom 
of the box. The top lid slides on and off in order for any 
maintenance to be performed on the PCB. The user is also 
able to place the bolus thermistor inside the box  securely 
during storage. 

Once we had a finalized circuit design, we designed a 
printed circuit board (PCB) to make it easier to solder the 
components. The wiring schematic of the custom PCB can 
be seen in Figure 3. The PCB was designed in Autodesk 
Eagle, which is a free software that students can use to create 
circuit designs and turn them into PCB schematics. This 
PCB includes nodes for all of the circuit components to be 
soldered, including a PIC16F73, three thermistors, five 
capacitors, five resistors, a 6MHz crystal, a LCD, a DC/DC 
converter, a diode, and a 9 V battery. The finalized design of 
the PCB can be seen in Figure 4.  

The components of the non-electrical structure are the 
tubes, tee connector, thermistors, syringe, beaker for the 
bolus and the bucket. The final design of the 
thermodilution flow meter device that our team was able to 
complete can be seen in Figure 4 below.
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Item Provider Tax Exempt? Part Used? Price 

Tubing A1nazon Yes Yes $12.99 

Yes No (part of 

uncomplete 

Spigot Amazon testing) $5.99 

Bucket Lowe's Yes Yes $3.25 

Yes No (wasn't worth 

rerurning because 

shipping it back 

Tee connector US Plastic was $20 more) $13.14 
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Yes No (wasn 't worth 

PIC16F876A-l 
returning because 

shipping it back 

/ SP MicroChip was $20 more) $11.31 

50 cc Syringe Amazon Yes Yes $9.99 

Valve A1nazon Yes No $5.54 

Battery Lowe's Yes Yes $13.98 

DC-DC 
Yes No (part of $37.79 

uncompletc 
Convertor Mouser testing) 

Yes No (part of $3.49 

Sealant Amazon 
uncornplete 

testing) 

Battery Snap 
Yes No (part of $5.39 

uncomplere 
Connector Amazon testing) 

Thermistors Mouser Yes Yes $27.59 

PIC16F73 MicroChip Yes Yes $25.24 

Yes $9.98 
4 MHz Crystal Sparkfun Electronics Yes 

Tee connector Mouser Yes Yes $13.18 

LCD A1nazon Yes Yes $9.99 

TOTAL $208.84 
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