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Introduction 
For a number of years we have been asked to produce a Stirling engine with sensors for the 
educational market. We decided to convert one of our Vulcan stove fans for this purpose. The Vulcan 
stove is robust and highly tested. It is one of the more powerful engines we produce.  
We removed the fan blades from the Vulcan and added a flywheel. A sensor bracket was added to 
measure the RPM. A hole was drill into the top plate so the pressure reading could be taken. 
 
We then developed a PCB board for a raspberry pi zero w to integrate the pressure and rpm sensors. 
We then created an OS image for the raspberry pi and wrote a small python script to read the data. 
The RPM and pressure is shown on the screen but also dumped to a text file. 
 
Finding a heat source 
The normal Vulcan stove fan runs on top of a stove. However we suspect most people using this 
sensored Stirling engine to use it on an electric hotplate. The temperature needs to be a minimum of 
150C and ideally 200C. The unit can handle much higher temperatures (500C~). 
 
Cheap hot plates can be found on ebay and amazon for around £15. Almost all have a thermostat but 
the temperature may not be precise (will vary by tens of degrees C). 
 
If you need precision and repeatability in your testing I suggest a digital scientific hot plate. With 
these you can dial in a selected temperature and the plate will maintain this temperature to within 
about 5C. Most science departments in school/colleges/unis will already have one of these. 
 
 
Time to meet the sensors 
The pressure sensor is a Honeywell ABPLANN001PG2A5 (LLSMT) 

WARNING: DO NOT OIL YOUR 

ENGINE 

This engine is designed to not need regular 

oiling. Oil applied to the ball bearings or 

piston WILL have a detrimental effect on 

your engine and will void the warranty. It is a 

precision piece of engineering. In order to 

retain its efficiency it must be kept clean and 

dust free.  

Handling your engine 
The engine will be very hot while in 
operation and will take time to cool down 
once removed from the heat source. If 
removing from the heat source place on 
something that can withstand the heat.  
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It has a maximum working pressure of 1psi and communication is via I2C. Maximum voltage is 5.25V 
It can operate on 3v or 5v. The response time is 0.46ms which means you can take over 2000 
readings a second. It is also very precise and able to read tiny fractions of a psi.  
 
Data sheets can be found here 
https://sensing.honeywell.com/ABPLANN001PG2A5-amplified-board-mount-pressure-sensors 
 
The RPM sensor is a simple optical sensor. It is Optek OPB917BZ. 
The rise and fall time on this sensor is 50ns so make sure you implement a good de-bounce 
programming techniques. The Vulcans max RPM is typically around 400rpm 
So a de-bounce routine that has a 10 or 15ms ‘wait’ should be more than plenty. 
https://docs-emea.rs-online.com/webdocs/14a6/0900766b814a688e.pdf 
 
The flywheel has 4 holes position equally round it. You can use a long 3mm screw through one of 
these holes. This will cut the sensor beam and hence let you know the flywheel has rotated. 
 
4 Holes were added just in case someone wished to take more granular data readings (and change 
the code accordingly). You may even be able to see the changes in speed on each rotation. E.g. the 
expansion part of the cycle should be quicker. 
 
 
Using your engine 
Once your heat source is up to temperature, place the engine on the stove. Wait until the base has 
heated (this should take only a few minutes) and then gently spin the flywheel clockwise, with 
enough force to allow it to rotate a few times. The engine will start to rotate slowly at first but will 
gain momentum. The higher the temperature of the stove, the faster the fan will operate. In ideal 
conditions the engine will run on a surface temperature as low 150 C (300F).  175C (350F) or higher 
and the stove fan should be easy to start.  
 
Setting up the raspberry pi 
The raspberry pi is setup and already to go. You need to plug in the power supply and connect to the 
raspberry pi. Note that there are 2 micro USB port. One is the power port the other is a standard USB 
port. The raspberry pi has a HDMI connector to plug a monitor or TV into. A mouse and/or keyboard 
can be plugged into the USB port. You can always purchase a USB hub if you want to connect 
multiple devices. 
 
The raspberry pi will take a minute or 2 to boot. You will see a “.py” file on the desktop. This is the 
script to get read the sensors. It displays the data on the screen but also dumps to a file on the 
desktop. 
 
The raspberry pi has wifi capability. You may want to connect to a wifi network. You can then 
disconnect the keyboard, mouse and monitor. You can login from another computer using VNC. 
 
VNC is preinstalled so provided the raspberry pi is connected to a network you can login using the 
standard raspberry pi password. 
Username: pi 
Password: raspberry 
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Not working? 
If the engine is not working check the connecting rods (see below). This is a fairly common cause of 
not running. You may also want to check heat source temperature.  
 
 
 
 

 

 

 

 

 

 

 

 

 

Fine Tuning by adjusting the connecting rods  

 

Your Stove Fan has been factory-set and tested to run at over 400rpm at 450°C. If you find that your 

Stove Fan does not run as expected you can adjust the positions of the connecting rods. Optimum 

positioning for each connecting rod end is central, as shown in the diagrams, but you might find that 

your engine runs better with a slight bias to one side or the other. When adjusting, do not move the 

connecting rod ends so far that they become jammed on their shafts or wedged against the cranks, 

and do not undo any screws on the cranks, these are factory-set to the correct positions. The con-

rod can be knocked/moved in transit so it is important to check this when using for the first time. 

How does it work? 

The Vulcan stove fan does not require any electricity whatsoever! No batteries. No mains electricity. 

The Vulcan is self-powered just from the heat of the stove. It utilizes a small, quiet Stirling cycle 

power plant built into the fan.  The Stirling cycle power plant obtains its power from rapidly heating 

and cooling the same volume of air. When the air is heated, it expands, pushing a piston upward; 

when the same volume of air is rapidly cooled, it contracts, pulling the same piston downward, 

providing power. The same volume of air is heated and cooled very rapidly converting the heat 

energy to mechanical energy used to turn the fan blade.  

The Vulcan's fan speed increases relative to the temperature increase of its heat source. So, the 

hotter your stove, the faster the Vulcan will run and the higher the volume of air circulated. The 

Vulcan stove fan uses the latest and best technology, including borosilicate glass cylinder, graphite 

piston and ultra-low friction demagnetised bearings.  


