
Stirling engine installation for wood gas use 
In February 2011 a Solo Stirling Unit rented from the University of  
Jyväskylä was installed for use with wood gas. With the equipment it is 
intended to do research on efficiency and get experience from the Stirling 
engine compatibility with a direct burner of the wood gas. The Stirling unit 
was installed in Sievi Energy Laboratory (Finland). The installation and 
research is related to the project work of students of energy technology, 
and continues until May 2011.

Figure 1. The Solo 161 Stirling unit without burner and heat exchanger for the 
combustion gases.

Natural gas burner for wood gas

To replace the missing burner we received a Bentone 300BG natural gas 
burner from Gasek Ltd. The burner we used is very different from the 
natural gas burner originally planned for the Stirling engine. 

Figure 2. Image of the operating principle for the original natural gas  
burner. Source: http://www.sgc.se/dokument/SGC144.pdf
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Figure 3. Bentone natural gas burner.
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Burner installation

When choosing the burner, attention should be given to the wood gas 
calorific value, which is about 13% of the calorific value of natural gas. 
The wood gas burner requires about eight times the amount compared to 
natural gas in order to operate with the same efficiency.

It was required to reduce the combustion air volume sufficiently, because 
wood gas needs little fresh-air to burn.

Wood gas contains hydrogen which results in rapid combustion and the 
burner flame settles at the same location as when using natural gas, 
despite the high gas flow rate.

Due to the large amount of combustion air and the low gas flow rate the 
burner did not ignite. The burner had to be modified with respect to the 
combustion air fan and the gas pressure equalizing valve.

Stirling engine heat transfer surface

Heat energy is transferred to the Stirling engine via the heat transfer 
surface to the work gas and with the help of the work gas to mechanical 
energy. A problem with direct burning of biomass has been that the heat 
transfer surface has become dirty. According to our experiments during a 
short period of use there is not the same problem with the wood gas 
combustion burner.

Product gas transfer fan

Due to the wood gasifier operating principle a side channel fan was 
needed for the product gas transfer and pressurization. The efficiency of 
the burner was adjusted with  the side channel fan and a frequency 
converter.

Figure 4. After a successful modification the wood gas flame is stable and at 
the right location in the burner.

Figure 5. Stirling engine’s heat transfer 
surface before use.

Figure 6. Product gas transfer fan. 
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The installation of a heat exchanger for the combustion 
gases 

Using a separate natural gas burner in connection with the Stirling engine 
wood gas combustion gases are at a temperature nearly a thousand 
degrees. The heat energy of the combustion gases can be recovered 
using a heat exchanger.

The heat exchanger for the combustion gases was built from discarded 
heat exchangers. The heat energy of the Stirling engine and the  
combustion gases was transferred to the heating network of the building 
using the heat exchanger. The temperature of the combustion gases with 
the heat exchanger in the below image was about 300 °C. To further 
reduce the temperature in the gas exhaust pipe, the heat exchanger  
length had to be doubled. The final temperature of the combustion gases 
in the exhaust pipe was less than a hundred degrees.

Future studies

Getting the Stirling unit into working order makes it possible to concentrate 
on making tests as well as efficiency and energy balance measurements. 
In the future, the project will publish info about the experience of use and 
measurement results.

Figure 8. Stirling engine installed for wood gas use.

Figure 7. The combustion gases 
heat exchanger
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