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The current trend towards miniaturization, portability and more in general ubiquitous intelligence, 

has led to the development of small portable electronics devices such as notebooks, miniature robots and 

micro air vehicles utilize batteries as their power source. The power rating for small devices typically 

range between 10W and 100W. However, the power requirements of such systems have received much 

less attention: typically, traditional battery-operated electronic systems are used. Nevertheless, the energy 

density of most fuel types is still 100 times more than that of the most performing batteries, which makes 

the use of a fuel-based micro power unit interesting. Such power units can be based on a wide range of 

operating principles, ranging from fuel cells and thermo-electric devices, to combustion engines and gas 

turbines. While fuel cells are expected to offer the highest efficiency, micro gas turbines are expected to 

offer the highest power density. Analysis shows that an ultra-micro gas turbine (UMGT) with less than 

10% efficiency will still have a higher energy density than batteries. Gas turbines are amongst the most 

advanced systems as they combine extreme conditions in terms of rotational speed with elevated gas 

temperatures (up to 2100 K for military engines). Miniaturization of such a system poses tremendous 

technical problems as it leads to extremely high rotational speeds (e.g. 106 rpm). Moreover scaling down 

the system unfavorably influences the flow and combustion process. Fabricating such devices requires 

new materials to be explored (such as Si3N4 and SiC) and also requires three-dimensional micro 

manufacturing processes. Micro turbines are energy generators whose capacity ranges from 15 to 300 

kW. Their basic principle comes from open cycle gas turbines, although they present several typical 

features, such as: variable speed, high speed operation, compact size, simple operability, easy installation, 

low maintenance, air bearings, low NOX emissions (Hamilton, 2001). The micro gas turbine developed 

by the ‘Belgian Power Micro-Electro-Mechanical System (MEMS) project’ has a rotor diameter of 20 

mm and will produce a power output of about 10,000 W.  

The system basically consists of a compressor, recuperator, combustion chamber, turbine and 

electrical generator. In total it has a diameter of around 100 mm and a length of 110 mm. The compressor 

and turbine impellers are 20 mm in diameter. In order to accommodate the relatively large volume of both 

the combustion chamber and the recuperator in a compact way, an annular design was chosen for both 

components. As a consequence of the adopted layout, the hottest part, the combustion chamber is 

enclosed by the recuperator on the outside and by the exhaust diffuser on the inside. This allows recycling 

heat losses from the combustion chamber. An exhaust diffuser is added to create a sub-ambient pressure 

at the turbine exit, such that more power can be extracted. 
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