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Introduction: The TERRA project [1,2,3,4], being 

conducted at Institute for Advanced Studies – IEAv, 
has a general objective to gather, to understand and to 
develop nuclear space technology, in order to generate 
electricity, heat or propulsion on satellites, spaceships 
and at the surface of space bodies, such as: Moon, 
Mars, etc. TERRA means “Tecnologia de Reatores 
Rápidos Avançados,” a Portuguese acronym for ad-
vanced fast reactor technology. The main research 
course for the TERRA project has been Brayton Cycle 
for heat/electricity conversion [5,6], and the conceptual 
and the computational nuclear fuel and core develop-
ment [7,8]. Nevertheless, other concepts have been 
identified and considered of importance, such as Tesla 
turbine [9,10] and Stirling engine [5]. This paper ad-
dresses these last two concepts.  

Tesla Turbine:  The Tesla turbine (Fig. 1) was ini-
tially designed by NiKola Tesla [11]. It works by the 
shear stress force caused by a working fluid flow tan-
gentially to a set of disks. The disks are connected to a 
shaft that rotates as a result of the fluid flow. As for 
fluids one could use liquids (as for instance: water) or 
gases. For space applications gas has been the option. 
The Tesla turbine built at IEAv have used compressed 
air and saturated steam. Both of them were chosen for 
simplicity. Compressed air is readily available, and 
satured steam adds the temperature factor. So far, two 
of these turbines have been built at IEAv and a third is 
being built.  

 
Figure 1: Tesla turbine original design. 

The first Tesla turbine was built as a concept dem-
onstrator. It had its lateral casing made of plastic and a 
very poor orifice design. It was designed to operate 
with compressed air, at room temperature only. In spite 
of that this device was able to reach an excess of 
25,000 rpm. That speed was reached with the inlet air 
pressure of 6 kPa. It was also able to power a 55 W 
light bulb. Fig. 2 shows the components of the second 
Tesla turbine. As maybe noticed its lateral casing is 
made of steel and it has a better  designed and built gas 
nozzle that allowed for a maximum of 66,000 rpm us-
ing saturated steam at 250 kPa. This result was 
achieved with no rotation regulator. However, at this 
moment, an automatic rotation regulator control is be-
ing designed with the third Tesla turbine. With each 
new turbine a power and size increase is realized. 

 
Figure 2: Second Tesla turbine built at IEAv. 1 - 

lateral casing, 2 – turbine shaft, 3 – turbine disks as-
sembled, 4 – turbine disks sample, 5 – nozzle, 6 - cy-
lindrical casing, 7 – spacer, 8 - 15cm scale. 

What has been found so far is that Tesla turbines 
are very robust and apparently require very little main-
tenance. These are key features to space operations. So 
far the three Tesla turbines built were operated in an 
open cycle. As the building of the Closed Brayton Cy-
cle Experiment progress, it is the intention to add a 
Tesla turbine to be tested on this closed cycle. At this 
moment, it is not the intention to substitute the aero-
nautical turbine of the cycle by the Tesla turbine. The 
idea is to have both of them operating in series on the 
cycle. The Tesla turbine does not have a compressor 
built with it. A compressor is needed for the cycle as 
pump. The intention at this moment is to use the Tesla 
turbine as an efficiency enhancer for the Brayton cycle. 
It is too early in this development to say that Tesla tur-
bines will be used in nuclear space application, but it 
looks promising, considering it is very robust, requires 
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no maintenance and operates with high RPM with little 
∆p. Further results will be presented at the conference 
and published elsewhere in the future.  

Stirling Engine:  The importance of Stirling en-
gine has been shown by NASA and DOE, at [12,13]. 
Also it is one of the general objectives of the TERRA 
project to experiment with the current main nuclear 
space technologies, and the Stirling engine qualify as 
such. This line of research started with a donation by 
EMBRAPA to IEAv of a Stirling engine, which is 
shown in Fig. 3. EMBRAPA is the Brazilian agricul-
ture and peccuary research company. Their interest in 
Stirling engine comes from the fact that it is very ro-
bust, easy to build and to maintain, and work basically 
with any heat source, like burning wood, or any other 
burning material found in a farm. EMBRAPA intends 
to popularize this type of engine in places where the 
Brazilian electrical grid does not reach. With the elec-
tricity generated by this type of engine it is possible to 
power small radios, cell phones and other type of elec-
tronic devices. EMBRAPA came to IEAv because they 
require a more thorough investigation of these ma-
chines, and given our intention to apply this technology 
into heat/electricity generation nuclear space systems, 
the donation was realized. The machine shown in Fig. 
3 is still a crude device. The intention is to improve 
some of its parts, to mathematically and computation-
ally develop a model, to simulate that engine, and to 
build a controlled free-piston based on a linear dynamo 
to produce electricity. At this moment this is not a 
dual-opposed engine. But it is the intention to evolve in 
this direction. This research is still in its beginning with 
the classification of the engine parts and understanding 
of its operation. Maesurements have not been per-
formed, so there is no numbers for efficiency, rated 
power, etc. Tests are on their way at this writing. Cer-
tainly, more will be available at the time of the presen-
tation of this work. 

 
Figure 3: Stirling engine built by EMBRAPA to 

undergo mathematical modeling and redesign at IEAv. 
Final Remarks:  The main interest of the TERRA 

project are still towards CBCL and the computational 
design of fuel elements and core for a space micro nu-

clear reactor. Nevertheless, some other technologies 
also arises as of interest, such as Tesla turbine and Stir-
ling engine. Basically, Tesla turbines may be used as 
an efficiency enhancer for CBCLs. And the Stirling 
engine is another power conversion system for nuclear 
space systems. It is important to establish ones proper 
direction of interest, but also to look where some im-
portant developments are happening. It is understood 
by the planners of the TERRA project that the nuclear 
space endeavour is not only difficult and challenging, 
but also expensive, which requires collaboration. It is 
the intention of this paper to show what we do and that 
we may be worthy collaborators in the great endeavour 
of space exploration that lies ahead.  
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