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ABSTRACT 
 
Generating nuclear power in space is of fundamental importance if it is desired to realize some aggressive type 
of exploration. Basically, at Earth orbit (either LEO or GEO) most applications tend to use solar panels, which 
are just fine, in spite of problems such as vibration, non optimal light incidence angle and non electricity 
generation due to Earth´s shadow. For deep space exploration the nuclear power is been considered as a strong 
candidate and maybe the only one. The Institute for Advanced Studies is conducting the TERRA project that 
tracks the developments in the area and, also, intends to develop the key technologies that will allow such a 
machine to be build with indigenous technology. TERRA stands for “TEcnologia de Reatores Rápidos 
Avançados.” This project, at its first stage aims at the specification of the microrreactor fuel element with its 
possible geometrical arrangements. Also for this stage a gas Brayton closed cycle is being considered as a heat 
conversion to electricity and/or propulsion effect. The basic idea is to adapt an open loop aeronautic gas turbine 
to operate as a closed loop gas Turbine. This arrangement will use heat pipes as a cold source, or a heat 
rejection passive system. Up to this point a lot has been done in terms of numerical and graphical development. 
It is expected that some built up will be happening during this year. An account of this work will be presented at 
the conference. 

 
 

1. INTRODUCTION 
 
In the medium (~25 years) to long (~35 years) term, if Brazil decides to expand its frontier in 
deep space, nuclear microrreactors will become of paramount importance. The technology to 
design, produce and operate safely this type of reactor is very special, it can not and will not 
be available of the shelf. As all the countries that have endeavored to this path know (namely, 
a few: Russia, EUA, France, China[1], etc)  one has to built its own technology by doing all 
the necessary steps. The project “TEcnologia de Reatores Rápidos Avançados” – TERRA [2] 
is being conducted at the Institute for Advanced Studies – IEAv with that exact concept in 
mind. Also it must be added that IEAv is working hard to be recognized as the Brazilian 
Institution that pushes the envelop for space access and beyond. That said it is important to 
establish a set of objectives to start this endeavor, that are feasible, low cost and within a 
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reasonable time frame. For that case the objectives are: 1) to develop and to build a closed 
Brayton Cycle, to evaluate the thermal cycle technology to be used in the conversion system 
of the balance of plant for nuclear microrreactors; 2) to perform a computational analysis to 
define the nuclear fuel types and enrichments, the geometrical forms and the components of 
an advanced fast microrreactor core; 3) to identify R&D needs for electric generation system 
based on advanced fast microrreactor; 4) to develop and to build heat pipe systems to be used 
as a passive system for heat conduction and rejection system; and 5) to couple the developed 
closed Brayton Cycle with the developed heat pipe ensemble. In terms of cost of the 
objectives proposed above it is estimated about R$ 6.3 million with the time frame of four 
consecutive years. In this case these first four years are being recognized as the first phase of 
the TERRA project. What is planned after these four years is a review followed the 
establishment of new feasible objectives in reasonable cost and timeframe. This paper is an 
account of what has been done so far in the direction of each one of these objectives. 
 
 

2. BRAYTON CYCLE DESIGN 
 
When the conceptual idea for the TERRA project started to be established the American 
project Prometheus [3] was in a full speed. The Prometheus project would generate a power 
plant based on a microrreactor to be used coupled with the JIMO (Jupiter Iced Moon Orbiter) 
mission to visit and collect data from the four larger Jupiter moons. The Prometheus project 
was cancelled in 2005. The JIMO mission was modified. It no longer will use a nuclear 
microrreactor it will use RSGs (Radioisotope Stirling Generators) and the effort was divided 
with the Europeans [4]. The Americans will launch an orbiter probe to orbit Europa, while the 
Europeans will launch an orbiter probe to orbit Ganymede. Nevertheless, the TERRA project 
was inspired by the ideas embedded in the project Prometheus. One of these ideas was the 
fact that the balance of plant was performed by a closed Brayton cycle loop – CBCL. There 
are advantages on using CBCLs considering that they are based on gas turbines which have 
been widely used in the aeronautical industry and also as auxiliary power unit (APU) for 
buildings of all sorts. Also, it has to be considered that any space power plant will have to 
work without maintenance through all its useful life. In that respect corrosion is a problem for 
concern. In this respect the CBCL may be operated using noble gas or a combination of them 
and greatly reduce that concern. The TERRA project received a NOELLE 60290 APU as a 
donation from the Anápolis Air Force Base. This APU is used as a starter to the Mirage jet 
engine. Figure 1 shows a schematic diagram of the NOELLE 60290. Figure 2 shows the 
disassembled APU. 
 
After the disassembling of the NOELLE 60290 a careful redesign of its working fluid path 
started. A heat recuperator was included in order to improve efficiency of the cycle [5,6]. A 
computer program [7] was developed to allow the establishment of heat transfer surfaces at 
the heat source, the recuperator and the heat sink, in order to close the CBCL. This program 
was written considering helium as working fluid and runs on the steady state only. Latter, an 
extensive search was performed in the literature in order to obtain thermal and physical 
properties for other gases of interest [8]. These properties were all included on the program. 
Also, improved models for the compressor and turbine are being developed at this writing. So 
far the results for the redesign of the NOELLE are shown in Figure 3. 
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Figure 1.  Schematic drawing of the NOELLE 60290. 
 
 
 

 
 

Figure 2.  Photo showing the internal parts and shell 
for the NOELLE 60290. 
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Figure 3.  Shows the full extent of the modifications 
performed on the NOELLE 60290. 

 
 
 
This design allowed the establishment of a technical book where each new piece for this 
assembly is specified. From that a price tag for construction was obtained, R$ 135.000,00. 
The project TERRA is at the point of ordering its fabrication. Also funding is being provided 
to build the room to shelter the CBCL. Figure 4 shows CBCL arrangement inside its 
sheltering room. The human figure gives an idea of the scale. 
 
 

3. COMPUTATIONAL ANALYSIS FOR A REACTOR CORE DEFINITION 
 
For the computational analysis a scheme of codes will be used in order to, given the material 
composition of the core and adjacent volumes, it will be possible to establish the critical 
configurations, proper geometries, enrichment, etc. Figure 5 shows the box diagram of 
program calculations. Up to this point a few calculations where performed to test the scheme 
operationally. It was verified that more computer power is necessary in order to enter in the 
crunching numbers phase production. A Workstation is being specified and will be acquired 
to start the process of core design. 
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Figure 4.  Shows the designed CBCL, the grey tower 
is the heat source, the blue tank is the heat sink and 

the turbine is located in front of the heat source. 
 
 
 

4. R&D NEEDS AND FOLLOW UP 

 
The R&D needs for the first four years were established at the moment this phase was 
specified. As far as the requested resources keep arriving on time the R&D needs will be 
fulfilled. 
 
As for the follow-up the basic strategy is to attend the major conferences of the area and to 
follow the developments by the literature. Basically, nuclear energy space application is 
considered applied technology. That said it is understandable why some countries (like China 
for instance) do not allow its development to be widely known.  
 
It is important to have a broad picture of what has been done so far. The country that mostly 
has used space nuclear technology for deep space exploration is the USA. But the used 
technology does not involve nuclear reactors but rather RTGs. That is the case of the 
Pioneers, Voyagers, Cassini, New Horizon missions to name just a few. Basically, RTGs 
depends on the alfa decay of Pu-238 to generate heat, which is converted into electricity by 
the thermoelectric effect. This gives an overall 5 to 6 % efficiency. The levels of power that 
are generated with this type of device may go up to hundreds of Watt. At this moment there is 
a shortage of Pu-238 in the World. That has been a strong motivator for substituting the 
thermoelectric effect by Stirling cycles. A Stirling cycle may offer efficiency between 24 to 
26 %. That means a reduction of a factor of four in the amount of PU-238 for the same power 
size. It is believed that RSGs will power the Europa Mission to be launched in 2020.  
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Figure 5.  Shows a block diagram for the code 
sequence in order to realize the neutronic calculations 

necessary to define the nuclear core concept. 
 
 
 
As for nuclear reactors, up to today the Americans have only launched one reactor, the 
SNAP-10A [9], this reactor is in a 3.000 year orbit. It was shutdown because of a mal-
function of a communication buss. This reactor was designed to generate electricity only. The 
Americans have designed several reactors for space applications some of them even for 
propulsion purpose and with very high thermal power (some 4.000 MW). They were built 
and tested but they never flew. The Russians on the other hand have flown 34 nuclear reactor 
devices [10]. All of them used thermionic heat conversion, which gives the same efficiency as 
the thermoelectric process. More recently there is a Russian work [11] that seams to indicate 
that the Russians are considering the CBCL for more powerful types of space nuclear reactor 
systems. It may be said that as far as nuclear reactor usage in space the Russians did more. 
But as far as the use of nuclear energy for deep space exploration the Americans did more. A 
final note is the French space reactor [12] concept recently presented; it also uses a CBCL as 
part of the balance of plant.  
 
 

5. HEAT PIPE SYSTEMS 

 
Heat pipes are a very convenient and passive method of removing heat from one point to 
another in a heat machine. Basically, heat pipes consist of a sealed tube, inside of which there 
is a rapped metal net and some fluid. Heating one side of it will vaporize the fluid and pushes 
it to the cold side, where it condenses giving up its heat. Capillarity forces pump the liquid 
back to heating side and the cycle repeats again. As may be perceived from this basic 
explanation the heat pipe is a passive device in its essence. This makes it ideal for use in 
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space where systems are to operate on very low maintenance or no maintenance what so ever. 
The basic idea for nuclear space reactors is to use heat pipe systems as the heat rejection 
system. For that it is necessary to understand how they work together. Also, for the individual 
heat pipes it is necessary to choose properly the material of the rapped metal net and the fluid, 
in order to guarantee that they do not interact chemically. Also it is necessary to guarantee 
that no gas was left adsorbed on the internal metal surfaces, this gas could hinder the heat 
pipe working. After these careful considerations one has to understand the dynamics of heat 
transfer performed by a system of heat pipes coupled together. It is expected that when that is 
done the developed heat pipe heat rejection system will be able to be connected with the 
Brayton cycle loop and substitute the heat sink. This work is on the first stages of its 
development. A couple of heat pipes have been built by Dr. Roger R. Riehl [13] for testing 
and gaining the sense for its dynamical working. So far it did not evolve beyond this point.  
 
 

6. CONCLUSIONS  
 
As may be seen the TERRA project is a working in progress. These first four years will allow 
the understanding and the gain of familiarity with several key technologies that will allow in 
the future a very smart choice to power future Brasilian deep exploration devices. Also this 
future reactor may also be used to generate electric energy on the Moon surface or the surface 
of any asteroid, if the future mission calls for it. 
 
Cost is of paramount importance. It is necessary to maintain at all times a reasonable cost 
value. That is a major concern. For this first four years phase it is believed that the cost is 
very reasonable. The fact that components technology is well understood helps to reduce 
development costs. Nevertheless, experimental testing and validation must be a norm for the 
assembled device. 
 
As was left clear by this report the balance of plant, at this time, privileges the experimental 
development. That is not the case for the reactor core. At this time, fuel element and reactor 
core is a computational design project. The reason for this approach is simple: safety! 
Experimentation with nuclear materials will happen, but in a latter project phase. At this first 
phase for the TERRA project, it is desired a set of options for nuclear fuel materials and core 
geometrical arrangements. These options will guide future decisions regarding this subject 
and experimentation.  
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