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A small Stirling convertor is currently under development at the NASA Glenn Research 
Center (GRC) to produce one watt of electrical power from eight watts of heat. Previous 
radioisotope power systems (RPS) made use of the General-Purpose Heat Source (GPHS) 
which produces 250 watts of heat but is unsuitable for a one-watt Stirling convertor. The only 
other qualified heat source available is the Light-Weight Radioisotope Heating Unit 
(LWRHU), which produces one watt of heat and is primarily used to provide heat to 
electronics and instrumentation to maintain their appropriate operating temperature.  
Unfortunately, the LWRHU has a heat flux of 272 W/m2 compared to the GPHS heat flux of 
6000 W/m2 which greatly increases the demands on the insulation to ensure that enough of the 
heat produced is available to the convertor and not lost to the environment. An analysis was 
performed that showed that the insulation must have an effective thermal conductivity of 
0.005 W/m·K or better for the system to function. A multi-layer metal insulation package was 
designed and a prototype was fabricated and tested to investigate the feasibility of this design. 
While the prototype did not meet the requirements perfectly, the lessons learned are being 
used to generate an improved thermal model using the test data so that a second iteration can 
developed that will meet the performance requirements with a much higher confidence. 

I. Introduction 
There is a need for a low-power radioisotope power system (RPS) to power small sensor packages and repeaters for 

use in deep space and other areas where solar power is unfeasible. A small Stirling convertor with a nominal electrical 
power output of one watt is being developed at the NASA Glenn Research Center (GRC) to meet this need. This 
convertor would require approximately 6.5 watts of heat to operate. There are only two space qualified heat sources 
available to provide heat for an RPS system: the general-purpose heat source (GPHS) and the light-weight radioisotope 
heating unit (LWRHU). The GPHS produces 250 watts of heat and is not suitable for a one-watt power system. The 
LWRHU produces one watt of heat so multiple units could be used to provide the required heat input to the convertor. 
The GPHS was designed to provide heat to a radioisotope thermoelectric generator (RTG) to temperatures greater 
than 1000 °C and has a heat flux through its surface of approximately 6000 W/m2. The LWRHU was designed to 
supply auxiliary heat to electronics and only provides 272 W/m2. The large surface area of the LWRHU relative to the 
power output puts greater demands on the insulation, requiring a lower effective thermal conductivity then that used 
by GPHS-based systems to minimize the heat loss. Previously used insulation includes Microtherm® HT with a 
thermal resistance of approximately 0.02 W/m· K. Analysis of a proposed LWRHU heat source and convertor shows 
that the insulation must have a thermal conductivity of approximately 0.005 W/m· K [1] to ensure that enough heat is 
provided to the convertor. 

II. Design & Fabrication 
It was determined that a prototype insulation assembly that utilized all the dimensions, features, and interfaces of 

the final convertor system should be developed so that any unexpected difficulties in the implementation could be 
found as early in the development process as possible. Previous work on a similar insulation intended for use in the 
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Advanced Stirling Radioisotope Generator (ASRG) project discovered some difficulties during the manufacturing and 
testing that had not been foreseen. [2] The prototype Stirling convertor mechanical design was complete prior to 
beginning the insulation design process, therefore, all the mechanical dimensions of the insulation package could be 
designed to be compatible with the Stirling prototype. Additionally, although the prototype will be dimensionally 
accurate, some expensive and time-consuming features may be omitted so that the manufacturing basic performance 
could be understood. The inexpensive first prototype is not expected to meet all the performance requirements; 
however, the knowledge gained will allow for a second, higher-fidelity, prototype that will have a high probability of 
achieving the required effective thermal conductivity. 

Early in the design process, the insulation prototype was divided into three physical components that were 
manufactured and designed separately and integrated into the final test package:  

1. The thermal simulator, to simulate the operating Stirling convertor and its thermal and physical interfaces/ 
2. The heat source, which will electrically simulate the eight LWRHUs that are proposed as the heat source  
3. The insulation package, which contains several layers of closely spaced low emissivity titanium foils 

suitable for pumping down to a vacuum and containing the necessary mounting points for the heat source 
and the thermal simulator. 

A. Thermal simulator 
 The thermal simulator, shown in Fig. 1,  was designed and manufactured by NASA with the same dimensions and 
thermal conductivity of the Stirling convertor at the design hot-end temperature of 350 °C. Additionally, the ability to 
measure the hot-end temperature and heat flow through the thermal simulator was considered necessary to understand 
how much heat is lost through the convertor versus how much is consumed by the convertor. To accommodate the 
requirement of having the same dimensions and thermal conductivity as the real Stirling convertor, the simulator was 
designed in two parts. An outer shell of higher thermal conductivity 410 stainless steel and an inner rod of Inconel® 
625 with lower thermal conductivity. The thermal simulator was designed to have the same thermal conductivity as 
the operating Stirling convertor by adjusting the ratio of cross-sectional areas for the shell and the rod. Four equally-
spaced thermocouples were added to the rod to allow for the heat flow through the thermal simulator to be calculated 
via Fourier’s law. 

 An important feature of the insulation package that was defined early on was the interface between the heat source 
and the Stirling convertor. The prototype Stirling convertor was designed to have the minimum practical wall thickness 
to limit thermal conduction losses; however, this thin wall limits the ability of the Stirling convertor to support 
mechanical loads. The heat source was designed to be radiatively coupled to the Stirling convertor to prevent the heat 
source from causing any additional mechanical load on the Stirling convertor. The radiative coupling will result in 
slightly higher heat source temperatures than a direct conductive coupling which will increase the demands on the 
insulation. The thermal simulator was fitted with an 81 mm (3.19”) diameter heat collector plate. The heat collector 
plate was grit blasted to increase the emissivity and to provide the necessary surface for the radiative heat transfer. 
The emissivity of a representative sample of 410 stainless steel was measured at approximately 0.55. A ConFlat® 

Figure 1. Cross-section of the thermal simulator. 
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