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Introduction:  The Idaho National Laboratory 

(INL) is preparing to fuel and test the Advanced Stirl-
ing Radioisotope Generator (ASRG), the next genera-
tion space power generator. The INL identified the 
thermal vacuum test chamber used to test past genera-
tors as inadequate due to test temperature limitations. 
A second vacuum chamber was upgraded with a ther-
mal shroud to process the unique needs and to test the 
full power capability of the ASRG. The thermal va-
cuum test chamber is the first of its kind capable of 
accurately simulating the space environment while 
testing a fueled power system at operational tempera-
ture. 

This paper outlines the new test and set-up capabil-
ities at the INL. 

Conversion Technology Differences:  The ASRG 
is a new class of radioisotope power system (RPS). All 
space RPS to date have been radioisotope thermoelec-
tric generators (RTG). An RTG relies on the Seebeck 
voltage that is generated when a temperature gradient 
is present across a thermoelectric couple. Thus, the 
power output is proportional to temperature difference 
between the hot and cold junctions. This temperature 
gradient does not vary significantly with changes in 
absolute temperature. The power of each RTG is max-
imized by choosing the thermoelectric materials for a 
specific heat rejection temperature. Significant devia-
tions from the design temperatures can negatively im-
pact the output power. Material properties are well 
understood and system power output can be accurately 
accounted for analytically.  

Stirling engine technology converts heat to elec-
tricity mechanically, following the Carnot cycle. The 
power output of a mechanical system is proportional to 
the ratio of the hot side to cold side temperature. The 
temperature ratio can be increased for a given hot to 
cold side temperature gradient by reducing the abso-
lute temperature of the heat rejecter. Therefore, power 
output of the generator can be increased by reducing 
the heat sink temperature. Figure 1 is from the ASRG 
User Interface Control Document [1]. Nominal power 
is increased by 14% as the heat sink temperature is 
reduced from 300K to 90K. Further reduction in heat 
sink temperature has limited impact on generator skin 
temperature as the radiative heat transfer remains al-
most constant when the heat sink temperature is lower 
than 90K. 

A change in thermal vacuum testing capability is 
required to adequately evaluate the ASRG. The histor-
ical method of testing the power output of an RTG did 
not require the heat sink temperature to be controlled 
to evaluate the output power. Test data were obtained 
with the chamber walls at approximately room temper-
ature. The output power was adjusted analytically to 
the requirement. This method does not adequately test 
the full capability of the ASRG.  

 
Figure 1. ASRG Power Output versus Sink Tem-
perature [1] 

Thermal Vacuum System Design: A second 
thermal vacuum chamber was installed at the INL 
when fueling and testing was moved from the Mound 
facility in Ohio in 2003, but the system was never 
made operational. In 2011, the second chamber was 
fitted with an internal thermal shroud capable of oper-
ating from 88 to 393K (-185 to 120°C).  The INL is 
expecting to prove out the system and develop the op-
erating procedures during the 2012 fiscal year.  

The shroud (Figure 2) was designed and built by 
PHPK Technologies of Columbus Ohio. It utilizes 
gaseous nitrogen as the working fluid which is sup-
plied by a series of liquid nitrogen dewars. The inhe-
rent low temperature along with the heat of vaporiza-
tion of liquid nitrogen is used to obtain the low operat-
ing temperatures. An electric heater is used for ele-
vated temperature operation. The shroud is designed to 
be isothermal within 10°C of the set point as measured 
by multiple platinum resistive thermal devices (RTD) 
located on the cylinder and door cover.   

The chamber high vacuum pumping system was 
changed from a diffusion pump to a combination turbo 
pump / cryogenic pump. This capability limits a poten-
tial over-temperature condition of the ASRG. The 
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ASRG has a degradation mechanism that occurs when 
the Stirling converter alternator housing exceeds 
115°C [1]. This temperature limit can be approached in 
a fueled generator configuration during loading opera-
tions.  The primary concern occurs after the chamber 
door is closed, but prior to operating the shroud. The 
thermal shroud cannot be chilled at this time to prevent 
condensation from forming in the vacuum chamber.  

 
Figure 2. Thermal Shroud Installed at the INL 
The pumping system was chosen to minimize the 

risk of the ASRG overheating. Once the generator is 
installed, the atmosphere can be purged with either 
helium or dry nitrogen. Helium will be used if trials 
demonstrate the need to maximize convection since 
helium has a convection coefficient more than 2 times 
higher than nitrogen. Moisture is removed with a liq-
uid nitrogen cold trap. Thermal control of the shroud 
can be initiated once the dew point of the gas is suffi-
ciently low. A roughing pump with a variable conduc-
tance valve will control the evacuation of the chamber 
in a manner that prevents the RPS from experiencing 
any rapid temperature changes. The cryogenic high 
vacuum pump can be started to pump the condensable 
gases from the chamber. Once all systems are func-
tioning, the turbo pump will evacuate the residual he-
lium to establish the required test vacuum level.  

The thermal vacuum chamber has several subsys-
tems that allow the INL to thoroughly test a RPS. The 
use of the chamber backfill system is described above. 
There is also a generator backfill system. Some RPS 
units, such as the ASRG require a vacuum to operate 
at full capacity [1].. The generator backfill system al-
lows the INL to evacuate the internal cavity of these 
types of systems and then replaces the cover gas after 
testing. The gas analysis system, which utilizes two 
residual gas analyzers (RGA), allows sampling of the 

residual gas in the vacuum chamber, generator and 
backfill gas.  The gas analysis system will also be used 
to monitor the dew point of the chamber gas during the 
purge and evacuation processes.  

Additional Test Capabilities:  The upgraded 
thermal vacuum chamber allows for additional test 
capabilities. Tests can be performed to control the heat 
rejection temperature of an RPS instead of the heat 
sink temperature. This would eliminate the need and 
uncertainty associated with analytically adjusting the 
output power. Significantly different rejection temper-
atures can be used to verify the material property mod-
els.  

One potential test is to simulate planetary operation 
with a simulated atmosphere and heat sink tempera-
ture. The atmosphere would need to be simulated to 
maintain safety requirements of the fuel source. Heat 
transfer parameters would have to account for different 
gas species and the effects of gravity on convection. 
This test could be particularly useful for thermal model 
validation in applications where the RPS internal cavi-
ty is exposed to the atmosphere such as the ASRG. 

The thermal vacuum shroud allows for heat sink 
temperatures up to 393 K (120°C). This elevated heat 
sink allows for lunar surface simulations or elevated 
temperature planetary flyby simulations. This capabili-
ty may be useful for testing RPS units of a different 
design from the ASRG. 

 Conclusion:  The INL has upgraded the spare 
thermal vacuum chamber to test the full capabilities of 
the ASRG.  The system was designed to maintain safe 
operating conditions throughout the test sequence. The 
low operating temperature limits simulates deep space 
conditions without the need for analytical adjustments. 
The upper operating temperatures can simulate lunar 
conditions. The thermal vacuum upgrade has posi-
tioned the INL to test past, current and future RPS 
products. This project exemplifies INL’s unique ability 
to test nuclear applications in an environment with the 
proper infrastructure to keep the public safe. 
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