
Kilowatt Reactor Using Stirling

TechnologY(KRUSTY) Experiment 

Update

March 2017
Rene Sanchez

Los Alamos National Laboratory
Advanced Nuclear Technology Group NEN-2



.ŀŎƪƎǊƻǳƴŘ ƻƴ Yw¦{¢¸ 9ȄǇŜǊƛƳŜƴǘÅ

hōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ Yw¦{¢¸ 9ȄǇŜǊƛƳŜƴǘÅ

¢ǿƻ ŜȄǇŜǊƛƳŜƴǘ Ǉƭŀƴǎï

¢Ŝǎǘǎ ŘŜǎŎǊƛōŜŘ ƛƴ 9ȄǇŜǊƛƳŜƴǘ Ǉƭŀƴǎï

¢Ŝǎǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ 5¦ ŎƻǊŜ ŀǘ b!{! DƭŜƴƴ ü

wŜǎŜŀǊŎƘ /ŜƴǘŜǊ 

/ǊƛǘƛŎŀƭƛǘȅ ǎŀŦŜǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘŀƴŘǎï πƻƴ ƻǇŜǊŀǘƛƻƴǎ 

hǘƘŜǊ LǎǎǳŜǎ ό{ŀŦŜǘȅ .ŀǎƛǎ /ƘŀƭƭŜƴƎŜǎΣ /ŀǎǘƛƴƎ ƻŦ ǘƘŜ ŦǳŜƭΣ ï

ŜǘŎύ

/ƻƴŎƭǳŘƛƴƎ wŜƳŀǊƪǎÅ

Outline

{ƭƛŘŜ н



Background

ÅFor more than 30 years, NASA has relied on 
Radioisotope Thermoelectric Generators (RTGs) to 
produce electricity that is used to power 
instrumentation in spacecraft or Rover vehicles

ÅLƴ ǘƘŜ нлллΩǎΣ b!{! ŘŜŎƛŘŜŘ ǘƻ ŜȄǇƭƻǊŜǎ ƻǘƘŜǊ ǎƻǳǊŎŜǎ 
of energy to produce electricity for spacecraft that will 
be used for a deep space exploration mission

ÅIn 2012, NCERC conducted a successful test where 
electricity was produced using the Flattop assembly



Objectives

{ƭƛŘŜ п

ÅThemainobjectiveof the KRUSTYexperimentis to evaluate
the operationalperformanceof a compactreactorthat closely
resemblesthe flight unit NASAwill usefor deepspace
explorationmissions.

5ŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ƘŜŀǘ ǇƛǇŜǎ ŎƻǳǇƭŜŘ ǘƻ Å {ǘƛǊƭƛƴƎŜƴƎƛƴŜǎ Ŏŀƴ 
ƎŜƴŜǊŀǘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ŀ άƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘŜŘέ ƘŜŀǘ ǎƻǳǊŎŜ   



KRUSTY Experiment

¦όу҈aƻύ

Vacuum chamber

Stirlingengines

Heat pipes

{{ ǎƘƛŜƭŘ

BeO
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Series of Cold and Warm Criticals(80 cents excess reactivity limit)

No vacuum chamber (Cold Criticals)

BeOÁ Side reflector reactivity worth measurements

BeOÁ Axial (Top) reactivity worth measurement (Al 

replacement)

ÁB4C rod reactivity worth measurement

With vacuum chamber, heat pipes,  and brackets (Cold Criticals)

BeOÁ Side reflector reactivity worth measurements

ÁB4C rod reactivity worth measurement

Electrically heated testÁ

Warm Criticals

Reactivity temperature coefficientÁ

15 Á cent free run, 30 cent run, 60 cent run
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Mounting Plate 
Core Hanger Plate 

Stainless Steel 

shielding 

Aluminum 

Sleeve 

(Optional) 

Core 

BeO  Side 

reflector 

BeO bottom 

reflector  

Fuel 
BeO top 

reflector 

Neutron 

Source 

BeO bottom 

reflector 

BeO top reflector 

or aluminum 

reflector 



9ƭŜŎǘǊƛŎŀƭΣ aŜŎƘŀƴƛŎŀƭ LƴǘŜǊŦŀŎŜ

Å Enable the functionality testing of balance of plant (thermocouples, 
data acquisition system electrical heater will be used for testing 
functionality of instrumentation)



9ƭŜŎǘǊƛŎŀƭƭȅ ƘŜŀǘŜŘ ǘŜǎǘ



²ŀǊƳ /ǊƛǘƛŎŀƭǎ
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15 Á cents(Free run)

30 Á cents run

60 Á cents run



Depleted Uranium Core (15 cents)
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Cǳƭƭ ǇƻǿŜǊ ŘŜƳƻƴǎǘǊŀǘƛƻƴ όнƴŘ9ȄǇŜǊƛƳŜƴǘ tƭŀƴύ

Experiment Plan (ü 3.00$ excess)

Temperature Limit at the surface ü

of the fuel: 900 □C

20ü + hour run

Transients to look ü at

Load following (cutting power to Á

Stirlingengines)

Failure of a heat pipe Á



/ǊƛǘƛŎŀƭƛǘȅ {ŀŦŜǘȅ ŦƻǊ ƘŀƴŘǎπƻƴ ƻǇŜǊŀǘƛƻƴǎ 

Fuel
Haynes230

BeO
B4C

Stainless Steel
Voids

MCNP Simulationsü

ENDF/Bü -VI neutron 

cross sections

3 ü million histories

Height of ü BeO: 28 cm

Reference Caseü

ükeff= 1.00103 Ñ0.00037



Criticality Safety for hands-on operations (Cont.)

Fuel
Haynes230

BeO
B4C

Stainless Steel
Voids
²ŀǘŜǊ

ükeff= 0.84796 Ñ0.00036

M of about ü 6.6

well below the nominal

hands-on limit of 10.

ü-$23.12 assuming a 

ɓof 0.0078.
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{ƭƛŘŜ му

Fuel
BeO
²ŀǘŜǊ

ükeff= 0.97679 Ñ0.00040

M of about ü 43

ü-$3.18 assuming a 

ɓof 0.0078.



hǘƘŜǊ LǎǎǳŜǎ

Slide 19

YƛƭƻǇƻǿŜǊü wŜŀŎǘƻǊ ¦ǎƛƴƎ {ǘƛǊƭƛƴƎ¢ŜŎƘƴƻƭƻƎ¸όYw¦{¢¸ύ 9ȄǇŜǊƛƳŜƴǘ !ƳŜƴŘƳŜƴǘ
ǘƻ ǘƘŜ 5ŜǾƛŎŜ !ǎǎŜƳōƭȅ CŀŎƛƭƛǘȅ 5ƻŎǳƳŜƴǘŜŘ {ŀŦŜǘȅ !ƴŀƭȅǎƛǎ !ŘŘŜƴŘǳƳ ŦƻǊ ǘƘŜ 
bŀǘƛƻƴŀƭ /ǊƛǘƛŎŀƭƛǘȅ 9ȄǇŜǊƛƳŜƴǘǎ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ όb/9w/ύ

флÁ ҈ ŎƻƳǇƭŜǘŜŘ
{ǳōƳƛǘǘŜŘ ǘƻ 5h9 ŦƻǊ ǊŜǾƛŜǿÁ

ü /ŀǎǘƛƴƎ ƻŦ ǘƘŜ ŦǳŜƭ ƛǎ ǇǊƻŎŜŜŘƛƴƎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎŎƘŜŘǳƭŜ

9ȄǇŜǊƛƳŜƴǘǎ tƭŀƴǎ όhƴŜ ƻŦ ǘƘŜƳ ƛǎ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ōŜƛƴƎ ŀǇǇǊƻǾŜŘΣ ǘƘŜ ƻǘƘŜǊü

ǿƛƭƭ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ /9{/ ό/ǊƛǘƛŎŀƭƛǘȅ 9ȄǇŜǊƛƳŜƴǘǎ {ŀŦŜǘȅ /ƻƳƳƛǘǘŜŜύ ƛƴ ǘƘŜ
ƴŜŀǊ ŦǳǘǳǊŜύ

IŜŀǘƛƴƎ ǘŜǎǘ όŀǘ DƭŜƴƴ wŜǎŜŀǊŎƘ /ŜƴǘŜǊύ ǳǎƛƴƎ ŘŜǇƭŜǘŜŘ ǳǊŀƴƛǳƳ ǿŀǎ ŀ ƎǊŜŀǘ ü

ǎǳŎŎŜǎǎΦ



/ƻƴŎƭǳǎƛƻƴǎ

! ƭƻǘ ƻŦ ǇǊƻƎǊŜǎǎ Ƙŀǎ ōŜŜƴ ƳŀŘŜ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǘƘŜ Ǝƻŀƭǎ ŦƻǊ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘü

¢ƘŜ ŎŀǎǘƛƴƎ ŀƴŘ ƳŀŎƘƛƴƛƴƎ ƻŦ ǘƘŜ ŦǳŜƭ ǿƛƭƭ ōŜ ŎƻƳǇƭŜǘŜŘ aŀȅ ü нлмт

Yw¦{¢¸ ŜȄǇŜǊƛƳŜƴǘ ŀŘŘŜƴŘǳƳ ǿƛƭƭ ōŜ ŀǇǇǊƻǾŜŘ !ǇǊƛƭ ü нлмт

9ȄǇŜǊƛƳŜƴǘ Ǉƭŀƴǎ όōƻǘƘ ŀǇǇǊƻǾŜŘ ƛƴ aŀȅ ü нлмтύ

/ƻƭŘ ü /ǊƛǘƛŎŀƭǎόWǳƴŜ ƻǊ Wǳƭȅ нлмтύ

²ŀǊƳ ü /ǊƛǘƛŎŀƭǎό{ŜǇǘŜƳōŜǊ нлмт

IƛƎƘ tƻǿŜǊ wǳƴ όhŎǘü πbƻǾ нлмтύ


