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Introduction
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 Initially developed to power V2 rockets in WWII

 Power sources for radar and guidance systems 
in military applications

 Activated by melting anode, electrolyte, and 
cathode above eutectic temperatures

 Molten separator creates electrically conductive 
pathway between anode and cathode

 Discharge rates dependent on cooling rate of 
separator

 Complex multi-physics problem 
(electrochemical, mechanical, thermal)

 Experimental values imperative to models for 
predicting battery and weapon lifetime
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Agenda

 Measurement Apparatus

 Steady-State Thermal Transport

 Thermal Properties of Thermal Battery Materials

 Comparison to Other Sources
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Materials of Interest

 Anode/Separator/Cathode: 
mixture of LiCl, MgO, and 
KCl

 Thermal Insulation
1. Min-K

2. Fiberfrax Board

3. Fiberfrax Wrap

 Heat pellets
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1-D Steady State Experimental System
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 Minimum chamber pressure: 2 x 10-6 torr

 Capabilities in N2, Ar, He, air and other gas environments up to 630 torr

 Maximum interface pressure: 10,000 psi

 Temperature range: 20 to 80°

 Macor heat flux meters (HFMs)

 10 thermocouples (9 for heat flux meters, 1 for ambient)
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Measuring Thermal Conductivity and Thermal 
Contact Resistance
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Example
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Anode/Separator/Cathode



LabVIEW GUI



Heat Transfer Mechanisms
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Dependence of Thermal Resistance on Thickness: Separator
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P = 0.41 MPa P = 1.66 MPa

P = 2.24 MPa



Thermal Conductivity and TCR of Separator
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Test Sequence: 350 psi in Air  350 psi in Vacuum  500 psi in Vacuum  500 psi in Air  Unload in Air



Fiberfax Board and Min-K
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Test Sequence: 350 psi in Air  350 psi in Vacuum  500 psi in Vacuum  500 psi in Air  Unload in Air



Thermal Conductivity of Fiberfrax Board and Min-K
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Compression of Fiberfrax Board and Min-K Materials

25  to 350 psi in air Fiberfrax Board Complete Sequence

Min-K Complete Sequence



Comparison to Auxiliary Measurements and Citations

 Commercially available system:
 Fiberfrax Board: 0.053 W/mK

 Min-K: 0.037 W/mK

 Reference 3
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Fiberfrax Wrap – In Progress
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Review

 Introduced versatile measurement apparatus to measure 
thermal conductivity and TCR

 Materials of Interest
 Anode/Separator/Cathode

 Thermal insulation (Fiberfrax Board & Min-K)

 Key Findings
 Thermal conductivity is dependent on ambient environment and 

density

 Next Steps
 Quantify uncertainty in reported values

 Characterize Fiberfrax Wrap and heat pellet material
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