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Abstract 
Heat pipes are an important technology that allow orders of magnitude faster heat transfer than 
simple conduction. However, operating principles in heat pipes place fundamental bounds on 
their performance (critical heat flux and efficiency). Conventional heat pipe functionality is 
inherently tied to vaporization and condensation of the working fluid charged in the heat pipe. 
These fluids each have different operating temperature ranges based on the capillary, 
entrainment, sonic, and boiling limits of the heat pipe design. These limits, typically the capillary 
limit, dictate the maximum heat flux a heat pipe can carry, and most importantly for geothermal 
systems, the distance over which the pipes can operate (100 to 200 m maximum under 
optimum conditions). A thermocatalytic heat pipe breaks the inherent limitations of phase 
change thermo- and hydrodynamics and can transform heat pipe technology as a potentially 
more efficient means of extracting heat from a geothermal resource. 

The thermocatalytic heat pipe uses a working fluid to transport both sensible and chemical heat. 
An endothermic chemical reaction at depth removes heat from the reservoir and produces 
reactive intermediates, which are transported to the surface and used to run a reverse 
exothermic reaction that releases heat for use in power generation or other useful purposes. 
This technology offers two distinct advantages over conventional geothermal heat recovery 
technologies: (1) lower heat loss to the rock outside of the geothermal reservoir, and (2) higher 
heat transfer rates to the well field within the geothermal reservoir. Both advantages offer 
opportunity to reduce risks and lower costs of geothermal energy recovery.  

In this report, we discuss an initial effort to assess the efficacy and limitations of this technology 
for extracting heat from both porous/permeable and nominally impermeable geothermal 
reservoirs. Numerical simulation capabilities of the STOMP-GT code were enhanced to enable 
simulations of thermochemical heat pipes traversing geothermal reservoirs. An array of potential 
thermochemical reaction systems was evaluated and screened. Of these, an ethanol 
dehydration reaction was most promising in the vapor-liquid reaction set. A solid-phase 
dehydration reaction (CuSO4·5H2O) showed the highest reaction enthalpy per unit volume but 
would require development of a nonaqueous carrier fluid to implement it in a heat pipe. 
Subsurface reservoir simulations predicted long-term performance of the heat pipes for each 
geothermal reservoir type. The performance of U-shaped wells and coaxial wells was evaluated 
for a suite of reactions for both hydrothermal and hot dry rock reservoirs and was compared with 
a baseline case of simply pumping water through the wells. The heat pipe technology was 
additionally evaluated for an enhanced geothermal system (EGS) with an injection borehole, 
production borehole, and intervening hydraulically conductive fracture. All reservoir types 
showed significant improvement in heat recovered over a 20-year operating period ranging from 
a 1.8X increase for the hot dry rock case to more than 2.5X more energy recovered for the EGS 
case. 
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