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BACKGROUND



TARGET APPLICATION & MOTIVATION
• Target application heat engines for

pipeline compression (PC); currently not using WHR
• 20% upgraded using bottoming cycle 

natural gas savings of 42 billion cubic feet/year
• 120M in annual fuel costs
• 2.5M ton reduction in annual CO2 emissions

• General simple cycle gas
turbine cycles yield ~25-35% efficiency

• Combined cycle (GT + bottoming cycle) yield
>50% cycle efficiencies

• In power plants steam turbine bottoming cycle

• Steam turbine packages impractical for PC
• Complex operation
• Make-up water
• On-site operator
• Large system components (LPT/H2O condenser)

NEED A MODULAR & REMOTELY DEPLOAYABLE BOTTOMING CYCLE FOR PIPELINE COMPRESSION HEAT ENGINES



Advanced sCO2 Cycle using Hermetic Oil-Free Drivetrain 
• Current high power >10MW sCO2 cycles utilize oil-bearings

• Requires sealing
• Loss of CO2 overtime (recharging needed)
• Power loss of bearings is high (high speed)

• Concept  replace oil bearing with CO2 bearings
• CAPEX cost savings  ~400K

• No gearbox/oil skid/dry gas seals
• Hermetic system = no CO2 recharging
• Lower bearing power loss ~2 cycle points

SIGNIFICANT CAPEX AND OPEX REDUCTION OPPORTUNITY



PROJECT OBJECTIVES/STRUCTURE



PROJECT OBJECTIVE & STRUCTURE

• Project objective
• Conceptual design of a hermetic oil-free

sCO2 drivetrain for a bottoming cycle
• Commercial assessment and viability of

the concept

• Program structure
• GE

• Drivetrain layout/design
• Aero-design
• Bearing design
• Electric machine design

• Southwest Research Institute
• Commercial assessment
• Market evaluation
• Cycle analysis/definition



TECHNICAL APPROACH



KEY ENABLING TECHNOLOGY
• Current state of the art mainstream gas bearing  foil bearings

• Foil bearing traits
• Suitable for small turbomachinery ~300KW
• Operates on principle of hydrodynamics 

• Rubbing occurs at low speeds
• Low load capacity at low speeds

• Significantly lower damping vs. to oil bearings
• Foil structure compliance a key trait for reliable operation

• Desired traits for next gen gas bearing for large turbomachinery
• Leverage/translate key flexibility elements from foil bearing
• Allow for external pressurization capability

for high load capacity
• Develop damping concept = to oil bearing dampers
• Cost neutral concept vs. oil bearing

CONCEPT NECESSITATES COMPLEX FUNCTIONALITY AND LOW COST



CANDIDATE BEARING CONCEPTS: ADDITVELY MANUFACTURED



TECHNICAL EXECUTION & APPROACH FOR CONCEPTUAL DESIGN



TECHNICAL RISKS & MITIGATION
• Three main high level risks in this project:

• Gas Bearings
• Electric Machines
• Rotordynamics

• Bearings
• Load capability
• Damping
• Thin film clr. Management
• Thrust management

• Electric machine
• Operation in pressurized CO2 environment
• Cost

• Rotordynamics
• Long 60Hz expander (many stages)
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