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Effect of Electrically Decoupled Compression on Supercritical CO2 Brayton Cycle Dynamics

Introduction

In a conventional supercritical CO2 (sCO2) Brayton cycle, the turbine and compressor share a common shaft—a tightly coupled mechanical arrangement. The turbine expands hot, high-pressure CO2
to generate torque, part of which drives the compressor, with the balance producing electrical power through the generator.

If we electrically decouple the compressor (drive it with an independent electric motor instead of the turbine shaft), the thermodynamic behavior of the cycle changes significantly. This modification
essentially converts the Brayton cycle into a hybrid electro-thermodynamic system, blending characteristics of both open and closed power cycles.

The Conventional Coupled Brayton Cycle

In the standard sCO2 Brayton configuration:

The turbine converts enthalpy (heat + pressure) into mechanical power.

A portion of that shaft power drives the compressor, which raises CO2 back to the high-side pressure.

The net output power = turbine work — compressor work.

Because the turbine and compressor share the same shaft:

Their speeds are fixed relative to each other (one drives the other directly).

The system reaches a self-balanced steady state, where the turbine provides exactly enough power to drive the compressor and the generator load.
Any change in compressor load immediately affects turbine behavior.

This coupling gives high efficiency but limits flexibility and controllability.

The Electrically Decoupled Configuration

When the compressor is driven by its own electric motor, the mechanical and thermodynamic coupling between turbine and compressor is broken. The cycle now resembles a semi-independent loop,
where:

The turbine can run at its own optimal speed and load for electrical generation.
The compressor speed can be controlled independently to regulate system pressure or mass flow.
Power flow between turbine and compressor occurs through the electrical grid, not a mechanical shaft.

This architecture is sometimes called a split-shaft sCO2 system or an electronically coupled Brayton cycle.
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