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An in-depth guide to thermodynamic power cycles using
CO₂ as working fluid. Learn what defines a Rankine cycle,
an Organic Rankine Cycle, Brayton cycle, and transcritical
CO₂ operation.



Cycles for CO₂ Working Fluid: Rankine, Brayton, Transcritical Explained

Using carbon dioxide (CO₂) as a working fluid in power cycles has become a very active field, especially due to its favorable thermal properties near its critical point. But what kind of cycle
corresponds to which conditions — gas-phase only, phase change, or mixed? Below are the main types of cycles, how they differ, and when each applies for CO₂.

What is a Rankine Cycle

The Rankine cycle is the classic thermodynamic cycle in which a working fluid undergoes a phase-change from liquid to vapor to produce work:

1. The fluid is pumped as liquid to a boiler or heat source,
2. Heated until it vaporizes (and possibly superheated),
3. Expanded through a turbine or expander to produce work,
4. Condensed back to liquid in a condenser,
5. Re-pumped.

If using CO₂ in such a cycle, it means you must condense CO₂ and have phase change from liquid to vapor. CO₂ condenses only below its critical temperature (~31 °C) and at sufficient pressure.
Such a cycle is feasible when your heat source and sink allow you to cross into the subcritical region (liquid ↔ vapor).

What is Organic Rankine Cycle (ORC)

The Organic Rankine Cycle is a variation of the Rankine cycle that uses organic fluids (hydrocarbons, refrigerants, etc.) rather than water. The advantage is that organic fluids often boil at lower
temperatures or pressures, making ORC well suited for low-temperature heat sources or low grade waste heat.

With CO₂, using ORC means you do not use CO₂ itself as the working organic fluid but rather another fluid chosen to match lower heat source temperatures.
If someone refers to “CO₂ ORC,” they might mean using CO₂ in some parts of the system (for example as coolant or in a topping cycle) but usually not that CO₂ itself is substituting as the organic fluid
in ORC.

What is the Brayton Cycle

The Brayton cycle is a gas-phase cycle (no phase change) in which:

1. A working fluid (gas) is compressed,
2. Heated at high pressure,
3. Expanded through a turbine,
4. Cooled back to initial state,
5. Repeated.

When using CO₂ in a Brayton cycle, if all steps remain in the gas or supercritical phase (i.e. you never condense to liquid), then that is essentially a CO₂ Brayton cycle. Often called a supercritical CO₂
Brayton cycle when it operates above the fluid’s critical pressure and temperature. The gas behaves more like a dense fluid, improving efficiency relative to air or simpler gases at high pressure.

What is a Transcritical Cycle
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