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Supercritical CO2 Heat  Exchanger for Small Modular Reactors 
 

Overview 
Small Modular Reactors (SMRs) offer an array of advantages due to their compact size, 
combination of systems, ease of assembly, and project cost compared to traditional 
nuclear plants. Through the use of supercritical carbon dioxide (SCO2) as the working 
fluid in the SMR secondary loop and a Brayton power cycle design, the development of 
SMR technology has the potential for higher thermal and electrical efficiencies for power 
production. An analysis of an SCO2 power conversion loop was undertaken and it was 
found that SCO2 has the potential to be competitive with current steam power cycles. 
 

Objectives 
The primary objectives of this project is to develop a working cycle using a supercritical working fluid 
(SCO2) in the secondary loop for transformation of nuclear energy into electricity. This will be done 
through the completion of three deliverables: 

1. Secondary Cycle Schematic – arrangement and designated of components in the cycle 
2. Cycle Power Balance – enthalpy power balance of the system using SCO2 properties at derived 

system temperatures and pressures for a reference 200 MWth SMR 
3. Detailed System Description – a detailed and comprehensive description of the system design, 

power balance, completed work, and recommendations for future work 
 

Approach 
 Through a site visit with Bechtel, established the project problem statement, deliverables, and 

guidelines 

 Compiled relevant patents and analysed existing research efforts to determine cycle and 
component requirements 

 Compared steam, hydrogen, and SCO2 working fluids for power conversion cycles 

 Established an initial cycle schematic composed of a: high and low temperature heat exchanger, 
turbine, and pump 

 Completed a power balance of the initial secondary cycle using Thermoflow Software 

 Completed a power balance of the secondary cycle using reheat Thermoflow Software 

 Compiled a Detailed System description for future detailed analysis by Bechtel 

 Performed a sensitivity analysis of the cycle to determine the impact of temperature and pressure 
on power output 
 

Outcomes 
The outcomes of this project include: 

 The proposed design is expected to produce 73.3 MWe power if a 
recuperation cycle is included. 

 A SCO2 working fluid has greater electrical power output potential 
than a steam power conversion cycle of similar size. 

 Turbo machinery materials research and sizing must be proven 
for a system on the scale of MWe power output. 

 Heat exchanger inlet conditions of 3060 psi and 268.9°F and a 

Turbine Ratio of 3.0 provide optimal power output and ensure 
system feasibility. 


