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ABSTRACT
Supercritical carbon dioxide (SCO2) promises a high power conversion efficiency of the
recompression Brayton cycle due to its excellent compressibility reducing the compression work
at the bottom of the cycle and to a higher density than helium or steam decreasing the component
size. The SCO2 Brayton cycle efficiency as high as 45% furnishes small sized nuclear reactors
with economical benefits on the plant construction and maintenance. A 23 MWn, lead-cooled
Battery Optimized Reactor Integral System (BORIS) is being developed as an ultra-long-life,
versatile-purpose, fast-spectrum reactor. BORIS is coupled to the SCO2 Brayton cycle needing
less room relative to the Rankine steam cycle because of its smaller components. The SCO2
Brayton cycle of BORIS consists of a 16 MW turbine, a 32 MW high temperature recuperator, a
14 MW low temperature recuperator, an 11 MW precooler and 2 and 2.8 MW compressors.
Entering six heat exchangers between primary and secondary system at 19.9 MPa and 663 K, the
SCO2 leaves the heat exchangers at 19.9 MPa and 823 K. The promising secondary system
efficiency of 45% was calculated by a theoretical method in which the main parameters include
pressure, temperature, heater power, the turbine's, recuperators' and compressors' efficiencies,
and the flow split ratio of SCO2 going out from the low temperature recuperator. Development of
Modular Optimized Brayton Integral System (MOBIS) is being devised as the SCO2 Brayton
cycle energy conversion cycle for BORIS. MOBIS consists of Loop Operating Brayton
Optimization Study (LOBOS) for experimental Brayton cycle loop and Gas Advanced Turbine
Operation Study (GATOS) for the SCO2 turbine. Liquid-metal Energy Exchanger Integral
System (LEXIS) serves to couple BORIS and MOBIS. LEXIS comprises Physical Aspect
Thermal Operation System (PATOS) for SCO2 thermal hydraulic characteristics, Shell-and-tube
Overall Layout Optimization Study (SOLOS) for shell-and-tube heat exchanger, Printed-circuit
Overall Layout Optimization Study (POLOS) for printed circuited heat exchanger, and Flat-plate
Integrated Layout Optimization Study (FILOS) for plate fin heat exchanger. PATOS has been
conceptually designed to set up the experimental loop. The operating conditions include pressure
7.4-8.0 MPa, bulk temperature 24~40°C, wall temperature 80-160°C, heat flux 20-80 kW/m2,
and mass flow rate 0.01-0.1 m/s in tube diameter 1.27 cm. GATOS is developed to achieve a
high efficiency of 90% resorting to computational analysis. The hub radius is 40 cm, and the tip
radius is 46.5 cm. The blade height is 6.5 cm, and the mean radius is 43.5 cm. Both angles of the
camber inlet and outlet are 60°. The chord and leading edge are 8 and 0.1 cm long. The boundary
conditions are the inlet total pressure 20 MPa at temperature of 823 K, revolution of rotor 60 per
second, and the average static pressure at the outlet 17 MPa.
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