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Thermal-hydraulic Design of A Printed-Circuit Steam Generator
for Integral Reactor
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ABSTRACT

The vessel of integral reactor contains its major primary components such as the fuel and core, pumps, steam generators,
and a pressurizer, so its size is proportional to the required space for the installation of each component. The steam generators
take up the largest volume of internal space of reactor vessel and their volumes is substantial for the overall size of reactor
vessel. Reduction of installation space for steam generators can lead to much smaller reactor vessel with resultant decrease of
overall cost for the components and related facilities. A printed circuit heat exchanger is one of the compact types of heat
exchangers available as an alternative to conventional shell and tube heat exchangers. Its name is derived from the procedure
used to manufacture the flat metal plates that form the core of the heat exchanger, which is done by chemical milling. These
plates are then stacked and diffusion bonded, converting the plates into a solid metal block containing precisely engineered fluid
flow passages. The overall heat transfer area and pressure drops are evaluated for the steam generator based on the concept
of the printed circuit heat exchanger in this study. As the printed circuit heat exchanger is known to have much larger heat
transfer area density per unit volume, we can expect significantly reduced steam generator compared to former shell and tube
type of steam generator. For the introduction of new steam generator, two design requirements are considered: flow area ratio
between primary and secondary flow paths, and secondary side parallel channel flow oscillation. The results show that the
overall volume of the steam generator can be significantly reduced with printed circuit type of steam generator.
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Table 1 SMART major design parameters of reactor coolant
system
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Fig. 1 Vessel and internal structures of integral reactor
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Fig. 2 Helical once-through steam generator
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Fig. 3 Inside of Heatric’'s PCHE: a) flow path on the flow plates b)
metallographic view on the interfaces of flow plates
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Fig. 4 Flow channels for steam generator
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Fig. 5 Calculation procedure for thermal sizing of steam generator
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Table 2 Comparison between helical and printed circuit steam

generators
Parameters Helical PCHE Unit
Power 41.25 215 MW
Primary Side
Mass flow rate 261 174 kg/sec
Inlet temperature 323 323 °C
Outlet temperature 294.5 294.5 °C
Inlet Pressure 15 15 MPa
Pressure drop 55 118 kPa
Hydraulic Diameter mm
Flow Area mm’
Secondary Side
Mass flow rate 20.1 134 kg/sec
Inlet temperature 200 200 °C
QOutlet temperature 290.5 290.5 °C
Steam Pressure 5.2 5.2 MPa
Pressure drop 170 334 kPa
Hydraulic Diameter mm
Flow Area mm’
Overall HTC
subcooled 2109 13086 W/m’K
two-phase 3508 16275 W/m’K
superheated 1283 11554 W/m’K
Geometry
Volume 858 038 m’
Height 6 16 m’
Surface area density 378 1048 m’/m’
Power density 48 724 MW/m®
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PCHE SG (Height=1.6m

Fig. 6 Geometric reduction of printed circuit steam generator
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