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Numerical Analysis on the Thermal Performance and Pressure
Propagation by the Sodium—Water Reaction of the Printed Circuit
Steam Generator for the Sodium—Cooled Fast Reactor

Sang Ji Kim™, Taewoo Kim™
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ABSTRACT

The Printed Circuit Heat Exchanger is expected to dramatically improve the safety and economics of the Sodium-Cooled Fast

Reactor (SFR) when it used as the steam generator. In this study, the thermal performance of the Printed Circuit Steam

Generator (PCSG) and the pressure propagation by the Sodium-Water Reaction is numerically analyzed. Based on the stress

calculation for the wall of flow channel and the 1D heat transfer analysis, the cross-section and length of PCSG is determined.

The STAR-CCM+ is used to evaluate the thermal performance of designed PCSG. Although the flow maldistribution (~19%)

exists in the feed water channels, the analyzed thermal power is around 26 MW close the target thermal power. The SWR

pressure propagation is analyzed by the SWAAM-II Code. There is no pressure propagation from the PCSG to the Intermediate

Heat Transport System of the SFR due to the volume difference between the flow channel and header.
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Fig. 1 Advantages of the Printed Circuit Steam Generator (PCSG)
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Fig. 2 Cross—section of the PCSG
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Table 1 Dimensions of the PCSG cross—section

Parameter Value (mm)

Side wall thickness, ¢_;,. 49.5

Width of sodium channel, 7] 45

Height of sodium channel, /7, 4.0

Wall thickness between sodium channels, ¢, 4.1

Width of water channel, 17 3.0

Height of water channel, 4, 1.5

Wall thickness between water channels, t, 2.0

Wall thickness between sodium and 15

water channel, ¢, )

Table 2 Stress calculation results

Location | Stress Sodium Feed water ASME criterion

(MPa) (MPa) (MPa)

toin S, 0.23 0.61 784
Sy v 0.22 0.63 -
S0 0016 0.0092 -

S, v 0.45 1.26 117.6

S0 0.24 0.62 117.6

t, s, 2.75 - 784

t, s, - 15 78.4
t, s, 6.67 20 -
Sy v 22.50 40.0 -
S0 22.50 40.0 -

S, » 29.17 60.0 117.6

S0 29.17 60.0 117.6
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Fig. 4 Flow chart of 1D heat transfer analysis to
determine the length of PCSG

Table 3 Inlet values for the 1D heat transfer analysis and
design condition of PCSG

Inlet values for 1D analysis
Channel
Temperature Pressure Mass flow rate
Sodium 528 C 0.5 MPa 0.0211 kg/s
Feed water 240 C 18 MPa 0.0015 kg/s
Parameter Design condition
Outlet steam temperature 503 C
Allowable Pressure.: drop in 13 MPa
secondary side
T hermal fi
arget thermal power for 3346 W
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Fig. 5 1D heat transfer analysis of the PCSG
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Table 4 Comparison of the shell and tube type SG and PCSG

Parameter Shell and Tube PCSG
type
Target thermal power
of the SFR 392 MW
Thermal f
erma’ power 196 MW 25.84 MW
single SG
Volume 26.73 m’ 1.07 m’
Thermal density 7.33 MW/m’ 24.15 MW/m’
Number of SG for the
SFR 2 16
High pressure No pressure
Resistance to SWR | propagation towards | propagation towards
the THTS the THTS
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