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Abstract: In this study, high temperature design and creep-fatigue damage evaluation of a decay heat exchanger (DHX)
in the decay heat removal systems of a sodium-cooled fast reactor (SFR) have been performed. Detail design and 3D
finite element analysis have been conducted for the DHXs to be installed in active and passive decay heat removal
systems in Korean Generation IV SFR, and the DHX installed in the STELLA-1(Sodium integral effect test loop for
safety simulation and assessment) at KAERI (Korea Atomic Energy Research Institute). Evaluations of creep-fatigue
damage based on full 3D finite element analyses were conducted for the two Mod.9Cr-1Mo steel heat exchangers
according to the elevated temperature design codes of ASME Section III Subsection NH and RCC-MR code. Code
comparisons were made based on the creep-fatigue damage evaluation and issues on conservatisms of the design codes
were discussed.
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Fig. 1 Schematic of decay heat removal system

Fig. 2 Arrangements of main reactor components
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Fig. 3 Schematic of the STELLA-1 sodium test loop
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Table 1 Design features of the STELLA-1 sodium test

facility
Reference reactor Korean Demo. SFR"
Height and length scale 1/5
Volume scale 1/125
Aspect ratio scale 1/1
Pressure and temperature 1/1 (prototypic condition)

Working fluid
Max simulated core power

Sodium
7% of scaled nominal power
Design code for major | ASME VIII (2), ASME-NH

component

-~

upper
Tube-sheet

Tube

Bottom
Tube-sheet

Fig. 4 DHX in Demonstration SFR
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Table 2 Design parameters of DHX in Korean demonstration

SFR
DHX (Demo. SFR) Design parameters
No. of unit 4
Thermal duty (MWHt) 9.0
No. of tubes 250
Pitch to Dia. (P/D) 15
Tube OD/ID (mm) 217 /184
Thickness (mm) 1.65
Tube material Mod.9Cr-1Mo
Effective tube length (m) 173
No. of spacer grid 2
Shell ID/OD(m),thickness(mm) 0.69/0.71, 10mm
Heat transfer area (m2?) 29.6
Flow rate (kg/sec) 37.8
Shell-side Inlet temp. (°C) 510
(Sodium) Outlet temp. (°C) 324

Pressure drop (kPa) 0.23

Flow rate (kg/sec) 316
Tube-side Inlet temp. (°C) 254
(Sodium) Outlet temp. (°C) 474

Pressure drop (kPa) 0.57

J

Fig. 5 DHX in STELLA-1 test loop
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Table 3 Design parameters of DHX in STELLA-1 loop

DHX (STELLA-1) Design parameters

No. of unit 1
Thermal duty (MWt) 1.0
No. of tubes 42
Pitch to Dia. (P/D) 1.5
Tube OD/ID (mm) 217 /184
Thickness (mm) 1.65
Tube material Mod.9Cr-1Mo
Effective tube length (m) 1.73
No. of spacer grid 2
Shell ID/OD(m),thickness(mm) 0.323/0.288, 17mm
Heat transfer area (m?2) 29.6
Flow rate (kg/sec) 10
Shell-side Inlet temp. (°C) 600
(Sodium) Outlet temp. (°C) 300
Pressure drop (kPa) 0.20
Flow rate (kg/sec) 10
Tube-side Inlet temp. (°C) 300
(Sodium) Outlet temp. (°C) 600
Pressure drop (kPa) 0.45
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Fig. 7 Thermal loading conditions in primary sodium
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Fig. 8 Temperature distribution at the end of heat-up
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Fig. 10 Distribution of Mises stress intensities near the
inlet and outlet of the DHX
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Fig. 11 Thermal loading conditions in primary sodium
side of DHX in STELLA-1 test loop
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Fig. 12 Temperature distribution at the end of heat-up
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Fig. 13 Stress intensity at the end of heat-up under
secondary loads
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Fig. 14 Stress intensity near the N4A nozzle and top
tubesheet at the end of heat-up
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