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Abstract: To maintain sustainability of nuclear energy as an important energy source, both safety problem and
Spent Nuclear Fuels(SNFs) problem should be solved. In case of Gen-IV reactors such as fast reactor, SNFs
can be used as fuels by using fast neutrons. It can be a suitable treatment method of high-level waste in
near future. Liquid metals such as Sodium or Lead-Bismuth Eutectic (LBE) can be possibly used as a
coolant to use fast neutrons. In this paper, it was described that natural circulation parameter studies, design
analyses, material selections and a completion of facilities. To develop a natural circulation facility, thermal
hydraulic analyses were performed. Installation technique of liquid metal natural circulation were secured.
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- Loop height: 3m (system height: Sm with attached storage tank and expansion tank)
- Core power: SkWth (max. Power: 15kWth)

- 2.5 in. STS Sc 40 pipe

- Loop width: 1.4m

- Bottom to Core length: 0.3m
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Fig. 1 Parametric studies results of natural circulation
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- Thermal condition
: Power 5 ~ 15kw
- Geometry
: Wall thickness in heat exchanger 5.54 mm
: Internal diameter of entire pipes 60.3mm
: Internal diameter of heat exchanger oil pipe 114.3mm
- LBE condition
: Initial flow rate Okg/s
: Initial temperature 250C
- Oil condition %7] 3|4 =4
: Oil mass flow rate 0.21kg/s
: Oil inlet temperature 95T

Core heateri= &F 10% % 100% =39 , dustrle]l {32 core heater’} €+
sl A5 ¢ T AFHo] AlFol of = A% 9 FHT FFAe o
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L

Table 1 Analysis results of liquid metal pressure drop of elbows and straight pipes

L s G e 32 A A5
(g/m) (m/s) " (Pa) " Pa) (Pa)
0.5 0.0152 0.5169 0.5937 0.0768 0.0623
1.0 0.0305 2.1423 2.5046 0.3622 0.0734
1.5 0.0457 4.6472 5.6557 1.0084 0.0908
2.0 0.0609 7.9462 9.9951 2.0489 0.1038
Table 2 Analysis results of liquid metal pressure drop of orifices
e E e A7) 4
(kg/m?) (m/s) (Pa)

0.5 0.0152 1461 1184.7

1.0 0.0304 5868 1189.6

1.5 0.0456 12428 1119.8

2.0 0.0609 22058 1117.9
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Fig. 2 Analysis results of liquid metal natural circulation flow rate of base conditions
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Fig. 3 Core power effect on natural circulation, (a) natural circulation flow rate by core power and (b)
temperature by core power
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Fig. 4 Core power effect on natural circulation
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Fig. 5 Heat removal effect on natural circulation, (a) natural circulation flow rate by heat removal and (b)
temperature by heat removal
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Fig. 6 Form loss effect on natural circulation, (a) natural circulation flow rate by orifice form loss and (b)
temperature by orifice form loss
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Table 3 Suitability evaluation results of STS-316L on LBE environment"’
Oxide
Material T(C) Time(hours) [O](%wt.) thickness/dissolution Ref.
depth(microns)
316L 300,400 1500 Saturation n.m. [Fazio,2001]
316L 300 5000 Saturation <1 [Fazio,2001]
316L 400 5000 Saturation 1 [Fazio,2001]
316L 476 700 Saturation n.m. [Fazio,2001]
316L 476 1200 Saturation 2-4 [Fazio,2001]
316L 300 1500, 3000, 5000 1.84x1e-5 [Benamati, 2002]
316L 400 1500, 3000, 5000 1.41x1e-4 [Benamati, 2002]
316L 360-450 3000 S5xle-7 [Deloffre, 2002]
316L <360 3000 S5xle-7 [Deloffre, 2002]
316L 550 100 4x1le-7 -9 [Martin, 2004]
316L 535 3000 3xle-7 [Martin, 2004]
316L 550 3000 4x1e-7 -46 [Martin, 2004]
316L 535 500 8xle-6 11 [Martin, 2004]
316L 550 500 8xle-6 9 [Martin, 2004]
316L 600 500 8xle-6 -55 [Martin, 2004]
316L 535 3000 3xle-6 -60 [Martin, 2004]
316L 550 3000 4x1e-6 -70 [Martin, 2004]
316L 600 3000 8xle-5 -156 [Martin, 2004]
316L 450 3000 oxle-8 [Gomez, 2004]
316L 300 1500 1.85x1e-5 [Long Bin, 2003]
316L 400 1500 1.41x1e-4 [Long Bin, 2003]
316L 300 5000 1.85x1e-5 [Long Bin, 2003]
316L 400 5000 1.41x1e-4 [Long Bin, 2003]
316L* 350 1000 - [Gnecco, 2004]
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