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ABSTRACT

The SMART is a small modular nuclear reactor that was developed at the Korea Atomic Energy Research Institute and is
in the process of being evaluated using intense validation tests for future construction in Saudi Arabia. The system design was
based on accidents that include station black out, in which the SMART can assure integrity of nuclear fuels by removing decay
heat through natural circulation. Facility to Investigate Natural Circulation in SMART (FINCLS) was constructed to understand
single- and two-phase natural circulation phenomena in SMART using a simplified loop. Two single-phase natural circulation
tests were performed under two different pressures(i.e., 1.1 MPa and 2.5 MPa). When the heater power was increased, the
circulation mass flow rate increased due to the higher density-driven force. The experimental results were compared with those
from a force-balance equation and from a code calculation. For the code calculation, the MARS-KS code was employed by
considering FINCLS geometry and the heat loss. The error in the flow rate from the force-balance equation improved from 6.2%
(1.1 MPa) and 10.7% (2.5 MPa) to 2.7% (1.1 MPa) and 3.0% (2.5 MPa), respectively, when the core to steam generator elevation
difference was defined based on the density distribution rather than the geometry. In the MARS-KS code calculation, the error
was 1.1 % at 1.1 MPa, but the error increased to 5.5% at 2.5 MPa. At 2.5 MPa, the temperature profile inside the steam generator

was not well reproduced, which led to higher driving force. Further analysis is required using a wider range of test data.
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Table 1 Scale ratio of FINCLS

Parameter Scale ratio
(SMART-ITL vs FINCLS)
Length 1/1
Diameter 18
Area 1/64
Volume /64
Time scale 1
Velocity "
Power/Volume 1”1
Heat flux N
Mass flow rate 164
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Fig. 1 Schematic of FINCLS
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Table 2 Accuracy of instruments in FINCLS

Table 3 Experimental Conditions and Results

Parameter

1.1 MPa Test

2.5 MPa Test

Heater power (kW)

2.40, 4.74, 10.08,
14.51, 19.22, 24.86

5.33, 9.80, 15.00, 19.86,
25.73, 30.63, 35.74

Instruments Accuracy
Turbine Flowmeter 1%
Thermocouple (K type) 05 C
Pressure Transmitter 0.075%
Difference Pressure Transmitter 0.075%

Pressurizer pre

ssure 1.12, 1.14, 1.15,

235, 2.31, 2.40, 2.50,
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(MPa) 1.15, 1.14, 1.15 2.55, 2.60, 2.51

Core inlet 19.9, 223, 24.8, 90.2, 86.3, 78.6, 79.0,
temperature (C) 26.3, 29.0, 322 78.1, 76.6, 78.1

1 loop flow rate 25.1, 35.3, 50.8, 40.9, 54.1, 63.2, 71.1,
(g/sec) 59.9, 68.5, 77.6 80.0, 84.9, 91.9

2" Joop flow rate 18.6, 61.5, 61.5, 3.8, 15.7, 24.1, 31.8,
(g/sec) 102.0, 102.3, 121.2 40.3, 46.7, 54.6

2" loop SG inlet 209, 21.7, 222, 21.9, 20.9. 20.8, 21.1,
temperature (C) 22.6, 23.0, 24.0 21.2, 213, 214
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different Reynolds numbers
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Fig. 4 Temperature profiles in the steam generator (SG) at
(a) 1.1 MPa, (b) 2.5 MPa
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Table 4 SG—Core elevation difference at different core
power levels, (Test 1: 1.1 MPa, Test 2: 2.5 MPa)

Test Number Heater power (kW) Height (m)
240 4.95
4.74 5.19
Test | 10.08 5.19
14.51 5.09
1922 5.00
24.86 497
533 3.71
9.80 3.01
15.00 337
Test 2 19.86 3.15
25.73 325
30.63 3.36
35.74 3.40
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Fig. 11 Gravity—driven force from the experiment and
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