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Design of the Test Facility of Two Phase Critical Flow

with Non-condensible Gas
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Abstract

The experimental data of two-phase critical flow with non-condensible gas was required for
the safety verification of SMART reactor which is being developed for producing the fresh
water from sea as well as electricity. The design calculation for the evaluation of the
optimum size of the critical flow test loop was performed by applying the conservative critical
flow models. Based on the actual reactor operating conditions and the results of the design
calculation, the critical flow test facility was designed and constructed. This facility consists
of main circulation line with pressure vessel containing coolant, N2 gas supply line and
coolant discharge line. The pressure control valve system which can be used to maintain the
required pressure in steady state condition during the test was designed and installed. Also,
the flow control valve system which can control the flow rate of the injecting non-condensible
gas to the test section was designed and installed. In this test facility, the test section can be
adopted up to the pipe of 20 mm inner diameter and 1500 mm length normally and also

extended to the length of 3000 mm, if required. The critical flow tests for the various break



sections, 1.e., nozzle, orifice and slit as well as the pipe configuration can be applied to this

test facility.
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» Break Size : 7 mm, 20 mm
» Stagnation Pressure 7~20 MPa
» Inlet Subcooling : 0~60 C
» N2 Gas Flowrate : 0~0.5 kg/s
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Table 1. Critical Flow Rates according to the Inlet Stagnation Conditions

Stagnation

Inlet

Mass Flow Rate(kg/m’s)

Pressure(MPa) | Subcooling(C) Quality HEM Moody Henry-Fauske Modified
Henry-Fauske
o 0.2 28258 36720 37382 37274
12 10 0 46923 46966 67402 88917
60 0 104516 104909 106918 112660
0 0.2 21867 30352 25631 28118
9 10 0 42536 42594 60360 79504
60 0 93839 94378 96097 100207
0 0.2 7990 13393 9310 9584
3 10 0 29068 29170 37822 48230
60 0 59858 61306 62261 63070
Table 2. Required Volume according to the Inlet Stagnation Conditions
(based on the Modified Henry-Fauske Model)
Stagnation Inlet Pressure Vessel Volume (m')
Pressure(MPa) | Subcooling(C) Quality ID =7mm | ID=10mm | ID=15mm | D =20 mm
At =60 sec | At =60 sec | At = 60 sec | At = 30 sec
0 0.2 0.131 0.268 0.603 0.536
12 10 0 0.300 0.612 1.377 1.224
60 0 0.331 0.675 1.520 1.351
0 0.2 0.092 0.188 0.422 0.376
9 10 0 0.252 0.514 1.157 1.029
60 0 0.284 0.579 1.303 1.159
0 0.2 0.027 0.055 0.124 0.110
3 10 0 0.133 0.272 0.611 0.544
60 0 0.163 0.332 0.747 0.664
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Figure 1. Schematic Diagram of the Critical Flow Test Loop
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Figure 2. Conceptual Logic Diagram of the Temperature Controller in the Pressure Vessel
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Figure 3. Conceptual Logic Diagram of the Pressure Controller in the Pressure Vessel
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