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Design Validation of Pressure Control Valve of Test Facility for
Two-Phase Critical Flow with Noncondensable Gas Using MARS/SMR
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Abstract

Simulations are performed using the MARS/SMR code to validate the design of
pressure control valve installed in the test facility for the two-phase critical flow with
noncondensable gas. Both steady state and limiting case calculations are performed to
validate its design. Steady state calculation results, which is to predict its performance
at various experimental conditions, show changes of the critical flow rate with the
variation of the pressure of pressure vessel and the valve opening ratio of with the
variation of the pressure of nitrogen supply tank at a fixed pressure of the pressure
vessel. Also two limiting case calculation results are compared with those simulated
using MATALB. The above simulation results using MARS/SMR predicts that the
designed pressure control valve is able to properly regulate the pressure of the pressure

vessel at various experimental conditions.
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¥ 1. ¥$E7T2 o) iE JAFEF A2 oH] Test Matrix

AHES qbE T od D=20, 7 mm (Dxx),
PO (bar), (Pxx) | Pl (bar), (a, b, ¢) | Subcooling Degree dT = 0, 10, 60 T (Txx)

180 (a)

120 (P12) 160 (b) 3(P1) x 2(D) x 3(dT) = 18 cases
130 (c)
150 (a)

100 (P10) 130 (b) 3(P1) x 2(D) x 3(dT) = 18 cases
110 (¢)
120 (a)

80 (POR) 100 (b) 3(P1) x 2(D) x 3(dT) = 18 cases
90 (c)
90 (a)

60 (P06) 80 (b) 3(P1) x 2(D) x 3(dT) = 18 cases
70 (c)
60 (a)

30 (P03) 50 (b) 3(P1) x 2(D) x 3(dT) = 18 cases
40 (¢)

Total 90 cases, ex) P12D20T10a

# 2. MARS/SMRS o] &3 47dH ZelAtte] Atz

Parameter Value etc

ID of Nitrogen Gas Supply Line 25 mm

Volume of Nitrogen Gas Tank 36 m

Volume of Pressure Vessel 1.3 m

ID of Discharge Line 7, 20 mm 2 cases
Pressure of Pressure Vessel, PO 120, 100, 80, 60, 30 bar 5 cases
Pressure of N2 Gas Tank, P1 Z} POl tiaf 3 7FA 3 cases
Temperature of Pressure Vessel, TO sat. temp. - 60 1 case
Initial Void Fraction of Pressure Vessel °F 0.5




# 3. MARS/SMR< ©| &3 A28 2ol Axte 2t
Run ID Opening Area m_in m_out Area Ratio Duration

(m') (kg/s) (kg/s) (sec)
P12D20T60a 0.000111 4.6349 35.059 0.2191 7
P12D20T60b 0.000121 4.4911 34.965 0.2388 7
P12D20T60c 0.000146 4.4029 34.951 0.2881 7
P12D07T60a 0.0000136 0.56788 4.3546 0.0268 119
P12D07T60b 0.0000151 0.56417 4.3591 0.0298 119
P12D07T60c 0.0000183 0.55187 4.3511 0.0361 119
P10D20T60a 0.000103 3.584 32.577 0.2033 8
P10D20T60b - - - - -
P10D20T60c - - - - -
P10D07T60a 0.0000126 0.43843 4.0479 0.0249 130
P10DO7T60b - - - - -
P10D07T60c 0.0000167 0.42613 4.0427 0.0330 130
POSD20T60a 0.000095 2.6445 29.723 0.1875 10
PO8D20T60h - - - - -
PO8SD20T60c - - - - -
POSDO7T60a 0.0000114 0.31734 3.6959 0.0225 147
PO8SDO7T60b - - - - -
POSDO7T60c 0.0000149 0.31107 3.6889 0.0294 147
P06D20T60a 0.0000792 1.6535 26.244 0.1563 11
P0O6D20T60b - - - - -
PO6D20T60c - - - - -
P0O6D07T60a 0.0000097 0.20251 3.2672 0.0191 168
PO6DO7T60b - - - -
PO6D07T60c 0.0000126 0.2046 3.2731 0.0249 168
P0O3D20T60a 0.0000465 0.64718 19.676 0.0918 18
P0O3D20T60b 0.0000570 0.66109 19.888 0.1125 18
PO3D20T60c 0.0000694 0.64391 19.737 0.1370 18
PO3D07T60a 0.0000057 0.0793319 2.4488 0.0112 > 200
PO3DO7T60b 0.0000067 0.0777069 2.4446 0.0132 > 200
PO3D07T60c 0.0000085 0.0788648 2.4574 0.0168 > 200




3 4. MARS/SMR< o] &% Algtxxd HoALke] ALtzxr
Value
Parameter
Case A Case B

ID of Nitrogen Gas Supply Line NA 25 mm
Volume of N2 gas tank NA 3.6 m
Volume of Pressure Vessel 1.3 m 1.3 m
ID of Discharge Line 20 mm NA
Pressure of PV, PO 120 bar 120 bar
Pressure of N2 gas tank, P1 NA 200 bar
Temperature of Pressure Vessel, TO sat. temp. — 60 sat. temp. - 60
Initial void fraction of Pressure Vessel 0.1 1.0
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