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Numerical Analysis of Single Phase Thermal Stratification in both Cold Legs and
Downcomer by Emergency Core Cooling System Injection : A Study on the Necessity
to Consider Buoyancy Force Term
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Abstract When emergency core cooling system (ECCS) is operated during loss of coolant accident (LOCA) in a
pressurized water reactor (PWR), pressurized thermal shock (PTS) phenomenon can occur as cooling water is injected
into a cold leg, mixed with hot primary coolant, and then entrained into a reactor vessel. Insufficient flow mixing
may cause temperature stratification and steam condensation. In addition, flow vibration may cause thermal stresses
in surrounding structures. This will reduce the life of the reactor vessel. Due to the importance of PTS phenomenon,
in this study, calculation was performed for Test 1 among six types of OECD/NEA ROSA tests with ANSYS CFX
R.17. Predicted results were then compared to measured data. Additionally, because temperature difference between
the hot coolant at the inlet of the cold leg and the cold cooling water at the inlet of the ECCS injection line is 200
K or more, buoyancy force due to density difference might have significant effect on thermal-hydraulic characteristics
of flow. Therefore, in this study, the necessity to include buoyancy force term in governing equations for accurate
prediction of single phase thermal stratification in both cold legs and downcomer by ECCS injection was numerically
studied.

Key words Buoyancy force(-2]), Computational fluid dynamics(Z]4Hf-#] < 3}), Emergency core cooling system
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Table 1 Test cases classified by either including or excluding buoyancy force terms in the momentum and turbulence
transport equations

case 1 case 2 case 3
Momentum eq. x ([ o
Turbulence transport eq. x x ]
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(a) type A (b) type B
Fig. 2 Grid system.

Table 2 Grid information

Items type A type B

Total no. of elements 8.92x10° 1.99x10°
Min. face angle 16.4° 15.9°
Max. face angle 164.7° 165.7°
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Fig. 3 Grid sensitivity results : time-dependent variation of fluid temperature at several measurement positions(for the
measurement positions, refer to Fig. 6(a), Fig. 7(a) and Fig. 8(a)).
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Fig. 4 Streamlines and contours of fluid temperature at cross-sectional plane TE2 and TE3 of the cold leg A(at t = 60 s).
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Fig. 5 Contour of wall surface temperature to demonstrate the thermal stratification region at t = 60 s.
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Fig. 6 Time-dependent variation of fluid temperature at cross-sectional plane TE2 in the cold leg A.
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Fig. 7 Time-dependent variation of fluid temperature at cross-sectional plane TE3 in the cold leg A.
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Fig. 8 Time-dependent variation of fluid temperature at cross-sectional plane TE4 in the downcomer.
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