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IN-VESSEL THERMAL-HYDRAULIC ANALYSIS
by

W. T. Sha, W. L. Baumann, H. M. Domanus, D. Mohr
R. C. Schmitt, and J. E. Sullivan

In-vessel thermal- hydraulic analysis! 1s new, and it includes all
components, i.e., reactor core, upper plemum, lower plenum, piping, ete., in a
reactor vessel. In the past, the standard calculational procedure assumes
that detailed core tiiermal-hydraulic analysis can be performed separately and
independently from the upper and lower plenum. While this assumption is valid
for reactors operated under %h flow conditions, recent experimental
evidence?:»3>% as well as analyses~2°:8»7 have shown that there 1s a strong
coupling between reactor core and plena under mixed and natural-convection
modes. In order to account for the coupling effects properly, in-vessel
thermal hydraulic analysis must be carried out. Furthermore, one of the
unique features of in-vessel analysis is that the boundary conditions used in

the analysis are well defined.

This paper presents some recent results obtained from the COMMIX-1A code®
for the EBR-II reactor transient test No. 10, Phase 25. Figure 1 presents a
schematic sketch of the EBR-II primary cooling system. Both the reactor
vessel and the neutron shield assembly and assembly arrangement in the reactor
core are shown in Figs. 2 and 3 respectively. The computational grid system
used in COMMIX-]A can be found in Fig. 4. Reactor flow and power transients
are shown in Fig. 5. Figures 6-9 present velocity and temperature distribu-
tions at steady state and t (time) = 60 sec. Finally, a comparison between
the calculated results from COMMIX~1A and experimental measuremeunts are
presented in Figs. 10-12 for outlet temperatures for driver subassembly of
XX08, top-of-core temperature for driver subassembly of XX08 and low-pressure

plenum mass flow respectively.

Based on the comparison between the experimental data and calculational
results, it is revealed that: (1) a strong coupling between the reactor
components of the EBR-I1 primary system is taking place under mixed and
natural convection conditions, and thus the reactor components inside a
reactor vessel cannot be modeled separately from each other; and, (2) the
reverse flow in the lower pressure plenum is caused by buoyancy within the
core region and sustained by the heat capacity of the reactor structures.
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Fig. 1. EBR-Il primary cooling system
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