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Comparison of Thermohydraulic Characteristics in the Use of Various Coolants

Toshiharu Muramatsu*, Kazunori Suda*,
Satoshi Murakami**, Akira Yamaguchi*

Abstract

Nurnrical calcuiations were carried out for a free surface sloshing, a thermal stratification, a thermal striping, and
a natural convection as key phenomena of in-vessel thermohydraulics in future fast reactor systems with various fluids
as coolants. This numerical work was initiated based on a recognition that the fundamental characteristics of the
phenomena have been unsolved quantitatively in the use of various coolants. From the analysis for the phenomena, the
following results were obtained.

[ Free Surface Sloshing phenomena ] _
(1) There is no remarkable difference betweeen liquid sodium and luquid Pb-Bi in characteristics of internal
flows and free surface characteristics based on Fr number.
(2) The AQUA-VOF code has a potentiall enough to evaluate gas entrainment behavior from the free sureface
including the internal flow characteristics.

[ Thermal Stratification Phenomena ]
(1) On-set position of thermal entainment process due to dynamic voriex flows was moved to downstream
direction with decreasing of Ri number. On the other hand, the position in the case of CO, gas was

shifted to upstream side with decreasing of Ri number,

(2) Destruction speed of the thermal stratyification interface was dependent on thermal diffusivity as fluid
properties. Therefore it was concluded that an elimination method is necessary for the interface generated
in CO,, gas.

: 2

[ Thermal Striping Phenomena ]
(1) Large amplitudes of fluid temperature fluctuations was reached to down stream area in the use of €O, gas,

due to larger fluid viscosity and smaller thermal diffusivity, compared with liquid sodium and liquid Pb-Bi
cases,

(2 To simulate thermal striping conditions such as amplitude and frequency of the fluid temperature
fluctuations, it is necessary for coincidences of Re number for the amplitude and of velocity value for the
frequency, in various coolants.

[ Natural Convection Phenomlena ]
(1) Fundamental behavior of the natural convection in various coolant follows buoyant jet characteristics.
Rising characteristics of natural convection flows were affected significantly by thermal capacity and
thermal diffusivity of fluids.
(2) Time required for peak temperatures can be evaluated in the similarity condition of Ra number.

*  Thermal-Hydraulic Reseach Group, System Engineering & Technology Division, OEC, INC.
**%  Customer System Co. Ltd.
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