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Annomayun. B nacmosuyeti pabome nposoOUmcs MOOeIuposanue ecmecmeeHHOU KOHBEKYUU KOpuyma 6
NOAYYUTUHOPUYECKOU NOJOCIU C U30MEPMULECKUMU CMEHKAMU 8 NAMUHAPHOM npubaudcenuu. /[na onucanus
BIUAHUA BLIMATKUBAIOUEl CULL HYMPU Mennogbloengioueli cpedvl ucnonv3yemes mooenv byccunecka. [na
peanuzayuu 3a0ayi, CQOPMYIUPOBAHHOU HA OCHOBe NPEOOPA308AHHBIX NEPEeMEHHbIX, NPUMEHAEMCA Memoo
KOHeunvlx pasznocmell. I[lonyuenuvie pesyibmamvl ompaxcarom GIUAHUE ONpPeoerAIoWUx napamempos Hd

CMPYKmypy me4eHusl u menjioneperoc, a makaHce Ha 360JII0YUI0 UHMe2PpATIbHbIX XaPAKMEPUCTUK.

Introduction. Natural convection is a heat and mass transfer mechanism where the fluid motion is
generated only by density differences in the fluid due to the buoyancy forces influence. Natural convection of
corium can be realized during the severe accident in reactor [1]. Therefore, it is very important to study the heat
transfer performance for such severe accidents [1-3].

Mathematical model. Natural convection of heat-generated corium in a cooling horizontal cylindrical
cavity of a radius R, is studied (see Fig. 1). Walls of this region are maintained at a constant low temperature 7.
At the initial moment, the corium is motionless, and its temperature at all points is equal to initial temperature 75,

the volumetric heat generation density of the corium is constant in this case [4].

Figure 1. The domain of interest
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Governing partial differential equations formulated using non-primitive variables [4, 5] have the following

non-dimensional form:
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It should be noted that the used non-primitive variables stream function ¥ and vorticity Q can be defined as

U:lﬁ_\l” V:—a_\P’ Q:a_U_V_Ra_V 4)
oR o¢ oR

Initial and boundary conditions for these governing equations can be written as follows

=0 ¥=0, U=V=0, Q=0, 6=0 5)

1>0: ¥=0, Q=0, 6=0 at R=0,¢pe[0,7];
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Definition of all parameters used in equations combined with conditions (1)—(6) can be found in [4, 5].

Description of the numerical methods. The formulated boundary-value problem was solved using the
finite difference method [4-6]. The second order difference schemes were used for an approximation of
derivatives relative to the space coordinates, while for the unsteady term the first order difference schemes was
used. The obtained difference equations for the vorticity and temperature were solved by the Thomas algorithm,
while for the stream function the successive over relaxation technique was used. It should be noted that for
transformation of two-dimensional problem to the set of one-dimensional problems the locally one-dimensional
Samarskii scheme was used.

Results. In the present work, numerical analysis was conducted to study the heat transfer performance of the
corium in a semi-cylindrical cavity with Prandtl number that was taken at the melting point of uranium dioxide,
Pr=0.8202, and Rayleigh number which varies from 10’ to 10°. To represent the work, distributions of streamlines
and isotherms were used as was mentioned before to analyze the structure of the convective flows. These results are
represented in Figure 2. As shown, two symmetric convective cells of different rotations are formed within the

cavity. When the Rayleigh number increases, the cores of both cells shift closer to the curvilinear wall of the cavity.
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Ra=10° Ra=10" Ra=10°

Fig. 2. Distributions of isotherms (top row) and streamlines (bottom row) at various Rayleigh numbers for = 100

Conclusions. In this research, the numerical experiments for corium natural convection study in a semi-
cylindrical cavity were performed using the Java programming language to show the influence of the Rayleigh
number on streamlines and isotherms. It was found that a rise of the Rayleigh number illustrates a formation of
two convective cells within the cavity and a uniform temperature field reflects an appearance of temperature
maximum in a central part of the cavity due to an internal volumetric heat generation. Moreover, the average
Nusselt number at the bottom and top walls have an opposite dependence on the Rayleigh number due to a
displacement of the temperature maximum in the cavity to the upper wall with Ra.

Research was performed under the development programme of Tomsk Polytechnic University (Priority-

2030-NIP/EB-002-0000-2022).
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