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Abstract

Heat transfer and fluid flow are one of most important phenomena in nuclear system.
Currently numerical simulation method called LILAC to analyse cooling of reactor core
molten pool in a lower head vessel is developed. It solves Navier-Stokes equations with
turbulence and heat transfer models. The solution domain can be 2-dimensional, axisymmetric
and 3-dimensional. LILAC has a capability of multi-layered conjugate heat transfer with melt
solidification. The final step of the LILAC code development is analysis of high Rayleigh
number natural convection in a stratified molten pool. Before that it is necessary to validate
accuracy of the numerical code by solving well known benchmark problems. In this article 13
problems are selected and solved using LILAC code. And the numerical results are compared
with experimental data or other computed data. From this work it is found that LILAC
produces numerical solutions accurately and it can be wuseful for analysis of thermal

hydraulics in nuclear engineering.
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Fig. 2(a)Streamlines for flow over a circular cylinder at Re=200 in a period, (b)Lift and drag

coefficients versus time.
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Fig. 4 Comparison of Nusselt number distributions, (a)along the vertical wall, (b) along the

surface of circular cylinder, at Pr=0.1, Ra=10°.
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Table 1. Fluid properties and cavity dimensions used in calculations

Ra 0 iz B Pr g Tu Tc L
10° 1.19 | 1.8x10°7[0.00341 | 0.71 9.81 12 2 ]0.045841
10° 1.19 | 1.8x107[0.00341 | 0.71 9.81 12 2 10.098761
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Table.2 Averaged Nusselt number

Ra Present Hortmann et al. Error(%)
10° 4.5364(40 < 40) 4.5231(320 % 320) 0.3
10° 8.835(40 % 40) 8.825554(640 % 640) 0.1

25 2249 AV E oA @2 Prandlt59 v A AAdF
22H AAM Y AnlEl e 7 A Bl AT EAStE A 2e8E ut fFAE et
7t Aevs we 872t AAuFE 8480 Mohamads®e Prandtld=ol et w144 =
A F7E HAsE YA Grashof+=7F EA418HS A sha
Grashof T% Sold& FAALS F3 doplth 1e8x
35

Aol met n g dee g X RaE

B Cold wall M\/\/\/\/\/\/\
- - -~ -Hot wall
2554 L L L
33 34 35 36
( 1 1 1 1

10 20 30
Time
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Fig. 11 Isotherms and streamlines, (a)Rai=10°, Ra:=4.3x 10", (b)Rai=10", Ra»=2.4 < 10°.
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Fig. 12 (a)Schematic of the melting of a pure Gallium, (b)experimental melt front at various

times by Gau et al., (c)melt front positions calculated by Brent et al.
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Fig. 13 Calculated melt front locations at various times, (a)by 2nd-order upwind, (b)by

power-law scheme, (c)velocity vectors and streamlines at time=19min.
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Fig. 22 (a)Computational mesh for 180° curved pipe, (b)pressure contours and (c)u—velocity

contours at symmetric plane.
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Fig. 23 (a)Calculated streamwise velocity contours at 8=90°, (b)secondary velocity vectors, (c)
comparisons of velocity profiles, left: streamwise velocity, right: circumferential velocity,
locations of the data are -2, 3° 45°, 90°, 135°, 177°, +1, +3, +4 from bottom.
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