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Abstract

In this paper, the first-order fractional-step time-discretization algorithm for solving the unsteady
penetrative-convection model is studied. This equation is a nonlinear multi-physical model
coupled by the unsteady incompressible Navier-Stokes equation and the heat conduction equation.
The advantage of the algorithm is that the nonlinearity and incompressibility of the Navier-Stokes
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equations are separated to realize the high efficiency of the algorithm. Theoretically, under the
assumption of the regularity of the solution, we obtain the first-order temporal convergence order
of the velocity field and the temperature field. Finally, the convergence results are verified by nu-
merical examples.
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Table 1. Numerical error and convergence order under L

F 1 LS T O BEIR Z AU S 3

M Ju—u,] G |o-46.].: G Ip= Pl G
10 1.11E-03 - 5.62E-03 - 1.10E-03 -

20 5.49E-04 1.01 2.82E-03 0.99 4.00E-04 1.46
30 3.57E-04 1.07 1.87E-03 1.02 2.22E-04 1.45
40 2.61E-04 1.09 1.39E-03 1.03 1.46E-04 1.45
60 1.67E-04 1.10 9.06E-04 1.05 8.15E-05 1.44
80 1.22E-04 1.10 6.64E—04 1.08 5.43E-05 1.41

Table 2. Numerical error and convergence order under L?

2. PR TR ERE WS

M [V (u-u,). e [V(0-6,). e
10 4.43E-03 - 9.47E-03 -

20 1.62E-03 1.46 4.16E-03 1.19
30 9.46E-04 1.32 2.86E—03 0.92
40 6.76E—04 1.17 2.30E-03 0.77
60 4.55E-04 0.97 1.76E-03 0.65
80 3.62E-04 0.79 1.49E-03 0.59

N T BAFYC S, [ h=1/100, B AE K At=YM , Hh M NIEF LK ERIS S o
FE 4.2 Ry BN R ZE A, 4 M =10,20,30,40,60,80 , 153 HEUE R 2 LIKSrtnde 1 fn 2
Fiome M 1AL 2 T AR H, MMIEZETAS /N, 1520 — s s 2 2 4.2 R IEeF—38.
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