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Study on Transition between Heat Conduction and Convection Using Particle Methods
Tadashi WATANABE and Hideo KABURAKI

Center for Promotion of Computational Science and Engineering
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Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 1, 1996)

The Rayleigh-Bénard system is simulated using the direct simulation Monte Carlo method
and the molecular dynamics method, which are the representative particle methods, and
the transition phenomena between heat conduction and convection is studied from the
microscopic level,

The critical Rayleigh number obtained by the direct simulation Monte Carlo method,
which is a statistical technique, agrees with that obtained by the linear stability
analysis of hydrodynamic equations, and it is shown that the macroscopic flow
instability can be studied quantitatively using the microscopic particle method. The
correlations of fluctuations of temperature and velocity are found to grow at the
transition in comparison with those at obvious conduction or convection states.

The motions of atoms are studied using the molecular dynamics method, which is a
deterministic technique, in terms of Lyapunov exponents. It is found that the chaotic

motions of atoms are increased when the convection rolls, which are large-scale ordered

motions of atoms, appear in the flow field.

Keywords: Rayleigh-Bénard System, DSMC Method, Critical Rayleigh Number, Correlation,

Molecular, Dynamics, Lvapunov Exponent, Chaos
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Velocity field and temperature distribution at the Rayleigh number of 1507. Sampling is
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Transient of the velocity field at the Rayleigh number of 1507 using the semislip boundary

Fig.10:
condition.
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Fig.11:

Time development of the midelevation temperature at the Rayleigh number of 1226 using

the semislip boundary condition.
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Fig.12:

Temperature distribution in the vertical direction at the center of the simulation region

with different Rayleigh numbers using the semislip boundary condition.
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Temperature distribution in the vertical direction near the side wall with different Rayleigh

numbers using the semislip boundary condition.
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Vertical velocity distribution at the midelevation with different Rayleigh numbers using

semislip boundary condition.
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Fig.i5:
Horizontal velocity distribution at x=0.75 with different Rayleigh numbers using semislip

houndary condition.
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Fig.16:

Midelevation temperature in the steady state as a function of the Rayleigh number.

The temperatures at the center and near the sidewall are shown along with the horizontal

average. The semislip boundary condition is applied.
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Fig.17:

Midelevation temperatures obtained by using the diffuse boundary condition. The tem-
peratures near the side wall and at the center are plotted together with the horizontal
average. The case with the modified Rayleigh number taking account of the temperature

jump is denoted by “Mod.”
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Fig.18:
Midelevation temperatures obtained by using the semislip boundary condition. The
temperatures near the side wall and at the center are plotted together with the horizontal

average. The case with the modified Rayleigh number taking account of the temperature

jump is denoted by “Mod.”
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Fig.19:
Correlation function for the vertical velocity fluctuation with different Rayleigh numbers.

One elevation is fixed at y=0.525.
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Correlation function for the temperature fuctuation with different Rayleigh numbers.

One elevation is fixed at y=0.325.
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Integrated correlation function for the vertical velocity fluctuation.
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Integrated correlation function for the temperature fluctuation.
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Characteristic length for the vertical velocity fluctuation.
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Characteristic length for the temperature fluctuation.
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Fig.25:
Typical transient flow fields for a convection state. The bottom wall temperature is 600

K. Velocity and temperature fields obtained bi\/ sampling during 20007 period (40000 time
steps) are in the left and right columuns, respectively.
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Fig.26:
Time development of the midelevation temperatures near the side wall and at the center.

The horizontal average temperature is also shown. T and Tp denote the temperatures of

the top and bottom walls, respectively.
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Velocity and temperature fields after stable convection rolls are established.

Fig.27:
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Fig.28:
The maximum flow velocity vs the parameter, ¢ = (Ra — Rac)/Ra., where the critical
Rayleigh number (Ra.) is determined from a fit of e/2, The data peints () show a long-

time average in the steady state, and the error bars indicate the range of data distributions.

A fit of €¥/? is also shown.
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Fig.29:

Midelevation temperature in the steady state as a function of e. The temperatures near

the side wall (edge) and at the center (center) are shown along with the horizontal average

(average).
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Fig.30:
Typical trajectories of atoms in the physical plane over 0.12 X 10° time steps (60007) in

the steady state of the macroscopic flow field.
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Typical growth rate of the separation distance between two trajectories in the phase

space for ¢ = 0.053. A linear fit is also shown.
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Fig.32:
Typical convergence history of the Lyapunov exponent for ¢
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