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Fig.1 Effects of buoyant force in the vertical direction for the (a) hot and (b) cold particles
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Fig.2 Steady-state for dimensionless numbers, + = 0.51, Gr = 3000, Pr=1,
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Fig.d Steady-state for dimensionless number, Gr = 15000, and others are

the same computing conditions as Fig.2

4 £

7EI5 LBE BU8Y G el |, F R B FR 4 Hamiltomian G, BB T ek R R, 30
B, BEESEAOHEN] B8 Boltzmann BUY, 7ERUR A R TR SRR FLRE T 3R 88 Hamiltonian



%4 1 AR - BT Boltzmann U RS ik 7 499

Z IR R TR, AT LU IRt ik 2 J7 A, 715 ) s B T B4 ) ORI Navicr-
Stokes /A4 1, LBE 808 Rtk /175E AAT Navier-Stokes BEPER] 7 HIRFAE, T FLI6 53 it
BRI 3%, A T5X BTE 1 R T R4 E M — 5 HBF 2. 4B AE 1R Grashof
HORAET Benard XA MR, HOBHE: RAPRUFBEL T Benand coll. H(fé 503 50
Tﬁ_.ﬁ% Boltzmann ﬁﬂﬂﬁiﬁﬁﬁfﬁ

Bl ACCRE T HAM RSB S S EUEA RS
2 % x W™

Frisch U, d'Humiéres 1D, Hasslacher B, ef al. Lattice gas hydrodynamics in two and three dimensions, Compler
Systems, 1987, 1: 649~707

2 Wolfram 5. Cellular automaton fluids 1: Basic theory. J Stat Phys, 1986, 45: 471~626

3 McNamara G, Zanetti G. Use of the Boltzmann equation to simulate lattioe-gas automation. Phys Hev Letts,

10
11

16

17

1988, 61: 2332~.2335

Qian YH, Orszag 5A. Lattice BGK models for the Navier-Stokes equation: Nonlinear deviation in compressible
regimes. Burophys Lett, 1993, 21: 255259

Chen S, Wang #, Shan X, et al. Lattice Boltzmann computational fluid dynamics in three dimensions. J Stat
Fhys, 1992, 68: 379~400

Shan X, Chen H. Lattioe Boltzmann model for simulating flows with multiple phases and components. FPhys
Rev F, 1993, 47: 1815~1819

Chen S, Chen H, Martinez 1D, et al. Lattice Boltzmann model for simulation of magnetohydrodynamics. Phys
Rew Letts, 1991, 67: 3776~3779

Rothman DH, Zaleskl 5. Lattice-Gas Cellar Automata. United Kingdom: Camberidge University Press, 1996
McNamara G, Alder B. Analysis of the lattice Boltzmann treatment of hydrodynamics. Physica A, 1993, 194:
218228

Alexander F.I, Chen 5, Sterling I, Lattioe Boltzmann thermohydrodynamics. Phys Hew, 1993, 47: 22492252
Shan X. Simulation of Rayleigh-Bénard convection using a lattice Boltzmann method. Phys Hev K, 1997, 47:
2T80~2T87

Bhatnagar PL, Gross FP, Krook M. A model for collision processes in Gases. 1. Small amplitude processes in
charged and neutral one-component systems. Phys Hep, 1954, 94: 511~526

Balescu R. Statistical Dynamics. London: Imperial College Press, 1997

Champman S, Cowling TG, The Mathematical Theory of Non-Uniform. Camberidge University Press, 1970
Takada N. Simulations of complex hydrodynamic phenomena by the lattioe Boltzmann methods. [Ph ID Thesis].
Japan: Kobe University, 1998

Tsutahara M, Feng 5. Simulation of the stratified flows using the two-component lattice Boltzmann methad.
Comput FPhys Commam, 2000, 129: 131~137

Feng S, Ren R, .Ji Zh. Heat flux boundary conditions for a lattice Boltzmann equation model. China Phys Lett,
2002, 19: T9~82



500 | & & i 2002 & M E
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Abstract  The flow of fluid can be considered as the combination of the basic movement of
particles greater than molecule level. The Hamiltoman of any particle system is composed of
kinetic energy and potential energy. By means of Hamiltonian, an energy conservation criteria
is established between micro and macro particles, and a lattice Boltzmann model suitable for
the simulation of hot fluid field is developed. From this model, a macro fluid dynamics equation
can be recovered. The obtained viscosity transportation term of momentum equation not only
has the characteristics of Navier-Stokes viscosity force, but also is related with the non-steady
and nonlinear momentum flux as well as the non-steady internal energy. Numerical simulation of
Benard convection shows that the result is very good to reproduce the Benard cells, and overcomes
the defect of instability of thermal lattice Boltzmarm model.

Key words Boltzmann equation, Hamiltonian, distribution function, hydrodynamic equations,
Benard convection

Received 27 March 2001, revised 21 January 2002,
1) The project supported by the National Natural Science Foundation of China and the State Key Laboratory
Foundation of China (40023001, 49823002, G1999032801, 40175026, 8-1502).



