RSP T AT R BT AR U A5 225 2016 4F
Journal of the Institute of Science and Engineering. Chuo University

ADHTICLED2ERNERDRED 3 RB D=0 DHEFRE
AEZRIE, T #RF MBEERA, Bl &s

Numerical Method for the Three-dimensional Analysis of
the Scattering of Dust in a Room Caused by Human Walk
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abstract

A numerical method is proposed for the three-dimensional analysis of the scattering of dust in a
room caused by human walk. The governing equations of fluid flow are the incompressible Navier-
Stokes equations and the equation of continuity, and they are discretized by the finite element method
in space and by the finite difference method in time. The discretized equations are assembled into a
set of linear algebraic equations, which is solved by the conjugate residual method. The fluid region
in a room is bounded partially by a moving boundary, that is the surface of a human body. To treat
the moving boundary and the no-slip condition imposed on it numerically, the fictitious domain
method is employed. The no-slip condition is considered as the subsidiary condition for the velocity
field and is included into the weak form of the Navier-Stokes equations by using the Lagrangian
method of undetermined multiplier. A dust is moved in a Lagrangian manner according to the flow
velocity at the position of the dust. Numerical calculations by the proposed method have yielded the

qualitative tendency of the dust motion caused by human walk. Encouraging results are obtained.
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Fig. 1: Time history of morbidity rate of asthma
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Fig. 3: Finite elements and nodes
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Fig. 4: Finite element mesh covering the surface of a human body
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Fig. 5: Size of the computational region
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Fig. 6: Computational model of a human body
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Fig. 8: Time histories of the amount of dust in three layers
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Table 1: Comparison of the amount of dust in three layers at time ¢ = 54.0 among four cases

Case I | Case IT | Case IIT | Case IV
Top layer 8 9 2 1
Middle layer 37 67 17 16
Low layer 347 316 373 375
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Fig. 11: Dust distributions at different time instants in the extended computational region
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