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Computation of incompressible flows with Domain-object
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Object based approach of Domain Decomposition Method (DDM) is presented in order to simplify the
application of DDM to Computational Fluid Dynamics. "Domain class" is designed based on 2-D
incompressible flow solver on rectangular grid, in which we pay our attention to common property of
each domain. In the present domain class, the number of grid point and the physical size are specified
in generating Domain-object, by which the concentration of grid point is easily controlled. Some
computational results with Domain-object are presented. It is also found that there exists the
threshold of the ratio of mesh interval whether the calculation is possible or not.
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Fig. 1 Conceptual figure of Domain-object 1
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Domain

e Velocity
. Pressure

e Setting boundary condition.
*  Calculation of basic equations.

Fig. 2 Specification of Domain class
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WholeDomain
e  Time step etc.

¢ Specify the neighboring Domain-object to
each Domain-object.

e Send a calculation message to each
Domain-object.

¢ Receive a calculation result and output.

Fig. 3 Specification of WholeDomain class
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Fig. 4 Configuration of computational region
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Fig. 5 Computed flow field in a cavity (Re = 107)
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Fig. 6 Computed flow down a step (Re = 10%)

Fig. 7 Computed flow field in a channel (Re = 10%)
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Fig. 8 Conceptual figure of Domain-object 2
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Fig. 9 Model of sink-source flow'”
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Fig. 11 Mesh type assembled by Domain-objects

Table 2 Calculation result

Calculation result
Mesh type
Re =102 | Re=10% | Re=10* | Re =10°
A o o
B X X
C o o . . . . )
Fig. 12 Computed flow field in a cavity with type A (Re = 10)
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Fig. 14 Computed flow field in a cavity with type C (Re = 10%)

Fig. 15 Computed flow field in a cavity with type C (Re = 10%)

Fig. 16 Computed flow field in a cavity with type C (Re = 10%)
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Fig. 17 Another mesh type assembled by Domain-objects
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Table 3 Ratio of mesh and calculation result (Re =10%)

Mesh type Ratio of mesh Calculation result
A 1:4 X
Al 1:2 o
B 1.7 X
B’ 1:3.5 X
C 1:1.5 o
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Fig. 18 Computed flow field in a cavity with type A' (Re = 10%)
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Fig. 19 Computed flow field of particle flow down a step
(1=0.1,Re =10%

Fig. 20 Computed flow field of particle flow in a cavity
(1=0.01, Re = 10%)
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