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Table 1 Example 1:300 time steps: Feedup and eficiency

Nodes D-b CPU time (9 Foeedup Hficiency (%)  M-f CPU time (9 Jeedup  Hficiency (%)

1 653.91 - - 76.93 - -

2 338.81 1.93 96. 49 40.21 1.91 95. 66

4 230. 26 2.84 70.98 28.28 2.72 68. 01

5 187.85 3.48 69. 62 23.38 3.29 65.81
2 1:3600

Table 2 Example 1:3600 time steps: Speedup and dficienc
Nodes D-b CPU time (9 Speedup Hficiency (%)  M-f CPU time (9 Speedup  Hficiency (%)

1 18223. 56 - - 2106. 77 - -
2 9283.53 1.96 98.15 1088. 51 1.94 96.77
4 6384. 82 2.85 71.36 754.90 2.79 69.77
5 5144.99 3.54 70.83 626. 45 3.36 67.26
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curves) compared with Ref [7] (dot curves)
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Table3 Example 2: Speedup and eficiency

Nodes D-b CPU time (9  Seedup Eficiency (%) M-f CPU time (9 Speedup Eficiency (%)

1 260. 24 - - 30.19 - -
2 134.84 1.93 96.50 15.83 1.91 95.36
3 100. 79 2.58 86.07 11.87 2.54 84.78
6 73.94 3.52 58. 66 9.53 3.17 52. 80
4
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A PARAL ELL ANAL YSISMETHOD FOR FULL COUPL ED
MUL TIPHACE FLOwWY

Wang Xicheng
(Dalian University of Technology, Dalian 116024, China)

Abstract  In this paper , we condder a full coupled multi-phase problem involving heat and
mass tranger in ddforming porous media. The mathematical mode congsts of balance equations
of mass, linear momentum and energy and of the appropriate congtitutive equations. The chosen
macroscopic fidd variables are temperature , capillary pressure, gas pressure and displacement.
The gasphaseisconddered to be an idea gascomposed of dry air and vapour , which are regarded as
two miscible species. The model makes further use of a modified effective stress concept together
with the capillary pressure relationship. Phase change is taken into acoount as well as heat tranger
though conduction and convection and latent heat trander (evaporation-condensation) . Discretization
of the non-linear governing equationsis carried out by means of finite eementsin space and finite
differeces in time. A multi-fronta pardlel method in conjunction with a Newton- Regphson
procedure is developed to lve above problem. The given domain of the problem is descretized
into afinite number of subregions or subdomains. Multi-fronts are used to assemble and diminate
interna variable concurrently in every subregion. The contributions for interface equations are
obtained from the fronta operating arrays when every wavefront comes to the boundary of its
own subregion. Interface equations are lved to obtain the vaues of the boundary nodes of the
subregion. Once the vaues of the boundary nodes have been determined , the values within each
subregion may be determined by a back- subgtitution routines of the multi-frontal procedures
independently .

This method has advantages shch as numbering of the finite element mesh in an arbitrary
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manner , Smple programming organisation , smaller core requirements and shorten computation
times. The parald program is developed on Dawning Tiangchao (1000A) parale computer.
The PVM (Pardld Virtua Machine) system is used to handle communications among processors.
Numerica examples are given to demonstrated the speedup and efficiency of this method.

Key words paralld agorithm, multiphase flow , deforming porous, phase change



