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Parallelization and Evaluation of a Direct Numerical Simulation
for a Turbulent Flow Using Pseudo Spectral Method

MAasaMI TAKATA,* YOSHINOBU YAMAMOTO,* HAYARU SHOUNO, .0
ToMmoAKI KuNuaGrtt and KAZUKI JOEt

A direct numerical simulation (DNS) is used for an analysis of a free-surface turbulent flow.
To increase the accuracy of this simulation, sometimes pseudo-spectral method (PSM) is ap-
plied. In this paper, we developed and evaluated a parallel program for the DNS program
with PSM in distributed memory environments. Applying PSM means that the calculation is
carried out in the frequency domain, so that, the conventional parallelization method for the
DNS by dividing a loop structure in the calculation homogeneously, that is called strip min-
ing, in spatial domain may require a lot of communication time and communication overhead.
In this paper, we propose an improving method for parallelization: In the case of carrying out
plural processes with several arrays, a process for an array is assigned to as few processors as
possible, and plural processes are carried out as simultaneous as possible. We implemented
the parallel program for the DNS with Message Passing Interface. As a result, we obtained
the DNS solution in practical time with an entry level distributed computing system.
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Fig.2 Visualization of coherent structures obtained from DNS database of

open-channel flow 6). Fluid markers are generated along a line to the y-axis

(Side view).
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Program Flow
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Fig.3 The schematic diagram of the time course of Parallelizing method A. Each

loop is divided by the strip-mining for whole processors.
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Fig.4 The schematic diagram of the time course of our proposal Parallelizing

method B. Each loop is divided to minimize the communication cost.
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Program Flow
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