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Abstract

The past several years have witnessed an ever-increasing acceptance and adoption of parallel

processing, both for high performance scientific computing as well as for more general purpose

applications. Furthermore with increasing needs to perform the complex flow calculations in an

efficient manner, the use of the message passing model on distributed networks has emerged as

an important alternative to the expensive supercomputers. This work attempts to provide a

generic framework to enable the parallelization of all CFD-related works using the master-slave

model. This framework consists of (1) input geometry, (2) domain decomposition,

(3) grid

generation, (4) flow computations, (5) flow visualization, and (6) output display as the sequential

components, but performs computations for (2) to (5) in parallel on the workstation clustering.

The flow computations are parallized by having multiple copies of the flow-code to solve a PDE

on different spatial regions on different processors, while their flow data are exchanged across the
region boundaries, and the solution is time-stepped. The Parallel Virtual Machine (PVM) is used

for distributed communication in this work.
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Fig. 2 Global structure of parallel system suggested
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(b) Grid generation

. - 0 Q/

o —— T

o . T

oo ——+"] 3 ﬁry
L J kd

(c) Grid generation in a tube bank where diameter of particles means pressure

(d) Six streamtubes in a tube bank where its color and radius indicate flow velocity and pressure, respectively
Fig. 4 A tube-bank example
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Table 1 Main steps in master program

Step 1 Enroll in pvm-system

Step 2 Spawn the slave tasks

Step 3 Create the initial flow data on each block

Step 4 Send the initial flow data to the slaves

Step 5 Wait for the results and receive them from the slaves
Step 6 Display the flow outputs

Step 7 Kill the slave processes

Table 2 Main steps in slave program

Step 1 Enroll in pvm-system
Step 2 Receive my flow data from the master

Perform the step 3 to 5 until satisfying the stop conditions
Step 3 Exchange boundary informations with my neighbor blocks
Step 4 Execute the flow solver on my block
Step 5 Update my flow ouputs resulted from the flow solver
Step 6 Send the final outputs back to the master
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Table 3 Iteration number and run time in various computing environments

Parallel with four workstations 500 35min
Parallel with four workstations 1,000 70min
Parallel with two workstations 1,000 110min

Serial with one workstation 1,000 150 min
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