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Context and justification

Fourth industrial revolution:
* [nternet of things.
« Simulation: Computational Fluid Dynamics (CFD).
e Cloud computing.
e Additive Manufacturing.
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Meshing: introduction

CFD solves fluid dynamics problems (openFOAM).
Meshing to discretize the physical domain.

Meshing is computer-intensive.

Not many tools with GUI, not to mention web-based.
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Objectives

3D scientific visualizer.

Can run on mobile devices.

Web front-end for mesh tuning.

Meshing functionality scalable in an HPC cloud.



Software ecosystem
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Technologies 1/2

. Azure cloud
VT KJS Multicore

HPC cloud Webserver

ParaView. - - - . éé
WebSockets. L A
Vue.js.

Azure.
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Technologies 2/2

HPC cluster Server Client

e
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Azure cloud 1/2

C & myuvisualstudio.com/Benefits?wt.mc_id=o~msft~profile~devprogram_attach&workflowid=devprogram&mkt=en-us

= Microsoft | Visual Studio Subscriptions

Welcome to your Visual Studio Enterprise subscription

Benefits Downloads Product Keys Subscriptions Get Help Marketplace
Would you like to receive periodic emails with updates about your subscription including benefits, trends, and the latest product announcements? Opt in to receive Visual Studio

Featured benefit

Subscription

Y [ G Web-Client  Cloud-Server

Use credits in Azure to learn, explore, and try Azure services.

L
= ~ storage ~ Compute nodes
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Azure cloud 2/2

£ Search resources, services, and docs (G+/)
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Azure services

_|_

Create a
resgurce

Cost

Management ..,

Recent resources

Mame

Visual Studio Enterprise Subscription

B viewerserver
n OpenFoam2
a OpenFoam1
u OpenFoam3

a OpenFoamd4

= cvokerstorageuser

Storage
accounts

Virtual
machines

a

Help + support

Type
Subscription
Virtuzal machine
Virtual machine
Virtuzal machine
Virtuzal machine
Virtuzal machine

Storage account
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All resources

&

Lazd balancers

i g
oo
oo
kKubernstes
services

Subscriptions I

Last Viewed
13 hours ago
13 hours ago
2 month ago
a2 month ago
a month ago
2 manths ago

2 manths ago
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Visualization
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3D visualization server setup

Install binaries:
« ParaView.
* node.js.
« git clone https://qgithub.com/FrancescSM/evoker.qgit
 install app dependencies and build.
 install and configure apache.



https://github.com/FrancescSM/evoker.git
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3D scientific visualization demo
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Meshing




U 0 c Universitat Oberta UNIVERSITAT
de Catalunya L ROVIRA i VIRGILI

Evoker = ParaView customization + openFOAM meshing

« Adaptation of ParaView Lite to Evoker.
 Meshing workflow.
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Meshing: files preparation

Evoker reads and/or writes four files:
 blockMeshDict: boundary surfaces, SNodes
 decomposeParDict: processes’s topology

« snappyHexMeshDict: refinement surfaces

« UlSettings: resolution, nodes, topologies,
iterations
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Meshing demo
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Microsoft Azure 1 Search resources, services and docs (G

Azure services

€« C @ portalazure.com/#f

"_“} | 13
e | ] -
= P e
Cost Help + suppert Allrespurces  Load balancers Kubernetas Subscriptions
Management ... arcounts services
Recent resources
Hame Type Last Viewed
B cpenfoami Wirtual machine 3 minutes ago
E 13l machine 3 minutes ago
. Wirtual machine
3l machine
Wirtual machine
Subscription
Storage account 2'months ago
Metwork: ins & orths ago
Network interface 2 months ago
F address 2 months ago
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Pulblic IF address 2 months ago

Mavigate

Sulrscriptions | “l Resource gre

Al resources

Tools
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Hardware used

« Main server (apache+ParaView):
Ubuntu 18.04-LTS 16 vcpus, 128 GiB RAM.

« HPC nodes:
Ubuntu 18.04-LTS 4 vcpus, 32 GiB RAM.
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Results: Visualization performance in the client (1/2)

93% 12% 5% 28% 10%

Mame 5. CPU Memory Disk Metwork GPU | GPU engine Power usage Power usage t...

v € Google Chrome (12) 01%  2440MB 0 MB/s 0 Mbps 0% GPU1-3D Very low Low
¢ Google Chrome 0% 40MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% T9MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 123 MB 0 MB/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 1.7 MB 0 MB/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 42.5MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 11.3MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 45MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 58.5MB 0 MB/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 9.3 MB 0 MB/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 6.4 MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0% 81 MB 0 ME/s 0 Mbps 0% Very low Very low
¢ Google Chrome 0.1% 726 MB 0 ME/s 0 Mbps 0% Very low Very low
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Results: Visualization performance in the client (2/2)
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Results: Meshing performance

| Topology | 1node [ 2nodes [ 3nodes | 4nodes |  Optimum
P ppn Time(s) ppn  Time(s) ppn Time(s) ppn Time(s) Time(s)  SpeedUp

1  665.75 665.75 1

2 459.02 1 549 459.02 1.45
4 45615 2 35017 2 355.42 350.17 1.9
4 32665 3 324.18 324.18 2.05 X G n ..
3 28155 28155 236 SR R Hirk T’
4 2629 262.9 2.53 R

5

S R AR
e PP 4-:“ “
7z, '}'s\\“ A"‘\

Problem size: 1.8 M cells
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Conclusions
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Conclusions

« The solution offers a good visualization experience
even in low-performance devices. |

 The meshing functionality can scale up and down
considering the problem size, the resource
requirements, and the budget limitations.

* Evoker has been found useful for increasing
productivity in meshing tasks in targeted problems as

demonstrated by a paper being accepted as Short
Paper in SIMULTECH 2021.
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