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CASE STUDIES 

This is the second part of an article published in the last issue 
of the Newsletter “Aerodynamics Simulations with CFX and 
Fluent in the cloud”. Here, UberCloud presents two further 
aerodynamics case studies using cloud-based services with 
Ansys CFX and Fluent for engineering applications, as well 
as use cases that demonstrate the progress that has been 
made in cloud computing for the aerodynamics sector over 
the past few years.

This is the second part of an article from UberCloud examining the 
potential of the cloud and cloud-based applications for computer 
aided engineering (CAE). To date, UberCloud has performed more 
than 220 high performance computing (HPC) cloud projects and 
published 125 case studies, 25 of which were based on Ansys 
software such as CFX, Fluent, Mechanical, LS-DYNA, HFSS, 
and Discovery Live, as has been demonstrated in three previous 
articles in the EnginSoft Newsletter, [1], [2] and [3].

UberCloud started a series of cloud projects based on CAE 
simulations in 2012, moving engineers’ complex simulation 
workflows to the cloud with the goal of analyzing the benefits 
and challenges of this virtual environment for CAE. These 
projects included defining the engineering use case, moving the 
application workflow to the cloud, running the simulation jobs in 
batch or in interactive mode, evaluating the results via remote 
visualization, transferring the final results back onto premises, and 
writing a case study.

Engineering companies have only recently become aware of the 
promise of cloud computing. Granted, the major reasons for this 
hesitation were a few severe roadblocks such as security concerns, 
traditional software licensing models (e.g. annual, perpetual, etc.), 
large data transfers, engineers’ concern of losing control over their 
simulation assets (computing resources, software, data, etc.), 

and internal resistance from management and IT departments 
who often barricaded themselves behind existing compliance 
regulations that were not yet adapted to modern day requirements.

In the meantime, we have been able to remove most of these 
roadblocks by developing a software technology that hosts 
the engineer’s complex workflows in an isolated HPC software 
“container” that can be housed on a dedicated and secure HPC 
resource in any cloud – public, private, hosted, and hybrid.

This second part of the article summarizes two further 
aerodynamics case studies based on CFX and Fluent. The project 
team for these two projects consisted of computational fluid 
dynamics (CFD) expert Praveen Bhat, Technology Consultant in 
India; software provider Ansys, which provided the licenses for 
CFX and Fluent; cloud resource providers, ProfitBricks and Opin 
Kerfi; and a group of technology experts, namely Fabrice Adam 
and Andrew Richardson from HPE, and Reha Senturk, Ender Guler 
and Ronald Zilkovski from UberCloud. 
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Studying wind turbine aerodynamics in the cloud 
with ANSYS CFX
USE CASE
This case study describes the evaluation of wind turbine 
performance using CFD. The CFD models were generated with 
Ansys CFX. The simulation platform was built on a 62-core 240GB 
HPC cloud server at cloud provider ProfitBricks, the largest instance 
at ProfitBricks at that time. The cloud environment was accessed 
using a virtual network computing (VNC) viewer via a web browser. 
The CPU and RAM were dedicated to the single user. The Ansys 
software was hosted in an UberCloud application container.  

Process overview
The step-by-step approach necessary to configure the CFD model 
in Ansys Workbench is described below:

1. Import the standard wind turbine designs in a CAD geometry 
format into the Ansys Design modeler (Fig. 1). The model 
was then modified by creating the atmospheric air volume 
around the wind turbine.

2. Develop the CFD model (Fig. 2) including the atmospheric 
air volume surrounding the wind turbine in Ansys Mesh 
Modeler.

3. Import the CFD model into the Ansys CFX computational 
environment. 

4. Define the model parameters, fluid properties, and boundary 
conditions.

5. Define the solver configuration and solution algorithm. This 
portion of the configuration was mainly related to defining the 
type of solver, the convergence criteria, and the equations to 
be considered for solving the aerodynamic simulation.

6. Perform the CFD analysis and review the results.

The CFD simulation evaluated the pressure distribution and 
velocity profiles around the blades of the wind turbine as if they 
were being subjected to average wind speeds of 7 to 8 m/min. 
The plots in Fig. 3 and Fig. 4 illustrate the pressure and velocity 
distribution  measured. 

HPC performance benchmarking
The aerodynamic study of the wind turbine blades was conducted 
in an HPC environment built on a 62-core server with a CentOS 
Operating System and the Ansys Workbench simulation package. 

The server performance was evaluated by submitting the 
simulation runs for different parallel computing environments and 
mesh densities. Three different parallel computing environments 
were evaluated: Platform MPI, Intel MPI and PVM Parallel. 

Fig. 5 shows the solution time required for different mesh sizes 
for the cases where the simulation models used Intel MPI. Fig. 6 
shows the solution times for different numbers of CPU cores for a 
mesh size of 250K elements.

 Assessing race car aerodynamics in the Opin Kerfi 
cloud with Ansys Fluent
USE CASE 
This aerodynamic benchmark study evaluated the air flow and the 
forces acting on a racing car to understand the air velocity and its 
impact on the car’s stability during racing. The study focused on 
understanding the aerodynamic performance and quantifying the 
different forces acting on the racing car at certain speeds. The 
CFD analysis provided insight into the air flow, air pressure and 

“The HPC cloud service enabled very fine 
mesh models to be solved and thus helped to 
reduce the CFD simulation time drastically.”

Fig. 1 – Wind turbine geometry Fig. 2 –  CFD model of the wind turbine

Fig. 3 – Plot of pressure distribution 
on the wind turbine blades

Fig. 4 – Vector plot of velocity profiles 
around the wind turbine blades

Fig. 5 – Solution time for different mesh sizes from 90K to 2,5M elements using Intel 
MPI 

Fig. 6 – Performance comparison for a mesh size of 250K elements
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the velocity distribution around the car, as well as the parameters 
required to calculate the aerodynamic forces. The 3D CAD model 
of the racing car including a dummy driver, generated within the 
Ansys 19.0 simulation environment on a max 256-core HPC 
computer cluster with 250GB RAM, was accessed using a VNC 
viewer via the engineer’s web browser. Ansys Fluent was running 
in UberCloud’s HPC application software container on the Opin 
Kerfi HPC cloud. 

The following flow chart defines the configuration and modelling 
for running the simulation in the Ansys containerized environment:

The model construction and configuration were done as shown in 
the following flow chart:

The step-by-step approach followed here for setting up the CFD 
model within the Ansys Workbench 19.0 environment is very 
similar to the previous case study.

The Ansys Fluent simulation was solved in an HPC cloud 
environment. The simulation model had to be precisely defined 
with a good number of fine mesh elements around the racing 
car’s 3D geometry. The following illustration shows the racing car 
geometry considered and the 3D Fluent mesh model:

Fig. 9 shows the pressure distribution 
measured at the mid-section of 
the 3D racing car. The pressure 
distribution across the section is 
uniform. 

The velocity plot in Fig. 10 shows 
that the air velocity varies near the 
leading edge of the racing car. The air 

particle velocity is uniform with particles following a streamlined 
path near the car wall.

HPC performance benchmarking 
The external flow simulation was carried out in the Opin Kerfi HPC 
cloud environment which was running on a 256-core server with 
a CentOS Operating System and the Ansys Workbench simulation 
package. 

The server performance was evaluated by submitting simulation 
runs for different numbers of elements. Obviously, the finer the 
mesh size, the more time is required to run a simulation. The run 

“The Opin Kerfi HPC environment with HPE’s 
IaaS cloud management stack and UberCloud’s 
software container for Ansys is an excellent fit for 
performing advanced computational simulations”.

Fig. 7 – Container environment with Ansys Fluent application

Fig. 8 – Different stages in the model setup and simulation run in Ansys Fluent

Fig. 9 – Pressure distribution at the mid-section of the racing car

Fig. 10 – Velocity distribution at the mid-section of the racing car
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time can be minimized by using more cores. Fig. 11 highlights 
the solution time required for the 256-core system with 2 million 
elements.
 
As the number of CPU units increases, the simulation time reduces 
considerably. The solution time required with 64 cores for the fine 
mesh model is 3.8 times higher than the solution time required 
with a 256-core server for the same mesh model. For a moderate 
number of elements (~ 14 million), the 64-core server performs 
five times better than a normal quad-core system with respect to 
the total number of simulation jobs completed in a day.

Challenges, benefits, conclusions and 
recommendations
CHALLENGES
The two projects started with configuring the ANSYS workbench 
with ANSYS CFX and Fluent modeling software. The initial 
functioning of the applications was evaluated and the challenges 
faced during the execution were highlighted. Once the server 
performance was successfully improved, the next set of challenges 
faced was related to technical complexity. This involved accurately 
predicting the wind turbine blade behavior under aerodynamic 
loads, which was achieved by defining an appropriate element 
size for the mesh model. The finer the mesh, the greater the 
simulation time required; therefore, the challenge was to perform 
the simulation within the specified time.

BENEFITS
1. The HPC cloud environment with Ansys Workbench made 

model generation easier and drastically reduced the 
processing times due to the HPC cloud resource.

2. Mesh models were created for different numbers of cells, 
and the experiments were performed using coarse-to-very 
fine mesh models. The HPC computing resource helped to 
complete the simulation runs more smoothly.

3. The computing requirement for a very fine mesh is high, 
which makes it impossible to achieve with a normal 
workstation. The HPC cloud enabled very fine mesh models 
to be solved and drastically reduced the simulation time. 
This allowed us to obtain the simulation results within an 
acceptable run-time (~1.5 hours).

4. The use of Ansys Workbench helped to perform different 

iterations in the experiments by varying the simulation models 
within the workbench environment. This further helped to 
increase the productivity of the simulation configuration 
effort and provided a single platform to perform the end-to-
end simulation setup.

5. The experiments performed in the HPC cloud environment 
provided the extra confidence necessary to configure and 
run the simulations remotely in the cloud. Since the different 
simulation configuration tools required were already available 
in the HPC environment, the user was able to access these 
tools without any prior installations.

6. The use of VNC Controls in the web browser meant that 
accessing the HPC Cloud was extremely easy, with minimal 
or no installation of any pre-requisite software. The whole 
user experience was similar to accessing a website via a 
browser.

7. The UberCloud containers [5] helped the project run 
smoothly and provided easy access to the server resources. 
The regular UberCloud module for automatic email updates 
massively benefitted the user by allowing continuous 
monitoring of the job in progress without the necessity of 
logging into the server to check the status.

Conclusion and Recommendations
1. The selected HPC cloud environment with UberCloud-

containerized Ansys on ProfitBricks and Opin Kerfi cloud 
resources is very well suited to conducting advanced 
computing experiments that involve high technical 
challenges and require greater hardware resources to 
perform the simulation experiments.

2. The Ansys Workbench environment helped us to solve the 
aerodynamic problems since it required minimal effort to set 
up the model and perform the simulation trials. 

3. The combination of HPC Cloud, UberCloud Containers and 
Ansys Workbench helped speed up the simulations and 
complete the project within the specified time frame.
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Fig. 11 – Runtime (secs) vs no. of cores for the 2 million mesh model


