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If asked for the basic definition of CFD, the most common response will likely be something similar to: 
numerical methods and algorithms to solve problems involving fluid flow. From an industrial standpoint, 
however, CFD is more than that. It is a tool to design and/or analyze components or systems that have 
some aspect related to fluid flow. There is a key difference between the two definitions. The first is 
essentially referring only to the CFD solver. The second incorporates the entire CFD process, from the 
input geometry definition through the final desired data extracted from the numerical solution. This is 
the definition that is important to keep in mind when discussing CFD workflow. To that end, I will 
present the integrated CAD-to-solution workflow developed within STAR-CCM+, the flagship general-
purpose, high-end physics, CFD-focused CAE tool from CD-adapco. 

 
Figure 1. STAR-CCM+ integrated workflow; from native CAD geometry through post-processed solution. 

Today, one of the greatest challenges facing the aerospace industry is remaining at the forefront of 
innovation while coping with reduced budgets, increased performance requirements, and intense 
competition. CFD, along with other computer-aided simulation tools in various disciplines, is critical in 
successfully facing this challenge. Not surprisingly, CFD analysis trends seen throughout the industry 
include increased physics and geometric complexity, coupled with shortened schedules. In addition, 
there is a desire to utilize CFD earlier in the design process in order to achieve a greater impact on the 
final design. To do so, the process needs to be fast, repeatable, and automated. Currently, on the order 
of 65-80% of the engineer’s time spent on CFD analysis is in the pre-processing stage, so obviously this is 
an area where time-reducing capabilities in the workflow can have large returns. These factors are at 
the heart of the design of the STAR-CCM+ workflow. 
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Figure 2. STAR-CCM+ integrated workspace, including tree-structure access to settings and information 
for the geometry, meshing, solution, and post-processing components of the analysis process. 

Key components to the workflow are highlighted below. These will be discussed in detail in the final 
paper and presentation. 

1. A single software program for the entire CFD analysis process. This is the primary differentiator 
of the STAR-CCM+ workflow, and goes beyond building a single user interface for multiple, but 
individual, software components. By integrating all components into a single program, an 
efficient pipeline is created, where geometry, mesh, solution, and post-processing are all “two-
way” coupled, allowing greater flexibility and giving the engineer greater insight into the results. 

2. Handling of CAD geometry. Dealing directly with CAD tools and CAD files is necessary to 
efficiently cope with design modifications expected at the early stages of the development 
process. Several approaches are available, including integration directly into CAD tools, directly 
importing native CAD file formats, and construction of CAD geometry directly within the CFD 
program. In all cases, the ability to parameterize the geometry is important. 

3. Geometry preparation. In this part of the workflow, the CAD geometry, which is often of poor 
quality, is converted into a closed volume ready for meshing. Approaches for doing so include 
surface wrapping – which automatically de-features, closes gaps, and determines leakage paths 
– or surface repair tools. 

4. Mesh generation. For industrial applications, the use of unstructured meshes has proven to be 
the method of choice, and continues to gain popularity. Many studies (published and 
unpublished) have shown that properly-built unstructured meshes can produce results of the 
same quality as structured meshes, but at a greatly reduced mesh generation cost. Advanced 



meshing algorithms that employ general polyhedral cells are used to produce quality meshes on 
complex geometries. 

5. Physics solution. In addition to robust and accurate numerics, advanced algorithms for solution 
initialization and convergence steering allow the engineer to be more hands-off during the 
solution phase.  

6. Post-processing. Real-time post processing, even on large computing clusters. 

Other aspects of the workflow that will be discussed: 

1. Client-server architecture. This software approach allows interaction with the program during 
any stage of the analysis on remote computers, including large computing clusters. In addition, 
this allows multiple users to connect to the same simulation simultaneously, resulting in a truly 
collaborative procedure. 

2. Automation. The complete CAD-to-solution process is automated using a unified macro in order 
to improve efficiency and hardware utilization, as well as incorporate best practices into the 
solution process. 

 


