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SUMMARY 
Today, the commercial CFD market is around $650M/yr worldwide, having grown at a remarkable average rate of 
about 13% year-on-year since 2000. However, there are only around 250,000 CFD users worldwide today out of a 
global engineering population of 10,000,000s – suggesting that the CFD market is still emerging in terms of 
potential applied usage. Indeed, it is still largely the preserve of CFD analysts, PhD’s and MEng’s in the “Early 
Majority” stage. Many factors have fed into this impressive growth rate and this paper will discuss all of them in a 
historical context, and with particular reference to the commercial CFD industry:

 ■ Solver algorithmic advances

 ■ Pre-processing (geometry and meshing) advances; including:

 ■ Average CFD Mesh size and Result Fidelity increases

 ■ Hardware advances (including HPC, Moore’s Law…)

 ■ 3rd party software advances (visualization, particles…)

 ■ Coupled multi-physics advances

 ■ CAD advances, CAD-embedded (concurrent) & upfront CFD

 ■ Open-Source CFD & consulting companies...

 ■ CFD Standards (NAFEMS, ERCOFTAC, QNET...)

The visible market potential globally for CFD in the near future has been estimated at $2.9bn showing that this 
market is far from saturated and is, in fact, a set of sub-vertical industries, each with their own needs and drivers:

 ■ Industrial sub-sectors such as Automotive, Military-Aerospace, HVAC, Chemical Process, Materials Processing, 
Power Generation and Electronics...

 ■ CFD tool sub-sectors for differing user demographics – high-end general-purpose analyst tools, designer-
focused tools, industry/application-focused tools, upfront tools...

The CFD industry is also seeing much more blurring with other engineering disciplines such as CAD/PLM, EDA, ERP, 
SCM, CRM, Multi-physics, etc. Disciplines such as EDA and MDA, previously following separate evolutionary 
trajectories are being forced to converge in the Automotive & Aerospace sectors, with a drive towards Digital 
Manufacturing – a trend which is sure to accelerate this century. 

And what of the future for CFD? The “Holy Grail” of CFD in terms of real-time, push-button, automated, easy-to-use, 
CAD-embedded, and bi-directional multi-physics enabled CFD is still a distant dream in many sectors but the 
industry is approaching this goal and the market is demanding it more and more! CFD is being pushed further and 
further up the design process where it is having greater and greater impact on reducing manufactured product 
design costs, thereby delivering ever higher ROI. The era of the specialist CFD analyst, master of all he or she 
surveys, is coming to an end. There will still be a need for them in the R&D and QA arenas going forward, and they 
will retain their status as gurus within their organizations. However, the Wild West is being tamed and a new world 
order is emerging… Trends are appearing in CFD which appear reminiscent of those seen back in the 1980s. We 
argue that in some respects we are going back to the future!
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1: IntRodUctIon & BRIef HIStoRY of cfd
This paper seeks to describe the underlying technology, industry and business trends that have contributed to the 
phenomenal growth and rapid expansion of the commercial CFD (Computational Fluid Dynamics) industry over the 
last 30 years or so. The reader is referred to a range of references at the end of this paper for more details on the 
trends identified and repeated herein.

Given the ubiquity of gas and liquid flows in the natural world, within many industrial processes, inside ourselves, 
out into outer space and on other planets; fluid flow touches every aspect of our worldview. The ancient Greek 
philosopher, Heraclitus, said in the 4th century BC that “everything flows”, and although he may not have meant it in 
a physical sense he was not that far off a scientific truth. Indeed, it has been noted that half of all problems 
engineers face in the world today are flow related - and the rest are mainly structural. Whatever the exact split, 
even up until the 1970s it was nigh on impossible for professional engineers to simulate realistic industrial flows of 
gases or liquids by computer, bar for a few high-end specialists in defense establishments around the world. Flows 
and pressure drops in and around equipment were calculated by empirical correlations or by expensive and 
approximate scaled models inside wind tunnels or in water tanks. Numerical methods were just not cost effective. 
The basic science of fluid flow had been known about for over 150 years following the mathematical expressions 
devised by the Frenchman, Claude Navier, and the Irishman, George Stokes, in the 19th century (see Figure 1). The 
basic non-linear coupled differential equations they first postulated, and derivatives of them, were so tightly 
coupled that it was only with the advent of modern numerical methods and fast digital computers in the late 20th 
century that a way was paved for the modern CFD industry to take root and thrive. The English researchers, 
Osborne Reynolds and Lewis Fry Richardson advanced the underlying scientific understanding of fluid flow in the 
early 20th century along with Ludwig Prandtl’s pioneering boundary layer theories and other researchers who 
gained understanding of turbulence phenomena (like Kolmogorov). It is instructive to note that some of the earliest 
mathematical work on fluid flow was driven by the needs of weather predictions and forecasting. Richardson even 
calculated that if 50,000 people were sitting in a stadium with binary boards that they could hold up, they would 
eventually be able to come up with a weather forecast using numerical techniques!

                                                                                     Figure 1: A Brief History of Fluid Flow & CFD Industry Timeline, 1820 – 1990
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Aerodynamics and a greater understanding of it during the 1920s and 1930s drove some interesting work by Thom. 
However, it was not until during the Cold War, that an increasing need to understand missile trajectories and 
combustion phenomena motivated the fundamental research that would become the precursor to the modern 
CFD industry. Kawaguti in Japan in the 1950s even spent a whole year and a half using a hand calculator to solve a 
laminar form of the Navier Stokes equations! It was not until Frank Harlow’s T-3 Group in Los Alamos in the 1960s 
that the many mathematical issues associated with numerical modeling of the Navier-Stokes equations started to 
be addressed. Subsequently, a particularly fruitful research purple patch of over 10 years by a group under Prof. 
Brian Spalding at Imperial College in London provided the building blocks for the modern CFD industry. Pivotal 
work on the k-epsilon turbulence model was done by Launder and Spalding in the early 1970s, and this model is 
still the workhorse of the CFD industry today. Suhas Patankar’s famous 1980 CFD textbook spawned hundreds of 
CFD codes in the fledgling CFD industry. Finite element and finite volume CFD codes started to emerge such as 
FIDAP, FLUENT, PHOENICS, FLOW3D, FloTHERM and STAR-CD and they became commercialized in the early to late 
1980s. Finite volume methods started to hold sway commercially, mainly because they were simpler to code, they 
were more stable in convergence for turbulent flows, and many physical models could be added into them easily. 
Indeed, the market has continued to speak further, because over 90% of all commercial CFD in the world today is 
still done with finite volume methods (the authors estimate FEM CFD code revenues to be 5% of the total 
currently).

The commercial CFD world in the 1980s was very “boxy” with Cartesian castellated meshes dominating. The 
aerospace and turbomachinery industries with their need for accurate resolution of flows through and around 
complex geometries and curvatures had other ideas, and unstructured mesh techniques were pioneered by the 
likes of Prof. Anthony Jameson and Prof. Bill Dawes. Several other industries were early adopters of CFD like 
pyrometallurgy, nuclear & power generation, and chemical process equipment manufacturers, where no other 
methods of understanding flow and transport phenomena inside equipment was possible. By the 1990s the 
industry saw an explosion in the use of CFD due to a range of different underlying technology and industry trends 
(Figure 2). Some CFD vendors like CD-Adapco and Flomerics saw opportunities in providing niche CFD solutions to 

                                                                                                      Figure 2: CFD Industry Trends Timeline, 1990 - 2010
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specific industries such as Automotive, Electronics and HVAC, whereas the acquisition of some vendors by others 
consolidated the growing marketplace. Fluent Inc. stole a march on its competitors with its usability concept of 
having a single code where the engineer could do pre-processing (geometry and mesh generation), CFD solving 
and post-processing all under one user interface. Hardly radical, but it was highly effective. Fluent’s pioneering work 
with the unstructured RAMPANT CFD code in the early 1990s also touched two raw nerves in the CFD world that 
would prove to be lucrative financially – unstructured meshing and HPC (High Performance Computing) versions of 
CFD solvers that ran on clusters. HPC has therefore globally expanded the use of CFD dramatically since the late 
90s.

The 1990s also saw the emergence (and the convergence) of various technologies that helped to accelerate the 
growth in CFD application and usage around the world. The availability of desktop workstations and deskside PCs, 
followed by laptops brought CFD out of the hands of expert users and mainframe bureau services for the first time 
and also allowed for greater and enhanced visualization tools. A proliferation of pre-processing tools and the 
emergence of Mechanical CAD tools enhanced the productivity of CFD engineers, as well as allowing more and 
more realistic geometries to be tackled. Perhaps the most significant impact on CFD uptake in the 1990s and 2000s, 
both for the shear breadth and depth of CFD applications that were able to be tackled, was Moore’s Law. Put 
simply, Moore stated that hardware CPU speeds and RAM capacities have doubled every 18-24 months over the last 
20 years, allowing commensurate growth in the average CFD mesh size for a given engineering application (Figures 
3 and 4). The Formula 1 example is perhaps extreme in terms of CFD adoption, but in an industry where the margin 
between winning and losing is so sharp, and the benefit of CFD simulation over traditional wind tunnels so clear 
(not least in overall cost savings and design productivity), the competitive advantage to be gained by CFD in motor 
sport has been huge. Indeed, along with aerospace and automotive, no industry has driven the technological 
developments in commercial CFD software more than the pinnacle of motorsport.

                                   Figure 3: CFD has grown on the back of Hardware Advances – illustrated by Formula 1 Motor Racing CFD trends 1990 – 2010
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Approximate average mesh size trends have been estimated by the authors and illustrated in Figure 4, clearly 
illustrating how CFD has ridden on the back of hardware advances in the last few decades. A typical hardware 
platform available to a CFD user 25 years ago could handle a mesh of around 10,000 cells inside a CFD code, yet 
today 20 or more million cells are typical for a CFD solution. The advent of distributed hardware network platform 
CFD codes in the mid to late 1990s accelerated CFD usage significantly and the multi-core platform CFD codes 
available today have increased it even further. In effect, larger and larger CFD simulations (both ANSYS CFD codes 
and the CD-Adapco CCM+ code report 1,000,000,000 cell flow solutions today). More and more computationally 
intensive transient and multiphase CFD simulations are ‘do-able’ today than ever before within the realistic 
engineering timescales of hours and days, rather than weeks and months. This has had a profound effect on CFD 
adoption worldwide and HPC CFD revenues for those vendors who pioneered the use of CFD on clusters. HPC 
computing in all its various guises has enhanced CFD simulation capabilities by several orders of magnitude in the 
matter of a decade.

Unstructured meshing in the 1990s primarily originated from the aerospace & turbomachinery industries, yet it had 
a profound effect on the general-purpose CFD market when FLUENT went unstructured in the mid 1990s and other 
codes followed suit. Such codes allowed for more automated meshing of real-world complex geometries in a push-
button way with tetrahedral elements, even though they are far less accurate than hexahedral elements. They did 
however open up the way for faster turnaround of CFD simulations and the availability of CFD results during 
product design rather than CFD being done after the event. Production-level CFD was now possible. This in turn 
meant that CFD could interact with design optimization software like iSight and modeFRONTIER that emerged in 
the early 2000s.

                                                                                    Figure 4: Average Mesh Size Growth for a typical CFD Simulation 1980 – 2010
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The late 1990s and early 2000s (Figure 2) also saw the advent of CAD–embedded and CAD-associated CFD, 
whereby CFD codes such as FloEFD from Mentor Graphics (Figure 5 illustrates the classic CFD design process but 
within the SolidWorks CAD package) were embedded inside the rapidly burgeoning CAD/PLM (Product Lifecycle 
Management) tools such as CATIA, Pro/E, Autodesk, Solidworks and Siemens NX (UGS) now being used on nearly 
every mechanical and process engineer’s desk worldwide. The CAD (and soon to be PLM) industry had also 
expanded to be a billion dollar industry in the 1990s. This technology advance in the last 10+ years has started to 
put CFD into the hands of designers and mechanical engineers who are not CFD specialists. It has also speeded up 
product design cycle times and product manufacturing design processes – the emerging driver for CFD adoption 
in the last 5 years. CFD codes like PowerFLOW from EXA, with its easy-to-use, fast “upfront” CFD simulation 
approach involving minimal pre-processing effort gained a rapid foothold in specialist automotive applications 
such as external aerodynamics and underhood thermal management, where time pressures for quick flow 
simulation are mission critical. Traditional general-purpose CFD software vendors have not stood still either; the 
still-critical pre-processing steps in CFD have been shortened with a proliferation of third party products such as 
ANSA, HARPOON and Pointwise filling in the void. And a whole new post-processing sector for CFD/CAE has 
emerged with codes like Ensight, Fieldview and Tecplot filling this niche.

The mid 2000s also saw seismic shifts in mergers and acquisitions in the CFD sector, particularly the audacious 
acquisition of both AEA Technologies’ CFX software and the market leading Fluent Inc. in 2006 by ANSYS Inc., the 
then number two in structural analysis software. ANSYS CEO Jim Cashman’s vision of CAE multi-physics under one 
umbrella transcended those of the previously separate CFD and FEM mechanical analysis software markets for the 
first time. Other acquisitions of structural and CFD companies by CAD vendors (e.g. ABAQUS, MoldFlow) and by EDA 
(Electronics Design Automation) companies (e.g. Flomerics) made the CFD market even more complicated and 
interlinked with other engineering simulation disciplines. As well as technological synergies, the rapid revenue 
growths to be expected in the CFD space have not been lost on adjacent simulation sectors.

                                                                                 Figure 5: Schematic CAD-embedded CFD Process; Geometry-Grid-CFD Solution
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In recent years one further ‘disruptive’ technology has hit the CFD industry –open-source CFD, with the rapid 
growth of the use of OpenFOAM by high-end CFD specialists in particular. In a similar way to the adoption of LINUX 
as a computer operating system, ‘free’ CFD software such as OpenFOAM is driving down the price of commercial 
CFD software. No doubt as engineering services companies start to offer customized graphical user interfaces, 
OpenFOAM will likely gain a significant tranche within niches of the CFD sector. How OpenFOAM users will cope 
with QA, validation & testing, the cost of full-time developers in-house to customize the software (a throwback to a 
similar paradigm the authors saw in the late 1980s for large companies who wanted to use CFD), and intellectual 
property issues of shared source code (particularly in Formula 1, automotive and defense related companies) 
remains to be seen. 

Another interesting emerging trend in commercial CFD is the delivery of software on cloud computing platforms. 
In theory this will create code delivery and pricing issues for CFD vendors, as well as IP and proprietary issues for 
large multinational companies, which may prohibit their use of external clouds. Small and medium size companies, 
however, may find using external cloud computing for CFD a boon in the near future. Finally, another pricing 
pressure facing the commercial CFD industry today is the justification of annual license fees by user companies as 
opposed to perpetual or paid-up fees, especially if few relevant new enhancements appear in each successive 
software release. All of the above will contribute to the commodification of general purpose CFD.

It is hard to quantify the effect of numerical and algorithmic advances along with CFD software coding 
improvements on the overall expansion of CFD usage over the last 20 years. For sure, part of the speed-ups seen in 
CFD simulation speeds will be due to these sources even though the workhorse algorithms of commercial CFD 
codes have not changed much in the last quarter century. However, available hardware and turbulence advances 
should allow for more Large Eddy Simulation, Detached Eddy Simulation and even Direct Navier-Stokes simulations 
in the next 10 years. Sadly, new and fundamental research on CFD within universities seems to be limited these 
days. Commercial vendors seem to be still driving cutting-edge CFD research in-house, and fundamental research 
from governmental bodies (e.g. NASA, DoD, DoE, EU) tends to be either very application-specific or drying up. 
There is still great scope for developing more and better multi-physics and multi-phase CFD algorithms as well as 
better visualization and post-processing tools (this being a significant proportion of a CFD user’s face time in front 
of their chosen software). The market for niche consulting companies with specialist application knowledge and 
knowhow in CFD sub-vertical and sub-horizontal sectors (e.g. pumps, turbomachinery, datacenters etc.) shows no 
sign of abating, and will likely increase in future on the back of open-source CFD. Certainly “real time” CFD is still a 
way off reality as is realistic bi-direction multi-physics, despite vendor claims and market hype. Finally, over the last 
20 years there have been concerted efforts to regulate the CFD industry by establishing “best practices” and 
industry standards for practitioners. World CFD Conferences in Central Europe during the 1990s, then organizations 
and consortia like ERCOFTAC, QNET and Autosim as well as NAFEMS have sought to bring order to the wild west of 
CFD claims over the last decade. There is much work to be done in this area and CFD is certainly behind FEM in its 
methodologies and practices with a user being able still to get the wrong answer as much as the right answer (in 
absolute terms) in flow predictions such are the user and code related errors involved in the discipline.

2: SIze of tHe cfd MARket todAY And tHe PotentIAl foR cfd USAge gloBAllY
The term CFD was first coined in the 1980s when the commercial CFD industry took off in earnest. Today, around 50 
general-purpose and niche commercial CFD vendors exist in the world, along with a myriad of consulting 
companies who rely on CFD tools as a means of providing flow simulation services to a wide range of industry 
sectors. The authors have gone back and estimated individual CFD revenue trends for the major CFD vendors and 
codes over the last 25 years and consolidated and plotted them in Figure 6. What is intriguing to note in the graph 
is the relative steady growth in overall CFD usage over the years to about a $650M global industry today, despite a 
wide range of industries using the technology at different rates of adoption and in different ways. Indeed, the inset 
schematic pyramid diagram also illustrates to some extent how the CFD industry has evolved over the years from 
the top of the pyramid downwards in terms of the general-purpose and industry-specific CFD tools available to 
users today, as well as a separate growth in the middle of the pyramid, both upwards and downwards, of CAD-
embedded (design concurrent) and CAD-associated (“upfront”) CFD tools which started to appear in the late 1990s. 
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Generally, going down this usage pyramid CFD professors and CFD gurus appear at the apex, CFD analysts (with 
PhD and MEng degrees in related topics) who are full-time CFD experts come next, then a lower band of 
mechanical and process engineers who dip in and out of CFD usage before designers and technicians at the base. 
CFD utilization has not yet penetrated down to designers at any meaningful level and especially to those who 
could potentially utilize it as a useful tool. Indeed, there are some very good reasons why this has not happened, 
not least amongst which is the ability for CFD codes to predict the wrong flow answers as well as the right ones. 
Mankind has still not fully mastered the science of turbulence modeling, and the complexities of simulating many 
real-world multi-physics phenomena achievable with today’s computing resources. What is interesting from Figure 
6 is that the overall growth rate of CFD revenues in the last decade is 13% year-on-year despite poor growth years 
like the recession of 2008/9 and the post Dotcom crash/911 world of 2001/2. If one CFD industry subsector is not 
growing very fast - like electronics or automotive for instance - invariably one or more of the others show strong 
CFD adoption rates. The authors estimate that on a good day all the likely CFD users in the world (some 250,000 
engineers) could be crushed into a very large football stadium!

                           Figure 6: Evolution of Commercial CFD Revenue Trends, 1983 – 2009 and Schematic Representation of the Pyramid of CFD Adoption

                                                             Figure 7: Engineers in the US by Discipline and Engineering Graduates in the World Today by Region   
                                                            * Source: Washington Post, Business Week, US Census
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Indeed, Figure 7 illustrates that the market for CFD usage is barely in the Early Adopter or Early Majority stage. Some 
sources (Washington Post, Business Week) calculate that there are 10,000,000s professional engineers in the world 
(with 1.8 million in the US alone from a 2008 national census). Even if only half of the world’s graduate engineers 
could use CFD, then barely 5% of that figure are using CFD in their professional lives today. Spaceclaim and the 
authors estimate that there are about 1,000,000 3D Mechanical CAD users in the world (as opposed to ECAD and 
AEC CAD) today with a profile suitable for CFD usage, but only a small fraction of them use CFD even on a part-
time basis. Hence, the market for CFD is far from saturated in the authors’ view.

The authors have carried out a market potential analysis using global company databases to estimate what is the 
visible potential CFD market by industry in the world, based on an extrapolation of existing CFD usage by 
companies similar to those who are using CFD today. Figure 8 shows a visual summary of that analysis, and it 
should be pointed out that this is a moving target as CFD gets more sophisticated, more powerful, easier to use 
and cheaper to deploy. The potential for CFD usage worldwide is seen to be roughly equal in the three great global 
regions worldwide with Europe being the highest. It is worth pointing out that China is hard to estimate, because 
its manufacturing industry is expanding so rapidly and reliable company data is hard to get. Interestingly however, 
even though existing CFD usage in the automotive industry worldwide is by far the biggest of the current sectors, 
the potential for chemical process (which includes oil & gas, pharmaceuticals and biomedical) together with 
materials and manufacturing (which includes mining and metallurgy) are seen to be the highest untapped sectors 
for CFD adoption.

                                                                   Figure 8: Estimated CFD Market Potential Worldwide (~$2.9Bn) by Industry and by Region 
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3: cfd In MAnUfActURIng deSIgn PRoceSSeS
The emerging driving force for accelerated CFD utilization is the obvious need to embed CFD into product 
manufacturing design processes (primarily associated with PLM processes). 

The main reasons for this are competitive advantage in terms of product differentiation in the marketplace, cost 
reduction, faster times-to-market, better product reliability, legislative compliance and not least guaranteeing 
product performance by design. In some industries the use of CFD is mission critical today, like aerospace, 
automotive, or nuclear where a product failure or recall can literally cost $100millions, a slew of bad publicity and 
legal action by customers. In other industries it is essential, like consumer electronics or HVAC, where defects must 
be designed out in ever shortening timescales; or like sports or biomedical applications where performance is 
paramount. In other industries, like chemical process, power generation, manufacturing and materials processing 
applications where overdesign of equipment is common it is simply regarded as good to do along with other 
techniques. Whatever the motivation, what is important, as illustrated by Figure 9, is that used earlier and earlier in 
product design cycles, the financial impact of CFD (or ROI) becomes higher and higher. This was recognized 
recently in an important Industry Analyst Paper by CIMdata (2010a) where they identified (see Figure 10) that CAE 
simulations (including CFD) need to move further round to the conceptual stage of product design to have the 
greatest impact. This is what is sometimes termed “upfront CFD” in the industry.

                                                                                      Figure 9: CAE (and CFD) in the Full Product Lifecycle (after CIMdata, 2010)
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4: foRwARd lookIng tRendS In cfd
In the authors’ opinion the “Holy Grail” of CFD, that is: real-time, push-button, automated, easy-to-use, CAD-
embedded, bi-directional, multi-physics enabled CFD is still to be reached. Some CFD codes come closer to these 
ideals than others today, and many factors will feed into creating this nirvana in the next 20 years; not least 
hardware, algorithmic, physical modeling and coupling advances in the industry. A pivotal recent paper by CIMdata 
(2010b) has identified another very significant emerging trend in the CFD and CAE industry (usually considered to 
be a subset of the CAD/PLM industry) that the authors agree with. That is, the convergence and overlap of EDA, 
with Mechanical Design Analysis tools and the need to embed or associate each into a user company’s ERP 
(Enterprise Resource Planning), CRM (Customer Relationship Management) and SCM (Supply Chain Management) 
software tools (see Figure 11). Indeed, effective CAE simulation data management tools also need to be developed 
to handle the terabytes of CFD data being generated today in projects, often virtually distributed around the world. 
Once these all communicate effectively together then real “digital prototyping and lifecycle testing” will be possible 
before a single component is tooled or product manufactured. Broadly, before 1990 CFD was not used inside 
design processes at all being confined to research environments. By 2000 it was being used in late design 
validation and final prototyping. Now it is being embedded in CAD software, used upfront in conceptual design 
processes and having a profound impact in mission critical CFD sectors.

                                                                                      Figure 10: CAE (and CFD) in the Full Product Lifecycle (after CIMdata, 2010)

                                                                                      Figure 11: The interlinking of PLM, CAE (CFD), EDA, ERP, SCM & CRM
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The authors foresee this design process integration trend extending across almost all industry sectors with greater 
and greater inter-disciplinary software connectivity and bi-directional design loops and optimizations. CFD will 
have evolved in the space of 20 or 30 years to be a business decision tool rather than a research tool. The challenge 
then will be reducing the cost of ownership over time and speeding up decision making in engineering design 
scenarios. Invariably there will be fewer and fewer full-time CFD experts being bottlenecks for design processes. 
They will still have a niche in pushing CFD into more and more cutting edge areas like molecular flows and 
complex multi-physics applications. Best practices and guided intelligence tools will be embedded within CFD 
software and tuned for optimizing particular flow applications. Engineers will have to make judgments on fluid 
flow and “what if” variations rather than cell skew, boundary condition or post-processing limitations. The days of 
the all-singing, all-dancing, expensive general-purpose CFD codes may well be numbered.

In 2020, if Moore’s Law continues to hold (and ignoring the likely growth in the size of HPC clusters), computer 
processing capacities approximately 128 times what the CFD industry uses today with similar increases in memory 
capacity will be the norm. This implies that CAD/CAE simulations will be much larger than today’s simulations, with 
many more transient, multi-phase, design optimization and multi-physics cases. Whole new categories of CFD 
applications will almost certainly open up. There is still a long way to go before the CFD industry is saturated and 
every engineer who wants and can benefit from flow simulation has a tool at his or her fingertips. 

5: conclUSIonS
Finally, what about the term “Back to the Future” in the title of this paper? The authors recognize with some irony a 
number of trends. The drive towards HPC and cloud computing, where jobs are submitted and solved in batch 
harks back to the 1980s, when CFD jobs were submitted from terminals to mainframe and supermini computers. 
Indeed, trends in thermal cooling for more and more powerful datacenters are such that water-cooled 
supercomputers are back on the drawing board, as shown by Figure 12. 

The drive towards open-source CFD software development in-house will yet again place the onus for validation 
and testing on the end user, along with in-house development of application-specific routines to solve a particular 
task is reminiscent of the early days of commercial CFD. The challenges and opportunities presented by the 
availability of open-source CFD may lead to a renaissance in specialist consulting companies that were also 
prevalent in the early days of commercial CFD, performing outsourced simulation tasks and developing GUIs to 
facilitate in-house use by end-user companies keen to exploit the potential lower cost of ownership of open source 
CFD. It remains to be seen how CFD will be deployed in the next decade, especially as cloud computing emerges. 
CFD will definitely be more deeply embedded throughout product design cycles and true digital engineering 
throughout manufacturing will start to prevail. CFD and CAE in 10 years’ time will require Standards and Best 
Practice Organizations like NAFEMS even more than is acknowledged today to ensure quality in CFD engineering 
simulation.

                                                             Figure 12: Liquid Cooled Supercomputers in the 1980s versus a liquid cooled  Datacenter in 2010
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