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INTRODUCTION TO THERMO-FLUID SYSTEM SIMULATION (1D CFD)

Fluid systems have always been in existence in the engineering world; from ancient Roman public water systems to 
modern planes, trains and automobiles. It is more correct to say that most modern consumer products are complex 
systems-of-systems that are a mixture of fluid, mechanical, electrical and control systems with varying degrees of 
interactions. When considering fluids, the term “Computational Fluid Dynamics” (CFD) has been around for over 40 
years and it encompasses a wide range of commercial and in-house 1D, 2D & 3D Computer-Aided Engineering 
(CAE) simulation software available to engineers today. In an earlier white paper (1) we dealt with “What is System 
Level Thermo-Fluid Analysis?” This paper will focus on the 12 “pillars” of thermo-fluid system simulation, or 1D CFD, 
that are important or critical to good application of these tools. 

In the last 15 years there has been huge productivity gains from the use of CFD and CAE tools and 1D systems 
simulation software in particular as they have matured. Enabling frameworks such as Product Lifecycle 
Management (PLM), Mechanical Computer-Aided Design (MCAD), and allied simulation tools such as Structural 
Analysis (or Finite Element Analysis, FEA) have allowed engineers to reach new levels of design and understanding, 
enabling much better manufactured end products particularly at component and sub-assembly level. A global 
challenge still exists to extend this knowledge and engineering knowhow to simulate the performance of complete 
systems and even systems-of-systems at every stage of the design cycle from Upfront Engineering through to 
Decommissioning.  

A Typical 1D CFD Network of a Fuel 
Injection System including Control, 
Fluid and Mechanical Subsystems
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1. NEW AGE OF DESIGN EXPLORATION

One of the most powerful aspects of using a 1D simulation tool is the versatility of the tools and their adaptability 
for use at any stage of the design process to explore options for improving the final design and reduce the design 
cycle. There are three distinct stages of design exploration where these tools can be utilized. 

1. CONCEPTUAL OR UPFRONT PHASE - EXPLORING DIFFERING SCENARIOS & INNOVATING

Once a conceptual thermo-fluid system simulation model is available it can be used to explore a huge range of 
different scenarios involving pump sizing, pump trip evaluation, surge prediction, flow balancing, component 
sizing, priming, temperature distribution, flow distribution and pressure drops. Significant system changes may be 
proposed during the design optimization in order to eliminate potential problems or to optimize performance. In 
either instance, the system simulation tool enables an engineer to validate his or her proposals and to quantify the 
potential benefits before making a recommendation to adopt a new design. 

Let’s take a typical safety critical 1D thermo-fluid system simulation scenario. Many aircraft fuel systems engineers 
want to explore the varying pumping options available to transfer fuel between various wing and main body tanks 
in order to maintain the correct trimming characteristics. Additionally, the ability to examine the capacity of the 
system to function in an emergency scenario, such as pump failure, needs to be evaluated to allow them to 
produce designs improved for weight, cost and safety. Ultimately, through 1D CFD, the engineer needs to complete 
this work before the main aircraft optimization phase, where any changes or mistakes are more costly to correct.
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2. INTERACTION PHASE – EXPLORING INTERACTIONS BETWEEN DIFFERING SYSTEMS

As components interact within a single system, so too can many different types of systems interact within a 
complex product. Traditionally the effects of these interactions have only been investigated through physical 
prototype testing later in the design cycle.  However, with 1D thermo-fluid system simulation tools that can model 
the various systems concurrently, it is possible to produce a full digital prototype to understand the effects of these 
interactions at an early stage. You may see many influences between systems, for example some aircraft 
manufacturers cool hydraulic fluid by passing the pipes through the fuel tanks. With a 1D CFD tool you can 
examine these influences between your systems very early on to highlight problems in the design process that 
might only be found at the test stage.

3. OPTIMIZATION PHASE – DESIGN OF COMPONENTS THAT MEET SYSTEM REQUIREMENTS

Understanding the desired performance of the aircraft’s fuel system defines the needs for acceptable component 
performance, and components can then be selected or designed to meet those needs. There will then be a desire 
to feed back the performance of the actual components into the 1D system simulation for further verification.  This 
can be done by inputting more detailed parameters and performance curves into the model.  

As the design moves through these distinct phases, the 1D thermo-fluid model becomes more refined and 
provides more complete answers and allows the engineers to make informed decisions earlier in the process 
resulting in a better, safer, more complete end product.

2. EFFICIENT WORKFLOW PROCESSES

Systems Simulation engineers want to ensure that their chosen 1D CFD simulation product can be used efficiently 
throughout their complete design process from concept to product operation, and that it will integrate with all 
other aspects of their business, right through to their customers and suppliers on a day-to-day basis.  

Having a data management structure within a 1D CFD tool that can support a company’s workflow is critical. The 
system must be flexible enough to provide the different consumers of the data access to the information they 
need, when they need it, without the chance of it being inadvertently changed or deleted.  It must give the right 
people the right permissions at the right time.

1D CFD tools bridge the experience gap between “Analysts” and “Designers” by allowing fluid networks to be 
“locked down” by Analysts and then passed to less specialized Design Engineers who only have access to certain 
aspects of the design. Parametric and View Only capabilities allow non-analysts users to examine “what-if” scenarios 
in a secure and controlled environment. 
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This data management structure gives companies the confidence to allow designers to use analysis tools to make 
decisions earlier in the process through parametric studies and what-if scenarios on secure models.  This frees up 
the analysts to concentrate on critical scenarios only, and reduces the bottleneck that can occur in simulation 
departments.

3. LEVERAGING UPFRONT ANALYSIS

At the early conceptual phase of designing a system, product or process, there will typically be very little geometric 
data available.  The detail of a given component is likely unavailable and probably unnecessary. A major 
requirement is to have some measure (i.e. prediction) of how one or more systems will perform, thereby indicating 
the performance of the proposed product. Ideally, there should be libraries of components populated with 
pressure loss data, enabling a model of the complete system to be built, which means that one can begin to 
simulate likely operating conditions with respect to pressure, flow and temperature. This system model actually 
requires very little geometric data and will, over time, gradually be refined as the design process develops. This is 
System Simulation with Minimal Data. The cost savings involved with upfront engineering simulation can be three 
orders of magnitude higher than those seen at the manufacturing stage as witnessed by the table below as 
reported by Ricoh in the European Community Quarterly Review.

                                                 Upfront Simulation provides more information sooner and reduces risks, allowing for earlier prototypes
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The benefits of understanding system requirements early, and upfront, are many and manifest. For instance, 
process industry companies and ship building organizations usually want to model their piping systems as best 
they can early in the design process; this will allow them to size specialist pumps and valves etc. enabling the 
purchasing department to order long lead-time components quickly and accurately.

This is where utilizing 1D CFD can lead to significant savings.  These tools use predefined components that allow 
the user to construct the fluid systems being designed long before CAD geometry is available.   With 1D CFD you 
can also be in a position to run powerful sensitivity studies at this early design stage to determine the effects of 
proposed design possibilities if there is a good system model. 

                                                                        The Cost of Reliability - fixing mistakes in product design at the early design stage is preferable 

Time for Recognizing Mistakes

Cost to fix
Problems ($)

x10,000

x1,000

x100

x10
x1

Pre-Development             Design                    Prototyping                      Tryout               Production Equipment

Product Development 
Stage (*)

Cost of Fixing a 
Defect

At Design Stage $35

Before Procurement $177

Before Production $368

Before Shipment $17,000

Our Customer Site $690,000

(*Source: Hiroshi Hamada, President of Ricoh,
European Community Quarterly Review, 2002)
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Similarly, in the automotive industry, 1D CFD models of existing automotive cooling systems and those for 
proposed concept cars are typically created and run in 1D CFD Software toolsin order to troubleshoot problems 
and learn more about how the systems perform upfront of committing to the design. Such simulations can show 
that a chosen cooling strategy would not perform acceptably in all operating conditions thus allowing for changes 
before the first component is tooled.  Without thermo-fluid system simulation these problems may not have been 
identified until late in the vehicle’s design, prototype testing, or even in operation - meaning an expensive recall 
with all its attendant costs and adverse publicity. This validation of concepts quickly and upfront with networks that 
are not CAD geometry dependent is very valuable. 1D CFD simulation will reduce the number of physical 
prototypes and minimize costly test scenarios.

4. ROI IS KING!

Justifying expenditure to purchase engineering simulation tools is sometimes a challenge; and producing a 
detailed Return on Investment (ROI) can be challenging at times. The preference being not to change processes 
that have worked in the past, processes such as overdesigning pipe systems by 20% for example. Of course, 
systems designers can do this, but there’s always a cost associated with doing nothing or overdesigning 
equipment. As manufacturing costs escalate, energy use comes under increased scrutiny, and safety needs to be 
taken into account more, this is no longer a viable way of working.

Typically thermo-fluid system simulation is one area of a company’s business where detailed knowledge has been 
difficult to assess in the past, yet it can be critical to improving the design, specification, performance, and cost 
control of products.  This means a simulation tool that enables engineers to broaden and deepen their 
understanding of their system or process in order to act upon the information delivered, thereby creating increased 
business benefits, competitive advantage, and thus helping to maximize potential. A thermo-fluid simulation tool 
should aim to:

 ■ Improve time-to-market and design time;

 ■ Enhance quality; 

 ■ Reduce product or plant risk of malfunction or failure;

 ■ Increase product performance;

 ■ Accelerate innovation;

 ■ Lower design, production, and operational costs;

 ■ Cut the need for physical testing; and 

 ■ Realize productivity gains.
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There are numerous case studies that demonstrate the cost savings of effective CFD design processes.  In a paper 
co-authored by Wayne State University and Ford Motor Company, it is stated that the cost of a single prototype 
vehicle can cost in excess of $250,000 and a complex vehicle development program can require over 100 
prototypes. [3]  If through the use of a 1D thermo-fluid system simulation tool, a single prototype iteration (a 1% 
reduction) can be eliminated, the company can realize two to five times return on the investment in the simulation 
software. In another study by the University of Birmingham, researchers showed that Boeing reduced physical 
testing costs of the 787 by 30% as compared to the 777 development program through the use of simulation tools. 
[4]  

Using the example of a marine diesel engine lubrication system, one problem facing design engineers would be to 
understand the oil pump capacity required to supply specific components under differing loads and different 
temperatures as the viscosity of the oil changes.  1D thermo-fluid system simulation can be used to establish 
critical information, in particular what will the performance be like under known extremes of manufacturing 
tolerances or states of wear. Other factors can be dealt with such as, variations in oil flow the bearings will 
experience as the oil filter becomes blocked, and whether this is acceptable for the chosen bearing. Consequently 
it will aid in determining how frequently the filters have to be changed or if an alternative filter will extend the 
service interval. The value of the knowledge gained from answers to such questions can be high for these everyday 
problems for shipbuilders and designers.

5. GARBAGE IN = GARBAGE OUT

It is an axiom of engineering simulation software that no matter how good your tool is in terms of its underlying 
mathematical and physical models, the quality of prediction it gives is really only as good as the boundary 
conditions and material properties fed into it. It can be argued that nearly all engineering simulation software has 
some underlying empiricism embedded within it, whether it be turbulence models such as the workhorse 
k-epsilon model beloved of 3D CFD codes, or simplifying assumptions to represent complex components. There 
are three key criteria for superior 1D CFD simulation tools today:

1. GOOD IN-BUILT EMPIRICAL DATA

1D CFD invariably is dependent upon empirical laboratory data such as that by Don Miller in his famous “Internal 
Flow Systems” textbook published in the 1980s. [2]. The many correlations of components’ flow performance within 
Miller’s book represents over 10,000 hours of empirical test data and yield many physics-based models in tools like 
Flowmaster. Users want to be confident that they are able to model a fluids network with no previous data on 
which to base assumptions, especially pre-validated components whose performance is accurate and can be 
trusted. Miller Data therefore provides the ability to build and simulate both complex or simple systems, isolate 
components in steady state or transient, in forward or reverse flows, split or combined, and in open or closed 
systems; all very quickly.



THE 12 PILLARS OF 1D CFD - ENABLERS FOR ACCURATE THERMO-FLUID SYSTEM SIMULATION

w w w. m ento r.co m
9 [16]

2. BRIDGING THE GAP TO 3D 

No matter how good a 1D CFD solver is, its accuracy is tied to the loss and thermal characterizations that are used 
in the model.  Good in-built empirical data addresses much of this but nearly every system will have unique and 
specialized components that cannot be accurately represented by a “standard” component.  Therefore, the tool 
must have an accurate way of representing these unique components.  The most efficient way of doing this is to 
have the ability to access 3D simulation results directly from the 1D CFD tool. This bridge enables performances 
maps generated from 3D CFD parametric studies to be utilized within the 1D model without manual intervention 
that can result in errors.  

3. ACCURATE TRANSIENT SIMULATIONS

Similar to the k-epsilon model in 3D CFD, having the optimal correlations for simulating flow in a pipe is paramount 
for 1D fluid simulations.  Whether it is pressure surge or water hammer, transient phenomena inside pipelines and 
ducts generally happen very rarely, but when they do they can be absolutely catastrophic leading to devastating 
damage and unplanned costs, outages, and downtimes. Innovations such as the application of the Method of 
Characteristics (MoC) to compressible flow solvers in pipe systems is known to be an accurate way of simulating 
transient phenomena.

Having these criteria is not enough though, all thermo-fluid system simulation software development should be 
rigorously tested through many thousands of regression verification and validation tests to ensure continuity and 
compatibility of the software between versions. Ultimately, the key to providing a user with accurate 1D CFD 
analysis and simulation information is, simplicity.  Using tried, tested and accurate solution routines can eliminate 
the need for programming knowledge by the user so that the software can be employed by a broad base of 
people to deliver fast, accurate results at lower costs, delivering solutions to a wider community.

6. LIVING IN A TRANSIENT WORLD

Clearly, most engineering systems are designed to operate in equilibrium or in steady state mode in the world 
today, but increasingly non-standard modes of operation and transient behaviors need to be taken into account in 
engineering simulations. This is making accurate transient simulations a must for 1D CFD. The most challenging 
problem in complex thermo-fluid systems, from small-bore fuel injection systems through to large diameter power 
station cooling pipes, is handling transient phenomena.  Typical 1D CFD transient scenarios may include surge 
prediction, priming, start up and shut down, heat absorption and rejection, flight mission profiles, or engine drive 
cycles. 
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To model transients in thermo-fluid system simulation software accurately requires a versatile, robust solver that 
can handle both very small time steps for capturing fast transients and very long simulations such as simulating a 
drive cycle for a vehicle and a flight profile for a jet engine. Such an engineering simulation tool should also provide 
the ability to build and simulate complex or simple systems, isolate components both in steady state or transient 
mode, examine forward or reverse flows, look at flows splitting or combining, and finally assess flows in open or 
closed systems. Building and modeling complex systems with many components for steady and transient, forward 
and reverse flows, while increasing and decreasing scale will allow you to isolate any issues and resolve pressure 
drop challenges easily.  

The use  of the Method of Characteristics (MoC), the accepted standard for surge simulation, in tandem with a 
matrix solver will provide a more robust and  accurate transient system simulation tool. It can track reflective 
pressure waves, cavitation and thermal slugs that can have detrimental effects on components or systems as a 
whole. 

7. SYSTEM OPENNESS

With the inherent cost of physical testing and market pressures requiring shorter design cycles companies are 
looking to virtual prototyping as an alternative solution. Additionally, today’s complex designs often have incredibly 
complicated interactions of individual subsystems; therefore it is not practical to have a single simulation tool to 
address all simulations.

A more effective approach is to marry several best-of-breed software tools to simulate entire virtual prototypes. 
This demands PLM-friendly products with open integration interfaces. Tools need to comfortably integrate with 
other engineering simulation tools, such as 3D CFD, MCAD, MATLAB, Control Systems software, and Process 
Integration & Design Optimization (PIDO) tools. Microsoft Excel needs to be readily integrated for running 
parametric studies or in some instances used as the front end to an “invisible” solver. 

It is critical to have the ability to work in an extendable, open architecture in integration with other CAE codes to 
provide full system simulation optimization so that components can be built and customized without the cost or 
time implications of referring to an external vendor. 1D CFD customization can be done to suit proprietary in-house 
company data, custom components and an existing company knowledge base is very important in many 
industries. Customization also allows for the automation of repetitive tasks and integration with other software 
applications. 
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The emerging trend of Functional Mock-up Interfaces (FMI), is a platform independent standard that allows 
simulation models of individual subsystems to be “packaged” as a stand-alone piece of code called a Functional 
Mock-up Unit (FMU) that can then be connected to other FMUs to build up an entire virtual prototype.

Whether a company chooses to use the FMI approach or simply link multiple programs through open APIs or 
custom links, there is no denying that co-simulation and virtual prototyping is the way of the future and 1D 
simulation tools must be structured for open communication with other tools to be viable long term.

8. 1D & 3D – THE POWER OF A COMBINED SOLUTION

It is a truth (almost) universally acknowledged that 1D and 3D CFD do the same thing from different perspectives 
(5). The real world is of course three dimensional and the effects of thermo-fluids are therefore three dimensional. 
Surely, then, CFD done in 3D is always better than in 1D? We contend that this is not always the case. In many 
instances 3D CFD may be a “hammer to crack a nut” and useful engineering data can be obtained from 1D tools 
much quicker. Conversely, 1D CFD may not be accurate enough because of component to component interaction 
effects in the real world for certain systems whereas 3D CFD is more suitable.  Combining 1D and 3D CFD is a 
powerful approach and can achieve a more accurate solution in less time than using a singular approach. 

Often engineers will look at complex components in 
systems through the use of 3D CFD tools and these will 
take hours, days and sometimes weeks of elapsed time 
to complete a single simulation. By comparison, with 
1D CFD software codes, users can gain a very quick 
estimate of the component’s performance, which 
means that they can decide if it is likely to work, before 
spending valuable time running 3D CFD simulations.  
When you have extremely complex components, 
significant productivity gains are also available if 
co-simulating between a 3D CFD model and a 1D 
system model. Such 1D-3D CFD simulations can 
increase system simulation accuracy and reduce the 
number of 3D CFD iterations required by delivering 
more accurate boundary conditions from and to the 1D 
system model (8). 

   Hybrid vehicle cooling systems present simulation challenges
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1D CFD will usually highlight problems earlier in the design cycle than 3D CFD. If we consider a an internal 
combustion engine, where many systems interact and are all located in a confined and highly thermally loaded 
environment, heat is passed into the cooling system from the air conditioning and lubrication systems, the air flows 
across the radiator affect the cooling system. These systems may all function correctly on their own, but what is key 
is knowing when brought together, will they fail due to the thermal influences between each system? The ability to 
explore the thermal interactions earlier in the design process in thermo-fluid system simulation tools will lead to 
fewer downstream problems and an effective thermal management solution. Using parameterized performance 
data for the individual components within the 1D tool will provide the most complete system simulation possible 
and this parameterized data must be generated from a 3D CFD tool.  

9. FIT FOR PURPOSE

At the end of product development or a system construction program, there is a need for validated 1D CFD system 
models that accurately represent the final design.  This should include all performance data and associated 
simulation results to help identify operational problems after subsequent commissioning. This will aid any 
investigation of the impact on system performance when potential fixes and future upgrades are proposed. 

Secure, traceable thermo-fluid system simulation data is the “holy grail” of 1D CFD. It ensures that all data used in 
models companywide are consistent and retrievable. This is important because frequently engineers around the 
world are working on different data, not sharing their findings, and even customizing system components not 
available centrally. A relational database for all 1D CFD data can be held in a central repository so that local users 
automatically use the latest data and customized components in their simulations.  Knowledge is not held locally 
and therefore it is secured, with all simulations stored for full traceability.

The relational database and data management systems that we have discussed in pillars six and nine are how the 
validated models are stored and accessed but the more challenging question is  - How does a company validate 
their system models?  

There are two proposed strategies:

1. LEAN TESTING STRATEGIES IN THE VALIDATION PHASE

Physical system testing is good for telling an engineer what is happening at a particular place at a particular time.  
It can be very difficult and prohibitively expensive to use it to determine why something is happening however.  
Generally engineers will fall back on their experience to postulate why certain results are seen in a network. 
Performing what-if simulations in 1D CFD modeling can help users focus their testing requirements by highlighting 
the most vulnerable parts of a system. As a user refines their methodologies for 1D CFD modeling and 
co-simulation, various forms of testing will allow them to validate their design approach. This in turn, will reduce 
the need for testing in those specific areas. Simulation can therefore be used to simulate extreme climate and 
operating conditions that would be impossible or too costly to test.
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2. OPERATIONAL PROCEDURES & VERIFICATION - COMMISSIONING PHASE 

A Flow Balancing simulation can directly reduce commissioning times.  For example, cooling systems with parallel 
heat exchangers often use orifice plates or valves to control the balance of flows through each arm of the system. 
Traditionally this has been done physically “in-situ” at commissioning and can be a highly skilled and time-
consuming job. 1D CFD is often used for troubleshooting if a plant is experiencing production problems. It can 
simulate any process changes that may have been adopted and led to the problem.  Proposed changes to the 
plant design can then be examined in order to, for instance, increase capacity to determine if they are achievable. 
The surge effects caused by an emergency shut-down can be catastrophic; again 1D CFD can be used to explore 
and implement safe shut-down procedures. This is extremely important where there is a phased commissioning 
program or plant maintenance has taken some branches offline, thus affecting the basis of the initial calculations.

By using these strategies and taking advantage of the data management tools included in simulation software 
tools companies can develop Fit for purpose simulation models and have access to them quickly and easily if a 
situation demands.

10. KNOWLEDGE CAPTURE & ENCAPSULATING KNOWHOW

The origins of 1D thermo-fluid systems analysis can be found within companies that design physical product such 
as cars or aircraft or other complex design that required intricate fluid systems to operate.  In-house programs were 
created by engineers to solve the problems they faced on a daily basis because there was not a commercial 
solution that would meet their needs. They were clunky but they worked. Since these codes were created by the 
end user, there was a great deal of company specific design process and information imbedded within them, much 
of which was proprietary data.  All of this created an inertia, which helped perpetuate their use and made them 
difficult to replace.

The problem with these solutions is that the knowledge that went into creating them and utilizing them correctly 
is in the heads of the engineers who created them. As these experienced engineers leave the company through 
retirement or moving to a different company that knowledge and company intellectual property can be lost.  This 
can be devastating to an organization but commercial 1D thermo-fluid system analysis tools offer a proven solution 
this dilemma. 

A fully-supported commercial solution mitigates these conditions associated with in-house codes by providing a 
modern, fast, reliable and easily extendable tool that can be customized to incorporate any company specific 
technology. Additionally, commercial codes are tested in a quality assurance program to minimize bugs and 
validate against industrial test cases to ensure accuracy.
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Moreover, expert knowledge gathered by the commercial vender over multiple industries and approaches can be 
leveraged. While this ensures continued use of the commercial software solution, it also provides the broadest 
spread of expertise within an organization – encouraging efficient collaboration, preserving project continuity, 
standardizing skills to provide flexibility with employee transfers and mitigating risks associated with staff migration 
from the organization.

11. TRACEABILITY
In engineering simulation there is usually a strong implicit need to retrace your design process so you can see how 
you arrived at the final iteration. In some industries, like aerospace and defense, it is even more critical to have 
backward traceability, especially if an aircraft design originated from 20 or 30 years ago. For instance, the US Navy is 
considering uploading copies of analysis models to the onboard computer of ships.  This will allow engineers to 
have direct access to models and results no matter what port or shipyard the vessel is in, giving engineers a 
complete history of changes on the ship over its commissioned life.  In a 1D CFD code, an engineering simulation 
data audit should mean that your networks and your prediction results are linked by a comprehensive audit trail 
facility allowing you to track all changes and revert back to prior optimal solutions at any time.  This requires a 
comprehensive architecture that can only be properly addressed with the integration of a relational database.

12. USABILITY, USER EXPERIENCE AND YOU

A powerful modern Graphical User Interface (GUI) can set a CFD tool apart from more complex system simulation 
tools. Smart Modeling tools build intelligence into users’ networks restricting the use of inappropriate components 
and guides users through each step with ease.  

Variable Parameters and Design of Experiments capabilities allow users to declare a variable and reference it many 
times across their networks allowing for rapid modification to the whole system. Smart units ensure that user data 
is always driven by units of their choice regardless of the format the data is input. Flowmaster also uses 
sophisticated administration tools so users can control what data and projects they see and have access to. 

Finally, a comprehensive and customizable reporting facility inside the tool should capture every aspect of the 
system network, data, and results for consistent and auditable reporting.
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All of this is design to provide the end user with a tool that provides them with the answer they need in format 
that they can use and communicate to others without having to put in a lot of additional effort. 

SUMMARY
Accurate thermo-fluid system simulation or 1D CFD of networks, processes and products can be used throughout 
the engineering design process to understand how a system will function inside a plant or product. It allows 
designers and analysts to be more innovative, highlight problems earlier in the design cycle, and preferably upfront, 
have less downstream design modifications, and reduce or focus physical testing requirements more effectively. 
These twelve pillars should be paramount when taking into account optimal thermo-fluid system simulation:

1. New Age of Design Exploration

2. Efficient Workflow Processes

3. Leveraging Upfront Analysis

4. ROI is King!

5. Garbage in = Garbage Out

6. Living in a Transient World

7. System Openness

8. 1D & 3D- The Power of a  Combined Solution

9. Fit for Purpose

10. Knowledge Capture & Encapsulating Knowhow

11. Traceability

12. Usability, User Experience and You
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