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1D, 2D, 3D: THE DIMENSIONS OF CFD
Computational fluid dynamics (CFD) is an area of fluid mechanics that uses computer-based 
engineering calculations to model and simulate the behavior of a liquid or gas within mechanical or 
electrical systems. It has been used in industry for more than 25 years and, for some industries such as 
automotive and aircraft manufacturing, it has become deeply embedded in the design and validation 
processes. The greatest advantage of CFD modeling and simulation is that it allows engineers and 
designers to examine a product or system design, virtually, in great detail before creating a physical 
prototype.

Later in the development process when physical tests are carried out, often only one or two variables can 
be measured at a limited number of locations. The frequency with which these values are captured can 
also vary significantly, which means that sometimes a time averaged value has to be calculated, thus 
potentially leading to an incomplete picture of system performance. On the other hand, when CFD is 
used to simulate a flow, all variables at all the locations and, if necessary, at every moment in time are 
recorded. CFD simulation results in a more complete picture of the behavior of a component or design, 
and gives a larger scope to understand behavior that isn’t quite as expected.

CFD calculations work by first dividing up the 
geometrical region of interest (the volume inside 
or around a product), into small computational cells. 
Then, the equations describing the fluid behavior 
(the Navier-Stokes equations), are similarly broken 
down into simpler forms. This method is suited to 
computer-based calculations for components such 
as valves, vents, and geometry of many types, as well 
as for whole designs including aircraft, automobiles, 
and buildings (Figures 1 and 2). Of course, the more 
complex the object being simulated and the 
conditions under which it operates, the more 
complex the CFD simulation will be.

In the real world, all fluid-flow problems 
are 3D and vary with time; however, 
with thoughtful care, the simulation of 
many components and systems can be 
run in fewer dimensions. If done 
properly, the results from a simplified 
solution can give just as meaningful 
insight, but with a fraction of the 
computational effort. For example, 
running a calculation in steady-state 
conditions, where changes over time are 
considered insignificant or unimportant 
to the behavior of interest, is one 
simplification. Most industrial CFD 
simulations are steady-state and use 
models developed specifically for that 
approach (particularly for turbulent 
flows). Another simplification is to run a 
model in only two dimensions where 

Figure 2: 1D and 3D CFD automotive simulations.

Figure 1: 1D and 3D CFD aircraft simulations.
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the fluid behavior of interest is strongly two-dimensional, such as for a horizontal flow between two 
wide, flat plates or the flow dynamics away from the ends of a long, uniform airfoil. 2D CFD cross-section 
simulation is mostly used in airfoil design for aircraft or blades in pumps or compressors; however, the 3D 
phenomena associated with these designs cannot be resolved in a 2D simulation.

3D CFD models are more complex and computationally expensive but necessary to analyze detailed 
behavior in and around key components. Recent  advances in 3D CFD, such as Mentor Graphics 
Concurrent CFD method used in FloEFD™, has allowed engineers to simulate very complex 3D CFD 
components inside their preferred CAD tools when conventional 3D CFD codes could take days or weeks 
to simulate the same application (Figure 3).  Concurrent CFD can reduce simulation time by as much as 
65 to 75% in comparison to traditional CFD tools.

1D CFD thermo-fluid system modeling allows analysis of a wide range of complex engineering 
problems. For example, engineers can rapidly and accurately analyze piping networks of almost any 
size or complexity to establish design integrity by using a lumped parameter approximation. This 
method greatly simplifies the required calculation compared to 3D CFD, reducing the time and 
processing power required for both steady state and transient analysis. 1D simulation tools, such as 
Mentor Graphics Flowmaster®, are capable of solving a range of problems in liquid and gas systems. An 
engineer can quickly try many variations of the system design and see the impact on the entire fluid 

Figure 3: FloEFD Concurrent CFD is 
founded on seven key technologies 
that enable it to drastically reduce 
simulation time compared to 
traditional CFD.
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system without changing models, maximizing work efficiency. These capabilities can reduce cost 
through better optimized designs, improve reliability, and increase product innovation.

WHICH TOOL TO USE?
Over the years, both 1D and 3D CFD software solutions have been used successfully for modeling 
thermo-fluid systems in the automotive, aerospace, oil, gas, power, and energy industries. Both 1D and 
3D CFD enable engineers to improve understanding of fluid flow and engineering designs; and in many 
organizations, both are used to improve product and system design and to ensure performance targets 
are achieved throughout the operating cycle of interest.

When engineers have access to multiple options for CFD analysis, the question arises, “When to use 
1D CFD versus 3D CFD?”  While there is not a definitive answer, the strengths and weakness of each 
approach lend themselves to two fairly defined segments (Figure 4).

When designing a single component or small sub-set of components, every inch of length or degree 
of curvature can make the difference between efficient operation and undesired fluid flow. In these 
cases, where small changes to a single part of a system are crucial or there are significant flow variations 
in multiple dimensions, 3D CFD is the obvious choice because of its ability to analyze complex geometry 
with extreme accuracy. However, these benefits come with drawbacks, which become more evident 
as the scale of the design increases. When the design reaches beyond the component level, the 
computation requirements can become too high and simulations take too long to fit within 
development schedules.

When this occurs, 1D CFD is a good choice. Because the 1D approach simplifies the 3D geometry to the 
component level, usually characterized by some sort of performance data, this type of analysis uses 
much less computing power and is usually significantly faster than a comparable 3D model. One of the 

Figure 4: 1D CFD is best used for system level analysis to understand how different parts of a system will interact. 3D CFD is used for 
component level analysis to understand design tradeoffs of detailed parts design.
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biggest challenges with 1D CFD modeling is getting performance data that can adequately define the 3D 
geometry of the component at the system level. This has historically been done in one of several ways, 
including data from a supplier, physical testing, or empirical data from text books that is often available 
for standard geometries such as bends and junctions. Although these methods are adequate, it can often 
be time consuming to wait for a supplier to provide data; and one of the main goals of virtual 
prototyping is to understand the system before physical testing.

COUPLING 1D AND 3D CFD PROVIDES THE BEST OF 
BOTH WORLDS 

As a result of these challenges, both systems engineers and solution providers are exploring methods for 
using 1D and 3D CFD together. Mentor Graphics provides a tightly coupled general-purpose 1D-3D CFD 
simulation software combination. With this combination, engineers can characterize the more complex 
elements of the system with full 3D and easily insert those models into the 1D system-level model for 
simulation. 

Using 1D and 3D CFD tools with a characterization strategy certainly is not a new concept; however, it 
is the method with which the 1D and 3D tools interact that adds value to the design process. As with 
any coupling strategy, we assume that both the 1D and 3D baseline CFD models have been created and 
are at least working in a way that gives satisfactory results with a converged solution when analyzed 
independently. From this point in the process, enhancements can be made to the models to improve the 
fidelity and to begin running a range of scenarios to understand system level performance of the virtual 
prototype.

The first step of the process is to characterize the 3D geometry so that it can be used in the Flowmaster 
model. By defining the expected range of conditions that the system will experience during the possible 
Flowmaster simulations, a design of experiment is created and run in FloEFD. This allows you to easily 
specify a number of analyses to run without further interaction with the tool. When all of the analyses 
are complete, FloEFD saves all of the results to a file for use inside of Flowmaster. This frees the designer 
from the tedious and error-prone task of extracting all of the required results including temperatures, 
pressures, flow rates, and fluid properties for each result set and entering it in a format that can be used 
by the systems engineer.

Once the systems engineer receives the characterization file, he or she can simply open the file as a 
new Flowmaster component. You can review the performance data from FloEFD and enter a name for 
the new component without further processing. The component is then saved in the Flowmaster 
relational database and can be reused by anyone in the company that uses Flowmaster through the 
entire design process. The component can then be dropped into the 1D system model (or used with 
future designs), for analysis and virtual prototyping through a range of conditions.     

An example of this process is shown in Figure 5. An engineer at an automotive company is designing a 
new engine for the upcoming year. As part of the process, he needs to ensure that the increased heat 
being generated by the new engine can adequately be removed by the vehicle’s cooling system. He 
speaks with the engineer who is designing the cooling system, and she mentions that they are starting 
with the previous year’s design to see if they can save money by not making any changes. She mentions 
that they can investigate the effect of the new engine on the cooling system by characterizing the 
performance of the engine, which has already been simulated with 3D CFD using FloEFD, and applying 
the information in Flowmaster.
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She starts the process by sending the engine designer a range of mass flow rates, static pressures, inlet 
temperatures, and engine operating loads. He then enters this information into FloEFD to generate of 
design of experiments that can be created and run automatically. Once the information is entered, he 
runs the study and FloEFD simulates a series of steady-state simulations at the range given values. He can 
then save the results from all of the simulations including, mass flow rates, pressures, temperatures, and 
fluid properties into a file that is passed to the cooling system designer.

Once she has the engine characterization file, the cooling system designer can create a new component 
in the Flowmaster relational database by opening the file. She reviews the file to ensure all of the 
required information is present, including performance data for pressure loss versus coolant flow and 
heat transfer data for varying engine conditions. Once she is finished reviewing the data, the component 
is stored for use by anyone in the company who shares the database.

She can now open last year’s cooling system model and replace the previous engine component with 
this year’s model just characterized in FloEFD. At this point, she can then run a range of simulations to 
determine the cooling system’s ability to manage the heat from the engine and determine if redesign to 
the system, such as a larger radiator, is required before physical prototypes are ever constructed.    

Figure 5: The process of leveraging the first-ever general-purpose natively combined 1D-3D CFD solution.
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WHY A CHARACTERIZATION SOLUTION?
With the different options available for combining the power of 1D and 3D CFD, why would you choose a 
characterization solution? One of the major reasons for using CFD in the design phase is to reduce the 
risk associated with a product; and one of the best ways to do this is to gather as much information as 
possible, early and often. FloEFD Concurrent CFD and Flowmaster both have been designed to aid 
companies in this goal of upfront engineering.  

One of the challenges of upfront engineering, however, is the speed with which it moves. Early in the 
process, design changes are happening quite regularly, and it is often not possible to wait long periods 
of time for the analysis of the fluid systems. For this reason, any 1D-3D combined solution used in 
upfront engineering cannot take long to setup and run, or it will be outdated before it returns 
meaningful results.

Unlike other options, such as direct 1D-3D co-simulation, a characterization approach does not require:

• Modifications to the 1D and 3D network structure for communication.

• Relaxing of the 1D and 3D convergence criteria for a stable solution.

• Synchronization logic to make the 1D software wait for the 3D software.

• Logic to ensure mass, energy, and momentum conservation between models.

• Experience with a third software for linking.

• Significant investment in high-performance computing clusters.

The Mentor Graphics 1D-3D solution:

• Delivers higher accuracy results than standalone 1D CFD.

• Operates on standard engineering hardware.

• Works natively in FloEFD and Flowmaster.

• Allows for easy reuse of the characterized component.

• Provides meaningful results faster and allows more “what-if” scenarios to be run.

• Relieves time pressures when a design must be finished quickly.

• Allows better management and problem-solving for complex system designs.

• Brings a more complete solution to the hands of systems engineers.
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CONCLUSIONS
FloEFD Concurrent CFD can reduce simulation time by as much as 65–75% in comparison to traditional 
CFD tools. Concurrent CFD enables design engineers to optimize product performance and reliability 
while reducing physical prototyping and development costs without time or material penalties. And 
because Flowmaster offers a fast and reliable solution to 1D flow problems, designers can expect 
unrivalled savings in both time and process compression.

Mentor Graphics 1D-3D solution provides an opportunity to increase digital prototyping information 
earlier in the product development process. This kind of analysis performed upfront accelerates design 
and development cycles by orders of magnitude and optimizes product design workflows. It increases 
engineer and designer productivity and minimizes design risk and re-spins. This 1D-3D combination 
provides the best of worlds, reducing time to get essential component information to system engineers 
and improving system-level accuracy with highly complex geometries. It will ensure the proper tool can 
be used at the proper time, thus shortening the design cycle.


