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Computational Fluid Dynamics

Figure 1	Temperature distribution in an office room

Figure 2  Diffusion behavior of gas

Figure 3  Burner combustion analysis

1	 Introduction
Computational fluid dynamics (hereinafter referred to as 

“fluid dynamics”) is used in every phase from manufacturing 
planning to development, design, and operation for simulating, 
visualizing, and analyzing flow-related processes on a computer. 
In addition to the evaluation of flow, complex phenomena can 
be handled in combination with other analysis technologies 
such as heat transfer, reactions, and structural analysis.

In this article, we introduce some of our fluid analysis 
technologies through analysis examples.

2	 Fluid dynamics
2.1	 Airflow analysis

Figure 1 shows an example of calculating the temperature 
field in an office room where multiple computers are installed. 
By considering exhaust heat from the computers, intake and 
exhaust of air conditioners, solar radiation through windows, 
and heat generated by lighting and human bodies, we can 
perform evaluation with high accuracy. A similar analysis 
technology is also applied to the evaluation of ventilation 
performance of factory buildings where powdery dust is 
generated and the examination of heat countermeasures.

2.2	 Combustion analysis
The products (steelmaking, environmental plants, etc.) 

offered by our company have many processes that use 
combustion, and fluid dynamics is used to design combustion 
furnaces and evaluate the performance of burners. Figure 
3 shows an analysis example of evaluating the combustion 
field near a burner. By considering the detailed combustion 
reaction mechanism, we can evaluate the temperature and 
concentration fields with high accuracy. Combustion analysis 
is also applied to predict the NOx generation amount.

2.3	 Multiphase flow analysis
Various analysis methods for multiphase flows in which 

solids, liquids, and gases are mixed are available, and an 
appropriate method is applied according to the phenomenon. 
Figure 4 shows an analysis example of a stirred tank. In 
addition to the stirring conditions inside the tank, the behavior 
of bubbles blown into the tank and the chemical reactions can 
be considered.

Figure 2 is an example of evaluating the outside air flow 
in an urban area, and it shows the diffusion behavior of gas 
released from a building on the upstream side. By applying a 
large eddy simulation (LES), we can evaluate even transient 
turbulent structures.
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Figure 4  Flow analysis of a stirred tank
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Figure 5 shows an analysis example of a device that sprays 
water into a high-temperature gas and cools the gas by the 
sensible heat and latent heat of evaporation of water. We 
evaluate whether the water droplets evaporate completely 
inside the device and whether the water droplets adhere to 
the wall surface before evaporation. Using similar calculation 
methods, we can also evaluate the behavior of powders 
contained in gases and liquids. It is applied to estimating areas 
that are prone to wear.

2.4	 Process analysis
For large-scale process analysis, such as an entire gas 

treatment plant, a one-dimensional process simulator with high 
computational speed is applied. For analysis of facilities with 
no track record under development or facilities with complex 
processes, by performing a three-dimensional analysis in 
advance, creating a reduced order model (ROM) based on the 
obtained results, and applying it to a one-dimensional model, 
we can perform evaluation with the same accuracy as a three-
dimensional analysis.

3	 Coupled analysis
Because fluids are a major factor in many processes, 

they may be calculated in conjunction with other analysis 
technologies, such as structural analysis and the discrete 
element method (DEM). Examples include thermal stress and 
strength analyses with fluid analysis results as conditions and 
analysis of powder dispersion due to fluid forces.

Figure 6 shows an analysis example of a fluidized bed 
used for drying, classifying, and granulating particles. 
In the fluidized bed, gas is blown in from below, and the 
particles inside are suspended, causing vigorous stirring. 
This phenomenon is reproduced by coupled calculation of 
fluid dynamics and the DEM. Thus, the particles that were 
initially hot are gradually cooled by the low-temperature gas. 
In addition, as the temperature decreases, the gas flow velocity 
decreases, and the floating height of the particles decreases. Contact us
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Figure 5  Trajectory of sprayed water

Figure 6  Temperature changes of gas and particles

Figure 7  Flow analysis of an open channel

Figure 7 shows an example of evaluating the fluid force 
acting on a column in an open channel. The behavior of 
the fluid is calculated by smoothed particle hydrodynamics 
(SPH), and the behavior of the coarse particles mixed in the 
fluid is calculated by DEM. This calculation uses a graphics 
processing unit (GPU), which is several times faster than the 
equivalent accuracy calculation using the grid method.

4	 Conclusion
In this section, we have introduced fluid dynamics. In recent 

years, owing to the performance improvement of computers, 
large-scale analyses can be performed in a practical time, such 
as detailed turbulent behavior evaluation and high-precision 
combustion analysis, which previously required a long time to 
calculate. Moreover, we are also working on the advancement 
of numerical analysis techniques, such as improving the 
efficiency of examination using simulation optimization 
technology and improving the accuracy of data assimilation 
technology utilizing measurement data.
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