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Introduction

The Computational Fluid Dynamics package PHOENICS is extended by Pyrotec for the purpose of detailed furnace modelling. The standard PHOENICS output capabilities came short on Pyrotec’s demands and therefore an application is developed using AVS 5 to visualise the CFD results.

Company

The KTI group is an engineering and construction company involved in the process industry. The Dutch branch of the KTI group, KTI B.V., is specialised in the design and manufacturing of Ethylene Cracking Furnaces and Hydrogen Reformers. 

Pyrotec, a division of KTI, is a company dedicated to development, applying and marketing of simulation technology for the process industry.

Since its inception in 1977, Pyrotec’s technology and software have remained at the forefront as a result of ongoing partnerships with scientists, mathematicians and engineers who are leaders in their fields.

Pyrotec’s activities in services and software for the process industry can be divided into the following categories:

· Standard Software for the Ethylene Industry

· Computational Fluid Dynamics (CFD)

For more than 15 years, Pyrotec has been licensing its technology in steam cracking to ethylene production facilities and has become a leading supplier of standard software in this industry.

Computational Fluid Dynamics

 Computational Fluid Dynamics (CFD)

CFD concerns the computation of the balances for mass, heat and momentum. The domain is divided into a computational grid where the differential equations are solved on every node. 

CFD at Pyrotec is mainly applied in the following areas:

· Flow patterns

· Temperature profiles

· Pressure profiles

· Furnace design

· Furnace revamp

· Furnace analysis

 PHOENICS 

Pyrotec uses the Computational Fluid Dynamics package PHOENICS for its detailed 3D computational analysis. PHOENICS uses the finite volume method for its calculations. Several grid types are available like Cartesian, Polar and Body Fitted Coordinates (BFC).

Heat transfer model

For furnace design a heat transfer model is added to the CFD program. As with all differential equations the solution is dependent on the boundary conditions. The boundary conditions for the heat transfer model are defined by the wall temperatures which are updated by an external process model. The computational grid of this heat transfer model is different from the CFD grid, i.e. more coarse. 

The process model can for example be a ethylene furnace coil or a hydrogen reformer tube.

Boundary conditions

Boundary conditions can be located on the walls of the computational cells, as well as in the cell centres. For our studies at KTI it can be very useful to know these computed quantities and visualise them. We can think about quantities like tube wall temperatures and heat flux profiles. As these values are not stored in the cell centre based PHOENICS output file, an extra output option had to be created in PHOENICS.

For several years Pyrotec has performed in-house studies for KTI. The expertise gained in this period is now offered to third parties to assist them in their analysis.

Limitations

PHOENICS comes with an visualisation program called PHOTON, which is rather outdated when you compare it to modern visualisation packages. It’s capabilities are rather limited and is unable to show the values of the boundary conditions. The graphics are slow and PHOTON’s successor, the VR Viewer, seems to have the same problems to that respect.

The output formats of PHOTON are HPGL and PostScript, which can’t easily be modified and inserted in a document. The only way to get pictures of a bitmap format is to get a screen dump. The colour range of the program is 16 colours which is too small to get detailed graphics.

Visualisation 

Coming from the shown limitations we formulated a number of requirements for the application to develop. The ultimate goal of this project is to save analysis time and present consumer friendly output.

 Primary requirements

The primary requirement is a program with enhanced graphic capabilities. The application has to be easy to use , with an intuitive user interface The offered visualisation options should at least be an extension over PHOTON’s capabilities.

Our main concerns are the visualisation of temperature and pressure fields in contour plots. Furthermore velocity vectors form a strong aspect of the analysis of flow patterns. 

These visual objects have to supplied with an individual legend that can be modified to the users needs. Extra features like streamlines and vector advection are complementary. 

As the computational grid of some of the studies are made out of a combination of blocks, we would also be able to crop the whole field to their individual dimensions and combine the blocks without problems.

 Advanced output capabilities

As PHOTON has relatively slow graphics and lacks rendering capabilities we wanted a good graphical engine as is supplied with AVS.

For presentation and documentation purposes we would like to be able to import the graphical images to the PC-environment. These formats could be GIF, TIFF and JPG. Once imported we can include them into documents and do some paint shop jobs on them.

An extra option would be to make visualisation videos. This is a good tool to get a better insight in the actual implications of the computed velocities. It is also possible to make VRML objects. 

 Showing boundary conditions

In Photon it is not possible to view the values of the boundary conditions and source terms used in the computation. Especially for our heat transfer model we are interested in the values of the related quantities at the surfaces.

Method

 Data-Interface

In order to be able to read PHOENICS results, an interface module is developed that reads the PHIDA direct access file. Once the result file is selected the user can choose which variables are loaded into the memory. For irregular grids also a grid file has to be selected. 

The data module has two output ports. The first field contains the values at every grid position. A second field contains the positions of the grid corners. This second field can be used to display the computational grid in the same way as PHOTON does and holds, once selected, the boundary condition values. The boundary conditions are read separately and the user can select the boundary condition to be shown. These boundary conditions can be selected on the basis of name, position or group name.

 Macro modules

The next step in building an application is to make macro modules for generally used functions and act like building blocks. The blocks can for example be hedgehogs and slice planes. These macro modules can then be assembled into more complex building blocks to form the complete visualisation. This modular approach makes it very easy to extend the application with extra features.

 Menu structure

Using CLI-commands the layout is modified to the users needs and liberated from the standard menu interface.

The menus of the application are:

· Data selection menu

· Selection of the PHOENICS results files: PHIDA,XYZDA

· Selection of the PHOENICS boundary files: PATCHES

· Contours menu

· Primary contour slice

· Secondary contour slice

· Patches contour slice

· Vectors menu

· Hedgehogs, coloured velocity vectors

· Solids in the domain, using material properties

· Layout

· Boundary, shows the domain boundaries and grid distribution

· Axes, plots the xyz axes

· Legend, selects the legend for the pictures (contour , hedgehog) and its properties

· Hardcopy

· Selects the output format and performs the actions needed.

· Slices

· Menu to add and delete numerous contour slices. A list of slices is shown in the menu

· Iso_surface

· Menu to add and delete numerous iso surfaces. A list of surfaces is shown in the menu

· Multi-block

· Whole field crop of the input data

A side menu is used to turn several graphical elements on or off. The properties of the graphical objects can be set by using pop-up window that is selected from the menu bar. The pop-up menu disappears when the menu option is selected for the second time, or when the close button on the pop-up window is pressed.

Conclusion

 Conclusion

We found that this user interface enhances our analysis of the computed data and reduces the time required. It enables us to focus on the results itself instead of visualisation issues.

This application reduced our analysis time to a great extent. It is now also easy to make portable pictures that can be included in our documentation.

Any other data input module, like <Read field> can be used to read data instead of the PHOENICS - AVS data interface. It is now possible for us to get extra information about the computational results and visualise them.

The customers are content with the higher quality of graphical output of the projects.

 Further developments

Using the set of macro modules and the skills in CLI, tailor made applications according to the customers requirements can be produced in a relatively short time.

The addition of vector advection and streamlines are not inhibited in the standard package. A trade off between the needs of the user and the system requirements, i.e. the number of threads, is made.

A module is made to perform direct communication between AVS and PHOENICS via a TCP connection. This connection enables the user to control certain aspects of PHOENICS’ behaviour using an AVS user interface. These aspects comprises of viewing intermediate results and altering computation parameters. The AVS session can be located on another system than the PHOENICS session.
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