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User Manual for TURBO Displacement File Generator (TDFG)

Kristopher C. Pierson

National Aeronautics and Space Administration
Glenn Research Center
Cleveland, Ohio 44135

Summary

The TURBO Displacement File Generator (TDFQG) is a Python-based graphical user interface
designed to efficiently generate grid displacement files for the computational fluid dynamics (CFD)
program TURBO. TDFG is intended to be used in conjunction with the Geometry Alignment and Mode
Mapping Application (GAMMA). First, GAMMA maps structural mode shapes from finite element
analysis onto CFD surface meshes. Subsequently, TDFG generates displacement fields that extend these
surface displacements throughout the entire CFD computational domain. The resulting grid displacement
files produced by TDFG enable one-way or two-way fluid-structure interaction analyses using TURBO.
This user manual provides comprehensive instructions on the installation and effective use of TDFG.

1.0 Introduction

The TURBO Displacement File Generator (TDFQ) is a Python-based tool that is used for generating
displacement files to run a turbomachinery aeromechanics analysis in TURBO (Ref. 1). The program is
configured to work with files output from the Geometry Alignment and Mode Mapping Application
(GAMMA) (Refs. 2 and 3), which is used to map mode shapes from the finite element analysis solution
to the blade surface in the computational fluid dynamics (CFD) domain.

The instructions in this manual assume that the user’s system satisfies the following two
requirements:

e The user’s system is a Linux system.
e The user can install Miniconda to setup the Python environment.

Section 2.0 contains information for the setup of TDFG, and Section 3.0 contains instructions on its
usage.

2.0 TURBO Displacement File Generator Setup

2.1 System Compatibility

Instructions in this document are for users with a Linux workstation. Though it is possible to run
TDFG on a Windows or Apple operating system, it has not been tested and is not recommended. This is
mainly because GAMMA must operate in a Linux environment, and the files to start the process in TDFG
must be output from GAMMA. It is recommended to run both applications in the same environment.

2.2 Cloning TDFG From Git

TDFG is available through its project page (Ref. 4) on the Glenn Research Center (GRC) GitLab.
First, the user must make certain that they have access to the GRC GitLab through the NASA Access
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Management System (NAMS). At the time of this writing, the NAMS request is called ‘GRC GitLab
Enterprise Edition’ with ID 268639. A URL for this request is included here:

e https://idmax.nasa.gov/nams/asset/268639/

The TDFG GitLab project is open to anyone with access to GRC GitLab. The next step in the process
is to make certain that Git is installed on the local system. If Git is not on the system, the following
command will install it on a Debian-based system such as Ubuntu.

e sudo apt install git

To install Git onto a Red Hat Enterprise Linux (RHEL) based system such as RHEL or Oracle Linux,
one of the following two commands will work. The dnf command is often used in newer systems.

e sudo yum install git
e sudo dnf install git

Now, create a folder in which the TDFG program files will reside and navigate to that folder. Then,
enter the following command to clone the Git repository:

e git clone https://gitlab.grc.nasa.gov/kcpierso/turbo-
displacement-file-generator

23 Python Environment

Instructions for setting up the Python environment using a utility called pyenv (Ref. 5) are included
in the user manual for GAMMA (Ref. 2 and 3). The pyenv installation method works well when installing
on a Debian Linux system such as Ubuntu. So, users of Ubuntu or other types of Debian Linux should
follow the instructions in the GAMMA User Manual in Reference 3.

However, it has recently been observed that an environment created using Miniforge (Ref. 6) is more
robust when installing on a RHEL-based system. Miniforge is a community-driven version of the Conda
package manager. Miniforge is a convenient solution because it does not require a license for use, in
contrast to the version of Conda provided by Anaconda Inc., which requires a license to use the Anaconda
repository. The setup using the Miniforge version of Conda is also simpler compared to the pyenv setup
and allows the Python environment to be reproduced exactly.

To install Conda, it is recommended that the user visit the Conda GitHub page:

e  https://github.com/conda-forge/miniforge

Then, scroll down to the section labeled ‘Unix-like platforms (macOS, Linux, & WSL)’ and follow the
installation instructions. If additional help is needed, artificial intelligence (Al) systems such as ChatGPT,
Gemini, or Claude can provide Miniforge installation instructions accurately, as Miniforge is a very
commonly used tool in software development.

After Miniforge is installed, the Python environment for TDFG can be created using the
ModeEnv.yml file. This file is included with the TDFG program files in the directory labeled
‘Installation’. To create the environment, run the following command from inside the ‘Installation’
directory:

e conda env create -f ModeEnv.yml

NASA/TM-20250007388 2
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After the environment setup is complete, activate the newly created environment, named ‘ModeEnv’, by
using the following command:

e conda activate ModeEnv

3.0 Turbo Displacement File Generator Usage

3.1 Starting TDFG

At this point, the program files have been downloaded and the environment is set such that the user can
start TDFG. To start TDFG, ensure that the Conda environment is active (refer to the activation command
in Section 2.3), then run the command shown below, replacing /path/to/tdfg/directory/ with
the actual path to the TDFG program files directory:

e python /path/to/tdfg/directory/tdfg.py

3.2 Surface Selection Interface

Upon startup, the first tab of TDFG (the surface selection interface) is displayed as shown in Figure 1.
Initially, this interface has only three active buttons:

e Browse
e Load Blocks
e Load Data (discussed in Section 3.3)

The ‘Browse’ and ‘Load Blocks’ buttons allow the user to start a new process with their chosen geometry.
The ‘Load Data’ button allows the user to load previously saved data.

3.2.1 Loading Turbo Block Files
Before loading the TURBO grid files, please note the following:

e The ‘Load Blocks’ action can only be performed once, so the grid block files must all be in the
same directory.

e The grid block files must retain the naming convention expected by TURBO. If the file names
have been changed, TDFG cannot recognize them as TURBO grid block files.

To load the TURBO grid block files, first select the ‘Browse’ button, then use the file browser to
select the directory in which the files are stored. After the directory is chosen, its path is displayed on the
line labeled ‘Block Directory’. Next, click the ‘Load Blocks’ button. The list area labeled ‘List of Blocks’
will then be filled with the block file names from the directory that was selected using the ‘Browse’
button.
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i Turbo Displacement File Generator =0+ ®

Load Blocks and Set Surfaces Calculate Displacements
1. Click ‘Browse’ and select
Block Directory |/home/kcpierso/DUGen directory in which TURBO grld pep | Browse Load Blocks
Display block files are saved. T
List of Blocks

2. Select ‘Load Blocks’ to
load TURBO grid blocks

| .
Load Data from chosen directory.

Figure 1.—TDFG interface upon startup.

3.2.2 Displaying Grid Blocks

To display the grid blocks, simply click the ‘Display Blocks’ button, as shown in Figure 2. If the
default block display options have not been changed, every block is displayed, with the active block
colored orange in the display area. To change the active block, select a different one from the list using
left click on the mouse.

The graphics display window has the following controls using the mouse:

e Rotate: Hold left button and move the mouse.
e Pan: Hold middle button and move the mouse.

e Zoom: Use mouse scroll wheel or hold right button and move the mouse up and down.
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Turbo Displacement File Generator

Select another
bIOCk from thls Calculate Displacements
list to change

Loj

erso/DUGen

active block.
Display
List of Blocks ‘ i i = o
Click ‘Display Blocks’ to
Display Blocks |« . . .
gu20 activate grid block display.
Gu40
GU50
GUeD
Boundary Surface Block Display
® All Blocks
GU1l0 Clear All .
Active Block
i=0 i=i_max
Surface Display P
j=0 j=j_max e All surfaces
Active Block
k=0 k=k_max

Transparency

Transparent

Tip Gap 0-Mesh
® Opaque

Finalize Surface
Selection

Figure 2.—To display blocks, select button as shown in this figure. The active block is highlighted on the list and
colored entirely orange in display.

3.2.3 Block Display Settings

TDFG has three display options, shown in Figure 3, that have been developed to make the surface
selection process more user-friendly. The options in the box labeled ‘Block Display’ allow the user to
choose between showing all loaded blocks or only the active block. Showing all loaded blocks allows the
user to see surfaces that would otherwise be hidden. Typically, the user will not want to select any interior
surfaces; this option simply allows the user to be sure about their selection.

The ‘Surface Display’ options allow the user to choose between showing selected surfaces from the
active block only or showing selected surfaces from all blocks. Retaining selected surfaces from all
blocks (Surface Display: All Surfaces) while showing only the active block (Block Display: Active
Block) is a good strategy, as this display can make it easier for the user to determine which surfaces are
the outer surfaces.

The “Transparency’ options may not work on all systems. Notably, if using TDFG through virtual
network computing (VNC), it is likely that the graphics will not render properly. This display option is
not needed, but it can be useful to make sure that no internal surfaces have been selected.

The new user should practice using the various domain display options and develop a visualization
strategy that works well for them.
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Load Blocks and Set Surfaces | Calculate Displacements

Block Directory |/homefkcpierso/DUGen

Display
List of Blocks P IR EIEZEZ@ 4B EH©
i
GU20 Display Blocks
GU30
Gu40
GU50
GUGD
Boundary Surface Block Display
®) All Blocks
GU1l0 Clear All .
Active Block

- > .

' LM ¢ rface Display These toggles change ‘Block

i=0 LG o All Surfaces P Display’ settings so user can

activelBlock see surfaces more clearly for
k=0 k=k_max .
Transparency selection. \
Tip Gap O-Mesh Transparent
® Opaque

Finalize Surface
Selection

Figure 3.—TDFG has three toggleable block display options, shown in red box.

3.2.4 Selecting Exterior Surfaces

Besides loading the data, the main purpose of the functions on the ‘Load Blocks and Set Surfaces’ tab
is to set the exterior boundary surfaces. The ‘Boundary Surface’ selection options are shown in Figure 4.
The best recommended practice is to omit the hub and casing from the boundary surface selection.
Though these can be included, the decay of motion that is generated by omitting the hub and casing
boundaries is preferred. Also, the user should not set any surfaces from the O-mesh or the tip gap; these
have separate selections created specifically for those blocks.
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Load Blocks and Set Surfaces

List of Blocks.

Gu20

GUl0

Turbo Displacement File Generator

Calculate Displacements

Block Directory |/homefkcpierso/DUGen

Display

P IREEEZEZ® B 4B @S
Display Blocks

Boundary Surface Block Display
GU10 Clear Al * ig When a boundary surface is selected, the
i=0 i=i max |« corresponding surface on the active block
Surf; .
_ B “9 will become green.
j=0 j=j_max ® All
Active Block
k=0 k=k_max
Transparency
Tip Gap O-Mesh Transparent
® Opaque

Finalize Surface
Selection

+H = F] %

Figure 4. —Boundary surface selection box is used to select external boundary surfaces.

Figure 5 shows an example of surface selection. In this example, all but one of the exterior surfaces
have been selected. The figure also shows the usefulness of displaying only the active block while still
displaying all selected surfaces. This makes it easier to avoid accidentally selecting internal surfaces.
Also, seeing the already selected surfaces should make it easier to determine which surface on the active
block is actually the exterior surface.

The checkboxes in the ‘Boundary Surface’ box enable the user to select surfaces corresponding to the
i-, j-, or k-indices of the grid. Since boundaries only occur on the maximum or minimum i-, j-, or k-
planes, these are the available options for selection. Simply click the checkbox to mark it as a boundary
surface, and it will become green in the graphics display.

The proper surface selections for the example case that is provided in the Example folder from the
TDFG Gitlab are included in Table 1.
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Load Blocks and Set Surfaces Calculate Displacements

Block Directory |/homefkcpierso/DUGen

Display
List of Blocks P I EEEZ@ OB[&E EHS
GU10 Display Blocks
Guzo
GU30
GU5s0
GU6G0
Boundary Surface Block Display
All Blocks

GU40 Clear All .

e Active Block

i=0 i=i_max

Surface Display
j=0 j=j_max o All Surfaces
Active Block
v k=0 V| k=k_max
Transparency
Transparent

Tip Gap 0-Mesh
® Opaque

Finalize Surface
Selection

A

Figure 5.—Boundary surface selection example using recommended viewing settings: display only active block and
display all selected surfaces.

TABLE 1.—SURFACE SELECTIONS FOR TUTORIAL
CASE IN TDFG GITLAB EXAMPLE FOLDER

Grid block Surface selection
GU10 i=0, k=0, k=k max
GU20 k=k max
GU30 k=0
GU40 i=i_max, k=0, k=k_max

3.2.5 Selecting Tip Gap and O-Mesh

The selection of the tip gap and the O-mesh blocks is required for the displacement decay algorithm
to work. These blocks are treated as special zones during the creation of the displacement field. The
algorithm requires there to be only one tip gap block and one O-mesh block. To mark the appropriate
block for selection, simply set it as the active block and click the appropriate checkbox. Figure 6 indicates
where these selection options are in the interface. Please note that no surface selection can be made for
the tip gap and O-mesh blocks. The algorithm assumes that the blade surface is in the first k-index and
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that the tip gap j-indices move from the tip of the blade to the casing. In the tip gap, the blade

displacement motion linearly decays from the blade tip to the casing. The proper selection of O-mesh and
tip gap for the example case are included in Table 2.

TABLE 2.—O-MESH AND TIP GAP SELECTION
FOR CASE IN EXAMPLE FOLDER

Grid block Selection
GUS0 O-mesh
GU60 Tip gap

Turbo Displacement File Generator

Load Blocks and Set Surfaces Calculate Displacements

Block Directory |fhome/kcpierso/DUGen

Display
List of Blocks y I EEEEZEZ@ OB4&H HS
GU10 :

Display Blocks

Guzo L=t
GU30
Gu40
GU50
GUG0

Block Display
All Blocks
®) Active Block
Surface Display
®) All Surfaces

Active Block

T

4_ Tip gap and O-mesh blocks must be
Y TpGap OMtesh specified using these checkboxes.

Finalize Surface
Selection

kS

Figure 6.—Tip Gap and O-Mesh checkboxes are located directly below surface selection
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3.2.6 Finalizing Surface Selection

After completing the task of marking the surfaces and blocks, the next step is to finalize the selection.
Finalizing the surface selection must be done before the remaining functions of TDFG can be accessed.
After finalization, changes cannot be made to the surface and block selection. The user can still view
previous selections by moving through the list of blocks, but the selection functions are disabled.

To finalize the selection, click the ‘Finalize Surface Selection’ button, which is indicated in Figure 7.
After selection finalization, it is recommended to immediately save the case to avoid going through the
surface selection process again. Simply click the ‘Save Data’ button that is now enabled, and a file dialog
will appear that allows the user to save the case file. The case file uses ‘mod’ as the file extension.

Turbo Displacement File Generator A=+ ®

Load Blocks and Set Surfaces | Calculate Displacements

Block Directory |fhome/kcpierso/DUGen

Display
List of Blocks P I EZE® B|&E EC
GULO :
cu20 Display Blocks
GuU30
Gu4o
GUS50 i i i
2.. After Tlnallzatlon,’ save case by
clicking ‘Save Data’ button.

Block Display
All Blocks
®) Active Block
Surface Display
®) All Surfaces
Active Block
Transparency

Transparent
@ Opaque

1. After all needed selections have been
made, click ‘Finalize Surface Selection’ to
complete selection process.

P

Figure 7.—Finalize surface selection after appropriately marking all surface and blocks.
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33 Loading Case File

The ability to save cases, described in Section 3.2.6, can help the user avoid repeating the somewhat
tedious block and surface selection process. The saved data can only be loaded as the first step after
launching the graphical user interface (GUI). If the user loads blocks after launching the GUI, the ‘Load
Data’ option becomes disabled.

To load a saved case, click on the ‘Load Data’ button, shown in Figure 8. A file browse dialog then
appears that can be used to select the case file. After the file is selected using the browse dialog, it is
automatically loaded.

Turbo Displacement File Generator

Load Blocks and Set Surfaces Calculate Displacements

Block Directory |/homefkcpierso/DUGen Browse Load Blocks
Display

List of Blocks

Saved cases can only be loaded

tadoata |4 b on TDFG is first launched.

Figure 8.—‘Load Data’ button is active only upon a fresh launch of the GUI.
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34 Generating Grid Displacement Fields

To generate grid displacement fields, the user must have blade surface displacements already defined
using GAMMA (Ref. 2). For real mode shapes, GAMMA outputs a single file; for complex mode shapes,
it outputs two files. Please refer to the GAMMA manual for more information on the file output from
GAMMA.

3.4.1 Determining Node Distance

The ‘Determine Node Distance’ button is shown in Figure 9. Determination of the nodal distance is a
simple step for the user but a computationally intensive one for TDFG. In this step, the distance of
interior nodes from the blade surface and the boundary are determined. This process must loop through
every node in the domain, so the computing resources needed to do this increase with mesh size. The
exact length of time this step takes will therefore vary depending on the mesh, but the user should expect
this step to take several minutes. During this process, information on the progress of the operation prints
to the terminal from which TDFG was launched. After this step, it is highly recommended that the user
save the case so that this lengthy process does not need to be repeated.

Turbo Displacement File Generator

Load Blocks and Set Surfaces | Calculate Displacements

Real Mode Shape

Imag Mode Shape

Displacement Contour Map

Sawve Case E M H
The first step in calculating Q=8

Det: . . .
Node pistance | €= displacements is to determine
node distance.

0.8

0.6

0.4

0.2

0.0

T T T T
0.0 0.2 0.4 0.6 0.8 10

Figure 9.—Before calculating displacement fields, node distance must be determined. This process is
computationally intensive and may take several minutes or more.
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3.4.2 Loading Blade Surface Modal Deflections

To ensure compatibility with TDFG, the user should use GAMMA to generate surface deflection
profiles. Figure 10 illustrates the steps for loading a modal deflection file. The first step for loading the
blade surface displacements for the mode shape is to choose the type of mode shape, real or complex.
Next, the user should load the real mode shape file. If the mode shape is complex and the GAMMA
naming convention has not been altered, TDFG will automatically load the imaginary modal displacement
file. If the names have been changed, then the user will likely need to use the ‘Browse’ button directly
below the one highlighted in Figure 10 and select the imaginary file.

Turbo Displacement File Generator

Load Blocks and Set Surfaces Calculate Displacements 2 C“Ck Browse tO Open.flle dlaloQ tO
select real mode shape file. If mode
Real Mode Shape is Complex and GAMMA naming el Browse New Mode Shape Type
convention is used, imaginary shape 2 zi:lmex
Imag Mode Shape will be automatically loaded.
Displacement Contour Map 2
Save Case A €EI Q=W 1. Choose mode
shape type.
Decay Factor
Load New Mode| New_Mode 1] 1.0
0.8
0.6 -
0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Figure 10.—TDFG process to load real or complex mode shape created by GAMMA.
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Before loading the mode shape, the user should first set the decay factor and the name for the mode;
these input fields are shown in Figure 11. The decay factor is set to zero by default, which results in a
linear decay from the edge of the O-mesh to the boundary surfaces selected in Section 3.2.4. No decay
occurs within the O-mesh in order to avoid issues with the wall model used in turbulence modeling. This
is needed because the cell-centered distance from the wall does not update during computations, so it
should not deviate from its original value for cells in which the wall model is active (near wall cells).
Displacement decay near the blade boundary could squeeze or expand near wall cells, changing the
distance of their cell centers and violating the original distance calculated when TURBO begins the
simulation.

Setting the decay factor to something other than zero results in a bias of the decay toward either the
blade or the boundary. Section 3.4.3 explains how the decay factor is used to determine the displacements
in the domain.

Turbo Displacement File Generator

Load Blocks and Set Surfaces | Calculate Displacements
Real Mode Shape |fhome/kcpierso/DUGen/Model.real.mapped.dat Browse New Mode Shape Type
Real
Imag Mode Shape |/home/kcpierso/DUGen/Model.imag.mapped.dat Browse & Complex
Click ‘Load New Mode’ Displacement Contour Map
after name and decay - ]
factor have been set. @€ PQAEL
Decay Factor
Load New Mode || New_Mode | Q [ Set deCay faCtOr.
Name mode shape. 084
0.6
0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 10

Figure 11.—Buttons and inputs for creating new displacement field for particular modal deflection file.
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3.43 Decay Factor

As the surface of the blade deforms, it is also necessary to deform the other nodes within the domain.
The decay factor controls the rate at which the blade motion decays. An algorithm developed by Akiva
Wernick (Ref. 7) is used to determine the motion within the CFD domain. For each node in the domain, a
location parameter, P, is defined using the distance to the closest O-mesh node, dj,;4, and boundary node,

dpna:

dbld

p=—_2%¢
dpia + dpna

(1)
The displacement scale factor, Dy, is determined at each mesh point using the decay factor, 4, and the

P value in Equation (2) or Equation (3). If A = 0, Dy is simply equal to P as shown in Equation (2). This

results in a linear decay from the outer surface of the O-mesh to the domain boundary selected in

Section 3.2.4.

if 2 = 0, then D(P) = P )

For all other values of 4, Equation (3) is used to determine Dy. Left of the arrow symbol in Equation
(3), Pypnq is P at the passage boundary and Py, is P at the O-mesh surface. In Equation (3), please note
that P = 0 on the O-mesh surface and P = 1 on the passage boundary. Given the known value of P at the
O-mesh surface and passage boundary, Equation (3) can be simplified to the form on the right-hand side
of the arrow symbol.

—AP _ e—ﬂand —AP -1

e —e
if1 # 0,then D;(P) = - D(P) = 3)

e~ APbld — g—APpnd 1—e-2

Figure 12 shows a plot of Dy computed with various values of A for P ranging from 0 to 1, which is
the full range of P that will exist in any given domain. The figure shows that a positive decay factor
causes Dy to fall toward zero more quickly, whereas a negative decay factor will delay the decrease of Dy.

As of the writing of this manual, linear decay is the recommended setting, which can be used by retaining
the default value of 0 for the decay factor (1) in the TDFG interface (see Figure 11). Decay factors other
than 0 may be an interesting research topic.

The displacement scale factor works with the displacements on the surface of the O-mesh to
determine the motion of individual nodes. For example, the x-displacement of a particular node, Ax;jy, is

determined first by calculating Dy for that point and then by assigning a Axy,;4, which is the x-
displacement of the nearest node on O-mesh surface.

Axiji = Dr(P)Axpiq 4)

The mesh deformation is also determined for Ay;j, and Az;j; in the same way as Equation (4).
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Plot of Df as function of P
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Figure 12.—Plot of displacement scale factor as function of P.

3.44 Examining Displacement Fields

After loading the mode, the user can examine the displacement field using the plotting options
indicated in Figure 13. The user has the option to display the displacement magnitude or one of the X, Y,
or Z components. The plot tool shows the displacement field as a 2D contour of a particular j-index. The
user sets the j-index in the box next to the label ‘Index’. The limits of the contour plot can either be
specified by the user or automatically set. If automatically set, the limits are based on the range for the
entire domain rather than the range for only the current j-index. The decay factor used to generate the
displacement field and the type of mode (real or complex) is also displayed as indicated in Figure 13.
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Load Blocks and Set Surfaces | Calculate Displacements

Turbo Displacement File Generator

Real Mode Shape |fhome/kcpierso/DUGen/Model.real. mapped.dat

Browse

New Mode Shape Type

Real
Imag Mode Shape |/home/kcpierso/DUGH Browse Sconplex
g P e Loaded modes display in this list.
Selecting the mode allows the user to
plot the mode’s displacement field.
Save Case Write
Delete Mode
Decay Factor
Load New Mode| Model DFO 0 1.0
Grid Displacement Plot Settings
Index 0O
Plot Displacements
] Size 105 0.8
Complex Type Displacement Type
® Real x i Plotting options are included
Imag ! N in this region of the GUI.
® Magnitude
Contour Limits
Upper Limit 1000 ® Auto Limits 0.4
Lower Limit [0 Custom Limits
Current Selection Mode Type
Complex The current selection’s
< mode type and decay factor
Current Selection Decay Factor .
are displayed here. . .
0.00 0.6 0.8 10

Figure 13.—Loaded mode selection and plotting options.

An example of displaying the displacement field at a particular j-index is shown in Figure 14. The

number of j-indices in the domain is indicated just below the location of the input of j-index for plotting.
Note that the number of j-indices in the tip gap is much less than in the rest of the domain. The plotting
utility accounts for the differences in the j-indices in the tip gap and automatically adds the tip-gap region
in areas where it lies.
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= Turbo Displacement File Generator + =+ %

Load Blocks and Set Surfaces | Calculate Displacements

Real Mode Shape |fhome/kcpierso/DUGen/Maodel.real.mapped.dat COntOur p|0t Of displacement New Meode Shape Type
field appears here. ol
Imag Mode Shape |/home/kcpierso/DUGen/Model.imag.mapped.dat ompiex
Write DU Files | Displacement Contour Map v
=15 } ] A€ Q= %=0.0043 y=0.0428
After changing plot settings,
click ‘Plot Displacements’
button to update plot.
toa 0.06 19-15
Grid Displacement Plot Settings ‘
Plot Displacements 0.04 15.96

] Size 5
Complex[Type Displacement Type

0.024 12.77

Set j-index shown in
contour plot in this field.

0.00 4
9.57

Conteur Limits

Upper Limit |21.276 ® Auto Limits

Lower Limit |0.000 Custom Limits —0.021 638

Current Selection Mode Type
—0.04 A
Complex 319

Current Selection Decay Factor
—0.06

0.00

0.00

Figure 14.—Example showing contour plot of displacement field at j-index of 70.

3.4.5 Outputting Displacement Field

TURBO can read two different types of files, DU and MU, as the definition of the displacement field.
The DU file type is the traditional form that is defined in Cartesian coordinates. The MU file type was
developed for use with two-way modal coupling. For MU files, the deflection is defined in terms of radial
and tangential components instead of y and z coordinates (Note: x-displacement is defined identically
between the two formats). The relationship between the two Cartesian deflections (dy, dz) and radial
deflections (dr) or tangential deflections (dt) is defined in Equations (5) and (6), respectively. The value
of 0 is determined by the grid node’s 8 value. Please note that TURBO grid files are defined in a
cylindrical coordinate system, so the 0 value at the grid points is readily available.

dr = dz - cos(0) + dy - sin(6) 5)
dt = —dz - sin(0) + dy - cos(0) (6)
For the MU files, grid displacement is defined in terms of dr, dt, and dx, which allows all rotor

passages to be represented using data from just a single passage of grid displacement files, even when
simulating the full wheel. With the MU files, TURBO also offers the capability to set a nodal diameter
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pattern. The MU files are the only type of grid displacement file that can be used for two-way modal
coupling. With all of these advantages, it is recommended that the user generally work with MU files.
However, please note that many more simulations have been conducted using DU files as compared to
MU files, so if the user has a problem with the MU files, it is recommended that they revert to DU files.

To output the grid displacement files, simply click the button corresponding to the desired file type,
as shown in Figure 15. The files are then output to a new directory that is named using the mode name.
This new directory is created in either the directory from which the blocks were loaded or the directory
from which the saved case was loaded. The path of the output file prints to the terminal that was used to
launch TDFG.

The next step is to use these files in a TURBO aeromechanics analysis.

- Turbo Displacement File Generator =+
Load Blocks and Set Surfaces | Calculate Displacements

New Mode Shape Type

Real Mode Shape |/fhome/kcpierso/DUGen/Model.real. mapped.dat Browse
Real
® C |
Imag Mode Shape |/homeskcpierso/DUGen/Model.imag.mapped.dat Browse e
‘ : o] Currently selected displacement fields
- Write DU Files | <@l . ;
can be output as either DU or MU files by
Save Case write MU Files | €= clicking the corresponding button. *=0.0043 y=0.0428
Delete Mode
Decay Factor
Load New Mode| Model _DFO 4] 19.15
Grid Displacement Plot Settings
Index |70
Plot Displacements 15.96
] Size 105
Complex Type Displacement Type
® Real X 1277
Imag Y
rd
® Magnitude
L 9.57
Contour Limits
Upper Limit |21.276 *) Aute Limits
Lower Limit |0.000 Enstomllimits

6.38

Current Selection Mode Type
Complex 319

Current Selection Decay Factor

0.00

0.00

T T T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Figure 15.—Click the appropriate button to write either DU or MU files.
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