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Files

Chapter 1. Processing a Project

Necessary for Working with a Project

Subfolder SAMPLES\STEP 1 of the current folder contains the
STEP 1.XYzZ file. This file was created in the Prolmage
application. For additional information concerning 1its
creation, see Step 8 of Prolmage How to...

This subfolder also contains the following bitmaps:

REFE DARK.B1l6 - a dark reference bitmap;
SENS DARK.B16 - a dark sensitive bitmap;
REFE OFF.Bl6 - a wind-off reference bitmap;
SENS OFF.Bl6 - a wind-off sensitive bitmap;
REFE ON.Bl16 - a wind-on reference bitmap;
SENS ON.Bl6 - a wind-on sensitive bitmap.

The subfolder <contains the following files with
information concerning markers:

1) REFE OFF.MPT - markers on the wind-off reference
bitmap;

2) SENS OFF.MPT - markers on the wind-off sensitive
bitmap;

3) REFE ON.MPT - markers on the wind-on reference
bitmap;

4) SENS ON.MPT - markers on the wind-on sensitive
bitmap;

5) HST 315DD.MPT - markers on the image. This file 1is
created manually by the user and wused for 3D

transformations;
6) MARK UP.APM - real 3D coordinates of markers on the
model.

This subfolder contains the following files with
additional information:

1) STEP 1.IMS - project file containing the information
necessary for processing the PSP test data;

2) UP.APT - file containing the geometry of the model;
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3) COEFFNEW.CLB - file containing the coefficients of
the calibration;

4) PCO_CAMERA.CAM - file containing the camera
parameters.

Step 1. Calculating the Cp Flowfield

1. After running ProField, open an existing file
STEP 1.IMS that is located in the subfolder
SAMPLES\STEP_1 of the current folder. Choose the
Open Project... command from the OMSField menu. The
standard OpenDialog will appear on your screen.

Figure 1.1
Lok i Ia Step_1 j = =% Ef-

File name: [step_1.ims Open I
Files of type:  [OMS Project Files [*.ims) | Cancel |
o

2. Choose the file STEP 1.IMS, and click the Qpen
control button. The OpenDialog will be closed, and the
OMS Property Sheet Dialog will appear on your sScreen.

This project works with two fields transferred on the
3D geometry: “sens” - ratio of the wind-on to wind-off
sensitive images and “refe” - ratio of the wind-on to
wind-off reference 1images. These fields were created
using the T“step Z2pr.ims” and step 2re.ims projects
included in the step 2 subdirectory of the
Sample ProlImage directory.

Significant angular parallax between the CCD cameras
acquiring reference and sensitive images for bi-
luminophore paint application can create a problem in
alignment between the sensitive and reference channels.
In this case it is more desirable to align
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independently the images in the sensitive and reference
channels. The 2D-3D command in the ProImage Program
allows the possibility of transferring all four source
images on the mesh (after background subtraction, flat
field and distortion correction).

Figure 1.2
OMS5 Property Sheet |
T Files | Mesh Files | Resultant Files
Test Features | Fiefe Files I Sens Files

Thisz File IE Sl zershProhS ample_ProFieldS ampletStep_1hstep_1.im

TestID |
Test Tupe Il:ll:lul:lle
Model 1D |
Test Paint 1D |
Mach IEIE—
Alpha 14
Beta IEI—
Freszure Unit IF'a— Foad |
‘wind OFf Pressure IEEGE'I &I
Static: Pressure W —
Dynarmic Pressure Im ﬂl
Temperature it IK—
Wind off Temperature IW
Wind on Temperature IW
ITI Cancel Help

3. Click the OK control button. The OMS Property Sheet Dialog
will be closed, and the Geometry will appear on your
screen.
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Figure 1.3

L

4. To rotate the Geometry on your screen:

e Choose the Rotate command from the View menu,

or

e (Click the following icon from the upper toolbar:

Figure 1.4

The cursor shape will be changed to &

5. Press the left mouse button, and drag the mouse. The
Geometry will be rotated around the axis that 1is
directed from the point of view to the center of the
model while moving the mouse. Release the mouse
button at the final position of the Geometry.
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Figure 1.5

L,

6. Choose the Cp Calculation... comman

menu. The Cp calculation Options Dialog
screen.

Figure 1.6

Cp calculation Options

d from the OMS Field
will appear on your

— Initial Fields

Ywind On P 5 enzitive Isens j

¥ Use 'wind OFf Pressure Senzitive Field for cormection

(a1}

[ Use Reference Fields for comection

Wind O P Sensiive | ~| | | iin

wind On Reference Irefe j |1

Tazk Features |

Wind Off Reference 1=/ =T

[ Use wind OFf Temperature Field for corection

[~ Use 'wind On Temperature Field for comection

Wwind Off Temperature [c] | r<fe 4

Wind On Termperature [n::]l refe j IE?.EEE‘ ﬂl

. Choose all of the needed pa

rameters in the Cp

calculation Options Dialog as shown above.

. Click the OK control button.

will appear on your screen.

The 3D Cp flowfield
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9. To represent the Cp flowfield in a more desirable
view, choose the Appearance.. command from the Options
menu. The AppearanceDialog will appear on your screen.

Figure 1.7
Appearance |

— Frant Surface
) Sold Canzel |
 Mesh

" Both

—Back Surface

i+ Salid
= Mesh

Field Palette...
[T Show Blocks

tadel Colar...
W Show Awes
¥ Show Spectum Bkgr Color...

10. Choose all of the needed parameters in the Appearance
Dialog

11. Click the OK control Dbutton. The palette will
appear in the right-hand portion of your screen.
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Figure 1.8
ra StEP_2norm - ProField e =10l x|
File Edit Wiew Options Tools  Import/Export QM3 Field  OfS Project  Help

FH  ERLS R EEKETENY | MmO 2 Fn

For Help, press F1 l_ L

12. Click the Options control button at the bottom of
the palette. The Spectrum Appearance Dialog will appear
on your screen.

13. Choose all of the needed parameters in the Spectrum
Appearance Dialog .

14. Click the OK control button. The 3D Cp flowfield
will appear on your screen. It may be compared with
the 3D Cp flowfield that was obtained in Step 2 of
Prolmage How To.

15. Choose the Save Results command from the OMS Field menu
to save the result of the Cp calculation.

16. Choose the Close Project command from the OMS Field menu
to close the project file.
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Chapter 2. Simple Operations with Files

Step 2. Editing the Geometry and Flowfield

1. Open an existing file STEP 2.FLD that is located in
subfolder SAMPLES\STEP 2 of the current folder:

¢ Choose the QOpen... command from the File menu,

or

e (Click the following icon from the upper toolbar:

Figure 2.1

The standard OpenDialog will appear on your screen.

Figure 2.2

Lok ir: Ia Step_2 j - £ Eo-

File name: Istep_E.fId Open I
Files of type:  [Flowfield Files [=fid) | Cancel |
o

2. Choose the file STEP 2.P, and click the QOpen control
button. The Open Dialog will be <closed, and the
Geometry will appear on your screen.




ProField User's GUIDE 11

Fi\?ure 2.3

3. To view separate Dblocks of Geometry, choose the
Appearance... command from the Options menu. The Appearance
Dialog will appear on your screen.

Figure 2.4
Appearance

— Front Surface
" Salid
¥ Mesh
" Both

—Back Surface

i+ Salid
" Mesh

Field Palette...
¥ Show Blocks

tadel Colar...
W Show Awes
[T Show Spectrum Bik.gr Color...

4. Choose all of the needed parameters in the Appearance
Dialog as shown above.

5. Click the OK control button. The blocks will be
represented with different colors, and the front
blocks will be displayed as a grid.
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Figure 2.5
b

6. To select a part of the Geometry:
e Choose the Select.. command from the Edit menu,

or

e (Click the following icon from the upper toolbar:

Figure 2.6

The SelectDialog will appear on your screen.

Figure 2.7
ErEE——— x|
— Selector Tupe
& Painter Blocks selection Cancel |

0 Line Blocks selection
" Rectangle Elocks selection
" Free-Fom Modes selection

[ Select anly visible

To Unzelect object presz CTRL

7. Choose all of the needed parameters in the Select Dialog
as shown above.

8. Click the OK control button.

9. Click the necessary block. The nodes of this block
will be represented as red markers.
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Figure 2.8
b

10.To magnify a portion of the screen on your screen:

e Choose the Zoom Rectangle command from the View menu,

or

e C(Click the following icon from the upper toolbar:

Figure 2.9

The cursor shape will be changed to %ﬁ.
11. Press the left mouse button, and drag the mouse. The
new picture fragment will be limited by the rectangle
appearing on the screen. Releasing the mouse button
rescales the picture.

Figure 2.10

C

13
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12.Choose the Destruct Mesh... command from the Edit menu.

The
Destruct Mesh Dialog will appear on your screen.

Figure 2.11
Destruct Mezh Ed |
Faces Size

= 3Veltexes
Cancel |
= 4\ ertexes

13.Choose all of the needed parameters in the Destruct Mesh
Dialog as shown above.

14.Click the OK control button. The grid of the selected
block will become unstructured.

Figure 2.12

SR

15.Choose the Undo command from the Edit menu. The grid
of the selected block will return to the structured
form. Figure2.10 will appear on your screen.

16.Choose the Redirect Normal command from the Edit menu. The
normal of the selected block will become opposite.

14
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Figure 2.13

¥

- o m m w mmmm——

17.Choose the Undo command from the Edit menu. The normal
of the selected block will return to the initial one.
Figure2.10 will appear on your screen.

18.To show the Cp flowfield:

e Choose the Field Variables... command from the Options
menu,

or

e C(Click the following icon from the upper toolbar:
Figure 2.14

The Field Variables Dialog will appear on your screen.

Figure 2.15
Field Variables ]|
& Field
Cancel |

|:: ju] -

19.Choose all of the needed parameters in the Field Variables
Dialog as shown above.

20.Click the OK control button. The Cp flowfield will

appear on your screen. (Figure2.10 will appear on your
screen.)
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21.To view the Flowfield, choose the Appearance.. command
from the Options menu. The Appearance Dialog will appear on
your screen again.

Figure 2.16

Appearance

22.Choose all of the needed parameters in the Appearance
Dialog as shown above.

23.Click the OK control button.
Figure 2.17

24 .Choose the Filter... command from the Edit menu. The Field
Filtering Dialog will appear on your screen.
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Figure 2.18
Field Filtering

0 al

-0.73653

25.Choose all of the needed parameters in the Field Filtering
Dialog as shown above.

26.Click the OK control button. The flowfield of the
selected block will be filtered.

Figure 2.19

27.Choose the Close command from the File menu to close
the opened file.
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Step 3. Representing the Flowfield Value as a 3D Object

1. Open an existing file STEP 3.XYZ that is located in
subfolder SAMPLES\STEP 3 of the current folder. (For
additional information, see Steps 1-2 of Step 2.)

2. To visualize the Geometry rotate it on your screen.
(For more information, see Steps 4-5 of Step 1.)

Figure 3.1
by

[

Ly

3. Show the Cp flowfield. (For more information see
Steps 18-20 of Step 2.)
Figure 3.2
Ilr“r'
——X

4. Choose the Import 3D Field... command from the Import/Export
menu. The standard Open Dialog will appear on your
screen.
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Figure 3.3

Import

Laoak jn: I 5] Step_3

=| = @ e EB-

2]

Type: =7 File
Size: 852 KB

File narme; |step_3.:-cyz

Open I

Files of type: | Exterided Data Files [*.sy2)

- Cancel
=] _ Cancel | y

5. Choose the file

STEP 3.XYZ, and click the
control button. The OpenDialog will be closed,

Import Dialog will appear on your screen.

Figure 3.4
Import

]|

— Geometry Define

pa

Mare |>< j" Cp

Scale I-I

|1

Default Walue I':I

|n

— Merging Funchion: —

[ Load Field Orily

Geomety Tolerance

IEI. 0o

Specify Options |

Cancel |

Open

and the

6. Choose all of the needed parameters in the Import Dialog

as shown above.

7. Click the OK control button.
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Figure 3.5
Ilr‘f

———
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Chapter 3. Working with a Project File

Step 4. Creating a Project File

1. To create a new project file, choose the New OMS
Project... command from the OMS Project menu. The OMS Property
Sheet Dialog will appear on your screen.

Figure 4.1
OMS Property Sheet |
T Files | Mesh Files | Resultant Files
Test Featuras | Refe Files I Senz Files

Thisz File IE:"-.LI zerzProhS ampleshStep_dhuntitled. ims

Test D Itest_sample

Test Type Idl:lul:ule

Madel 10 Itegt

Test Paint 1D Istep_d

Mach ||:|5—

Alpha |1u—

Beta |5—

Prezsure Unit IF'a— —
Wind Off Pressure IW 4| —
Static Preszsure IW

Diynarnic Pressure IW Check: |
Temperature Lrit IK—

[45]
=
]

Wwind off Temperature

]
n
=

YWind on Temperature

k. | Cancel Help

2. Choose all of the needed parameters in the Test Features
tab as shown above.

3. Click the Write... control button. The standard Save As
Dialog will appear on your screen.

4. Create a subfolder SAMPLES\STEP 4 of the current
folder, and enter it.
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5. Type “STEP 4” in the Filepame text box, and click the

Save control button. The Save As Dialog will be closed,
and the project file with the name STEP 4.IMS will
be created. 1Its name will appear in the This File
information pane.

. Click the Refe Files tab in the OMS Property Sheet Dialog. It

will appear on your screen.

Figure 4.2
0OM5S Property Sheet |
T Files | Mesh Files | Resultant Files
Test Features Rete Files | Sens Files
Filez. concermead with "'Reference camera™

Dark Image Irefe_dark.l:ﬂ B

wWind OFf Image Irefe_nff.lﬂ B

Wind On Image Irefe_-:nn.l:ﬂ E

Wind Off Markers  {refe_off.mpt

wind On Markers ITEfE_Dﬂ-ITIF't

Camera Features

| k. I Cancel Help

. Choose all of the needed parameters in the Refe Files

tab as shown above.

. Click the Sens Files tab in the OMS Property Sheet Dialog. It

will appear on your screen.
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Figure 4.3
0OM5S Property Sheet

~ TFles | MeshFles | ResulantFies |

—
—

9. Choose all of the needed parameters in the Sens Files
tab as shown above.

10.Click the T Files tab in the OMS Property Sheet Dialog. It
will appear on your screen.
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11.

12.

Figure 4.4
0OM5S Property Sheet

This tab remains empty at this Step. It is used for

processing TSP images.

Click the Mesh Files tab in the OMS Property Sheet Dialog.
will appear on your screen.

It
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Figure 4.5
0OM5S Property Sheet

hzt_315dd. mpt

13.Choose all of the needed parameters in the Mesh Files

14

tab as shown above. The Field on Mesh text box is empty.
In this version of the ProField application, a
default filename is used. It is created by Prolmage.
For example, if Prolmage runs project STEP 4.IMS, it
creates the default name STEP 4.XYZ.

.Click the Resultant Files tab in the OMS Property Sheet Dialog.

It will appear on your screen.
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Figure 4.6
0OM5S Property Sheet |
Test Features I Refe Files I Sens Files |
T Files | Mesh Files Resultant Files
Rezultant Image's Filez
Irefedl sens I
Fressure I
P/Pstat |
Cp I
|
|

15.

16.

17.

Temperature

Fezultant Marker's Filez

[refedlzens

Prezsure

P/Pstat

Cp

[refedltemperature

Temperature

| k. I Cancel Help

The tab remains empty at this Step. In this case the
appropriate filenames will be created as a default.
In our case the 1image files will be named
STEP 4 IREFE ISENS.IMP, STEP_ 4 PRESSURE.IMP,
STEP 4 P PSTAT.IMP, and STEP 4 CP.IMP; the marker
files will be named STEP 4 IREFE ISENS.MPT,
STEP 4 PRESSURE.MPT, STEP 4 P PSTAT.MPT, and

STEP_4 CP.MPT.
Files for temperature are created for TSP only.

Click the Test Features tab in the OMS Property Sheet Dialog.
It will appear on your screen again.

Click the Check control button. The presence of all
of the chosen files in the project folder
SAMPLES\STEP 4 will be verified.
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18.Click the OK control button. The project file will

be created,
saved in it.

and all of the chosen parameters will be
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Chapter 4. Additional Features

Step 5. Drawing the Chart

1. Open an existing file STEP 2.FLD that is located in
subfolder SAMPLES\STEP_2 of the current folder. (For
more information see Steps 1-2 of Step 2.)

Figure 5.1

Y

T
z

2.View the Cp flowfield. (For more information see
Steps 18-20 of Step 2.) The Cp flowfield will appear
on your screen.

Figure 5.2

3. To draw the chart:
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e Choose the Chart command from the Tools menu,

or

e (Click the following icon from the upper toolbar:

Figure 5.3

The step_2 (Cp) window will appear in the right lower
corner of your screen.

4. Press the left mouse button at the first point

(cursor shape is changed to “%"), and move the mouse.
Release the mouse button at the second point, and
the function chart will appear in this window.

Figure 5.4

& step_2.xyz - ProField - | I:Ilil

File Edit W%iew Options Tools Deformations  ImportfExport  IMS Processing  Help

@ r BRSSP EHKCRENG DO«

i

Cp Y2

-0.08
-0.16
-0.24
-0.32

0.4
0.3
-0.56

For Help, press F1
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Step 6. Creating a New Function

1. Open an existing file STEP 2.FLD that is presented
in subfolder SAMPLES\STEP 2 of the current folder.
(For more information see steps 1-2 of Step 2.)

Figure 6.1

L

2.View the Cp flowfield. (For more information see
Steps 18-20 of Step 2.) The Cp flowfield will appear
on your screen.

Figure 6.2

3. Choose the Field Calculator... command from the Tools menu.
The Field Calculator Dialog will appear on your screen.
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Figure 6.3
Field Calculator |

A B C
F | (I A | =
Mo

4 =F Create &
P hoB e Delete A
& -=H A=B-C

A *=H A=B*C A=B*=LC

& /=B s=B/C 4, = zqit[B]

Cloze

¥tk before modification of esisting functio

4. To create a new function, click the Create A control

button. The New field name Dialog will appear on your
screen.

Figure 6.4
Hew held name |

Inew_Ep

(] 4 I Cancel

. Choose all of the needed parameters in the New field

name Dialog as shown above.

. Click the OK control button. The warning message

will appear on the screen.

. Click the OK control button, or press Enter. The

function “new Cp” will Dbe created, and the Field
Calculator Dialog will appear on your screen again.
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10.

11.

12.

Figure 6.5
Field Calculator |

A, B C
Inew_Ep j IEp j IEF' j
m Vo o

4 =F Create &
P hoB e Delete A
& -=H A=B-C

A *=H A=B*C A=B*=LC

& /=B s=B/C 4, = zqit[B]

¥tk before modification of esisting functio

. Choose all of the needed parameters in the Field

Calculator Dialog as shown above.

. Click the A=B+C control button. The warning message

will appear on the screen.

Click the OK control button, or press Enter. The
“new Cp” will be equal to the sum of “Cp” and 10.

Click the Close control button.

Turn on the palette. (For more information see Steps
9-11 of Step 1.)
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Figure 6.6

L.

13. View the “new Cp” flowfield. (For more information
see Steps 18-20 of Step 2.) The “new Cp” flowfield
will appear on your screen. The palette in the right
portion of the application window will be changed,
and the level of intensity on the bitmap will be
increased on 10.

F@u$67
Speotrum |
o

new_Cp

14. Click the Options control button at the bottom of the
palette. The Spectrum Appearance Dialog will appear on your
screen.
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15.

16.

Figure 6.8

Spectrum Appearance

9.203407

10264275

Choose all of the needed parameters in the Spectrum
Appearance Dialog as shown above.

Click the OK control button. The 3D Cp flowfield
will appear on your screen. It may be compared with
the 3D Cp flowfield.

Figure 6.9

L.
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Step 7. Self-lllumination Correction

Self-TIllumination Correction Procedure requires source intensity
distributions mapped on 3DMesh.

ProField Program have special function - “Dress Image” located in
“IMS Processing” Submenu (Fig. 7.1) to do it.

Figure 7.1
= ? k? # Open OMS Praoject. ..

# Dress Image

1. Use “Open OMS Project...” function to open standard ims project, sample
“test_a00evs.ims” you can find in the Folder Sample_3 (Fig. 7.2)

Figure 7.2
[ 3] (ol x|
P @ kO
2| x|
Look: i | — Self_lumination j = ek -

|:J test _a00_0dews

File name:  [test_a00_00svs Open
Files of type: | OMS Project Files [*ims] = Cancel
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Figure 7.3

Test Features | Fiefe Files | Sens Files | T Files | Mesh Files | Resultant Files

Thiz File IE:HF‘S F_Programzh0kS30emo_for_arlandsSelt_lumin.

TestID |

Test Type Isingle

Model I |

Test Point ID |

b ach IEIE—

Alpha R

Beta IEI—

Pressure Unit P Aoad
‘wind OFf Pressure 14723

Tk
Static Pressure

s

Check
Dyrnamic Pressure =

Temperature Lnit
‘wind off Temperature | 75.262
wind on Temperature  |B0.277

ﬂ RERNAE

K. ‘ Cancel Help

Y

Property Sheet (Fig. 7.3) will show you components of the loaded
ims project. Don’t modify them - this sample has all necessary
files, but in future you can do it for your cases. Original
project doesn’t have resected data, so you can see only mesh

You can use Appearance dialog from Options menu to choose
appropriate mode of the mesh/field presentation
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Figure 7.4

# Open QM3 Project...
# YWiew QM3 Project. ..
# Save Results

# Clase OMS Project

# Dress Image

2. Use “Resect Test Data..” function (Fig. 7.4) to start
resection procedure dialog (Fig. 7.5)

Figure 7.5

Resect Test Data x|

[ wind Off Reference
[ wind On Reference
V¥ wind Off P 5 enzitive
v wind On P Sersitive
[T wind T Sensitive
[T wind On T Sensitive v “erbose

Cancel

—Steps
1. ¥ Dark Subtraction

2 [T Flat Field Eorection

3 [ AutoMarking
4

A

. [ Distartion Caomection

. ¥ Fesection

3. In Resection Procedure Dialog (Fig. 7.5) select Wind Off
Pressure and Wind On Pressure bitmaps for resection. Don’t
use for this sample “Automarking” function - all markers are
already available. Dark Subtraction is necessary, but Flat-
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Field Correction and Distortion Correction procedures are
not applied for this case due to absence of the appropriate
information. “Resect” Options Dialog give you possibility to
choose resection procedure and marker enumeration methods
(numeration of all markers on the bitmaps and on the 3D

geometry in the same manner is not necessary now - program
will try to do it now)

Figure 7.6
Function
i~ Surface
* Field ﬂl
I[o@nd_un_sens j
[T Drawectors

— Functions Wechor

L I wind_aff_zens

[
L Iwind_cuff_sens j entors I::::I::ur...|
[

Wz I wind_off_sens

Scale I'I

™| &long Local Maomal

4. Choose appropriate function for presentation in “Fn” dialog
(Fig. 7.6). Now you have “wind on sens” and “wind of sens”

intensities mapped on the 3D mesh -“Field” and mesh itself -
“Surface” (Fig. 7.7)

Figure 7.7
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Use appropriate knobs to adjust viewing direction, zoom and
distance to the mesh.

Figure 7.8
| 4 B2y Chat | Mat I 2|l Fnl

# Distributed Loads. ..

I

5. Select “Self Illumination” function from “Tools” menu (Fig.
7.8) and set parameters in the Self-Illumination Correction
Dialog (Fig. 7.9 and 7.10)

Figure 7.9
Complete diffuzion I_
reflection ratio [0 - 1] 02
Mew figld narme IWiﬂd_Dﬂ_SEﬂS_Si Ca h

[T Check wvisibilty [recommented only for selected nodes)

For “wind on si” bimap and

Figure 7.10
Complete diffusion
reflection ratio [0 - 1] L2

k- hicel

[ Check. visibility [recommented only for selected nodes)

d

Mew figld name Iwind_u:uff_sens_si

for wind off si bitmap.

6. By default procedure will add si to the name of self
illumination corrected field. Diffusion reflection ratio is the
most delicate parameters here - should be taken from self-
illumination calibration or adjusted during trial and error
iterations. Check visibility procedure time consuming - better to
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select nodes which you are going to use in self-illumination
calculation - use “Select” function from Edit menu. If nodes are
not selected - all nodes will be used!!

7. Self Illumination Procedure takes some time - duration depends
on complexity of the number of selected nodes (Fig.7.11) Self
Illumination Procedure should be repeated two times for this case
- for wind-off-Sens and wind-on-Sens fields.

Figure 7.11

Figure 7.12
L char E RO e

# Field Calculator. ..
*5

# Pressure Ports, ..

# Diskributed Loads. ..

So now we have two self-illumination corrected fields
“wind off sens si” and “wind on sens si”, and normalizing
procedure can be done using “Field Calculator” functions from
Tools menu (Fig. 7.12)
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Figure 7.13

&, ] %

|rati-:| j |winu:|_u:uff_sen$_si ﬂ
b

A =B Create &
& +=B & =F +C Delete A
& =R &=B-C

& =R A=B*C A=B*LC

& /=B &=B/C & = zqrt[B]

v fisk before modification of existing function

8. The first step here (Fig. 7.13) is creation of the new field
“A” (Use “Create A” function), “ratio” was used as the name.
Specify B and C components as “wind off sens si” and
“wind on sens si” correspondingly, and use “A=B/C” to calculate
“ratio” field (Fig. 7.14)

Figure 7.14

]
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Elptinng‘ Iy

For Help, press F1
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Figure 7.15
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Result presentation. Use “Options” dialog to select dynamic range
and LUT. Plot shows (Fig. 7.15, right window) normalized
intensity distribution for vertical section where cross cursor is
placed.

By default OMS3 saves resulted fields using XML format (files
with extension “xyz” used for fields on the mesh). Don’t forget
save results using “Save Results” function from 2D-3D Map menu,
or you can use Import/Export menu to save results in the fld or
TecPlot data formats (wrml is used only for mesh description).
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Step 8. Calculation of aerodynamics loads

Pressure field transferred on the mesh can be integrated to get
load and moments acting on the mesh model surface. “ProField”
program in “Tools” submenu has function “Distributed Loads” (Fig.
8.1) to calculate integral loads and moments acting on the model
mesh or selected blocks of this mesh.

Figure 8.1

& sideview_kil01fk - ProField _|EI|5|

File Edit Yiew Options | Tools Deformations Import/Export  IMS Processing  Help

= M| R % Bz Chat CEME O 2
#add 30 Graph. ..

Fn # [ H Clear 30 Graph

# Field Calculatar, ..
# Self Ilumination. ..
# Pressure Parts, ..

Several assumption should be applied to calculate loads and

moments Let’s assume that S is a part of surface, and N 1is
normal vector of surface (Fig. 8.2) Outer side of surface is the

side what N is directed from. If dS is an element of surface,
then one may define a vectordS=dS- .
If pressure field p(X,Y¥,z) is determined on the surface (part

of surface) S and parameters of ambient flow are V,=(u,,V,, W,),
p., p., M_, T , then aerodynamic coefficients on this surface
(part of surface) may be calculated.
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Figure 8.2

Z
1. In right orthogonal coordinate system X,Y,Z,0, «a is angle of

attack, S 1is side slip angle and V,=|V,|, (Fig. 8.3) then
components of velocity vector are expressed as follows:

u, =V, cos/fcosa,
v, =V_cosfsinea,
w, =V_sing.

Figure 8.3

2. Let’s calculate forces and moments with respect to a pointlflo.

Two cases are possible: calculation of absolute force acting
on the solid surface (cases a) and c¢)) and calculation of
force due to overpressure that is defined with respect to the
ambient pressure (cases b) and d)).
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a) Force that is obtained by integration of pressure:

F=—[ p(x y,2)-d8 = (F,),, (F))s. (F)y).

b) Force that is obtained by integration of pressure
difference p—-p,:

F, ==[(p(x, ¥, 2)= p.)-dS = ((F,),. (F,),. (F,),).

c) Moment that is obtained by integration of pressure:

'\7'1 = __[ (F_ |_:\30)><d§' p(X’ Y, Z) = ((mx)l’ (my)l’ (mz)l)’

where T 1s radius-vector of center of surface element dé.
Pressure on this surface element is p(X,Y,2z)=p(r).

d) Moment that is obtained by integration of pressure
difference p—-p,:

M, ==[(p(F) = p.)-(F—Ry)xdS = (m,),, (m,),, (m,),).

Sign “-% means that pressure force is directed inversely to
the surface normal.

3. Aerodynamic coefficients in system X,Y,Z,0. (It is assumed

that axis OX coincides with construction line of model, it is

directed from the leading part of model backwards. Axis OY is
directed upwards.)

F
CX: FX2 ’ Cy = y2 ’ CZ = F22 ’
looovoo S poovoo S poovoo S
1 1 1
2 2 2
m
MX:+, M, = —. Mz:+'
IODOTOOSlLi IODOTOOSlLi ’00020‘381'_2

Coefficient of hinge moment with respect to some rotation axis
is calculated with the use of overpressure, which is defined only
with respect to the ambient pressure:

=

[((p) - p,)7, xdS)
M3 2 1]
pwsz S, L,

-_l

where S, is usually area of aircraft wing,
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L, is wingspan (length of aircraft wing),
S, is area of surface behind the rotation axis,
L, is mean aerodynamic chord,

L, is mean aerodynamic chord of a surface part behind the

rotation axis,

I, is perpendicular dropped from the center of surface element

S

dS to the rotation axis

| is rotation axis. Sign of M, depends on direction of I

axis.

Ly o~
i

4. Coordinates of vectors may be recalculated from the body
system X,Y,Z,0 to the flow system XY Z' 'O using following
formulas:

X' =XCoSa Cos S+ ysinacos S+ zsin g,
y'=—Xsina + ycos«,
Z' =-xcosasin f—ysinasin f+1zcos S,

where «a 1is angle of attack and f is slip angle.

To calculate the aerodynamic coefficients (C,,C,C,) and
(M,M,,M,) in the flow coordinate system XY, Z'0, 1it’s

necessary to obtain the forces and moments in the flow system
X"Y',Z''O. These can be obtained by replacing (X, V,2) by

(FwFﬂ,ﬁ) and (mXanny), respectively.

5. Parameters of ambient flow are M_, p,, p., a, p. Flow
velocity may be expressed trough these parameters:

V=M, - |xPe
p.
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where k=141 is adiabata power.

Components of vector V, are presented in section 1.

o0

Coefficients of forces and moments may be calculated for
p(F)

00

fields C,(F), p(F) and

1. If field Cp is activated, then, in the case of “body surface”

C, 3 e ) ) )
Cloe B[ PO (e®-p)dS [ p.dS
Cy 1p V?’S Slp VA T 1p V?S Slp V?S
7 2 o Yoo Y1 2 o oo Y1 2 o Too Y1 2 w T Y1
ds
pw'[d 1 ~ ! —
:—— jc (r)dS+ ——=|[c,ds+ 5 |=F(C, (), M,,S).
pr 2 Sils 0.7M 7

Formula shows that field C,, values M, and S are necessary

o0

to calculate the coefficients.

M, L - L _
ML |= M, =_J- p(F)(F—Ry)xdS _
y 1 1
ML) 5PVeS s D VS
_ J-(p(r) p,)(F— R)de_J-p (r- R)de
1
“p, V2S, s “p VS
Zpoo ] Zpoo [ee]
[(F-R)xdS
=3 jc F)(F-R )de+—O.7M = f(C,(F),M,, S, Ry).
Formula shows that field Cp, values, Sl M_ and ﬁo are

necessary to calculate the coefficients.

In the case of “closed-loop body”:

C ~ -

g F r)—p,)dsS 1 a -
c, |= - 2 :_J'(pl( )—P.) :_S_J'desz f(C,(F), S)).
C.) HPVIS F LpVIS ts

Formula shows that field C, and value S, are necessary to

calculate the coefficients.
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M, L ) ) R
M L1 — MZ - _ (p(r)_pw)(r_RO)XdS:_iJ-C (F)(F_Ifé )xdé:
J 1 2 1 2 S+ " °
MZ'LZ Epoovoc Sl S Epoovoo Sl Ls

= f(C,(F), Si, Ry).

Formula shows that field C,, values S, and ﬁo are necessary to

calculate the coefficients.

. If field p 1is activated, then, in the case of “body surface”:

C

x F)dS 1 WIS T
c |- I p(fds _ _ - [ p(r)dS=f(p(), M., p.., S,).
c pVIS, FlpVES 0.7M2p.S: s

z 2

Formula shows that field p, values M_, p, and S
necessary to calculate the coefficients.

M, -L, ; L
M, L |= M, :_jp(r)l(r—RO)de:
M, L, EpmeS S pVES,
1
=———>—— | p(F)(F-R dS=f(p(F),M_, p,.S,, R,
TV, jM)( 0)xdS = f(p(F), M., .., S;, Ro)

Formula shows that field p, values M_, p,, S and ﬁo

o0

necessary to calculate the coefficients.

In the case of “closed-loop body”:

C B} B}

o R (p(®)-p,)dS 1 I
A P S ~ 07MZp.S IIO('r)ds+o7|\/|zs Jos=
C,) 5PVaSi % SpVoS M P o1 s Mo s

= f(p(r),M,, p.., S)).

Formula shows that fieldp, values M, p., and Sl
necessary to calculate the coefficients.

are

are
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ML = M :_I(P(F)—pw)(F—ﬁo)xd§:
y 1 1
M,-L, EPOOVOCZ S, S Epwvj S,
:_;'jp(F)(F_ﬁO)Xdé‘F;'I(F_ﬁO)Xdé:
0.7M p, S, 3 0.7M2'S, 3

= f(p(F), M., p,, S;, R,)-

Formula shows that fieldp, wvalues M_ , p,, S and ﬁo are
necessary to calculate the coefficients.
3. If field P is activated, then, 1in the case of “body
P
surface”
r r
c | ) _[_P() _.[ - _ .[IO() 4=
y 1 1 1 O7hﬂ S,
C, EpwV S SgpwV Sy pwVwS P

Formula shows that field —E—, values M_ and S are necessary
P..

to calculate the coefficients.

r) .

ML) p, PO (R ,)x S

My-b|=g——=- 1 B

M, L) 5P ViS, ~PVES,

o [P -R,) dS—f(ﬂ,Mm,syRoJ
0.7M_S, ¢ p. .
Formula shows that field Jiq values M_, S and ﬁo are

Pe

necessary to calculate the coefficients.

In the case of “closed-loop body”:

|- F (p(F)=p.)dS 1 (o0 e [P0
Cl=r =T ~T07MZs J( _1]ds ( M- SJ
C, 2/)OOVL,CS s Epoov;s1 ML S s\ P p.,



ProField User's GUIDE

50

Formulas show that fieldll, and values M_ and § are
P

necessary to calculate the coefficients.

M, L N - o -

ML e M (PP )(F-Ry)xdS _

y 1 2 1 2
MZ'LZ Epoovoo Sl S Elooovoo Sl
e [ [ Bt | L R VI
O'7Moosl S poo 0

Formula shows that field]?—, and valuesM_, S and ﬁo are

necessary to calculate the coefficients.

Designations in Distributed Loads dialog box (Fig. 8.4)

In Attributes pane: Infinity pressure - p,, Alpha - a, Mach -
M_, Beta - f.

o0

For correct calculation of aerodynamic coefficients it’s
necessary to input values of parameters, for which the fields
were obtained. ITf field of some parameter is inactive, then the
value of this parameters isn’t required. The values of pressure

field p and the value of pressure p, are to be expressed iIn the

same units; geometrical parameters 1in dialog box and model
geometry are to be expressed in the same units as well.

In Attributes pane: Specific Length - L, Specific Square -
Sl, Average Chord - l?, X Focus, Y Focus, 7% Focus - coordinates

of vector R,.

In Data for Hinge Moment calculation pane: X begin, Y begin,

Z begin, X end, Y end, Z end - beginning of vector I and its
end, Specific Square - S,, Specific Length - L;.

In Hinge Moment pane: Ms - M;.

In Results for closed-loop body pane: the wvalues of
aerodynamic coefficients Ca - C,, Cn - C,, Cm - C,, Mx - M, My
- M,, Mz - M, in model coordinate system (X,Y,2,0). cx - C,, Cy

- C

y 4
of coefficients are obtained with the use of integrating the
overpressure.

Cz - C, - in flow coordinate system (X' Y',Z',0). The values

z
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In Results for body surface pane:

coefficients Ca - C,, Cn - C,, Cm - C,, Mx - M,, My -
M, in model coordinate system (X,Y,Z,0). Ccx - C,, Cy
C, - in flow coordinate system (X,Y',Z',0). The
coefficients are obtained with the wuse of

pressure.

Diztributed Loads B4 |

Figure 8.4
— Auttributes
Infinity Preszure I'I tMach
Alpha ID Beta
Specific Length I ¥ Focus
Specific Square I'I Y Foous
Average Chord I'I £ Focus

the wvalues of aerodynamic
Mz -

M
C

values

y 14

yI

— Resultz for clozed-loop body
I'I Ca=4.4218e-007 Cx = 4.4218e-007 Mu =0
ID— Ch=0 Cy=0 My = 2.2109e-008
Cm=0 Cz=0 Mz = -2.10035e-007
IIj — Resultz for body zurface
||37 Ca=-015 Cx=-0.15 Mx =0
ID— Ch=0 Cy=0 My = -0.00743538
Cm=0 Cz=0 Mz = 0.0712438

— Drata for Hinge tMoment calculation

Hinge koment

Calculate I

Cz -

of
integrating the

* begin |'3I X gnd |EI Specific Square |1 Ms = -2.10035e-007
Y beqin IEI Y end ||:| Specific Lenagth |1 Wiite... |
B Mate: Integration of Cp
Z beqin I Ii iz uzed for calculation
. 0 2G| LCancel |
Calculations are 1initialized by knob ™“Calculate” (Fig. 8.4)

and results of loads calculations can be written 1n text file

using command “Write”.
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Step 9.

Pressure Port Correction

PSP/TSP results can be corrected using pressure port
data. Pressure port coordinates coupled with model mesh
coordinates and corresponding pressure values should be
provided as “mrk” format text file. Using normalized
intensity data (Io/I) and pressure port it’s possible
to accomplish “in-situ” calibration.

Figure 9.1

& m02aZ0ab_mod - ProField - 10| x|

File Edit Wiew Options | Tools Deformations  ImportfExpart IMS Processing  Help

@ M| r & By @ Chat S M«
#add 30 Graph...
Fn & [ Id Zlear 30U GEraph

# Field Calculator. ..

# Self Ilumination. ..
e Porks...

# Diskibuked Loads. ..

1. Load file with pressure field. Sample of such file can

be taken from Step 9 folder.

2. Choose active Field variable using “Fn” dialog.

”

Choose “Pressure Ports.. function in “Tools” submenu

(Fig. 9.1)
Figure 9.2
Fn & I 1Al

Pressure ports paramekters

. s
Order af the convergence approgimation

I'I
II:I b airnum deflesion of markers from the geometny

IF'ressure_pp

Cancel

M ew field name

[ [tk

stavgl:u_EEIS_:-cy.mrk Browsze. .

b arkers file
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4. In “Pressure Port Parameters” dialog (Fig. 9.2) set
order of approximation (maximum 1is 2) and maximum
deviation between pressure port coordinates and
corresponding point on the model mesh. This deviation
is determined by accuracy of pressure coordinates
measurements on the model and accuracy of the model
mesh. Browse and select Markers file (sample 1is
located in Step 9 folder). Select new field name which
will be used to store corrected field values.

5. "OK” button can initialize dialog “Active axes for the
markers” to choose projection direction if only two
pressure port coordinates are provided in mrk file. In
this case third coordinate will be determined after
projection of this point on mesh surface 1in the
direction of the third axis.

Figure 9.3
Fn # [ IA

Active axes for the markers x|

Active axes IK IY
Direction of the markers praiectian—‘ Cancel |

&+ Momal
™ Reverse

6. "OK” Dbutton will initiate correction function which
will calculate correction polynomials coefficient as
least square approximation of pressure port data as
function of active function values in the
corresponding surface points. Spatial filtering
procedure 1s recommended before to avoid possible
noise influence in the source field. On the next step
correction function is applied to all active function
values to calculate new function. Pressure ports
corresponding background function values or non-active
blocks will be excluded from consideration. Corrected
function can be visualized using “Fn” dialog.

7. Correction procedure will be automatically documented
in ASCII file presented in Table 1. In presented case
zero order approximation was used - offset A0 between
pressure taps and PSP was estimated and extracted from
PSP pressure data.
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Table 1
ID Ac. X Y Z Ptaps Ppsp Delta Ppsp,corr Delta,corr
1 0 -0.40 0.01 -0.04 94724.834 0 0 0 0
2 0 -0.40 0.01 -0.10 93474.209 0 0 0 0
3 1 -0.31 0.01 -0.01 91009.825 95635.32 -4625.4951 90804.547 -205.27832
4 1 -0.31 0.03 -0.02 90997.376 95789.039 -4791.6626 90958.266 -39.110775
5 1 -0.31 0.05 -0.03 91032.329 95826.07 -4793.7417 90995.297 -37.031925
6 1 -0.31 0.06 -0.05 91051.96 95829.984 -4778.0249 90999.211 -52.748661
7 1 -0.31 0.06 -0.09 91136.228 95753.93 -4617.7012 90923.156 -213.07214
8 1 -0.31 0.06 -0.11 91287.529 95084.789 -3797.2598 90254.016 -1033.5135
9 0 -0.31 0.04 -0.13 92089.04 0 0 0 0
10 0 -0.31 0.01 -0.14 91348.816 0 0 0 0
11 1 -0.03 0.01 -0.00 92054.088 97029.594 -4975.5059 92198.82 144.73232
12 1 0.02 0.01 -0.00 92127.344 97316.719 -5189.3745 92485.945 358.60092
13 1 0.07 0.01 -0.00 92166.127 97336.063 -5169.9351 92505.289 339.16187
14 1 0.15 0.01 -0.00 92093.828 97600.594 -5506.7651 92769.82 675.99188
15 0 0.24 0.01 -0.00 91390.471 0 0 0 0
16 1 0.07 0.06 -0.02 92187.673 96744.281 -4556.6079 91913.508 -274.16537
17 1 0.07 0.08 -0.06 92112.023 96179.172 -4067.1492 91348.398 -763.62439
18 1 0.15 0.08 -0.06 92001.899 96822.641 -4820.7417 91991.867 -10.031612
19 1 0.24 0.08 -0.06 91604.974 97336.367 -5731.3936 92505.594 900.62018
20 1 0.07 0.08 -0.12 91850.119 96268.945 -4418.8262 91438.172 -411.94733
21 1 0.15 0.08 -0.12 92062.228 96854.078 -4791.8506 92023.305 -38.922913
22 1 0.24 0.08 -0.12 91779.736 97270.797 -5491.061 92440.023 660.28784
23 0 0.13 0.02 -0.17 92411.752 0 0 0 0
24 0 0.18 0.02 -0.17 92071.325 0 0 0 0
25 0 0.23 0.02 -0.17 91905.181 0 0 0 0

Initial Dispersion = 4003.39, Final Dispersion = 397.975
Approximation Ppsp,corr = Ppsp + A0

Where A0 = -4830.770508, DO = 0.000000

Maximum Absolute Deflection = 1033.51, at N = 8

with Ppsp,corr = 90254, at X =-0.308539 & Y =0.0553664 & Z =-0.107188

Second column identifies active pressure taps. Zero value means
that this pressure tap was excluded from approximation mainly due
to fact that field value for this point was background.

The sample of used “Mrk” 1is presented in Table 2. This is xml
formatted file having several records separated by keyword
“<Function” plus field name in the beginning of record and
keyword </Function> at the end. Record with the name “active”
specifies pressure taps to be used in correction.

Table 2

<?xml version="1.0"?2>
<!--04/24/03 17:38:52-->
<ObjectMarkers>
<NodesNumber>25</NodesNumber>
<Function id="x">

-0.396113 -0.396113 -0.309753 -0.309753 -0.309753 -0.309753 -0.309753 -
0.309753 -0.309753 -0.309753 -0.0324104 0.0183896 0.0691896 0.15301 0.23683
0.0691896 0.0691896 0.15301 0.23683 0.0691896 0.15301 0.23683 0.13269 0.18349
0.23429
</Function>
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<Function id="y">
0.00762 0.00762 0.0120142 0.0319024 0.04826 0.0586994 0.0613156 0.0605028
0.041275 0.0122682 0.0142748 0.0142748 0.0142748 0.0142748 0.0142748
0.054991 0.078994 0.078994 0.078994 0.0817118 0.0817118 0.0817118 0.01524
0.01524 0.01524
</Function>
<Function id="z">
-0.0397256 -0.0953262 -0.0095758 -0.0168656 -0.0308102 -0.0504952 -0.0875284
-0.109804 -0.128143 -0.137922 -0.0012954 -0.0012954 -0.0012954 -0.0012954 -
0.0012954 -0.0211836 =-0.0596138 -0.0596138 -0.0596138 -0.124638 -0.124638 -
0.124638 -0.165659 -0.165659 -0.165659
</Function>

<Function id="f" name="Pressure">
94724.8344 93474.208 91009.8252 90997.3764 91032.3288 91051.9596 91136.2284
91287.5292 92089.0404 91348.8156 92054.088 92127.3444 92166.1272 92093.8284
91390.4712 92187.6732 92112.0228 92001.8988 91604.9736 91850.1192 92062.2276
91779.7356 92411.7516 92071.3248 91905.1812
</Function>
<Function id="active">
1111111111111 11111111111
</Function>
<Function id="id">
12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
</Function>
</ObjectMarkers>
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