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Abbreviations

You may encounter the following abbreviations in this text and images. These are their translations.

AOA  Angle-Of-Attack

AQY  Angle-Of-Yaw

AR Aspect Ratio

b Wing span

EULA End User License Agreement
CG Center of Gravity

HT Horizontal Tail

LE Leading Edge

MAC Mean Aerodynamic Chord
NACA National Advisory Committee for Aeronautics
S Wing area

TR Taper Ratio

VT Vertical Tall

Math Objects

AOQA Angle-of-Attack
AQY Angle-of-Yaw
Bht HT span
Bvt VT span
Bw Wing span
Href Reference altitude
Pmac Percentage of MAC. Variable used for CG location analysis.
Sht HT area
Svt VT area
Sw Wing area
Vcas Calibrated airspeed
Vtas True airspeed
Vht HT volume
Vinf Far-field airspeed
Vvt VT volume
Xcg, Ycg, Zcg VT volume
Xneu Stick-fixed neutral point
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INTRODUCTION

Thank you for trying out SURFACES.

This document is a dedicated step-by-step instruction manual that helps you to install and explore the
capabilities of SURFACES by building a simple aircraft. The design is a small T-tail straight wing aircraft,
and once complete, you will learn to extract critical information about it, just as you would for your own
design. This document is intended for simplicity of use — in fact you can stop right here and jump into the
first step.

We are certain you will find SURFACES priceless for your aircraft design projects. SURFACES was
developed in a real aircraft design environment and is loaded with highly developed tools that give you
answers quickly and reliably. We consider the program analogous to an extremely sophisticated airplane
calculator. Create a model of your aircraft and then use SURFACES to extract hard-to-get information
about it. Stability derivatives, loads, performance parameters are just the beginning of your discoveries.
You can extract in a matter of seconds some super complicated parameters that would take trained
aerospace engineer weeks to calculate using classical methods. Use the extra time to study variations of
your design to make it even better for its intended mission. Whatever the design task, SURFACES will
save you weeks if not months of work.

SURFACES is the ultimate tool for anyone designing subsonic aircraft, whether it be a professional
aerospace engineer or the designer of homebuilt aircraft. SURFACES is not just user friendly, it provides
you with very powerful features to help design your aircraft.

SURFACES uses a Three-Dimensional Vortex Lattice Method (VLM) to solve the airflow around an
aircraft and extract an incredible amount of information from the solution. Plot the flow solution to better
understand how the flow behaves around the airplane.

SURFACES is the perfect solution in any preliminary design environment, or to reverse engineer existing
airplanes. It allows you to quickly extract loads and stability and control data.

SURFACES allows you to swiftly model any aircraft. Do you have a three-view drawing of your favorite
aircraft? Simply import it in to the environment and scale it up. No pencils, rulers, or calculators are
needed for scaling up the model. You do it all from within SURFACES. It's as easy as clicking a mouse
button.

SURFACES determines most stability derivatives and, when used with the built-in Aircraft Datasheet
feature, allows you to perform very sophisticated dynamic stability analyses. Import stability derivatives
directly from your Vortex-Lattice analyses into an Aircraft Datasheet and plot the aircraft's Short Period,
Phugoid, Spiral Stability, Rolling Convergence, and Dutch Roll modes. You can even simulate the
dynamic response of the aircraft in real time!

SURFACES allows you to incorporate all the details of your design, such as airfoil properties, wing twist,
dihedral, multiple lifting surfaces, asymmetric geometries, winglets, deflection of control surfaces and high
lift devices. SURFACES even allows you to account for engine forces as functions of angle-of-attack,
airspeed and altitude, whose properties are taken into account when determining trim or stability
derivatives.

SURFACES allows you to extract surface pressures, forces and moments, force and moment
coefficients, distributed loads, section lift coefficients, and create shear, moment and torsion diagrams on
the model.
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STEP 1: Download and Extract SURFACES Installation
Files

The following step-by-step instructions will help you download your evaluation copy of SURFACES and
properly install it.

Using an internet browser like Windows Internet Explorer, Safari,
STEP 1.1 Chrome, Firefox, etc., go to http://www.greatowlpublishing.com/.
You should see something resembling Figure 1-1 in your browser.

Press the button titled: [Surfaces] (see the red box in Figure 1-

STEP 1.2 1).

This will take you to a new webpage dedicated to the Surfaces software. This is shown in Figure 1-2.

Great OWL Publishing

% Home | Great OWL Publishing is a proprietorship whose goal is the
distribution of several powerful and affordable engineering

software packages.

Composite Analyzer

Great OWL's engineering software has been used in the aviation industry
since 1995 Developed using lessons learmed in a true industrial
environment, the softiware is designed to deliver effective and useful
information. Whether you are a student, a designer, a professional engineer,
ar an aspiring engineering designer, Great OWL's software is guaranteed to
increase your productivity. The software is industry proven and combines
power with ease of use.

SEEEREEEEN

Flease select any of the buttons to learn more about each software package.
And dont hesitate to send us a request for quote for multiple seats.

“IEEnaEmRnn

{C) Copyright 2008 - Great OWL Publishing

Figure 1-1: The homepage of Great OWL Publishing.
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Great OWL Publishing

Siles Engineering Software
SURFACES 2.7
pl:si1r.' Analyzer E
E
DOWNLOAD EVALUATION PROGRAM! -
VIEW TUTORIALS!
PURCHASE COMPLETED SURFACES MODELS! T ——

g Pl | rotis st | 5 oot |

_IZ_ . -
SURFACES is the ultimate tool for anyone designing aircraft. Whether a T —
professional aerospace engineer designing a jet or a designer of homebuilt
aircraft, SURFACES is not just user friendly, it provides you with extremely
powerful features to help design your aircraft. Are you designing a monoplane
or a quadplane? Flying wing or a canard? T-tail or an X-tail? Single engine or PO — [P——
amultiengine? Symmetric or asymmetric? Conventional or not, SURFACES is Corentt [T 6000 (50 AL 11 3 Bt 011 3o SRR T 14 VT 421
the tool for you. o

SURFACES uses a three-dimensional Vortex Lattice Method (WVLM) to
determine airflow around your aircraft, allowing you to extract an incredible
amount of infarmation from the solution. Ranging from elementary plotting of | C ‘_“R:_:__
the flow solution to sophisticated extraction of loads and stability derivatives,

you will find yourself resorting to using SURFACES for more aspects of your
design than you thought possible.

SURFACES offers a huge number of features:

llse the hnilt<in inefia madellina o determine moments and

Figure 1-2: Webpage dedicated for SURFACES.

Press the link “DOWNLOAD EVALUATION PROGRAM!” shown inside the
STEP 1.3 red box in Figure 1-2. Pressing it will cause the warning in
Figure 1-3 to appear. Go to the next step.

Press the [Save] button (see red box in Figure 1-3). This will
open the form in Figure 1-4 and allow you to save the

STEP 1.4 installation files to a suitable location on your hard disk
drive.
STEP 1.5 When ready to download, press the [Save] button in Figure 1-4.

The download should begin.

The time to download will depend on the speed of your internet connection, but the file is almost 65MB in
size and will take somewhere between 5 and 30 minutes to complete. Once the download completes, go
to Step 1.6.
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%)

File Download
Do you want to open or save this file?

E Mame: surfaces_eval.zip
Type: WIinRAR ZIP archive, 63, 4MB

From: www.greatowlpublishing.com

Cpen ][ Save ]| Cancel |

Always ask before opening this type of file

harm your computer. f you do not trust the source, do not open or

|@ While files from the Intemet can be useful, some files can potentially
save this file. What's the risk ?

Figure 1-3: Getting ready to download the SURFACES installation files.

Save As
Savein: |BTEI"-'1F‘ V| @ ? g '

My Recent
Documents

N

Desktop

My Documents
My Computer
Q File name: |surfau:es_eval.zip W | Save |
My Netwo | Saveastype:  |WinRAR ZIP archive v| [ canca |

Figure 1-4: Find a suitable place on your hard disk for the zipped installation files. Here a folder
called TEMP has been designated as the destination folder.
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12% of surfaces_eval.zip from www.greatowlpublis... |= _|i Download complete

7
0 —{_% Download Complete

surfaces_eval.zip from www.greatowlpublishing. com surfaces_eval.zip from www.greatowlpublishing.com

(FEaes ) | | G===sssssssssssnnnnssnnnssnnnnsnnnnn )
Estimated time left 10 min 4 sec (7.33MB of 63.4ME copied) Downloaded: 53.4MB in 11 min 40 sec

Download to: C:\TEMPYTEMP\surfaces_eval.zip Download to: C:\TEMPYTEMP\sur faces_eval.zip

Transfer rate: 95, 9KB/5ec Transfer rate: 92, KBjSec

[ilose this dislog box when download completes: [IClose this dialog box when download completes:

Cpen Open Folder [ Cpen ] [ Cpen Folder ] [ Close

1| SmartScreen Fitter checked this download and did not report any 1| SmartScreen Fitter checked this download and did not report any
dg—  threats. ort an unsafe download. =l threats. ort an unsafe download.

Figure 1-5: The same form during and after download completes.

STEP 1.6 Once the download completes a new form appears, similar to the
i one in Figure 1-5. Press the [Open] button to extract the files.

Pressing the [Open] button in Step 1.6 will probably open a
window similar to the one in Figure 1-6. Go to File->Extract All..
STEP 1.7 and unzip all the installation files. Figures 1-7 through 1-10
i show the Compressed Folders Extraction Wizard. When the
extraction completes, press the [Finish] button as shown in
Figure 1-10.

\TFMPATFMP\surfaces_eval.zip

Edit View Favgiites Tools Help

S
dsm:rd. - ﬁ % @ Tj ‘p Search ‘ | Falders =k x Q - @ Folder Sync
‘eurfaces_eval.zip V| Go
e Type Packed Size Size Ratio  Date
] = File Folder 0KB 0KB 0%
D)setup File Folder 0KB 0KB 0%

Close sEEhinE [C)5hape Files File Folder 0 KB 0KB 0%
——— deo TEMP File Folder 0KB 0KB 0%
Documents (word processing, spreadsheet, ete,) ) Tutorials Filz Folder 0KB 0KB 0%
Al fles and folders [C3)UPDATE File Folder 0KB 0KB 0%
- ) validation File Folder 0KB 0KB 0%
Computers or people % autorun.inf Setup Inform. . 1KB 1KB 8%  3/31/2008 7:41PM
@) Information in Help and Support Center ENGINEERSPEN.ICO Icon 1KB 2KB 73%  3/11/20056:34PM
‘You may also want to...
Q Search the Internet
Change preferences

a Extracts folder contents

Figure 1-6: Extracting the installation files.
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Extraction Wizard El

Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helps you copy files
from inside 3 ZIF archive.

To continue, click Mexd.

Figure 1-7: Compressed Folders Extraction Wizard page 1.

Extraction Wizard E|
Select a Destination T

Files inside the ZIP archive will be exiracted to the location you
choose.

Select a folder to extract files to.

Files will be extracted to this directory:

MNTEMPYTEMP \surfaces_eval
BEdracting...
| J
< Back Meat = Cancel

Figure 1-8: Compressed Folders Extraction Wizard page 2.
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Extraction Wizard ['X|
Select a Destination —
Files inside the ZIP archive will be extracted to the location you
choose.

Select a folder to extract files to.
Files will be extracted to this directory:

Bdracting. ..

Figure 1-9: Compressed Folders Extraction Wizard page 3.

Extraction Wizard T'XI

BExtraction Complete e
Files have been successfully extracted from the ZIP archive.

Files have been successfully extracted to the following
directory:

CATEMPYTEMPsurfaces_eval

To see your extracted files, check the box below:

Press finish to continue.

[ Finigh l ’ Cancel ]

Figure 1-10: Compressed Folders Extraction Wizard page 4.

Following these steps will leave the installation files unzipped and ready for the actual program
installation. The next step will show you how to do this.
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STEP 2: Install SURFACES

The following step-by-step instructions will help you install your evaluation copy of SURFACES.

Open Windows Explorer and navigate to the folder where you

STEP 2.1 extracted the SURFACES installation Tiles (see Figure 2-1).

Locate the “Setup” folder (see Figure 2-2). Scroll down the right
hand side file list window and locate a file called “SETUP.EXE”

STEP 2.2

& C:\TEMP\TEMP\surfaces_eval |- I'El |&I
File Edit View Favorites Tools Help ,"
) Bark . 7 x = B | O seareh |2 Fold 3 X ¥ E- ) Folder s
D= - © I X D@ POserch |2 rouers | [ 3 G- (i@ rodersync
Address ||b C:\TEMP{TEMP\surfaces_eval k7 | £
Folders x Name = Size  Type
' = O TEWP | [)5amples File Folder
= Lf'i? " [Chsetup File Folder
C3) Samples |)5hape Files File Folder
I Setup TEMP File Folder
I) Shape Files [CDTutorials File Folder
) TEMP [CHUPDATE File Folder
) Tutorials = | [Dvalidation File Folder
I uPDATE % Autorun.inf 1KB Setup Informatior
) Validation # ENGINEERSPEN.1CO 2KB Icon
= fj TEMP OM MAIN COMPUTER v € | >
9 objects 1.11KB § My Computer

Figure 2-1: Navigate to the folder where you extracted the installation files.

Double-click on the file “SETUP.EXE” to start the installation
STEP 2.3 process. Should the form In Figure 2-3 appear, simply press the
[Run] button.

Follow the instructions shown on the screen and in Figures 2-4a

STEP 2.4 through 2-4d.
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b CATEMPATEMP\surfaces_eval\Setup

File Edit View Favorites Tools Help 1',"
" LY = — n
Qs © 3 % BT Oswe i roes| 3 3 X 9| T 18 rosersme
Address |[ﬁ C:\TEMPVTEMP \surfaces_eval\Setup
Folders x MName Size . Type -
= 5 TEMP ~ S&C - Meutral Point Analysis. AC_ 2KB AC_File
B [ surfaces_eval B S&(C - Micolai (Fundamentals of Aircraft Design). A... 2KB AC_File
) Samples S&C - USAF DATCOM.AC_ 1KB AC_File
T =] 72KB EX_File
Shape Files 83KB Application
E TEMP 11KB LST File
) Tutorials ~ [ sTsunsT.E_ ITKE EX_Fle  —
) UPDATE stab.pd_ 199KB PO_File
& vt B
) TEMP ON MAIN COMPUTER 3 @ | 5
Description: Setup Bootstrap for Visual Basic Setup Toolkit Company: Microsoft Corporation File Version: 5.0.37.16 0 87.5KB d My Computer

Figure 2-2: You must double-click on the file SETUP.EXE to start the installation.

Open File - Security Warning

The publisher could not be verified. Are you sure you want to
run this software?

Mame: SETUP.EXE
Publisher:  Unknown Publisher

Type: Application
From: C:\TEMPYTEMP\surfaces_eval\setup

[ Bun

[ Cancel |

Always ask before opening this file

This file does not have a valid digital signature that verifies its
@ publisher. “ou should onby run software from publishers you trust.
How can | decide what software to un?

Figure 2-3: If the Open File — Security Warning shows up when you double-click on SETUP.EXE,

simply press the Run button.
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Surfaces Sefup

%= Surfaces Setup

@ “Welcome to the Surfaces installation program.
=

Setup cannat install system files or update shared files if they are in use.
Before proceeding, we recommend that you cloze any applications pou may
be mnning.

Exit Setup

Figure 2-4a: The setup welcome form. Press the [OK] button to proceed.

Surfaces Sefup

= Surfaces Setup

Begin the installation by clicking the button below.

Press this button only
if you really want to
install in a folder
different from the
default one. This is
not recommended.

Click this button to install Surfaces software to the specified destination
directony.

Directany:
C:\Program FileghSurfacesh Change Directomy

Exit Setup

Figure 2-4b: Press the button indicated by the red box to start installation.
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Surfaces Sefup

E2)

Drestination File:
C:\Program FilezhSurfaces ELILA bt

Cancel

Figure 2-4c: Installation in progress.

Surfaces Sefup

Surfaces Setup

Surfaces Setup was completed successfully.

Figure 2-4d: Installation completed successfully.
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STEP 3: Start SURFACES for the First Time

When you start SURFACES for the first time it will prompt you to install additional supporting documents.
These documents include tutorial videos, shape files (airfoils), and others. This is only done the first time
the program is run. This step will help you to accomplish this easily. It will be assumed that you installed
the file to the default folder (typically C:\Program Files\Surfaces) and that you have either already
navigated to that folder (see Figure 3-1) or found the shortcut Windows places in the “All Programs” list,
visible when you press the Start button in the lower left corner.

& % (:

' 2 start

=1

@ C:\Program Files\Surfaces

File Edit View Favorites Tools Help "J‘:'
@ Back - (g ? % |_|_L| \' Search 'lL Falders |'$ Ij x n E& Falder Sync
Address (I Cr\Program Files\surfaces ! | &
. ! Size ¥ Type Date Modified
File and Folder Tasks 5,059 KB  Application 7/23/2009 2:04 M
; 3,408 KB Adobe AcrobatDoc...  7/23/2002 2:04PM
@ Rename this file L.J SRR :
ackgrdd3.jpg 363 KB JPEG Image 7/23/2009 2:04 PM
Gl Move this fie |B] stab pdf 202KB Adobe AcrobatDoc...  7/23/2009 2:04PM
[ Copy this file || sURFACESbackard0 1.4pg 145K IPEG Image 7/23/2008 2:04PM
@ Publish this file to the I.!"j SURFACESbackgrdD2.jpg 40 KB JPEG Image 7/23/2009 2:04PM
Web [Z] sTSUNST.LOG 8KB TextDocment 8/1/2009 8:50 AM
{3) E-mail this file | ) veight Estimation - GA Aircraft. ACD SKB ACID Document 7/23/2009 2:04 PM
x Delete this file @ S&C - McCormick (Aerodynamics Aeronautics and... 4KE ACID Document 7/23/2003 2:04 PM
@ S&C - Micolai {Fundamentals of Aircraft Design).A... 4KB ACID Document 7/23/2009 2:04 PM
[ EULA. txt 4KEB Text Document 7/23/2009 2:04 PM
Other Places @ S&C - Etkin (Dynamics of Flight). ACD 3KB ACID Document 7/23/2008 2:04 PM
i Petipra Fles @ S&C - Meutral Point Analysis. ACD 2KB ACID Document 7/23/2009 2:04 PM
2 @ S&C - USAF DATCOM, ACD 2KB  ACID Document 7/23/2009 2:04 PM
L) My Dacuments _| [E) My_ACTIVATION_KEY,TXT 1KB TextDocument 4/16/2008 8:03 PM
|3 Shared Documents
i My Computer
\-':J My Network Places 3
Description: Aircraft Design Analysis Software Company: Great OWL Publishing File Version: 2.8.0.5 Date Created: &/1/20) 8.84 MB :J My Computer

STEP 3.1

Figure 3-1: The SURFACES executable located using the Windows Explorer.

Double-click on the file “Surfaces2-8.exe” to start the program.

This will start SURFACES and display a form that you are soon to become familiar with; the End User
License Agreement (EULA) (see Figure 3-2). Pressing the [| ACCEPT THE EULA] button is required to
open the main window, but with that action you acknowledge that you are using the program at your own
risk.
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STEP 3.2

Press the [I ACCEPT THE EULA]

button (see Figure 3-2).

SURFACES - End User License Agreement (EULA) E|

THIS LICEMSE.

granted under this License Agreement.

Usze of Software for Buginess Purpozes:

IACCEPT THE ELILA,

GREAT 0L PUBLISHING SOFTWARE LICENSE AGREEMENT -

PLEASE READ THIS DOCUMENT CAREFULLY BEFORE USING THE
SOFTWARE PROVIDED IN THIS PACKAGE. BY ACCEPTING THIS
AGREEMENT, YOU ARE AGREEING TO BE BOUMD BY THE TERMS OF

Thig iz a legal agreement between GREAT 0L PUBLISHIMNG and pou, the
end user. This agreement supersedes all prior agreements, proposals, and
reprezentations between you and GREAT 0w/l PUBLISHIMG regarding to all
GREAT O0/L PUBLISHING software products [GREAT 0wL PUBLISHING's
publizhed software and accompanying written materials).

Al GREAT 0wl PUBLISHING software and written materials are protected by
national and international copyright laws and treaty provisions. Also, by
accepting the License Agreement, you agree that pou may not use, reproduce,
madify or distribute the software or wiitten matenials. except as allowed in this
license. ou may not attemnpt to create or derive source codes by dizazzembly,
reverse engineening or any other method, or otherwise reduce the software
product to a human-perceivable form. Mo licensze, right or interest in any
trademark., trade name or service mark of GREAT OWL PUBLISHING is

Utilization of the product for business purposes is not permitted unless the user

“r'ou must accept the End User License Agreement if you want to use the program.

| DECLINE THE EULA |

Figure 3-2: The SURFACES executable located using the Windows Explorer.

This will open a form that is designed to install the supporting documents into their appropriate folders.

STEP 3.3

STEP 3.4

STEP 3.5

STEP 3.6

STEP 3.7

Using the form in Figure 3-3,
installation files in STEP 2.
(Samples, Setup, Shape Files,

Press the [Install] button to
supporting documents.

navigate to where you extracted the
You should see the subfolders
etc.) as shown in the figure.

begin the installation of the

When the installation completes, you will see a small form
acknowledging a successful install (see Figure 3-5). Press the

[OK] button.

The program will now evaluate

the license (or lack thereof) and

acknowledges this with the form in Figure 3-6. Press the [0K]
button. The program will now run in the Evaluation Mode.

When the Tip-of-the-Day form appears, press the [Close] button as

shown in Figure 3-7.

SURFACES is now ready for use. Note that now you can delete the extracted setup folders and the files
they contain. Make sure you do not mistakenly delete the files in the C:\Program Files\Surfaces folder.

Document
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Install Support Documents

créat OWL Publishing

Engineering Software

£

You are almost ready to start using SURFACES.

‘r'ou must first install additional files s0 SURFACES will run and operate
properly. Locate the ROOT Falder of the Setup CO.

Locate INSTALLATION CD Drive

|Qc: j

[ Samples
[0 Setup W
|21 Shape Files
I TEMP

£

I¥ Create shortcut on the desktop

Figure 3-3: Form to install supporting documents.

Install Support Documents
Gréat OWL Publishi

Engineering Software
You are almost ready to start using SURFACES.

‘Y'ou must first ingtall additional files 50 SURFACES will run and operate
properly. Locate the ROOT folder of the Setup CO.

Locate INSTALLATION CD Drive

|lElc: ﬂ

L3 Samples
Cd5etup b
[_15hape Files
[;'I TEMP

| £

TUTORIALS: Copying video file ‘QuickStart 2 swi
INEEEENEEENEREEER
68.0% Complete...

I¥ Create shortcut on the deskiop

Figure 3-4: Support document installation in progress.
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~ Install Support Documents [g]

créat OWL Publishing
Engineering Software
You are almost ready to start using SURFACES.

“r'ou must first install additional files so SLRFACES will run and operate
properly. Locate the ROOT Falder of the Setup CD.

Locate INSTALLATION CD Drive
&

=

W1 ) Al files were successfully installed. Congratulations!

[v Create shortcut on the desklop

Install

Figure 3-5: Support document installation completed.

SURFACES was unable to find a license for this computer and will operate in an Evaluation Mode,

Figure 3-6: This form will appear each time the user starts the program in the evaluation mode
Press the [OK] button.
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Surfaces

File ‘Window Help

s =R=iE A S EEA B

ERX|o=|X|aE K B

FLUID DYNAMICS — SIMILARITY AND DIMENSIONLESS PARAMETERS
Description s

Tip of the Day

Drag coefficient

Eckert Number

Froude Number

Grashof Number

cteristic or reference area.

velocity.

fic hear at constant pressure.

force.

ial diffusion coefficient.

eration due to gravity.

Mach Number Fone . e - oefficient.
. rce.

Mext Tip cteristic or reference length.

Hypersonic Similarity Parame

Lift coefficient

Moment coefficient

Nusselt Number i
7] = T = Temperature.

Peclet Number Pe=—=_=PrRe T = Surface tension.

oL :

- Z t = Thickness.
Prandtl Number e (AT = Dau-To-

A S v = Characteristic or reference velocity.
Pressiire roeficient c -AF-R) ()= = Denotes a free stream value.

|

| 33BPM 8/1/2009 | | | Wersion 2.8.11 A

Figure 3-7: SURFACES is now up and running. Press the [Close] button to begin using the
program.
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STEP 4: Creating a Simple Model with SURFACES

The following model is designed to allow the novice user to quickly become familiar with SURFACES.
Pay close attention to which options and checks are made in each form below before proceeding to the
next step. Additionally, it is assumed you are starting with the program running after completing STEP 3.

STEP 4.1 Start a new project by selecting File->New Project..

This will open a small form on which you need to specify the type of project to create. Press the button
labeled ‘Surfaces Worksheet’ to open a blank worksheet. Maximize the window for added convenience.

Then move on to create surfaces to represent the wing.

STEP 4.2 Select Insert->Trapezoidal Surface..

Create the WING using the numbers in the dialog in Figure 4-la
through 4-1d.

STEP 4.3

Trapezoidal Surface

Geometry T Farmulation T Froperties Presview

Geometmy

Inboard chard : |3
Outboard chord : |2
Halfzpan : |3

™ LE Sweep:
& C/d Sweep: |0

An- or dihedral : |5
Tuwist [waszh-out] : |-3

Create Surface in Plane

(¥ " ®Z L g

Location

¥ o
vy o
z o Picks»

Ok, | Cancel

Figure 4-1a: Creating the wing — Entering geometry (Step 4.3).

Document Title Page Numbers
VLMmyfirstmodel.docx Surfaces — User Manual — Vortex-Lattice Module Page 20 of 70




Gréat OWL Publishing

Engineering Software

Trapezoidal Surface

Geometry Properties Preview

This tsb will sutomatically creste formulas that ars
dependant on the geometry. These formulas will
calculste many different parameters, such a= wing
=span, ares, taper ratio, aspect ratie, and =0 on.

Detailz

Summetrical about plane
Create a Y chord wectar
Create a ¥ chord wector

< <1 %%

Create formulation:

% For wing [Bew, Sw, ehe]
" For HT (Bht, Sht, etc.]
™ For VT [Bwt, Swh, etc.]

Q. | Cancel

Figure 4-1b: Creating the wing — This tab will help you create geometrically dependent formulas.
Note the selected checkboxes and options (Step 4.3).

The purpose of the options in Figure 4-1b is to automatically create formulation that calculates wing span,
aspect ratio, wing area, taper ratio, and other for your convenience. There are other ways to create such
formulas, but you will learn these at later time.
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Trapezoidal Surface

Geometry T Farmulation T Properties Presview

Mumber of Panels

Chordwize ; |8 Sparwmize : (18
Select Airfoils

[ Bick Fioot Aufail, |

Pick Tip Aitfoil.. |

Ok Cancel

Figure 4-1c: Creating the wing — Setting panel density and picking airfoils for root and tip. Note
that pressing the [Pick Root Airfoil...] or [Pick Tip Airfoil...] buttons will open the Camber Creator
form in Figure 4-1d (Step 4.3).

You must press each of the buttons in Figure 4-1c to create your airfoils. If an airfoil is not recognized, a
flat plat is assumed. You can also create your own airfoils, but these are stored as text files that are called
shape files. They have the extension .SHP. You can navigate to the /Surfaces/Shape Files folder and
double-click on one such file to open it in Windows Notepad and investigate how simple they are.

Document Title Page Numbers
VLMmyfirstmodel.docx Surfaces — User Manual — Vortex-Lattice Module Page 22 of 70




Great OW
W E

Camber Creator

Chape Filez  MACA Aifoil: | Shape Data]

(¢ WACA 4-Digit Series [Example NACA 4412)
" WACA 5-Digit Series [Example NACA 23012) :

14415

" Upper line curvefit i+ Midline curvefit

(" Lower line curefit

Presview

Curvefit : |3.72075e-03+1.84791e-01+T-2. 384592017 "2-1.134662-07°T " 3+4, 30342201

[LIIEL]

[v Show analyziz circles

Create | Cancel

Figure 4-1d: Creating the wing — Picking airfoil. Here select NACA 4416 for the root airfoil and
NACA 4410 for the tip (Step 4.3).
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: aces Pro - [Untitled]
/ File Edit Insert Modify Tools View Window Help
DNEEHES sBRX | v Xaa & DE & A

Groups | Information | Files Objec

Crw=3.00ft
Xrw = 0.00 ft

NOTE:
This list contains the Math
Objects, which are algebraic
expressions used for
everything in SURFACES.

27 - HORIZONTAL TAIL GEOMETRY

| ==

Status : 744 P 3/16/2003 Snap Grd | Grd OFf Wergion 2,795

Figure 4-2: If you followed Steps 4.1 through 4.3 correctly, the wing will appear as shown,
containing the selected airfoils, twist, and dihedral.
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Select Insert->Trapezoidal Surface.. to create the HORIZONTAL TAIL
STEP 4.4 (HT). Fill in the form using the numbers in the dialog in Figures
4-3a through 4-3c.

Trapezoidal Surface

Geometry T Formulation T Froperties - Presview

— Geometry

Inboard chord |2
Outboard chord : I'I
Halfzpan : |3

" LE Swesp: |2EI
" CM Sweep: I'IE.E?EEIB

An- or dihedral : ID
Twizt [wazh-out] : IEI

— Create Surface in Flane

i B " %z oz

— Location

><:|1EI
Y:ID
Z:|3 Pick »» |

0K I Cancel

Figure 4-3a: Creating the HT — Entering geometry (Step 4.4).
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Trapezoidal Surface

Geomety I I Propetties | [ Preview

This tab will sutomaticslly crests formulss that are
dependent on the geometry. These formulzs will
calculste many dif ferent parametsrs, such as wing
=span, area, taper ratio, aspect ratio, and S0 on.

— Detailz
¥ Summetrical about plane
v Create a % chord vector
[ Create a % chord vector
¥ Create formulation:
 For wing [Bw, Sw, etc.)
& For HT [Bht, Sht, etz
 ForWT [Bwt, Swt, et

0k | Cancel

Figure 4-3b: Creating the HT — This tab will help you create geometrically dependent formulas.
Note the selected checkboxes and options (Step 4.4).
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Trapezoidal Surface

Geometry T Formulation T P - Preview

— Mumber of Panels

Chordwize :IE Sparuize :IE

— Select Aifoilz

Pick Fiaot ifoil. |

Pick Tip Aitfoi... |

0k | Cancel

Figure 4-3c: Creating the HT — Setting panel density. Note that no airfoils are picked here, so the
resulting airfoil is a flat plate (symmetrical airfoil) (Step 4.4).
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/ File Edit Insert Modify Tools View Window Help T

DePEHE $BREX v XG0 KR DHE

9.00 ft

18.00 ft

45.02 f*
v =075 ft

27 - HORIZONTAL TAIL GEOMETRY

[EE s

Statuz 7:59 PM 341642009 Snap Grd | Grd OFf Wergion 2,795

Figure 4-4: If you followed Step 4.4 correctly, the wing and HT will appear as shown.
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Select Insert->Trapezoidal Surface.. one more time and create the
STEP 4.5 VERTICAL TAIL (VT) by filling the form using the numbers in the
dialog in Figures 4-5a through 4-5c.

Trapezoidal Surface

— Preview

— Geometmy

Inboard chord |3
Outboard chord : |2
Halfzpan : |3

% LE Sweep: |45
L/ Sweep |42.5'I 045

An- or dihedral : ID
Tuwigt [wash-out] : IEI

— Create Surface in Flane
sy i %7 vz

— Location

o
vifo
z: o Pick» |

QK Cancel I

Figure 4-5a: Creating the VT — Entering geometry. Note the option selected in the “Create Surface
in Plane” frame is now the X-Z plane, and not the X-Y plane used for the Wing and HT (Step 4.5).

Document Title Page Numbers
VLMmyfirstmodel.docx Surfaces — User Manual — Vortex-Lattice Module Page 29 of 70




Gréat OWL Publishing

Engineering Software

Trapezoidal Surface

Geometry I I Properties

This tab will sutomaticslly crests formulss that are
dependent on the geometry. These formulzs will
calculste many dif ferent parametsrs, such as wing
=span, area, taper ratio, aspect ratio, and S0 on.

— Detailz

[ Summetrical about plane
v Create a % chord vector
[ Create a % chord vector
¥ Create formulation:
 For wing [Bw, Sw, etc.)
" For HT [Bht, Sht, etz
& ForWT [Bwt, Swt, et

— Preview

0k | Cancel

Figure 4-5b: Creating the VT — This tab will help you create geometrically dependent formulas.
Note the selected checkboxes and options (Step 4.5).
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Trapezoidal Surface

Geometry T Farmulation T Preview

Mumber af Fanels

Chordwize : |6 Sparumize : |6
Select Airfoils

Pick Foot Aifol.. |

Fick Tip Airfoil.. |

Ok, | Cancel

Figure 4-5c: Creating the VT — Setting panel density. Note that no airfoils are picked here, so the
resulting airfoil is a flat plate (symmetrical airfoil) (Step 4.5).

Your completed model should look like the one in Figure 4-6; a T-tail design with a straight tapered wing.
You should be aware of that you can also create the surfaces directly by dropping points, stretching
vectors, and inserting surfaces, but this is shown in the accompanying tutorial videos. However, in the
interest of time and simplicity, the user can create trapezoidal surfaces more easily using this tool.

Note that you can hide points, vectors, and surfaces. While this is not necessary, it may clean up the
view. Here let’s hide the points. Do this by clicking somewhere on the black background. This ensures the
workspace (image) has the focus. Then, simultaneously press Shift and P (for Points). This selects all the
points. Then simultaneously press Ctrl and H (for Hide). The resulting image appears in Figure 4-7.

As you can see identified by the red box in Figure 4-6, the wing span (Bw) is 18 ft and wing area (Sw) is
45 ft2. Similarly, you can see identified by red boxes in Figure 4-7 the horizontal and vertical tail volumes
should be 0.8496 and 0.0826, respectively. Now let's add weight to the model using the specialized tools
in SURFACES.
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/ File Edit Insert Modify Tools View Window Help T

DePEHE $BREX v XG0 KR DHE

27 - HORIZONTAL TAIL GEOMETRY

[EE s

Statuz : 396 panels were created. 817 PM 341642009 Snap Grd | Grd OFf Wergion 2,795

Figure 4-6: If you followed Step 4.5 correctly, the wing, HT, and VT will appear as shown in the
completed basic model.
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Surfaces Pro - [Untitled]

/ File Edit Insert Modify Tools View Window Help -0 X
DERES $BRX o X]qH & DE A=

Groups | Information | Files  Objects ]

Ymacw = 4201 ft
27 - HORIZONTAL TAIL GEOMETRY
Bht = 6.00 ft

Sht=19.00 f*
Cht=1.500 ft

Bvt=3.00 ft
5 0 ft=

52 - FUSELAGE GEOMETRY

Lfuse = 0.00 ft

Statuz 8:27 P 341642009 Snap Grd | Grid Off Wergion 2,795

Figure 4-7: The basic model after the points have been hidden. Also, highlighted are the HT and
VT tail volumes, which are important parameters that one can use to ensure the tail surfaces are
adequately sized.
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STEP 5: Weight and Balance

While you can certainly get aerodynamic results from SURFACES without specifying weight and balance
(CG-location), it is recommended you specify these as soon as you complete your model. One of the
reasons is that SURFACES calculates aerodynamic moments about the CG. An incorrectly specified CG
will clearly yield incorrect moments. This is important to keep in mind, in particular when you compare
results from the program to wind tunnel experiments and other testing.

SURFACES features a built-in tool that calculates the total weight, CG-location, and moments and
products of inertia. Setting up this feature is very simple to do. The information, which is stored in math
objects like Wref, Ixx, lyy, etc., is used when the airplane is trimmed for level flight, or for stability and
control analyses. The simplest way to specify these is to explicitly enter the values, if known, as formulas.
However, the problem in real aircraft design projects is that the moments and products of inertia are far
harder to obtain than the weight. What compounds the problem is that these also change with the CG
location. Choosing to enter these directly would inevitably result in you having to update all the math
objects, which you would soon find too cumbersome.

It is far easier to have SURFACES take care of all of these for you and use the built-in functionality. That
way, when you move the CG around, the program will instantly and automatically update these important
inertia parameters for you. The program uses two types of weight entities to do this; point weights and
distributed weights. Point weights are used to represent components like the engine or fuel tanks, or the
pilot. Distributed weights are used for components that have volume or areas, such as the wing or
horizontal tail. This will become clear in this step, which will show you how to effectively apply the two
weight entities to your model.

Select Edit->Select Surfaces... Press the [Select All] button and

STEP 5.1 then the [OK] button (see Figure 5-1).

.. Salect surfaces W

Select Surfaces

v| 1 - Trapezoid
v| 2 - Trapezoid
v| 3 - Trapezoid
v| 4 - Trapezoid

R-T I'E||:|EE|:|i|:|

Deselect Al ok |

Figure 5-1: Selecting all surfaces simultaneously (Step 5-1).

Select Tools->Distribute Weight on Selected Surfaces and Nodes...
STEP 5.2 Enter 400 in the entry box and press the [OK] button (see Figure
5-2).
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Distn'bute Weight 1

Total weight of selected sufaces :
Cancel

(400

Figure 5-2: Enter weight of the selected surfaces, here as 400 |bs (Step 5-2).

This will distribute a total weight of 400 Ibs onto the model based on the area. That is, SURFACES
calculates the total area of the selected surfaces and then computes weight per total area. The weight of
each surface will then be calculated as (weight per total area of the selected surfaces) x (the area of the
surface). As a consequence, the total weight of the wings turns out to be 293.3 Ibs, the HT weighs 58.2
Ibs, and the VT weighs 48.5 Ibs. Clearly, this adds up to 400 Ibs. You can check weight by selecting
surfaces and pressing the F6 button (or by selecting Tools->Properties of Selected Surfaces). The
results will be displayed on the Status bar on the bottom of the main window.

Make sure the CG is visible. Select Tools->Options... Check the
STEP 5.3 “Show CG, Neutral Point, Aerodynamic Center” checkbox and press
the [OK] button (see Figure 5-3).

. Dptions El
Generall Ealars] Entitiesl Mumerical Farmatsl Hepnrt] Windaws] Ealculatinns]

Yizibility Switches

[ Show point IDs [ Show vector 1Dz
v Show coordinate ases [ Chow ryler [ Chow zuface IDs
[ Show legend I v Show CG, Meutral Point, &erodynanic Center
Dwnarnic Zoom
" Only show box indicating extremes of model R o\stion speed : |2

{* Show model as wireframe
™ Show rendered maodel

Panel Yisibility M ethodology

¥ Comer point sorting © Back panel remowal

Path to the Adobe Reader

Apply

Figure 5-3: Confirm the “Show CG, ...” checkbox is marked so you can see the CG in the
workspace (Step 5-3).

Browse. .

Cancel |
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.. Surfaces Pro - [Untitled]

/ File Edit Insert Modify Tools View Window Help bl

DeFEHE {BRX oo Xaa B KR DE & As

Groups | Information | Files  Objects ]

Bvt=3.00 ft
Swt=7.50 f*

Lfuse = 0.00 ft

52 - FUSELAGE GEOMETRY

The CG is too far aft.

One would expect it to

be closer to the wing’'s
guarter-chord.

[EE s

Status i

8:35 PM 3/16/2003 Snap Grid | Grid Off Yersion 2,735

Figure 5-4: We can see the CG location (black-white circle) is too far aft.

When completed, your model should look like the one in Figure 5-4. It is immediately evident that the CG
is too far aft. To fix this and to allow us to control the location of the CG, let's create a ballast point.

STEP 5.4

STEP 5.5

STEP 5.6

STEP 5.7

Press the X-Y tab on the bottom of the workspace. !:J
This will display the model projected onto the X-
Y plane.

Press the sketch-mode icon to display the sketch alg pE
toolbar. Do G He e T, 2
T T O O Y

Press the Insert a point icon and drop a point Ll Lt
somewhere in front of the wing, near the X-axis, 3
similar to what is shown in Figure 5-5. Right- o
click to go back to neutral mode.

Select the point by clicking on it and press the

Insert a node point icon to convert it to a node.

This will open a dialog box to allow user to e F
enter additional data. Enter the information i

shown in Figure 5-6. Once completed, press the :
[OK] button.
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Surfaces Pro - [Untitled]
/ File Edit Insert Modify Tools View Window Help bl

DeEFEE sBRaX oo Xaql & DE A=
+ B S BROHB S | e

Groups | Information | Files Objects ]

Ymacw =4.201 ft

This point will
be converted to
Bht = 6.00 ft
Sht=19.00 f2 a Node.
Cht=1.500 ft

27 - HORIEZONTAL TAIL GEOMETRY

AN

Lht=10.77 f
Vht = 0.8496
Fht = 42503

R

52 - FUSELAGE GEOMETRY

Xy | %Z Y—ZI X—Y-ZI

Status 842 PM 31642009 Snap Grd | Grid Off Wersion 2,795

Figure 5-5: Drop the point (to be converted to a node) in a location similar as shown (Step 5.6).

.~ Edit Node Point 33 X)) . Edit Node Point 33 X

Geneleﬂl Inertia] Forces and Mnments] Spatial Ennstraints] General |nerlial Forces and Mnments] Spatial Ennstraints]

MHode Inertia Properties

Mame : |Ba||ast

Mote : | Thiz point will be uged to allow the CG to be mowved Wweight - | 3001

around. Mote that it iz necesszary to specify weight with it
a3 well [inertia tab).

lx : |D Iy - |D

Puaint Location Iy : |D Inz : |D

w4 lzz: |D Iyz: |D

vefo

z:o NOTE 1: Moments and Praducts of Inertia entered here are added
to the L, .. luz of the point about the point ¥cg. Yeg. Zog.

Size and Calor

MOTE 2: Inertia properties are ND'I_' tregted az qpplied forces ar
Radius: 1025 Ciellar - moments. '_I'hey are suleI_I,J_ uzed fu_r inertia analysiz and automatic
acuE o determination of the CG [if so0 desired by the uzern).

QK | Canhcel | QK Canhcel

Figure 5-6: Information entered with Step 5.7.
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Return to the 3-D view by pressing the X-Y-Z tab (see the bottom of Figure 5-5). When completed your
model should look like the one in Figure 5-7. To see what the true location of the CG is at this point,
locate the math objects Pmac and Xcg in the object list on the left hand side (Pmac is highlighted in
Figure 5-7). The variable Pmac stores the CG location as a percentage of the Mean Aerodynamic Chord
(Cref, found under the REFERENCE PARAMETERS block in the Math Object list). We see the CG is
located at 13.967% MAC or 0.47 ft. Often it is necessary to specify directly the location of the CG.
SURFACES features a tool to help you accomplish that. The following steps show how to move the CG to
25% MAC.

.- Surfaces Pro - [Untitled]
/ File Edit Inzert Modify Tools View Window Help |

D ESES dBBRX o Xa a i & D E AL
|l RO [ - 2 ik x=y=z= |

Groups | Information | Files Objects ]

Wref variable
\\f{{

Select this node
with Step 5.8.

5 slug-fi2
= 765.03 slug-f*

89 - PLOT AND SIMULATION VARIABLESS

Shatus : 8:55 P 3/16/2009 Snap Grd | Grid Off Wergion 2,795

Figure 5-7: The model with ballast point defined.

Click once on the Ballast node you created to select it (see
Figure 5-7). We will move it using a special tool. Note that

STEP 5.8 SURFACES will only move the selected node (or nodes), when
adjusting the CG location. ITf none are selected a warning message
appears.

Select Tools->Specify a CG Location.. Select the option “Xcg in

STEP 5.9 terms of %MAC, Pmac” and enter the value shown in Figure 5-8.
STEP 5.10 Press the [Adjust] button. Respond to the warning that appears by
i pressing [Yes]. Then, press [Close] button to exit the form.
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When completed, your node will be closer to the wing than before, or but SURFACES has automatically
changed its X location from -4 to -3.347556 ft, moving the CG in the process (i.e. to the 25% MAC). Now
let's ensure SURFACES calculates the moments and products of inertia.

STEP 5.11

Specify a CG Location PZ|

Iz this tool to mowve the CG to a desired
lacation. All the nodes pou have zelected will be
maoved the zame distance fram their curment
lozations.

Specific Yanables to Move

"~ Wanable ¥cg
™ Yariable Y'cg
" ‘Wariable Zog
f# ¥cgin terms of ZMAC, Pmac

Desired location : |25

Adjust | Cloze |

Figure 5-8: Specifying a CG location (Step 14).

Select Edit->Establish Geometric Relationships.. This opens the
form in Figure 5-9. Select the tab labeled “lInertia’.

Press the [Compute Wref, Ixx,..,lyz using Model Weight] button.

STEP 5.12

When the geometric-inertia relationships have been created the
form of Figure 5-10 appears. Press the [OK] button. Press the

[Close] button on the original form to close it.

SURFACES will now calculate the moments and products of inertia based on the point weight and
distributed weight you have entered. If you inspect the math objects used for inertia you’'ll see they have

the following formulas.

Variable
Wref
I XX
lyy
1zz
Ixy
Ixz
lyz

Formula Remark

[Wref] Reference weight.
[1xx] Moment of inertia about the x-axis.
[lyy] Moment of inertia about the y-axis.
[1zz] Moment of inertia about the z-axis.
[Ixy] Product of inertia in the xy-plane.
[Ixz] Product of inertia in the xz-plane.
[lyz] Product of inertia in the yz-plane.

When SURFACES evaluates the math objects, it will look for bracketed functions. When it finds functions
like Wref, it will assign the weight it computes anyway to that object.
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Establish Geometric Relationships

wing| HT| vT

Press the Button to confirm that the inertia for this model will be
bazed on the weights you assigh to Surfaces and Modes.

I Compute Wref, lxx.... lvz uzing Model WwWeight I

Cloze

Figure 5-9: Press the button to establish inertia-geometry relations.

- | J Inertia variables now refer to geometry.

Figure 5-10: Inertia-geometry relations have been established.
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STEP 6: Determining the Stick Fixed Neutral Point

This step will answer the question: “How far aft can the CG safely go?” The answer is crucial to a safe
operation of our airplane and will set the farthest aft limit of the CG envelope. Unfortunately, the answer to
it is not simple, although SURFACES can help determine this for you. Figure 6-1 shows parameters that
typically go into the determination of a viable CG envelope. If you are a serious airplane designer it is
your responsibility to ensure that a viable CG envelope be established. This will simply result in a far safer
airplane. In the opinion of this editor, some designers of homebuilt airplanes have done a really bad job at
this and designed airplanes which operate with the CG far too aft. This manifests itself in airplanes with
very light stick forces and requires piloting more like what one would expect from unstable aircraft. This
may have been done under the pretense that it makes the airplane more “responsive” and “fun to fly”, but
it is far likelier this is the consequence of a lack of understanding of stability and control theory. The
corresponding airplanes are dangerous. The customers of such airplanes are often unaware of the risks
involved in flying such airplanes and sometimes pay dearly. Make sure you don't fall into this trap.

The first step in determining a viable CG envelope lies in the determination of the so-called Stick-Fixed
Neutral Point. The name comes from the fact that it assumes the elevator is immovable, typically in the
neutral-position. This point is generally a good indicator of how far aft the CG can go, but is not the final
answer. Two other points, called the Stick-Free Neutral Point and Maneuvering Point, must also be
determined. The former requires knowledge about the elevator hinge moment and the latter about the
pitch damping characteristics of our airplane. Each adds more challenge to our work and will be
considered at a later time. The forward points will also be considered at a later time. These points fall
around the viable CG envelope and eventually dictate the usable limit. The viable envelope should
generally offer between 3-5% MAC buffer, forward and aft of the corresponding stability points.
SURFACES can be used to determine these points, although your knowledge is required to guide the

process.

Balked landing limit i Stick-Fixed neutral point
T-O rotation limit Limit Maneuvering point
Elevator stall limit 3-5% 3-5% Stick-Free neutral point
Buffer Buffer

Figure 6-1: Factors that affect the viable CG limit.
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Anyway, let's determine the Stick-Fixed Neutral Point per the following steps.

Press the VLM Console icon. This will open the
STEP 6.1 Vortex-Lattice Method Console (VLM Console) shown 5 At
in Figure 6-2. I

VLM Console - SIMPLE DEMO.SRF £

File Edit Tasks Analyze Virtual WT Results Help

EEH EEPR 2 - T H o |

Panel HESU|tSl Forces/Moments ] Stip Hesultsl Feport ] D:nntmllers] Solutiansl

vectors
tor, Fa-i+Fy-j+Fz-k

Panel lift coefficients (CL)

CL of selected surfaces (see status bar)
Center of Pressure

Panels with p

MALC Anahy

Lower surface lam

Upper surface laminar region

Surface skin fri coefficient, CF_i
Surface skin fri drag force

[+ Transparent background

Figure 6-2: The VLM Console (Step 6.1).

Note that when you create a new project, SURFACES has preset values for a multitude of variables.
Among those are the airspeed variables (Vcas, Vtas, Vinf), altitude (Href), and angle-of-attack (AOA).
Naturally, you can change these with ease, but currently Vcas=100 knots, Href=0 ft, and AOA=2°. In
interest of saving time for this demo, let's assume these will suffice for our analysis.

Select Tasks->Determine Neutral Point.. Press the [Analyze] button
STEP 6.2 to begin, and after a few seconds, once done, review the results
in Figure 6-3.
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Determine Neutral Point - Untitled

Repart :
A
NEUTERAL POINT ANALYSIS
Filename .._._.._.. : Untitled
Date . ....o-.oo-. : 03-18-Z00%
Time ... ceeue-oo- : 21:07:17
LMRATYSIS WALUES:
Io HCGE AOR CL CHY
1 T.5032e-01 Z.0000% 2.8502e-01 -1.18%Be-01
z 1.7503e+00 Z.0000% 3.8502e-01 3.3050e-02
3 7.5032e-01 3.0000° 4.7482e-01 -1.55%2e-01
4 1.7503e+00 3_.0000% 4_.749%2e-01 3_1812e-0Z
METHCOD 1
v
Copy Report Stop | Tranzfer | Cloze
| —™———— |

Figure 6-3: Determining neutral point (Step 6.2).

The complete report is displayed below. SURFACES uses two methods to compute the neutral point.
Generally you should pick the neutral point with the lower value of Xneu, here this implies Method 2. Let's
transfer the resulting value to the variable Xneu in the model, which currently has the initial value 0.

NEUTRAL POINT ANALYSIS

Filename ........ : SimplePlane(03162009) . SRF
Date ............ : 03-16-2009
Time ............ : 21:17:00

1D XCG AOA CL CMY

1 7.5032e-01 2.0000° 3.8059e-01 -1.1761e-01
2 1.7503e+00 2.0000° 3.8059e-01 3.2670e-02

3 7.5032e-01 3.0000° 4.6946e-01 -1.5413e-01
4  1.7503e+00 3.0000° 4.6946e-01 3.1248e-02

Calculates Xneu from the expression:
Xneu = Xcg - Cref-dCm/dCL

0.75032 - (2.534505)-(-0.036512)/(0.088875)

1.791557 (66.08247% MAC)

Calculates Xneu by evaluating changes of CG and AOA on Cm:

Function 1 (degrees): -0.036512-A0A - 0.044590
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Function 1 (radians): -2.091979-A0A - 0.044590

Function 2 (degrees): -0.001422-A0A - 0.154126
Function 2 (radians): -0.081474-A0A - 0.154126

Xneu = 1.790844 (66.05433% MAC)

Total time:0Oh:00m:05s

Press the [Transfer] button and select the option “Neutral point
using Method 2”. This displays a notification. Press the [0K]
button to close it. Press the [Close] button on the form to close
it as well.

STEP 6.3

Note the [Copy Report] button in the form in Figure 6-3. It allows you to copy the entire text in the form to
the clipboard. It is a good practice to copy and paste it as a comment under Edit->Remark... in the main
worksheet for future reference.

This result says that the airplane becomes statically unstable about the longitudinal axis (with the elevator
fixed) if the CG is moved farther aft than 66% MAC. As a rule of thumb, one can expect the Stick-Free
Neutral Point to be approximately 5-8% MAC ahead of the Stick-Fixed point. Here, until we know better,
let’s pick 8%. If we further consider the application of a 5% buffer for the aft limit, a preliminary location of
the aft CG limit can be set at 66 — 8 — 5 = 53% MAC. Now, the reader must keep in mind that this does
not include the effect of a fuselage, which destabilizes the airplane and moves the neutral points farther
forward.
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STEP 7: Trimming the Model for a Level Flight

In stability and control theory, a trimmed airplane means that the controls are deflected for a stable level
flight. For the pilot this usually means that the stick-force required for a level flight at a given airspeed is
zero. Trimming can be accomplished by a number of means. Reversible control systems usually use trim
tabs to help deflect a control surface (which the pilot adjusts until stick forces are zero). Irreversible ones,
such as hydraulic control systems, may simply use brute force.

The importance of trimming cannot be over-emphasized. The characteristics of a trimmed airplane are
denoted by its airspeed, AOA, and elevator deflection. The user must recognize that trimming the airplane
not only requires the elevator to be deflected, but that the action of deflecting the elevator will effectively
result in a geometry that is different from the original one. Consequently, trimming the airplane requires a
different mathematical solution than the original one. A trimmed airplane is, from a certain point of view, a
“version” of the original aircraft that results in the desired lift and a zero pitching moment at a given
airspeed. SURFACES will automatically trim the airplane for you by deflecting the elevator as it seeks this
equilibrium condition. You will learn how to do this correctly in this step, and we will trim the airplane to
carry 700 Ibf at 100 KCAS. First, however, we must tell the program which surfaces serve as the
elevators. Start by returning back to the worksheet where the model is.

Double-click on one of the two surfaces that serve as the
horizontal tail. This opens the dialog box shown in Figure 7-1.

STEP 7.1 Select the “Edge Deflections” tab. Set number of chord wise
panels on the aft edge to deflect to 2.
In the same dialog select the “Reference” tab. Check the “Surface
STEP 7.2 is used for Pitch Control”. Press the [OK] button. If a warning
i appears stating there’s already a VLM solution in memory, just
press the [Yes] button.
STEP 7.3 Repeat Steps 7.1 and 7.2 for the other horizontal surface. Then

move to Step 7.4.

Also, by now, it would be a good idea to save the work. Here, we select File->Save As... and call it
SIMPLE DEMO.SRF. You should do the same.

You have now given SURFACES information it can use to automatically deflect the elevators to trim the
model for level flight. You can try the functionality out by displaying the VLM Console and select the
‘Controllers’ tab. For instance, enter -20 in the Pitch control textbox and press the [Set] button to see the
model regenerate with that deflection, as shown in Figure 7-2. Once done, press the [Reset] button to
return the elevators to a neutral deflection (0°) and get ready to trim the model.
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. Edit Surface 4

General
Edge Along Curve B1

MHumber of forward panels : 7
Fwud rotation angle [deq) : |0
Al [ | i3

Leading =dge upiright {-) Lesding =dge downdleft (+)

I Fix'r-coordinate

Edge Deflections lHeference ] Tuning l

Edge Along Curve B2

Murnber of aft panels : _ il
Alt ratation angle [deqg) : [0
A [ | i3

Trailing =dge up/right {-} Tailing edge downdleft (+)
I Fix 'r-coordinate

with the Vortex-Lattice Method. Use =dge pansls slong BT 2=
leading =dge slsts and B2 a= ailerons, flaps, rudder eto. Specify
the number of pansls slong the leading or trailing edges to
dedicate for this function.

MFGH !1 B EQE He EEK’HS =1 E U% a5 COntrol Surfaces

%]

Delete
Reverze

Hide

il

OK

Cancel

. Edit Surface 4

General l Edge Deflections ~ Refersnce l Tuning ]

Reference Walues

Reference for curee 47 )0
Reference for curve 42 1|0

Surface Grouping for YL Analysis

I~ Surface iz uzed far Roll Cantral
i
-

I v Surtace iz used for Fitch Controf I

[ Surface iz uszed for ‘r'aw Control
~
~

I Surface is an aft edge High Lift Control
I Surface is a leading edge High Lift Contral

Surfaces Inertia

Enter weight of suface : |29.03425

Entering weight here will allw SLURFACES to
estimate inertia properties, such as lx=, Iy, etc,
far your model.

x]

Delete
Reverze

Hide

il

OK

Cancel

Figure 7-1: Setting up elevator functionality (Steps 19-21).

Select Tasks->Trimmed Level Flight... to display the Trim wizard.

STEP 7.4
7.5.
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’
4
D& sBBRX v Xaal R DEH A=

Gral.ps] Ir"orrrati:.r] Files Obj

File Edit Tasks Analyze Virtual WT Results Help

BE v FH_or |
F'aneIF!esults1 Forces/Moments] Strip Hesults] Report Controllersl Solutions

Control Surfaces

Mote: Activating controls will force all associated
surfaces to have the same deflection.

B

Pitch control ; |-20

Notice
deflected
elevators

“aw contral ;
Lift control :

LE Lift control :

macw = 0.117 ft
‘macw = 4.201 ft

27 - HORIZONTAL TAIL GEOMETRY

Bht =6.00 ft

SR

| Status : 396 panels were created. 9.26 Pt 341642009 Snap Off Grid Off

Wersion 2.7100

Figure 7-2: Demonstrating elevator functionality.

General | Pragress Table| Pragress Plot | Summany]

Trim Wizard

This tool will help you trim your aircraft such that Lift equals its Weight and
Moments about the thiee axes are all zero,

“Your model must have movable controls surfaces fior timming to be possible.

STEP 7.5a:
Press the [Next >>] button.

Start Over || Nest>> I

Trim
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VM Trimmed Level Flight = SIMPLE DEMO.SRE @

General | Progress Table | Promess Plot | Summary|

Airspeed

Specify the airspeed (or airspeeds) the mode! is fying at.

N | prefer airspeed in terms of © | Calibrated airspeed, Veas hd
STEP 7.5b:

Ensure the selection shown. ispecdista Tiim a
Press the [Next >>] button. " el sivesd Sl

tultiple airspeeds
We will just trim to a single airspeed, but
multlple alrspeeds can also be analyzed' " Specific sirspesds [separate with commas, as in: 100,150,175 .250]
In this case, the airspeed is

Start Over <<Previnul| Nest > |

Trim | | Close: |

VM Trimmed Cevel Flight = SIMPLE DEMO-SRE @

General | Progress Table | Progress Plot | Summery|

Flight Condition
Specity weight and yaw attituds of the model (angle-of-attack wil be determined) and axes ta trim abaut

The initial weight is always the curment weight of the madel, but you can change it Take advantage of the fact that
STEP 7 5 - you can enter an arithmatic expression in the weight bow. For instance, if you model weighs 3000 Ibs and pou want to
C - determing loads at 3,83, simply type "3.8*3000' and hit Enter,

Ensure the selection shown. Analysis Targes
Press the [Next >>] button. weiht: [FEa%E3E

Angleofaw: [0

OnCe Complete, the Ilﬁ: generatEdWIII be Select which axes the madel wil be timmed abaut “Your madel must have ailerons to trim abaut the »-axs rall) elevatar
700 Ibs at the a”‘Speed SpeCIerd in Step 10 tim abiaut the Y-axs [pitch), and rudder to tin about the Z-axis [yaw)

7.5b. dacLinon

I Trim abaut =-avis
W Tom about T-axis

i THinckerzas \

Tim | | ol |
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STEP 7.5d:
Ensure the selection shown.
Press the [Next >>] button.

Here we allow 30 iterations before a
solution will be declared as unachievable.
If solution is found, the resulting lift will be
700 £1 Ib; and the moment 0 %1 ft:Ib;. As a
rule of thumb, acceptable accuracy is
provided by specifying 1% of the weight.
Here, the accuracy is closer to 0.14%.

STEP 7.5e:
Ensure the selection shown.
Press the [Next >>] button.

Note that solution files can be created and
saved using the file name entered as a
seed.

Document
VLMmyfirstmodel.docx

VM Trimmed Cevel Flight = SIMPLE DEMO-SRF E

General | Proaress Table | Proress Plot | Summery|

Analysis Specifics

Here specily details for the trim algarithm. Lift and moment tolerances are used to determine how close to weight the litt is and how
close the moment is to zera before trimming is considered complete. The smaller the talsrance the closer the final values will be to
target values, but more time will be required.

Analysis Specifics
e aximurn nurmber of iterations : ,?.U—
Lift tolerance : ,1—
Momenttolerance: [T

Start Over
Tim | | cese |
VM Trimmed Level Flight - SIMPLE DEMO.SRF E

General | Progiess Table| Progress Plot | Summany]

Store Solution?

*fou can store the final timmed solution for futher analysis. If you have multiple airspeeds, multiple solution files will be generated,

I~ ¥es. cigals Mes wih inmmed solubons [YLS] Flename
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Start Over < F‘revluu. Next s>
Trim | cese |
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( VM Trimmed Level Flight' = SIMPLE DEMO-SRE 1

General | Proaress Table | Proress Plot | Summery|
Finish
Mow, we are ready to trim. Press the Finigh button to beain the operation.

Depending on wour inputs, the operation can take some time ko complete. vou can follow the
progress of individual airspeed tim on the Progress Table tab and graphically on the Progress
Plot tab. The Summary tab shows the progress of multiple airspeeds.

Pressing Finish will replace old values of 404, 207, da, de, dr. Veas, and Wref with the:
ones obtained herein

STEP 7.5f: -
“You will be taken to the Progress Plat when you press Triml Trim!

Press the [Trim!] button.

Start Over < Previous
b Close:

Once SURFACES begins to trim, you can follow the progress on the ‘Progress Table’ or ‘Progress Plot’
tabs (see Figure 7-3). The time to trim largely depends on the number of panels in the model and
accuracy desired. The model presented here took 16 iterations and 31 seconds to trim. Press ‘Summary’
tab to read the results for each completed trim speed. In this case, the model will fly level at an AOA of
3.3449° and will require an elevator deflection of -4.3966° (trailing edge up) to balance. The lift generated
is 699.587 Ibf (OK, 700 Ibf) and moment about the y-axis (located at the CG) is 0.287698 ft:Ibf. The model
is automatically set to the resulting AOA and elevator deflection. Press the [Close] button to exit the form.

VLM Trimmed Level Flight - SIMPLE DEMO.SRF

General ] Progrezs Table [Run

] i
= WZ=-2.15731%

2000 —

1780 —

1500 —

1250 —

1000 —

TED —

00—

28—

-250

500 —|

750 |

~1000 —|

-1280 —

I| Cloze I

Figure 7-3: Trim progress is displayed on the ‘Progress Plot’ tab.
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STEP 8: Determine Static and Dynamic Stability
Derivatives

So far, a lot has been made of stability and control theory. This is for a reason. It is not enough to design
an airplane for performance only; handling and flying qualities have far greater impact on safe operation
than performance. SURFACES allows the user to quickly determine stability derivatives, which are
determined to evaluate if the airplane is stable about the three axes as well as its handling characteristics.
SURFACES always determines the stability derivatives of the geometry currently in memory. Therefore, if
you intend to evaluate stability derivatives for a certain flight configuration and CG location, make sure
you trim the airplane first as done in the previous step.

Next let’s determine stability derivatives for the model in this particular configuration.

With the VLM Console visible (see Step 6.1) select Tasks-
STEP 8.1 >Determine Stability Derivatives... to display the Stability
Derivatives form.

Check and uncheck the boxes shown in Figure 8-1 and press the

STEP 8.2 [Analyze] button.

Upon completion you will see the results as shown in Figure 8-2. Without going into too many details, we
can see from values for Cma (-2.119), Clb (-0.105), and Cnb (0.172) that our airplane is statically stable
about all three axes. What we don’t know at this time are its dynamic stability properties. And this is what
we intend to investigate next. First, however, we must transfer these results to the airplane model.

STEP 8.3 Select the “Transfer’ tab. Follow the remaining steps closely.

Press the [Select All] button to select all the derivatives in

STEP 8.4 4he Tlist.

Press the [Deselect Nonrequested] button to deselect the

STEP 8.5 derivatives that were not calculated.

In addition, uncheck the following variables: CL, CDi, CD, CDa,
hcg, and hn (see Figure 8-3). This will prevent them from being
overwritten, but they already contain algebraic expressions that
we don’t want to be deleted.

STEP 8.6

Press the [Transfer] button. Press [Yes] (in this example) if
prompted to overwrite formulas. Press the [OK] button on the form
that appears to notify you of a successful transfer. Then press
the [Close] button to close the Stability Derivatives form.

STEP 8.7

Now let’s proceed to the dynamic stability analysis.
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VLM Stability Derivatives - SIMPLE DEMO.SRF

Farameters HesuItMatrix] Stability Delivalives] Tranzter ] Dptions]

Target Parameters [Change under Project Properties)

Angle-of-Attack, A04 = in degrees
Angle-of-vaw, ADY = in degrees
Airspeed, Vinf = Iengthisec

Mach Mumber, MM =

Alitude, Href =

Compressibility Madel : ,—_|
Fioll rate, P = '7 in*/sen
Fitch rate. 0 = li in"/sen
Yaw rate, B = '7 in*/sen

Stability Denvatives to Determine

v BnaleOfAtack related denvatives [A0AF
v Angle-0FYaw related dervatives [20%)
¥ Rall related derivatives [P]

Iv Pitch related derivatives (3]

¥ faw related derivatives [R)

™ Roll control derivatives [da)

[™ Pitch control denvatives [de)

™ Yaw contral derivatives [dr)

[ High lift denvatives [df]

™ Speed related derivatives (U]

NOTE: Rasults are in the BODY Coordinate System.

Analyze

Close

Figure 8-1: Preparing to determine stability derivatives (Step 23).

VLM Stability Derivative:

Paramatels] Result Matrix  Stability Derivatives ] Transter ] Dptlnns]

Stability Derivatives

| >

| Aingle-of-Attack.
Aingle-of-Y aw
Far field speed
Density
Denzity altitude
Foll rate

Pitch rate

' aw rate

B asic lift cosfficient

Lift cosfficient

Lift curve slope

Induced drag coefficient

Dirag coefficient

Dirag coefficient slope

F wariation with A04

Pt variation with A04

FZ wariation with ADA

Fiolling bMoment wrt A0A4 [Chiza)
Pitching Moment wrt AQDA [ChiTa)
7 awing Moment wrt A04 [CHMZ4)
CG location, hog=(+<cgref)/Cref
Neutral point, hn=hcg-CmasCLa
& wariation with ADY

Side force derivative

FZ wariation with ADY

Dihedral Effect [CMXE]

Fitching Moment wrt ADY [ChYE)
Directional Stability [CHZE]

Copy Table Copy Sel Compare to Existing Project...

Close

Figure 8-2: Stability derivatives for the model (Step 23).
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VLM Stability Derivatives - SIMPLE DEMO.SRF

Parameters] HesultMatrix} Stability Dervatives  Tranzfer let\ons]

Uze thiz utility to transfer the computed stability derivatives to your current project.
Be aware of how the transfer takes place by reading the Caution statement.

MOTE 1 : Only selected stability derivatives will be transferred.

MOTE 2 : Only values dependent on radianz will be transferred, as
stability and control analyses uze these.

| Basic lift coefficient, Cla ~ Select Al
Lift coefficient, CL R e——
v Lift curve slope, Cla ST - I—
v Induced drag coefficient, CDi Deselect Nomrequested
Dirag coefficient, CD J
[Dirag coeflicient slope, CDa e D eselect Fomula

w| F variation with 404, Cxa

v P variation with A0, Cya

| FZ wariation with 404, Cza

v Rolling Mament wit ADA [CHA), Cla

| Pitching Moment vt ADA [ChYA), Cma

v awing Moment wit ADA [CMZ4), Cna

v| CG location, heg=f+<cg Xref].-"[:ref hcg
Meutral point, hri=he )

w| Fos wariation with 407, Cxb

| Side force derivative, Cyb

| FZ variation with 40, Czb

| Dihedral Effect [Ch<E). Clb

| Fitching Maoment wrt A0 [CMYE), Cmb

| Directional Stability [CMZE), Cnb w

v “when transfering, warn if wariable contains a formula before replacing.

CAUTION : Transfering wariables will ovenwrite existing formulaz or values. For
instance, placing a checkmark nest to the variable 'CL" would replace a formula
such as CLo+CLaa04°Pi/180) with a numeric walue. If pou want to prevent
the formula from being ovenwritten, make sure its comesponding variable is not
checked.

Close

Figure 8-3: Stability derivatives for the model (Steps 24-28).

Press the STAB Console icon. This will open the L 111 ;

STEP 8.7 Stability Analysis Console shown in Figure 4-29.

It is left as an exercise for the user to press the various icons to experience functionality. The simulation
icons will display the motion of the aircraft in real time.

STAB Console - SIMPLE DEMO.SRF
File Edit Setup Analysis Simulaton Help

E:"é waiaeaainananal | 1 1 1 Nimiey

Longitudinal stability Short period and Short period and
analysis (report) Phugoid mode Phugoid mode

T (plots) (simulation)
Lateral/directional [ [

stability analysis Spiral Spiral

(report) convergence, Roll

— T

Root  locus
analysis tool

convergence, and
Dutch roll modes

(plots)

convergence, Roll
convergence, and
Dutch roll modes
(simulation)

Document

VLMmyfirstmodel.docx

Surfaces — User Manual —

Vortex-Lattice Module

Page Numbers

Page 53 of 70




Gréat OWL Publishing

Engineering Software

STAB Console - SIMPLE DEMO.SRF

File Edit View Setup Analysis Simulation Help
BE e EEEEE )
Lateral Q \cillation (Dutch Roll)
LE DEM©O .SREF A-cos(wt+g)Exp(n-t)
03 ——— AExp(nt) =
E ——— AExp(-nt)
E — 05A
83 Press thls icon to 01A
3 display the Dutch
3 roll response.
Dm‘ 2—%
'_E_n E
< 7 I N I R A I
E 3
o =
>
Time, seconds

Figure 8-4: Stability analysis module (Step 29.

You can get a report detailing the properties of the response by selecting View->Show Comparison
Table. The resulting table is shown below. This is but one of many ways to extract information from the
STAB module. Also try Analysis->Create Analysis Report... to get a more detailed dynamic stability
report.

Description Symbol Unit SIMPLE DEMO.SRF
Airspeed Vtas KTAS 100
Altitude Href ft 0
Period of oscillation T sec/cycle 2.450
Damping coefficient n 1/sec -0.0612
Natural frequency Wn cycles/sec 2.5648
Damped frequency wd cycles/sec 2.5641
Damping Ratio Zeta 0.0238
Time to 0.5 Amplitude R sec 11.3324
Cycles to 0.5 Amplitude N% cycles 4.6246
Time to 0.1 Amplitude t0.1 sec 37.6454
Cycles to 0.1 Amplitude NO.1 cycles 15.3626

Among interesting results is that while the Dutch roll damping is stable (Zeta is 0.0238) and the oscillation
is convergent, however, this damping is so low that it would be considered unacceptable if this airplane
was intended for occupants. Documents such as MIL-HDBK-1797 recommend damping ratios in excess
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of 0.10. Federal Aviation Regulations 23.181 requires the airplane’s amplitude to dampen to 1/10™ of the
initial amplitude in no more than 7 cycles. This airplane requires over 15 cycles. We clearly have
additional work to do on this plane in order to improve the Dutch roll damping. But for now, let's save the

work done so far.

STEP 8.9  Press the Save icon. = i E

Title Page Numbers
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STEP 9: Setting up Drag Modeling

One of the advantages in using SURFACES is the geometric information can be utilized directly when
determining aerodynamic parameters. For instance, consider the balance a designer must find between
lift and drag. A large wing area results in a lower stalling speed, but greater drag and structural weight.
Being able to evaluate such parameters on the fly, as one modifies the wing (and thus its area) is
priceless to the aircraft designer. This section will show how to use geometric relations in drag modeling

for our airplane.

Generally, the user should prepare models for geometric relations after they have been constructed, in
order to prevent relations to become corrupt as a consequence of adding and deleting geometric entities
during the construction phase. This particular model has been created such that all the proper geometric
relations were created along the way. By the same token, it is a good practice to check for errors in the
assignment of geometric references before solving.

You can read Section 9 in VLM.PDF for more information about the drag modeling in SURFACES.

IT starting the program, open the demo airplane. Select File-

STEP 9.1 >0pen.. and navigate to find the file SIMPLE DEMO.SRF. Double-
click to open.
STEP 9.2 Select the X-Y-Z view and orient the airplane similar to what is

shown in Figure 9-1.

Surfaces Pro - [SIMPLE DEMO.SRF]
/ File Edit Insert Modify Tools View Window Help

DeFEE tB2BX | v« RGEQT % DEH & A

Groups | Information | Fies Objec

Press ta Select Objects for Legend.. ‘

28 - HORIZONTAL TAIL GEOMETRY &

MEFA R EE

| SRR R

Statuz

8:37 &M 742242009 Grid On Wersion 2812

Shap Grid

Document
VLMmyfirstmodel.docx

Figure 9-1: The model after Step 9.2.
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Let's assume we have done some homework on the basic drag coefficient and come up with the following
expression, which depends on both AOA and AOY:

CDo = 0.001+0.05*(AOA*Pi/180)"2+0.02*(AOY*Pi/180)"2
Furthermore, in this context, let's define the skin friction drag coefficient as follows:
CDFf = [CDF]
And let’s define the induced drag coefficient as follows:
CDi = [CDi]
Now, let's enter these:

Open the VLM Console. From the Edit menu select Reference Drag
Modeling.. (See Figure 9-2). This opens the dialog box shown in
STEP 9.3 Figure 9-3. Enter the above drag coefficients and other
information as shown in the figure. When done, press the [OK]
button to store the entered information and close the form.

VLM Console - SIMPLE DEMO.SRF X

File BSsi# Tasks Analyze Virtual WT Results Help

= |
Repaort ] Eontrollers] Solutions]

Reference Geometry...
Reference Inertia...
Reference Free-Stream Properties, ..

Reference Drag Modeling. ..

Check CP/Vartex Distances. ..
Contour Plot Parameters. ..
Control Deflection Filters. ..
Solver Parameters. ..

Reset Solution

™ Transparent background

Figure 9-2: Select Reference Drag Modeling... from the VLM Console.

This step tells SURFACES how to compute our three crucial drag coefficients. We will now set up the skin
friction modeling for the surfaces and tell SURFACES how exactly to compute the skin friction drag.
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MOTE : |Drag modeling assumes the total drag coefficient, CD. is calculated from (see VUMW .PDF
for more details):

CD = CDo + CDf + CDi
Where CDo = Basic drag coefficient

CDf = Skin friction drag coefficient
CDi = Induced drag coefficient

Drag Properties Properties

Basic: drag coefficient, CDo |EI.EIEI1 +0. 05 A0A P 80] "2+ 0. 02440 = 0.00252 )
Skin friction drag coefficient, COF |[EDf] [=0.01509 ]
|nduced drag coefficient, CO |[EDi] [=0.00212]

|nduced Drag Methodalogy

" Surface integration

{* Standard COi=[CL-CL_COminEAPi &R ref-Eref) methodaolagy

Reference Aspect Ratio, ARmef ; |.-i'-.FEw [=7.20]
Feference zpan efficiency, Eref ; |E1 [=0.833)
CL aof minimum drag, CL_CDmin |EI.2 [= 020000

" Prandt-Betz [uzing Trefftz plane]

Comprezsibility Modeling

* Mone [incompressible flow)

" Prandt-Glauert

" Kaman-Tzien

" Laitone

" szer defined compressibility rodel [ztared in vanable 'Mmodel] ;

Allows the user to define own models, should the others fail to represent the true compressibility
effect on the model,

Recalculate | Standard Dirag Formulation Cancel

Figure 9-3: Step 9.3 calls for this form to be filled out as shown.
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Select Surfaces
Edit

Select Surfaces

w| 1 - Trapezoid
w| 2 - Trapezoid
Go back to the worksheet ¥|3- Trapezoid
and select Edit->Select v 4 - Trapezoid

J - TI-E||:|E=E|:|i|:|

Surfaces.. The press the
[Select All] button in the

STEP 9.4
form that opens up and then
press the [OK] button (see
Figure 9-4). Now all the
surfaces are selected.
Desekotdl | ok |
Figure 9-4: A quick selection of all surfaces.
Change Surface Properties
Change Surface Mezh
Leawve text bow blank, to niot change a conezponding segment,
Chordwize panels (A1 and A2) :
Spanwize panels (B1 and B2]
Change Surface Edge Deflection
Al [ | [~
Leading edge up/right (-} Leading edge downleft {+)
Al _ [~
Trailing edge up/right {-} Tailing edge downdeft {+}
- Reference Yalues
Then select Modify->Surface
Properties.. Select the Wl ey Al
STEP 9.5 option “Use Curve Al and A2 Walue at curve 42
i skin friction drag” as
- - Ref Weight :
shown in Figure 9-5. Press FEEree el
[OK] - Tuning
Tuning factar :
Wizoouz Drag
" Usze entered skin friction drag coefficient
COf_i:
o dze Curve A1 and A2 skin fiction drag
m oK | Cancel
Figure 9-5: A quick selection of all surfaces.
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This step tells SURFACES to calculate the skin friction drag using information we have yet to enter for the
Al and A2 curves of the surfaces.

First, let's assume the HT and VT are to be designed using laminar flow airfoils capable of sustaining
50% laminar flow. Let's also assume the wing will sustain laminar flow as discussed in the example of
Section 9.3 of VLM.PDF.

Select all the vectors as shown in Figure 9-6. Make sure you use
the rubberband when selecting the centerline vectors as there are
STEP 9.6 really three vectors (or airfoils) there; two belonging to the HT
) root and one to the VT tip. The following assumes you did this
correctly. Note that if the vectors do not highlight, press
Ctr1+Q do display all objects and then try again.

Surfaces Pro - [SI EMO.SRF]
/ File Edit Insert Modify Tools View Window Help g X

DNEPHE tBRX (> | Xaa & DE A | B B

There are 3

ClLa_ht = 0.00000 di
a_ht = 0.00000 per radian vectors herel

CLa_wt = 0.00000 per radian

Eref=0.833
Cf_lam = 0.00081
Cf_turb = 0.00373
Plam =0 %
Df_lam = Error!
Df_turb = Error

176 - ADA DERVATIVES

00488
Cza =-5.08002
Cla = 0.00013

Statuz 9:29 AM 2242009 Snap Grid | Grid On Vergion 2.8.1%

Figure 9-6: A1 and A2 curves have been selected for all surfaces to be included.

Select Tools->Distribute Laminar Transition for Selected Vectors..
STEP 9.7
from the worksheet.

This opens the form shown in Figure 9-7. As said earlier, we are assuming here that the airfoils can
sustain 50% laminar flow on the upper and lower surfaces. This case is often checked by aircraft
designers and is especially prepared here for quick entry. You can simply press the buttons labeled [0%],
[25%], and [50%] to set up these special cases. This assumes a constant transition (i.e. independent of
AOA) throughout the operational range, which is not necessarily true, but handy for quick-studies.
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Press the [50%] button to fill in the textboxes in the form.
STEP 9.8 Select the option “Smooth molded composite” for surface type.
Press the [OK] button to accept the editing.

SURFACES is equipped with a handy tool to help you visualize your work. Let’s turn it on.

Open the VLM Console. Select the “Panel Results” tab find and
STEP 9.9 check the option “Upper surface laminar region’ (see Figure 9-8).
View the results in Figure 9-9).

Vector Skin Friction Parameters

This tool will help you to properhy setup skin friction characteristics of vectors that represent the A1 or A2 curves of a lifting surface. SURFAGES will then use this
dats to estimate the skin friction drag cosfficient of the surface.

Low Angle-of-&ttack Condition

4041 (deg): [-15 {
(tr_lower/C) 12 |05 oy
[#tr_upper/C] 1 : |05 N

High Angle-of-Attack Condition
Laminar
A04 2 [deg): [15 boundary layer

[t _lower/C) 22 |05
[tr_upperfC] 2 |0.5 \.____-___

Surface Type [for cutaff Rewnold's Number)

Xir_upper,

Xir_lower,

Turbulent
Xir_upper boundary layer
4/'—

Xir_lower ‘
Cheord

-

Carouflage paint on alurinum
Smooth paint

) X Y
Production sheet metal o

Polished sheet metal

™~

B}

Bmooth molded composite

,)

User defined Re cutaff : l

Xir_|ower,

Tpox | Typ2sx | Twpsix | 0K | Cancel |

Figure 9-7: Entering laminar-to-turbulent transition information for the selected vectors.
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VLM Console - SIMPLE DEMO.SRF

File Edit Tasks Analyze Virtual WT Results Help

EHEEPR 2T H o | suE

Fanel Results l Forces M omerts ] Strip F!esults] HBDDI[] Controllers] Solutionsl

Maormal vectors Noci-N
Trapezoidsl areas

Bound vortex and contrel points
Weight of Surfaces

‘Surface Tuning factor

Vortex strengths

BC welocities Vo i+Vy +Vzk

Force vector, Frei+Fy-j+Fz-k
Total force

CL of selected surfaces (see status bar)
‘Center of Pressure

Panels with potential flow separation
MAC: Anahysis {only in
Lower surface laminar region

Surface s
Surface skin friction drag force

[ Tranzparent back ground

Figure 9-8: Display laminar-turbulent regions.

/ File Edit Insert Modify Tools View Window Help

DEEHSES YR X o | XEaad & D Al B> % %\ E

33
] 00081
Cf _turb = 0.00373
Plam=0%
Df_lam = Error!
Df_turb = Errord

.0
5.0
Cla = 0.00013

i S

Status : 3:49 M 7/22/2009 SnapGrid | GridOn | Version 281

Figure 9-9: Image shows the laminar flow region (green) on the HT and VT.
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Note that at computation time, SURFACES will compare the aircraft AOA to the ones filled in Figure 9-7
and estimate the transition locations at that angle-of-attack. If the AOA is less than the value AOAL then
the transition values entered for the low angle-of-attack condition will be used. If the AOA is larger than
AOAZ2 then the values entered for the high angle-of-attack condition will be used. With that in mind, let's
set up the mixed boundary-layer conditions on the wing

STEP 9.10 Select the wing tip vectors as shown in Figure 9-10.

Select Tools->Distribute Laminar Transition for Selected Vectors..

STEP 9.11 from the worksheet. Enter the information shown in Figure 9-11.
Select the wing root vectors as shown in Figure 9-12. Again, make
STEP 9.1 Sure you use the rubberband when selecting the centerline vectors
) as there are two vectors there. The following assumes you did
this correctly.
STEP 9.13 Select Tools->Distribute Laminar Transition for Selected Vectors..

from the worksheet. Enter the information shown in Figure 9-13.

.. Surfaces Pro - [SIM
/ File Edit Insert Modify Tools View Window Help i

h formats | faln

Prezz to Select Objects for Legend... |

CLa_ht = 0.00000 per radian ~
CLa_wvt = 0.00000 per radian
deda = 0.44936

155 - DRAG AN

i=0.00212
CD = 0.00329
CDa = 0.00000
Do = 1.79 Ibf

&33
0.00081

o %.
Df_lam = Error!
Df_turb = Error

176 - ADA DERIVATIVES

Cxa = 0.42985
Cya = 0.00:
Cza =-5.085902
Cla = 0.00013

~ 5Tz e

Status : 952 Ak Fr2zs2003 Snap Grd | Grd On Vergion 2.8.1:

Figure 9-10: Selecting the wing tip vector in Step 9.10.
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Vector Skin Friction Parameters

tion charscteristics of vectors that represent the Al or A2 curves of a lifting surface. SURFACES will then use this

This tool will help you to properhy setup ski
fi nt of the surface.

data to estimate the skin friction drag coef

Low Angle-of-Attack Condition

A0S T [deg): |15 l
[étr_lower T 1 - ’0157 o
[t_upper/C] 1 ,0157 y

High Angle-of-fttack Condition
Laminar

ADAZ (deg): 15 boundary |a\_n’9J

Pir_lower/C) 2: [0.15 j

[Ftr_upper/C] 2 1015 \‘-—-_—._ ————

Surface Type [for cutaff Reynold's Mumber)

Xtr_upper;

Hir_lower,

Turbulent
Xir_upper boundary layer

" Camouflage paint on aluminum
Smoath paint
Production sheet metal
Palished sheet metal i
Ermooth molded composite

D TS e

“

Uszer defined Re cutaff : |

Xir_lower,

Tp0z | Typasz | Typsox | ok | cancel |

Figure 9-11: Entering transition information for the wing tip in Step 9.11.

CLa_ht = 0.00000 per radian e
CLa_wt = 0.00000 per radian
deda = 0.44986

Df = 0.00 Ibf
Di=3.24 bf
2 Ibf

0.00

E2=0716

833
Cf_lam = 0.00081
Cf_turb = 0.00373
Plam =0 %
Df_lam = Error

Df_turb = Error! There are 2

176 - AOA DERIVATIVES vectors here!

Bl EEEa

Status 957 AM Fi222009 Shap Grd | Grid On Wergion 2.8.1¢

Figure 9-12: Selecting the wing root vector in Step 9.12.
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Vector Skin Friction Parameters

Low Angle-of-4ttack Condition

A047 [deg): |15
Ft_lower/C) 1 (0,35
[tr_upper/C)1: |0.55

High Angle-of-Attack Condition

ADA 2 (deg): 15
[tr_lower/C) 2 (0,35
[t_upper/C) 2 |0.55

Surface Type [for cutoff Feynold's Mumber)

" Camouflage paint on alurinum
Smooth paint

Production sheet metal
Palizhed sheet metal
Emooth molded composite

DS TS e

“

User defined Re cutaff :

Twp0x | Typasz | Typs0x |

dats to estimate the skin friction drag coefficient of the surface.

This tool will help you to property setup skin friction charscteristics of vectors that represent the A1 or AZ curves of a lifting surface. SURFACES will then use this
Xtr_upper;
o
L
Xir_lower,
ba Lzmlnalr Turbulent
ﬂ_ e Xir_upper boundary layer
J/—
| Hr_lower ‘
Chord
Xir_upper;
i
L
a
Xir_|ower,
ak. | Cancel |

Figure 9-13: Entering transition information for the wing root in Step 9.13.

Now, only one thing remains. The wetted area for all the surfaces involved must be accounted for, or
SURFACES won't be able to compute the skin friction drag coefficient. Let's do this.

In the math objects list under the Objects tab on the pane in
left hand side of the worksheet, find the variable Swet. It
should be in a block of variables under the title “REFERENCE

STEP 9.14 PARAMETERS”.

Double-click on it to open the variable editor (see

Figure 9.10-1) and enter the function [Swet(1,2,3,4,5)] (the
order of the arguments doesn’t matter here). This will calculate
the wetted area of the selected surfaces. Press [0OK] when done.
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. Edit Yariable Swet

X

Formula : |[Swet(2.1,5,3.4]]

Edit Geometric Relations for Formula

Idge thig tool to kelp construct Formulag that involve the geometry itzelf, For instance
ingerting TF=[21]]" at the cursor will retieve the ¥-coordinate of point 21 when the object iz
calculated. This allows dependent properties to be automatically updated if point 21 iz
moved bo & new location. Mote that some functions don't hawve any arguments.,

Awailable functions :

CD: Total drag coefficient = COo+CDMHCDI ~ Inzert Function
CDF Skin fiction drag coefficient

CDi: Vortes [induced] drag coefficient per selected method

CDo: Basic drag coefficient [obtained directly from uzer] Pick Poirt 1D

CL: Lift coefficient from YL analpsiz ok ol

[: Total drag force = Do+Df+0i )

DATE: Current date Pick Vectar ID ==

DF: Skin friction drag force :

Di: Induced drag force | Pick Surface D ==
Simple == 024 | Cancel |

Figure 9-14: Editing variable Swet.

That's it. The model is now ready to be used for drag estimation. The model with the entered laminar flow
regions is shown in Figure 9-15. The reported total wetted area is 123.73 ft2. The skin friction drag
coefficient for the entire aircraft is 0.00829, but this yields a skin friction drag of a 12.65 Ibf. But there is
more. SURFACES allows us to take a closer look at some other details about the skin friction drag. From
the VLM Console’s Panel Results tab you can select to have the program display the resulting skin
friction drag coefficients or forces on each surface. For instance, Figure 9-16 shows that each half of the
HT is generating 0.9 Ibf of skin friction drag, while the VT generates some 1.3 Ibf (remember that the
airplane modeled is small, perhaps UAV sized). This kind of information might help in deciding whether if
the use of laminar-flow surfaces (which might end up being more expensive to manufacture because of
surface quality requirements) is really worth it. Additionally, it is of interest in noting that by setting the
transition of all airfoils to 0% (turbulent airfoils) Cp¢ jumps to 0.01077 and skin friction drag to 16.42 Ibf. In
other words, by selecting laminar over turbulent airfoil, we can reduce skin friction drag by about 30%!
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Surfaces Pro - [SIMPLE DEMO.SRF]
/ File Edit Insert Modify Tools View Window Help

DFFPHE $BRX | v XQQN K OE F SR P 15

Grol.ps] Information ] Files  Objscts ]

Prezs to Select Objects for Legend. . |

CLa = 5.08503 per radian
CL = 0.00000

CL_CDmin = 0.20000

ClLa_| 00000 per radian
ClLa_vt = 0.00000 per radian

156 - DRAG ANALYSIS

0.000&1
0.00373
%

F lam = 0.00 Ibf
Df_turb = 11.36 Ibf

177 - ADA DERVATIVES

I

Status 10:29 P 8/11/2009 Snap Panel | GrdOn  Mersion 2.8

Figure 9-15: The model displaying the extent of laminar flow regions after Step 9.15 has been
completed (green panels). Note the magnitude of the Cp; for the entire aircraft is 0.00628. This
generates a skin friction drag of 9.57 Ibf.

Furthermore, now that we have created a drag model for the airplane, we can learn a number of
performance related things about it. This is done by creating the drag polar for the full airplane using the
Virtual Wind Tunnel, which can be found on the VLM Console. The VWT creates a table for a sweep (for
instance an “alpha’-sweep is when you change only the angle-of-attack) containing 159 parameters.
Among those are the drag coefficients. The results from this effort are shown in Figures 9-17 through 9-
19. Note that elevator deflection was set to 0° prior to running the wind tunnel.

Another important performance parameter is the L/D curve in Figure 9-18. From it we learn that the
expected maximum L/D is 35.34 at an AOA of 3°. While an impressive glide ratio, we know to take it with
a grain of salt as it does not include contributions from a fuselage or landing gear and so on. Also, this
simplified example assumes the amount of laminar flow stays constant with AOA, which is unlikely, and
the basic drag coefficient is probably too low as well, especially at higher AOAs. At any rate, we have now
a reasonable first stab at the drag properties of our airplane. The procedure for your original aircraft will
be similar to the one shown here.
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NEBHS $BRBX|vo XQQE & D
Gral.p;] Infiormation ] Filezs Objects ]

PV e P O foal oo L

0 VLM Console - SIMPLE DEMO.SRF

Al E A BB

oL File Edit Tasks Analyze Virtual WT Results Help
oLl

el DEPR v T E o |
(WY Fancl Results l ForcesfMoments] Strip Hesults] Heport] Eontlollers] Solutions]
urface |Ds)
oMy jhz-k
rapezoidal areas
und vorbex and control points.
ht of Surfaces

Upper surface laminar region
Il Surface s

Iv Transparent background

10:35 PM 8/11/2009

Shap Panel | GrndOn  Wersion 28

Figure 9-16: Displaying the skin friction drag on component basis.
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Drag Polar for SIMPLE DEMO .SRF

TN

—CDo
—CDf
—CDi
—CD

0-090—

0.080—

Drag Coefficient, CD

8-676—

0-060—

Lift Coefficient, CL

Figure 9-17: Drag polar generated by the Virtual Wind Tunnel for the example aircraft.

Lift to Drag Ratio for SIMPLE DEMO .SRF

Ao 0
S

200

. Lift-to-Drag Ratio

=100

Angle-of-Attack, °

Figure 9-18: Variation of L/D with AOA, as generated by the Virtual Wind Tunnel.
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_mdegrees Coo Cox Ca G G GG
0.002523 0.008292 0.03937 0.05018
0.002234 0.008292 0.03216 0.04269
0.001975 0.008292 0.02560 0.03587
0.001746 0.008232 0.01973  0.02977
0.0015458 0.008292 0.01457 0.02441
0.001381 0.008292 0.01016 0.01983
0.001244 0.008292 0.00651 0.01605
0.001137 0.008292 0.00366 0.01309
0.001061 0.008292 0.00161 0.01097
0.001015 0.008292 0.00039  0.008970

0.001 0.008292 0.00000 0.00929
0.001015 0.008292 0.00045  0.00976
0.001061 0.008292 0.00174 0.01109
0.001137 0.008232 0.00387 0.0132%
0.001244 0.008292 0.00682 0.01636
0.001381 0.008292 0.01060 0.02027
0.001545 0.008292 0.01519 0.02503
0.001746 0.008292 0.02056 0.03060
0.0019¥5 0.008292 0.02670 0.03696
0.002234 0.008292 0.03358 0.04410
0.002523 0.008292 0.04116 0.05198
0.002843 0.008292 0.04943 0.06056
0.003193 0.008292 0.05833 0.06981
0.0035v4 0.008292 0.06783 0.07970
0.003985 0.008292 0.0778% 0.09017
0.004427 0.008292 0.08847 010118

-10.0
9.0
-8.0
-7.0
6.0
5.0
4.0
-3.0
-2.0
-1.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0

-0.6613
-0.5785
-0.4946
-0.4097
-0.3240
-0.2375
-0.1503
-0.0625
0.0257
0.1143
0.2031
0.2920
0.3810
0.469%9
0.5586
0.6470
0.7349
0.8224
0.9093
0.9954
1.0807
1.1650
1.2484
1.3305
1.4115
1.4511

-13.18
-13.55
-13.79
-13.76
-13.27
-11.98
-9.36
478
2.34
11.78
21.85
29.93
34.35
35.34
3414
319
2837
26.88
24 60
2257
2079
19.24
17.85
16.649
15.65
14.74

Figure 9-19: Data generated by the Virtual Wind Tunnel used for Figures 9-17 and 9-18.
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