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I Analysis of the symmetrical blade

1. Obtaining data samples

(1) Preparation

- Paper craft Wind turbine

* Fan
- Convex
- Plastic tape

Mark every 0.25[m] between 0.75[m]~1.25[m].
- Tachometer (contactless)
Put a reflecting sheet on the axis

- Anemometer

+ scanner or digital camera

(2) Instructions

(a) Measuring the wind speed
+ Measure the wind speed in every length, air strength and take the

average.
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Measure the wind speed in front side and back side of the fan in
every length, air strength and take the average.

B E - A% B

EE] ] 5

o
b A | B A A

55 & oA
Bl % Al % Bl %
0.75
1.00
1.25

(b) Calculate the reduction ratio
+ Calculate the reduction ratio using the next equation.
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(c) Measure the revolution speed
+ Measure the revolution speed on every length and wind strength.

ElER4- A B
T & 7

0.75
1.00
1.25




(d) Calculate the Reynolds number
Substitute the result calculated in (a), (b), (c) using the spread sheet
software and calculate the Reynolds number.

2. Designing the blade form

(1) Preparation
- Wire tie (at least150mm)
- Plastic tape

(2) Designing
(a) Mark where you design the air foil.
(The length shown below is a length from the center. This is an
example.)




(c)Wrap along the blade form and lock it with a plastic tape.
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(d) Remove the wire tie.

(e) Design the other blade forms if needed.




(f) Save the image in the computer using scanners or digital cameras.
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3. Preparation of the software
(1) Image J

(a) Look up “Image J” on the web and choose “Image J”
(e 0000
Ji Imagel | + |
k= rs .nih.gov/ij/ < | |E - imagej 2 B- 3 #

home | news | docs | dewnload | plugins | resources | list | links

Imaged

Image Processing and Analysis in Java

o Features

a MNews

o Documentation

o Download

o Flugins

o Developsr Resources
o Applets/\Web Start

o Mailing List

o Links

This page has been visited (0,007,688 times. Send
comments to wer@nih.goy. Disclaimer

(b) Click “Download”.

< | [E - imagej Pl EB- 3 #®
home | news | docs | devwnload | plugins | resources | list | links

Download

Platform Independent

Te install ImageJ 147 on a computer with Java pre—installed, or to upgrade to the
latest full distribution (including macros, plugins and LUTs), download ii147 zip
(320B) and extract the ImageJ directory. Use the Help>Update Imaged command
to upgrade to newer wversions

Mac OS X

Downlead Imaged 1.47 (5.7MBE) as a double—clickable Mac 05 X application
Includes ImageJ84, which uses Java 16 in B4—bit mode on Intel Macs running 05 X
105 or later. (Instructions)

m

Linusx
Download Imaged 1.47 bundled with 84-bit Java (40MB) or with 32-bit Jawva
(48MEB]. Both versions include Java 18024 from Oracle. (Instructions)

Windows
Download Imaged 147 bundled with with 84-bit Java (25MB; requires B4-bit
Windows), 32-bit Java (28MB) or without Java (MB). (Instructions:

Documentation

Tiage Ferreira’s comprehensive Imaged User Guide is available as an 8B PDF
document and as a ZIP archive. The online JavaDoc APl documentation is also
available as a ZIP archive

Source Code
The Imaged Java source consists of 120000 lines of code in 350 files. It is available
enline and as zip archives.

Example Images
31 dewnloadable sample images and stacks are available in ImageJ's File>Open =




(c) Install “Image J” according to the install wizard.
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_E ij145-jdk6-64bit-setup
il =1 Image] Setup
% NIH

(2) Q Blade

(a) Look up “Q Blade” on the web and choose “Q Blade”.

Home

Galerie
Downloads
Links |
Contact [|
News E
|

...is an open source wind turbine calculation software, distributed under the GPL. The software is seamlessly integrated into XFOIL, an

the polar data to a range of 360°, and directly integrate them into a wind turbine rotor-simulation. This skips the step of exporting and

into XFOIL’s sophisticated GUI (XFLR5) makes this software accessible to many more interested people than the usual command line
interface software tocls. The software is especially adequate for teaching. as 1t provides a "hands on” feeling for HAWT and VAWT rotor
fund. and concepts between twist, chord, foils, turbine control and type and the power and

ital rel I

design and shows all the
load curves in an easy and intuitive way. QBlade also includes post processing of conducted rotor simulations and gives deep insight into

airfoil design and analysis tool. The motivation for this was to create a one solution software for the design and aerodynamical computation
of wind turbine blades. The integration i XFOIL allows for the user to rapidly design custom airfoils and compute their polars, extrapolate

importing fo1l and geometry data between different codes. and the troubles associated with that. At the same time the integration of QBlade
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(b) After downloading, choose save.

Blade

@ qblade.deto 77 v @||@- coogle flE- ¥ &)

Blade

Downloads:

The software still has beta status, please report bugs to qblade@web.de!!

New version v0.6 for windows 32bit & 64bit availiable!!

Software:
QBlade Windows v0.6 32bit / 64bit & Libraries

The Qt libraries need to be installed in order to run the Linux version. If, for any reason, QBlade is not running properly
under Linux, the Windows version can be emulated with WINE.

Guidelines: -

(c) Choose all unfold.
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(d) Choose unfold.
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/=l

BHSEOERE D7 1ILOER

7 MIETOI A4S —ICBRET S(E):

ATRICBHENZI 7L ERRTB(H)

nd-turbine-generator¥gblade-analysis-method¥download¥qgblade_v03_win

[ BEEEe [ Fetu |

(e) Download finished.

=5 =)
@-‘ ). « gblade-analysis-method » download » gblade v03_win » QBlade v03_win - ‘ 4 ‘ | QBlade_v03_win(iER el ‘
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= eoFr
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Q& T1-Tws

QtGui4.dil QtOpenGL4.dil
a5 —

&os()
s HD-HBU2 (1:)

Gy hI—5

QBlade E4EE: 2012/04/26 11:10 {EREE: 2012/04/20 14:39
%‘- FIUL-3a> BAZ: 396MB

circle.dat gpl quidelines  libgee_s_dw2-1.

= Blade

mingwm10.dl QBlade QtCores.di
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4. Creating analyze image
(1) Activate Image J.

Double Click

< Imagel = B=h )
File Edit Image Process Analyze Plugins Window Help
B olz|o|<|4a|4N Al @] 2] [ofs| o] g |a] | |>]
Color picker (0,0,0)
(2) Click File — Open.
¢ Imagel o= ==
G Edit Image Process Analyze Plugins Window Help
New ' M| Q|| 2| ®oefsufun| 7] 4] &] =]
S e or arrows (right click to switch)
Open Next Cir+Shift+O
Open Samples 4
Cpen Recent 4
Import 4
Close Ctri+wW
Close All
Save Ctri+5
Save As 4
Revert Ctri+R
Page Setup...
Print._. Cirl+P
Quit

12



(2) Choose the image saved in I -2-(f).
ﬁ
- 0P aEr

IR ILERID: | RS
H1Z Bl

(= #=H =i
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FTARE
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2448x3264 pixels; RGB; 30MB
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(3) Choose the rectangular tool and choose the whole blade shape like the
picture below.

File Edit Image Process Analyze Plugins Window Help
= =S PARENPNENE Pl N A VAT Y

*Rectangular® or rounded rectangular selections (right click to switch)

3264 pixels; RGB; 30MB
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(4) Choose Image — Duplicate and click OK.

¢ Image)

File Edil Process Analyze Plugins Window Help

[Sfelfas

*Straight”, se

1-1.bmp (1509%
¥els; RGE; 7349

Type | [omefsef 04| &
Adjust click to switch)

Show Info... Ctrl+

Properties. .. Ctri+Shift+P

Color v ==
Stacks 4

Hyperstacks 4

Crop Ctrl+Shift+X

Rename...

Scale... Ctri+E

Transform vl ®

Zoom 4

Overlay L4 -u

Lookup Tables L

]9 | Cancell

ou-1.1F
BYGX236 pixels; RGE; 826K
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If it wasn’t scanned parallel, rotate the image.

Click

Filc Edit giybis(ell Mroccss

Analyzc  Mlugins

Image — Transform and choose Rotate.

Window Fclp

oola e

-

Angle toal

Adjust

Show Info. ..
Froperfies
Color
Slacks

| yperstacks

Ctri+
Cr+SnITT+H-

3

L4

s

Crop
Duplicate...
Rename...

Scele...

Zoom
Overlay

Clirl+3hift+x
CtrhiEhift D

Cir+E

L4

]

@ mfselel 0|4 &)

Lockup Tables

* Type in the angle.

T

Angle (degrees): C 1.0}
Grid Lines: !
Interpolation:  Bilinear -

v Fill with Background Color
v Enlarge Image to Fit Result

v Preview

OK | Cancell

Flip Vertizaly

Flip Z

Rotate 90 Degrees Right
Rotatc 90 Degrees Left
Translate.

Hin

IMAge o Resrs
REesults 10 Image

4 taishou-1.JPG
B896x236 pixels; RGB; 826K

=EEE]
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(5) Click File— Save As and choose BMP and save the file.
(ex. taishou.bmp)

Tiff...
Gf...
Jpeg...
Text Image._.
2P
Raw Data. __
Image Sequence...
4 Imagel AVI... == ==
§l= Edit Image Process Ar{ilp
New r o OPNG.. UT_s?|J'|&| |»|
Open... Ctri+O | PGM...
Open Next Cir+Shift+sO | FITS...
Open Samples FLUT..
Open Recent *|  Selection. .
||'Tlp0|1 L4 XY Coordinates...
Close Ctriswy | Tesults-.
Close Al Text...
Save Ctr+S | Analyze..
Animated Gif...
Revert Ctri+R
Page Setup...
Print... Ctri+P
Quit

17



5. Analyze
(1) Activate Q Blade.

Double Click

J= QBlade v0.6 on XFLRS v6.06

| S|

File Options 2

\\\\\

(2) Click File — New Project.

18




= QBlade v0.6 on XFLRS v6.06

Options 7

[ New Project

& Open...

Insert Project...
Close the Project

T &

Save
Save Project As...

Airfoil Design
XFOIL Inverse Analysis

i

XFOIL Direct Analysis
s Polar Extrapolation to 360

HAWT Rotorblade Design
Rotor BEM Simulation

=\

Multi Parameter BEM Simulation

1+ Turbine BEM Simulation

VAWT Rotorblade Design
Rotor DMS Simulation
Turbine DMS Simulation

Exit

z::; ] //l\l/_#f /‘ \1 \

Ctri+w

Ctr+s

Ctri+1
Ctri+2
ctr+3

ctrl+Q

Save and close the current project, create a new project

(3) Click File — Airfoil Design.

-
= QBlade v0.6 on XFLRS v6.06

File | Options ?

[& Mew Project

& Open...

Insert Project...
Close the Project

I &

Save

Save Project As...
Airfoil Design

HFOIL Inverse Analysis

Ay

XFOIL Direct Analysis
we  Polar Extrapolation to 360

~  HAWT Rotorblade Design

.. Roter BEM Simulation

+  Turbine BEM Simulation

VAWT Rotorblade Design
' Rotor DMS Simulation
Turbine DMS Simulation

Exit

Ctrl+M
Ctrl+0

Ctrl+W

Ctrl+S

Ctri+1
Ctrl+2
Ctrl+3

Multi Parameter BEM Simulation

Ctrl+Q

Open Foil Design application

'//1\LT< / ‘\1 :
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= QBlade v0.6 on XFLRS v6.06
Eile View Fail

Gw ARNKN =~ 1
PPE=T AN ®

Splines Options 2

+

AFoil

[E=8 =R =)

]ckn (] at (%) ]lmber (Q] at (%) ] Points ] Flap (de]EXHinq]'E YHing-] Show
0.00

I Name

lePIIHE foil 9.03 31.20 0.00 50.90 60 0.00 0.00

Points

O

Zenterline

O

Style

(4) Click View — Load background Image.

= QBlade v0.6 on XFLRS v6.06
File Foil Splines Options ?

G

Show Current Foil
Hide Current Foil
Show All Foils
Hide All Foils

Zoom in
Zoom Less
5+ Reset X Scale
Reset Y Scale

% Reset Scales

Show Legend
Show LE Circle
Grid Options

0.4 Lo DAL - -7 0.8

Ctrl+Shift+1
Ctrl+Shift+1

Load background image
Clear background image

Save View to Image File Ctrl+I

AFoil

0.

2

koS

1.0

g X

]Ekﬂ (] at (%) ]lmber (Q] at (%) ] Points ] Flap (de] E XHing-]'E YHingw Show Points

0.00 B

[ Name

1] Spline foil .03 31.20 0.00 50.80 60 0.00 0.00

0

Zenterline

Style

(5) Choose the image saved in I -4-(5).
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.
= Open Image File

I

@C)-|,. y EFES

- |4 || ErEEORS P

ZE - FLNTAIES—

=~ 0 @

| FRehyT

= STI5Y
B RFaxrk
[Fl=rnd
B e
& 1wy

m

& O —5—
& o-LFax

=

Tr-ILAN): taisyou.bmp

- ’Image files {*.png *.jpg *.br v]

| B<0) |+] [ —— ]

(6) The image chosen in (5) will be shown in the background.

= QBlade v0.6 on XFLRS v6.06

File Wiew Foil Splines Options 2

g T
PPE=T1MS
X-Scale = 1.0
Y-Scale = 1.0
X = 0,7424
v = -0

AFoil

e ANKNw ~ L [ 1!

| Name |ckness (| at (%) [imber (3| at (%) | Points | Flap (de|E XHing | € YHing| show
H Spline foil 903 3120 000 5090

60

0.00 0.00 0.00 ]

Points  Zenterline i Style

B [———]

(7) Drag the red line along the background image.
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File Wiew Foil Splines Options 2
INVERSE

G e A RNKN -
bt clealhd [ndh-

1.0
1.0

RN

AFoil

~NEATT )

I Name

iIlSphne foil

23.51 18.30 2

|ckness (| at (%) [mber (3] at(%_)i Points iF‘aF{““i_EXHWl'EY“WI Show

Points  “enterline | Style

AR ———

(8) Click View — Clear background Image.

Foll Splines Options ?
Show Current Foil
Hide Current Foil
Show All Foils
Hide All Foils

Zoom in

Zoom Less

l ®» %

Reset X Scale

»
*

Reset Y Scale

.

Reset Scales

(R)

u
2

Show Legend
Show LE Circle
Grid Options

Ctrl+Shift+1
Ctrl+Shift+I

Load background image
Clear background image

Ctrl+1

Save View to Image File

AFail

ALEA]/ K8

—

1| Spline foil 23.51 18.30 -2.25

idnss (] at (%) [imber (2] at (%) i Points | Flap (de| E XHing | E YHing| Show

Points  Zenterline i Style

95.70 60 0.00 0.00 0.00 = E]

(9) Click Splines — Store S

plines as Foil.
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i~ QBlade v0.6 on XFLRS v6.06 =n ==
File View Foil | Splines | Options 2

l:;;e ﬁ F Insert Control Point Shift+Click _r\ /-‘ I\; )Z\r

Remove Control Point Ctri+Click [~ i

ﬁ ﬁ ‘%ﬁ &) Undo Ctrl+Z

=
L=

X-Secale = 1.0

Yscale = 1.qf® Redo @AY

® = 0.1033

¥y = 0.1810 New Splines

Splines Params
o @ Store Splines as Foil
Export Splines To File

AFuil

| Name |clmem(| at (%) ||mher (w| at (%) | Points | FIap(del'ExHing\l'E VHingn| Show Points  Zenterling Style
m Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 (=] ]

Store the current splines in the foil database N2 TS A

(10) Enter the name and click OK.
- Rename =l

Enter a name

Exizting Mames:

(8]8 ] [ Cancel ] [ Crvermrite

Maote @ Overwrite will delete Opps and reset polars

23



(11) Click Foil — Normalize the Foil. (make the standard coordinate system
between 0~1.0)

#= QBlade ¥0.6 on XFLRS v6.06 E=x =R
File View Splines  Options 2

[?(- ﬁ Rename... F2 / /l\ ; _ﬁ . /-‘ -\‘. l\‘

Delete...
I+j f\ 3 Export...
_—
¥-Scale = Duplicate
Y-Scale =
x = 0.1 Hide All Foils
= 0.1
b Show All Foils

Normalize the Foil
De-rotate the Foil

Refine Locally

Refine Globally

Edit Foil Coordinates

Scale camber and thickness
Set T.E. Gap

Set L.E. Radius

Set Flap

o

.0

Interpelate Foils

Generate a Circular Foil
AFeil Maca Foils & x
Manage Foils F7

Name ckness [ at (%) mber (¥ at (%) Points Flap (de 'E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 85.70 60 0.00 0.00 0.00 1 1

2| taishou 21.59 16.19 -2.25 95.65 59 0.00 0.00 0.00 ] ]

Ee=y V- H

24



= QBlade v0.6 on XFLRS v6.06 EI@

File View Foil Splines Options 2

R AN~~~ L + [
PpY=t NS

AFoil F X
Name ickness (*  at (%) amber (% at (%) Points  : Flap (de TE XHinge TE YHinge Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 | =] =]
2 taishou 21.59 16.19 -2.25 95.65 59 0.00 0.00 0.00 B B

R 7LSET A

(12) Choose Foil — De-Rotate the Foil and click Overwrite
(Rotate the blade form and correcting the position)

= QBlade v0.6 on XFLR5 v6.06

File View Splines  Options  ?
Rename... F2 _J / K
G = ZIEA]] N B

Delete...
P Pl Eeort.
¥-Scale = Duplicate
Y-Scale =
x = 0.1 Hide All Foils
= 0.1
v Show All Foils

Normalize the Foil
De-rotate the Foil

Refine Locally

Refine Globally

Edit Foil Coordinates

a Scale camber and thickness
Set T.E. Gap

Set L.E. Radius

Set Flap

‘I\IlllHI‘II\I‘\I\Il\l\Il\IHl\II\lHIIlI\I\lIH\‘IIII
-

!
=}
w
=
=)

Interpolate Foils
Generate a Circular Foil

AFol Naca Foils & %
Manage Foils F7
Name ckness ([ at (%) mber (¢ at (%) Points Flap (de E XHing E YHing:r Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 =) =] =]
2| taishou 21.59 16.19 -2.25 95.65 59 0.00 0.00 0.00 B ]

-2 PILBETR*
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= QBlade v0.6 on XFLR5 v6.06
File View Foil Splines Options 2

@\ w0c A~ | ~$ / \‘ )‘.\

0.9 1.0
AFail F X
Name ckness ( at (%) wmber (¥ at(%) Points Flap (de E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 =} B =]
2| taishou 22.96 15.40 0.92 43.91 59 0.00 0.00 0.00 1 =]

T2 PILHETA*

(13) Click Foil — Refine Globally. (Smoothing the coordinates)

#= QBlade v0.6 on XFLRS v6.06 EI@

Splines Options  ?

l:?é é Rename... F2 / /l\ I 'ﬁ f N J.\‘

File  View

Delete...
) ﬁ\ 3 Export...
cat
X-Scale = Duplicate
Y-Scale =
x = 0.7 Hide All Foils
= -0.1
¥ Show All Foils

Normalize the Foil
De-rotate the Foil
Refine Locally
Refine Globally

Edit Foil Coordinates

Q Scale camber and thickness
Set T.E. Gap

Set L.E. Radius

Set Flap

Interpolate Foils
Generate a Circular Foil

AFail Naca Foils & x
Manage Foils F7
Name Ckness (at (%) imber (% at(%) Points Flap (de E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 ] =] (]
2| taishou 22.96 15.40 0.92 43.91 59 0.00 0.00 0.00 =]} |

N PILBETR*

(14)Choose Apply and click OK.
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J= QBlade v0.6 on XFLRS v6.06

=E=Er=]
Splines
INVERSE | Kk
360° | = / )
R ARNKN» ~ 1| f /[ § !
B s
p PR Se& 3 @ @ g
X-Scale = 1.0
Y-Scale = 1.0
x = 0.7333 —
y = -0.1944 \#= Global Panel Refinement 7|3
i Number of Parels 5
-4 Panel Bunching Parameter .00
¥
: TE/LE Panel Density Ratio 015 [ —
] Refined areasLE Panel Dengity Ratio 020 IEL_{‘F-‘ ‘
&0 0.1 0.2 Top Side Refined Area x/c limits 100 100 0.8 1.0
“_‘ Bottom Side Refined fArea =/t limits 100 100
e e e ot e e et
AFoil
Name ckness ( at (%) wmber (% at(%) Points Flap (de E XHing E YHingi Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 =] ] |}
2| taishou 2296 1540 0.92 4391 59 0.00 0.00 0.00 ] ]

Yo PILEETR*

(15) Choose Overwrite.

« Rename [~ 5| (3]

& foil of that name already exists
Pleaze enter a new name

Exizting Mames:

taishou

oF ] [ Cancel ] [ Creryrite

Mote : Overwrite will delete Cppz and reget polars
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= QBlade v0.6 on XFLRS v6.06
File View Foil Splines Options 2

.0
AFail g X
Name ckness ( at (%) mber (% at(%) Points Flap (de E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 (] =] =]
’;‘taishou 22.97 16.70 0.92 43.21 59 0.00 0.00 0.00 =] =]

Y= 7ILSETA*

(16) Click File — X Foil Direct Analysis.

= QBlade v0.6 on XFLR5 v6.06
View Foil Splines Options ?

[ New Project Ctri+N _ﬁ / ‘K\ I\’
= Open.. Ctrl+0 /
Insert Project...
[ Close the Project Ctri+w
H save Ctrl+s

Save Project As...

=, Airfeil Design Ctri+1
. XFOIL Inverse Analysis Ctrl+2
~._ XFOIL Direct Analysis Ctrl+3

= Polar Extrapolation te 360

.0
~~ HAWT Rotorblade Design

.. Rotor BEM Simulation

Multi Parameter BEM Simulation

+  Turbine BEM Simulation

VAWT Rotorblade Design
Roter DMS Simulation

! 8 X
Turbine DMS Simulation
lap (de E XHing E YHing: Show Points  Zenterline Style

1 Ci/Users/student/Desktop/08 =H/¥ 1 7JL2ETA.wpa

- 0.00 0.00 000 [ B ]
2 C:/Users/student/Desktop/f0H FH/<—217LA.wpa
3 C:/Users/student/~—1 F7ILA.wpa 0.00 0.00 0.00 = |l
Exit Ctrl+Q

Open XFoil direct analysis application TZa 7L A
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#= QBlade v0.6 on XFLRS v6.06
Eile View Foil Design Analysis Polars Operating Points Options 2
INVERSE ] _‘( / | ‘:\

[-?e = ey | / LI

|
HDirect & X
al ol ol Analyziz settings

0. o1

018 w 018 @ cl e

006 006 Sequence

4 08 4 Starte | e

00z 00z

Cd Hirl -

000 b 000 End= 1500 | dem
_ggp 000 002 004 006 008 0 0 _nz 1ODADON0D010 - 0] de
-004 -004
008 02 _006 Wiscous Thit BL
-008 po_| fiehe -008 Stors Opp
-0.10 0o 40 - fAnalyze

Palar properties
Cm GlAGd
o1 o1
0.0g 0.0g
0.06 0.06
0.04 004 P -
raph Curve Settings
042 Alpha 002 Aloha
0.00 0.0 Curve Faints
_p gy DODOD0N0R08.10 _pop 1000D000D08.10 Stk
| [ yie
=004 =004
~0.06 —006 Wiidth
-0.08 -0.08 Color
-0in -0.1n
X = 17.8571, ¥ = -0.152448 =2 FILAETA*

(17) Click Polar — Polar Graphs — Glide ratio vs. alpha.

k= QBlade v0.6 on XFLRS v6.06
File View Foil Design Analysis

TCCINS R VE TR

Operating Points  Options 2

Import XFoil Polar

Export all polars

HDirect F X
Polar Filter
it Gl cl o Gl Analysis settines
y Show All Polars
0.08 0 008 o Gl Re
0.06 SdeltllBiacs s Sequence
004 Polar Graoh S U Start= —15.00 | d
™ olar Grapns All Polar Graph Settings =g
000 o Reset All Polar Graph Scales | End= 4500 | deg
Cpgo 000002 004 108 103 10 Reset Legend Position .10 . 100 dee
-004
-008 v All Polar Graphs (A) Wiscous Tnit BL
-0.08 Two Polar Graphs (m Store Opp
-0.10
Clvs. cd o) Analyze
Cl vs.Alpha &)] Folar properties
Cl vs. Xtr. (3)
Cm vs.Alpha (@)
) Glide ratio vs. alpha (s)
0|
0 Highlight Current OpPaint (Crl+H)
s oo crach Curos Soti
raph Gurve Settings
o2 Alpha o2 Alpha
1] 1] Curve Paints
g 100OZ0N 0009 10 _ppz MOWOTOA0E0N 10 .
e
-00d -00d .
-006 -006 Width
-008 -008 Colar
=010 =010

2 TILHETA*
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#= QBlade v0.6 on XFLRS v6.06 E@

Eile View Foil Design Analysis Polars Operating Points Options 2

G A ~XN» -~ /]

HDirect (34
Clod fnalysis settings
o
Gl Fe
o8 Sequence
Start= <1600 deg
06 End= 4500 | deg
A= 100 | dee
[irS Visoaus Tnit BL
Store Opp
02 Analyze
Alpha Palar properties
0
oo 002 0.04 006 003 010
-002
-004
Graph Curve Settines
-006 Gurve Foints
Style
-0o8 Width
Calor
-01n

R-aPILEET A

(18) Click Analysis — Define an Analysis.

s~ QBlade v0.6 on XFLRS v6.06 [E=3[E=R ===
File View Foil Design Polars Operating Points ~ Options  ?
[h ﬁ H Define an Analysis F6 ( /! I)'\ il
* 2l Batch Analysis Shift+Fs || f ¥ i
j" _ [E] rT— Multi-threaded Batch Analysis  Ctrl+F6 \
Reset XFoil XDirect 8 x
GlfCd XFoil Advanced Settings Analysis ssttings
LAl View Log File (8]
. ; . cl Re
e Sequence
Start= - 1600 | deg
16 (Eis 4500 | dee
A= 100 | deg
w0 Wiscous Tnit BL
Store Opp
oz Analyze
Alpha Polar properties
oo
000 002 0.04 005 008 010
-2
004
Graph Curve Settings
-0 Curve Foints
Style
-nng ihfidth
GCalar
=010
Defines a single analysis/polar T2 FILAET A

(19) Enter the analysis condition and click OK.
(a) Enter the Reynolds number calculated in I -1-(d).
(b) Enter the transition’s coefficient if needed. (ex. 9 —4)
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(c) Enter the transition position if needed.

|~ Analysis parameters for taishou [ =
Analyziz Name
@ Automatic User Defined
Th_Re0 005_m000_N4.0
Analyziz Type
@ Type 1 Type 2 Type 3 Type 4
Reynolds ard Mach Numbers
Plane Data Aerodynamic Data
Chord 0000 | m Unit @ Internationa Imperia
Span 0000 | m p= 1225 | kg/m3
Mass 0.000 | ke V= 1 52-05 | mafs
(a)
[ Reynalds = o | Mach = 0.00

Tranzition settings

Free transitions (en) method

Forced transition:

() |nCrit= 4000
TripLocation (top) 100
()| mipLocation (bot 1.00

—

(20) Click Analyze and start analyzing.

- Change the angle of a (0°~45°—-15°~45°)

= QBlade v0.6 on XFLR5 v6.06

File View Foil Design Analysis Polars Operating Points Options 2

Be A NN~ L
l{#[taishou

GlAGd
.10

~ [ TOR=0.005MO00N4D  ~ |

0.0g

006

002

Alpha
onn
Ut} 002 004 0.06 0.0% 0.an

-00?
-n04
-0
-0

=010

X = 0.111795, Y = 0.0159827

\‘ i

[E=5(E=H =
HDirect F X
Analysic settings
@ o ool Re
Sequence
e 1500 des
e 1500 dee
a= 100 dez
Wiscous Tnit BL
Store Opp
[ Analyvze

Polar properties

Type = 0 (Fixed speed)
Reynolds number = 4700
Mach number = 0.00

NCrit = 4.00

Forced top trans. = 100
Forced battom trans. = 1.00

Mumber of data paints = 0

Graph Curve Settings

Curve [T Paints

Style

Width | —— —

Coler | —— —

Y=o PILEETA*
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(20) Result shown below.

= QBlade v0.6 on XFLR5 v6.06 E’@

File View Foil Design Analysis Polars Operating Points Options 2

e A ~NXNw -~ A /)

%@[laishou ~ [TOR=0.005M000 M40 ~| 4500 ~|

caishou HDirect a8 x

GlAGd TO_Re0.005_MO.00_N4.! Pty e

@ o @ ol Re

Sequence

Start= 500 dee
End= 4500 dee

A= 100 dee

Viscous [] it BL

Stare Opp

[ Ainalyze ]

Paolar properties

Type = 0 (Fixed speed)
Reynolds number = 4700
Mach number = 0.00

NCrit = 400

Faorced top trans. = 1.00
Faorced bottom trans.=  1.00
MNumber of data points = 60

Graph Gurve Settings
Gurve [T Paints

-_e
wan

R-aPILEET A

I Analysis of the blade form

1. Obtaining data samples

(1) Preparation
- Change the blade form of the paper craft wind turbine.

- Design the blade form using the wire tie and the plastic tape as you did
for the symmetrical blade.

32



- Save the image in the computer using scanners or digital cameras.

EBE v SAJSUICEN * HEE v ASMF 23— STRAG  »

v| L » ENEE « 4 || mriEEOES o

e BEEAD [
§ 5930 K
eI
% BEER LIS

m

taisyou.jpg yoku.jpg

== P,
B FFax>r L
= E9Fv
B crar
& T1-Tvs

2 EoEE
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(2) Instructions

(a) Measuring the wind speed.
+ Use the data from I -1-(2) for the wind speed without the fan.

Measure the wind speed in front side and back side of the fan in
every length, air strength and take the average.

EE]

HI

%

o
b B A (A A
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2 2 E

0.74
1.0
1.2 4

(b) Calculate the reduction ratio
+ Calculate the reduction ratio using the next equation.

ey — BEAORE

BREALZLO®
_;’Jﬁiitt_
CE I - N
0.7 Y
1.00Q
1.2 9
S|

(c) Measure the revolution speed
+ Measure the revolution speed on every length and wind strength.
L8 | & | =&
0.7 4
1.040
1.2 4
(d) Calculate the Reynolds number
Substitute the result calculated in (a), (b), (c) using the spread sheet
software and calculate the Reynolds number.

2. Analysis

(1) Creating analyzing image
- Create the analyzing image as shown in I -3 and save the image

4 yoku-1.JpG
984x196 pixels;

[=]le s
pixeis; RGB, 753K
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(2)Analyze the image using Q Blade
(a) Click File — Airfoil Design.

1 QBlade v0.6 on XFLRS v6.06
View Foll Design Analysis Polars Operating Points ~Options

(& New Project Cirl+N —ﬁ i
& open.. cil+0
Insert Project...
[ Close the Project cerlsw atsnon Direct 8 x
TO_Re0.005_M0.00_N4.!
nalysis settines
H save ctrl+S = = = Analy: A
Save Project As... ®a ) ¢l 3
~_ Airfoll Design Cirl+1 Sequence
Start= =
R XFOIL Inverse Analysis Cerl+2 or 1500 deg.
~ XFOIL Direct Analysis ctrl+3 el 4500 dee
100 dee

we  Polar Extrapolation to 360
Vigcoug [ it BL

Store Opp

Multi Parameter BEM Simulation

~~ HAWT Rotorblade Design

Palar properties
Turbine BEM Simulation

Type = 0 (Fixed speed)
Reynolds number = 4700

VAWT Rotorblade Design Mach rumber =
" NGrit= 4
| Rotor DMS Simulation Forced fop trans.= 100

. - Forced bottom trans. = 1.00
Turbine DMS Simulation

Number of data points = 60
1 C:/Users/student/Desktop/ Il &/~ =1 7iLAETA.wpa

- Graph Curve Settings
2 C:/Users/student/Desktop/fIf &/~ —17)LA.wpa

Point:
3 C:/Users/student/Y =1 7L .wpa LR
Style
Exit cirl+Q iidth
Color
Open Foil Design application Y= 7L eRET A

)~ QBlade v0.6 on XFLRS v6.06
File View Foll Splines Options 2

Gw AR~~~ L | |

X-Scale
Y-Scale
x
¥
-0
AFail & x
Name ckness ( at (%) imber (¥ at(%) Points Flap (de 'EXHing 'EYHing Show  Points Zenterline Style
1 spiine foil 2159 1620 -225  95.70 60 0.00 0.00 00 [ ] ]
2|taishou 2297 1670 092 43:1 59 0.00 0.00 0.00 ] ]

-3 TR

(b)Remove the check from” taishou” and check Spline foil.
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»~ QBlade v0.6 on XFLRS v6.06 = o =
File View Foil Splines Options 2

/]\. ’f\ /ll‘ \ i

AFoil & x
Name ickness (¢ at (%) amber (% at(%) Points :Flap (de TE XHinge ME YHinge _Show Points  Zenterline Style
1 Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00
2 taishou 22.97 16.70 n.sz 43.21 59 0.00 0.00 0.00

I=aFNHTR*

(c)Click Splines — New Splines and click Yes.

~ QBlade V0.6 on XFLRS v6.06
File View Foil [Splines| Options ?

|:|>, = F Insert Control Point Shift+Click ,ﬁ / }\‘ K(
* Remove Control Point Crl+Click - |
p P
%% 5|71 Undo Ctrl+z
X-Scale = 1.0
Y-Seale = 1.0 ™ Redo Ctri+Y
x = 0.1507
v = 0.1%81 New Splines
Splines Params
% Store Splines as Foil
Export Splines To File
.0
o
AFoil g X
Name ckness ( at (%) mber (% at(%) Points Flap (de EXHing EYHing: Show  Points Zenterline Style

H Spline foil 21.59 16.20 -2.25 95.70 60 0.00 0.00 0.00 m ] E}
2 taishou 22.97 16.70 0.92 43.21 59 0.00 0.00 0.00 (=] ] m E}

Reset the splines J-aTILEET A
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(=]

l Yes H Mo H Cancel ]

(d) Do the same procedure following I -4-(4)~(15)

= QBlade v0.6 on XFLRS v6.06 [E=HESE B0

File View Foil Splines Options 2

GoANKN >~ /4]

0 ~1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
#Foil a8 x
Name ckness ( at (%) mber (¥ at(%) Points Flap (de E XHing E YHing Show Points  Zenterling Style
1 Spline foil 12.20 5.10 -4.42 85.00 60 0.00 0.00 0.00 (@] (@] (&)
2 taishou 22.97 16.70 0.92 43.21 29 0.00 0.00 0.00 =] =] |
3| yoku 13.40 11.37 6.41 29.38 59 0.00 0.00 0.00 ] |

N3 7SR
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s Rename

& foil of that name already exists
Pleage enter a new name

R XS

Exizting Mames:

taishou
yoku

Ok

] [ Cancel ] [ Crverarite

Mote : Owernrite will delete Opps and reset polars

(e)Click File — X foil Direct Analysis.

= QBlade v0.6 on XFLR5 v6.06
View Foil Splines Options  ?

[ New Project

= Open..

Insert Project...
Close the Project

Cirl+N
Ctrl+0

&
H

Ctrl+W

Save
Save Project As...

Ctrl+5

Airfoil Design Ctrl+1
Ctrl+2

Ctrl+3

XFOIL Inverse Analysis
XFOIL Direct Analysis

we  Polar Extrapolation to 360

HAWT Rotorblade Design

J.. Rotor BEM Simulation

Multi Parameter BEM Simulation

Turbine BEM Simulation

VAWT Roterblade Design

Rotor DMS Simulation

Turbine DMS Simulation

1 C:/Users/student/Desktop/fIE =/~ =1 FILAETA.wpa

2 C:/Users/student/Desktop/fIE =#H/~ =21 FILA.wpa
3 C:/Users/student/~¥ =177 )LF.wpa

Exit

ctrl+Q

(=8 EoE =)
& [ K\ k
I /‘ N y
AR AR AL LA LR N R RN AR RN AR R AR RN R |
0.5 Q.8 0.7 0.8 0.9 1.0

7 X

lap (de 'E XHing E YHing: Show Points  Zenterline Style
0.00 0.00 000, [ B B
0.00 0.00 0.00 [ B ]
0.00 0.00 0.00 B ]

Open XFoil direct analysis application

R PIBETA*
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b= QBlade v0.6 on XFLRS v6.06
File View Foil Design

Analysis Polars Operating Points  Options 2

INVERSE
(R H N~
[N [ rr—

taishou HDirect
GlACd R

F X
TO_Re0.005_M0.00_HN4.: Analysis settings
« ol Fe
Sequence
Start= ~1500 | deg
End= 4500 | dee
2= 100 | deg
Wiscaus Tnit BL
Store Opp
Analyze

Polar praperties

Graph Curve Ssttings
Curve Paints
Style

iictth

Color

X2 FILHET R

(f)Change from “taishou” to “yoku”.

= QBlade v0.6 on XFLRS v6.06
File View Foil Design Analysis Polars

R H NN
TN [ re—

Operating Points  Options 7

taishou
= taishou HDirect 8 %
Glod TO_Re0.005 MO.00 ML L s

@« Gl Re
Sequence

Start= 1600 | deg
= 4500 | des
A= 100 | deg
Viscous Init BL
Sitore Opp

finalyze

Palar properties

Graph Curve Settines
Curve Faints
Style

Wiicth

Golar

X = 2.76923, Y = 2.58635

N2 FILEET R
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(g)Analyze following the procedure through I -5-(18)~(20).
* Type in the Reynold’s number calculated in 1I-1-(d)

k= QBlade v0.6 on XFLR5 v6.06 E@

File View Foil Design Analysis Polars Operating Points Options 2

Gw A ~NKNw -~ L+ [ S

L,_@\yoku ~ [T0Re0005 MDD NAO  ~[ 4500 ~]
taishou HDirect 8 X
cid TO_ReD.COSMOLO0NE.
voku @ o Gl Re
—— TORe0.C0SMO.00NL
e 1600 dee
s 4500 dee
o= 100 deg
7] Vissous Init BL
7] Store Opp

finalyze

Palar properties

Type = 0 (Fixed speed)
Reynalds number = 4700
Mach number = 0

MNCrit = 4.00

Forced top trans. = 1.00
Forced bottom trans. = 1.00

Number of data points = 61
Graph Gurve Settings

V| Gurve Points
Style

Width

Galor

X = 44.7692, Y = -0.722098 ~N= 1 7)LSET A
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Il Considering the best wing form

1. Analyze

(1) Click File — Airfoil Design.

= QBlade v0.6 on XFLR5 v6.06

View Foil Design Analysis Polars Operating Points Options ?

[} New Project Ctrl+N _F f‘; ?'\ I‘.
= Open. Ctrl+0 / !
Insert Project...
[% Close the Project Ctrl+W aishon WDirest 8 x
TO_Re0.005_MO.00_N4. .
H save Ctrl+5 - = = fnalysis settines
Save Project As... voku @ o ool Re
—— TO_Re0.005_MO.0O_N4.
~._ Airfoil Design Ctrl+1 Sequence
Start= _
X XFOIL Inverse Analysis Ctrl+2 o 1500 deg
~ XFOIL Direct Analysis Ctrl+3 e 4500 deg
a= 100 deg
we  Polar Extrapolation to 360
Viscous [7] Tnit BL
-~ HAWT Rotorblade Design Stare Opp
Multi Parameter BEM Simulation
Polar properties
Turbine BEM Simulation
Type = 0 (Fixed speed)
. Reynolds number = 4700
VAWT Rotorblade Design Mach number = 0.00
: _ WCrit= &00
Rotor DMS Simulation Forced top trans. = 1.00
. . Forced bottom trans. = 1.00
Turbine DMS Simulation
Number of data points = §1
1 C:/Users/student/Desktop/fIE ZH/I =21 FILHEIH.wpa
Graph Curve Settings
2 C:/Users/student/Desktop/fIE =H/Y =21 FILA.wpa
— Curve [ Points
3 C:/Users/student/~¥ =2 7)LFH.wpa
Style
Exit Ctrl
! 75 Widh
v,
Open Foil Design application X FILEETA*
= QBlade v0.6 on XFLRS v6.06
File View Foil Splines Options 2
+ | i
N /

ARLNRRRRRRRR AN AR RN RN AR R AR AR RR RN R RN R AR AR AR
M 0.3 0.4 0.5 0.6 0.7

|\
0.

8 9.9 1.0
AFoil F X
Name ckness ( at (%) mber (¢ at(%) Points Flap (de¢ E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 12.20 5.10 -4.42 85.00 60 0.00 0.00 0.00 =] =] B
2 taishou 22.97 16.70 0.92 43.21 59 0.00 0.00 0.00 (=] ] ]
3‘yoku 13.40 11.37 6.41 29.38 59 0.00 0.00 0.00 = (=]

N1 FILEETR*
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(2)Click Foil — Scale camber and thickness

= QBlade v0.6 on XFLRS v6.06
File  View m Splines  Options 2
Rename... F2 i f
i / \
l:'?i 4 Delete... / AN L T( / N )\
ﬁ) p 1 Export...
X-Scale = Duplicate
¥-5cale =
x = 0.1 Hide All Foils
= 0.1
o Show All Foils
Normalize the Foil
De-rotate the Foil
Refine Locally
Refine Globally
Edit Foil Coordinates L L L L R N N R N AR N AR AR RN AR
q Scale camber and thickness 0.3 0.4 0.5 0.6 0.7 0.8 1.0
Set T.E. Gap
Set L.E. Radius
Set Flap
Interpolate Foils
Generate a Circular Fol
Aol == E & x
Manage Foils F7
Name ckness [ at (%) mber (% at (%) Points Flap (de 'E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 1220 510  -442 8500 60 000 000 000 [ B = E]
2 taishou 2287 1670 082 43.21 s 000 000 000 [ &l &l [E]
Myﬂku 13.40 11.37 6.41 29.38 59 0.00 0.00 0.00 i} i} [E]
T2 FIEETA*
b= (Blade V.6 on XFLRS v6.06 = 2
L/ N B
1 ) I
=
41 SChord o U= 1%
HE Nhoed -t' Toos
A
O, 0.2  Thickness
ks 1340 MChord " J o
M gt 1137 Mohoed d 1o
Festorn [ o ] [ Cancel |
AFoil & X
Name ckness [ at (%) wmber (% at (%) Points Flap (de E XMing E YHing: Show Points  Zenterling Style
1 Spline foil 12,20 510 4,42 £5.00 60 0.00 0.00 0.00
2 taishou 22.97 16,70 0.9z 43.21 59 0.00 0.00 0.00
|3iynku 12.40 1137 6.41 2938 58 0.00 0.00 0.00 i
=S )
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(4) Name the blade and save. (ex. yoku-chanmber)

J= QBlade v0.6 on XFLRS v6.06 [=]=] = ]
File e Foil Splines O ns
INVERSE f i
k& H N w4 N
X-Scale
Y-5cal
x =
v o= B e e
o
s
|4~ Rename
A foil of that name already exists
Please enter a new name
woku-camber =
III|III\‘HII|IIH‘\IIIlIIIIlHH‘III"I"F
6 0.7 0.8 0.9 1.0
Existing Names:
taishou
yoku
AFoil 1 7 x
Name ckness ( at (%) E YHing Show Points  Zenterling Style
[ ok | [ cancal | [ Overwite
1 Spline foil 13.02 6.90 0.00 B B B [E]
) MNote : Owerwrite will delete Opps and reset polars
2 taishou 2520 16.32 000 [ B B [E]
|;‘yoku 1444 1108 TTEEOTESET ) 0.00 0.00 0.00 ] ] [E]
*

= QBlade v0.6 on XFLRS v6.06
Eile View Foil Splines Options 2

[/ p 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AFoil 8 x
Name ckness ( at (%) wmber (¥ at(%) Peints Flap (de E XHing E YHing: Show Points  Zenterling Style
1 Spline fol 12.20 510 442 85.00 60 0.00 0.00 000 [ B | [E]
2 taishou 2297 16.70 092  43.21 59 0.00 0.00 000 [ & B [E]
3 yoku 1340 1137 641  20.38 59 0.00 0.00 0.00 B [l [E]
mVoku-camber 13.35 1138 958 3118 50 0.00 0.00 0.00 B B [E]

T2 FILSETA*
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(5)Select the third blade(yoku).

[E=8 [HER 5

= QBlade v0.6 on XFLR5 v6.06
File View Foil Splines Options ?

T INSNESUE
PPHR=TINE

X-Scale = 1.0

\Illlll\l TTI Illlll‘III\|IHI‘\II\‘II\Ill\Ill\II\‘IHIlHII‘Illllll\IlHI\‘I\Hll\Ill
. w1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

AFoil

Name ckness ( at (%) imber (% at (%) Points Flap (de 'E XHing E YHing: Show Points  Zenterline Style

1 spline foil 12.20 5.10 -4.42 85.00 60 0.00 0.00 0.00 B | B [E]

2 taishou 2297 1670 092  43.21 59 & & [ [E]
TN - ———
4 yoku-camber 13.35 1138 958 3118 B B [E]

Y2 PILET A

(6) Click Foil — Scale camber — thickness and adjust the Thickness gage.
Change the thickness of the blade and click ok.

b= QBlade v0.5 on XFLRS v6.06 ocll@=
Splines
AR i 3
360" | - A i
B ANKN -~ 4]
- t
PPE=TIMR
X-Scale = 1.0
Y-Scale = 1.0
X = 0.0425
y = 0.1932 - ——
-~ T —
et —
& ol Geometry e
'.ﬂ Camber
g —1 Vol 841 KChord " 0 0%
I [rrp— 1338 XChord [ {J 1%
ota_ et o o
Thickrmss
Vol 1840 Nohord " <—{) 20% |
Max x=poz 1137 XChord w1} 100%
AFoil & %
| Name chness | at (4 ok | Cancel, ] B
1 Spline fail 12.20 —
2 taishou 297 16.70 0.92 43.21 50 0.00 0.00 0.00 |
|3jyuku 1340 1137 641 2938 59 0.00  0.00 0.00 [ & | —
4 yoku-camber 1335 1138 958 3118 56 0.00  0.00 0.00 [ |

I=a2PARITA
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(7) Name the blade and save.(ex. yoku-thickness)

Jm QBlade v0.6 on XFLRS v6.06 [= =] ==]

F ew Foil  Splines

e ANKSN >~ + /)

L4 t
PPR=T IS
X-5cale = 1.0
Y-8cale = 1.0
x = 0.0425
y = 0.
& foil of that name already exists
Flease enter a new name
0.6 0.7 0.8 0.9 .0
Exigting Names:
taishou
yoku
yoku-camber
AFoil g x
Name ckness ( at (%) ing E YHing: Show Points  Zenterling Style
1 Spline foil 12.20 4 ok ] [ ] [ovewie 00 00 [ B B [E]
2 taishou 2297 16.7 Mote : Cverwrite will delete Opps and reset polars .00 0.00 B B B [E]
I3 yoke me 13 © oo B | B —
4 yoku-camber 13.35 11.38 9.58 31.18 59 0.00 0.00 0.00 = = E}

N1 PSR

(8) Now you get three kinds of blades.

= QBlade v0.6 on XFLRS v6.06
Eile View Foil Splines Options 2

Bw RN =~ L f ) § ]

0\ 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AFail 8 x
Name ckness ( at (%) mber (% at(%) Points Flap (de E XHing E YHing: Show Points  Zenterline Style
1 spline foil 12.20 510  -442 8500 50 0.00 0.00 000 [ B & E]
2 taishou 2297 1670 0.8z 4321 59 0.00 0.00 0.000 [ B B E]
3 yoku 1340 11.37 641 29.38 59 0.00 0.00 0.00 [l B [E]
4 yoku-camber 1335 1138 058 3118 s6 000 000 0.0 & & [E]
Hyoku-thickness 7.38 1137 717 3118 50 0.00 0.00 0.00 [l m [E]

Y2 PILBETR*
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(9) Click File — X foil Direct Analysis.

= QBlade v0.6 on XFLRS v6.06
File | view Foil Splines Options ?
[ New Project Ctrl+N _r\ /.‘ I\“ )}
= Open... Ctrl+0
Insert Project...
[& Close the Project Ctrl+w

Save Ctrl+5
Save Project As...

/

Airfoil Design Ctri+1
XFOIL Inverse Analysis Ctrl+2
XFOIL Direct Analysis Ctrl+3

E

/| A

L4

Polar Extrapolation to 360 LR AR AR RN AR AR R R AR RO

0.5 0.8 0.7 0.8 0.9 1.0
~~  HAWT Rotorblade Design
|

.. Rotor BEM Simulation
Multi Parameter BEM Simulation

+  Turbine BEM Simulaticn

VAWT Rotorblade Design
Rotor DMS Simulation
Turbine DMS Simulation

lap (de E XHing E YHing: Show Points  Zenterling Style
1 C:/Users/student/Desktop/f0E #=5/~¥ =1 7L A.wpa
s om o ow B B B
2 C:/Users/student/Desktop/TIE =F/~¥=17ILA.wpa
3 C:/Users/student/~¥ =1 7)L.F.wpa 0.00 0.00 0.00 m

Exit Ctrl+Q 0.00 0.00 0.00

4 yoku-camber 13.35 11.38 9.58 31.18 59 0.00 0.00 0.00

OE O3

Ig‘voku-thickness 7.38 11.37 717 31.18 59 0.00 0.00 0.00

Open XFoll direct analysis application N2 7L A

(10)Change from “yoku” to ” yoku-camber” .

= QBlade v0.6 on XFLRS v6.06
File View Foil Design Analysis Polars Operating Points Options 2

s LEA| ] N ]

INVERSE

(k& A NN
(A [ reereree—

taishou #Direst & x
TO_Re0.005_MD.00_N4.i
= - = Analysis settines

voku Gl Re

TO_Re0.005_M0.00_N4.!
- - - Sequence

Siits ~15.00 | deg
End= 4500 | deg
A= 100 deg
Viscaus Init BL
Store Opp

Bnalyzs

Falar properties

Graph Gurve Settines
Curve Paints

Style

Width

Galar

X = 8.30769, Y = 4.4017 Y= PILHETR*
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(11) Do the same as I -5-(18)~(20) for “yoku-camber”, "yoku-thickness”
and analyze.
* Type in the Reynold’s number calculated in I -1-(d).

= QBlade v0.6 on XFLRS v6.06 EI@

Eile View Foil Design Analysis Polars Operating Points  Options 2

Gow A NN~ L+

I [E] [oku-thickness v [ToRe0005 M0N0 w | s500 <]
taishou HDirect J X
TO_Re0.005_M0.00_N4.!
CI/Gd - - - Analysis settings
voku @ o Gl Re
TO Re0.005 MO.00 N4.!
5 - - - V| Sequence
yoku-cambexr Start= -15.00 deg
TO_Re0.005_M0.00_N#.! _
End= 4500 deg
yoku-thickness A= 100 deg
TO_ReD.005 _M0.00_N4.!
9] Wiscous Tnit BL
] Store Opp

finalyze

\%\ Palar properties
Type = 0 (Fized speed)
Reynolds number = 4700
Mach number = 0.00
NCrit = 400
Forced top trans.= 100
Forced bottam trans. = 1.00
Alpha Number of data points = 61
40 Graph Gurve Settings
V| Gurve Paints

Style
Wfidth

Calor

N1 7Lt
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+ taishou.bmp

These are images made in this manual.

= QBlade v0.6 on XFLR5 v6.06

Eile View Foil

Options

AFail
Name ickness (¢ amber (% at (%) Points  :Flap (de TE XHinge TE YHinge Points  Zenterline
1 spline foil 12.20 442 85.00 60 0.00 00 [ B B
2 taishou 22.97 0.92 43.21 59 0.00 0.00 [} =]
3 yoku 13.40 6.41 29.38 59 0.00 0.00 =) [}
4 yoku-camber 13.35 9.58 31.18 59 0.00 0.00 =] [}
5 yoku-thickness 7.38 7.17 31.18 59 0.00 0.00 = (=]
N2 FILSETA*
.
yoku.bmp
= QBlade v0.6 on XFLR5 v6.06
Eile View Foil Options
INVERSE | Ly
360° \f X
~ N / \

0. Tl 0.3 0.6 0.
AFail
Name ickness (¢ amber (% at (%) Points  :Flap (de TE XHinge TE YHinge Points  Zenterline
1 Spline foil 12.20 -4.42 85.00 60 0.00 0.00 ] =]
2 taishou 22.97 0.92 43.21 59 0.00 0.00 1 ] =]
3 yoku 13.40 6.41 29.38 59 0.00 0.00 | =] =]
4 yoku-camber 13.35 9.58 31.18 59 0.00 0.00 [} (]
5 yoku-thickness 7.38 717 31.18 59 0.00 0.00 [} (]

YT P AT
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* yoku-camber.bmp

= QBlade v0.6 on XFLRS v6.06
Eile View Foil Splines Options 2

G & H
PPYE=+T N8

5
X-5cale = .0
Y-scale = 1.0
x = 0.5990
v = -0.1234
RS RN RA RN L R R LN R A RA R AR RN R AR N R AR RE RN RN R ARR N ARAN AR RARRRRRANY
0. 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1.0
AFall 5 x
Name ickness (* at (%) amber (% at(%) Points :Flap (de IE XHinge TE YHinge Show Points  Zenterline Style
1 spline foil 12.20 510 442 85.00 60 0.00 0.00 000 [ B [l [E]
2 taishou 297 16.70 002 4321 59 0.00 0.00 000 [ B al [E]
3 yoku 1340 1137 641 20.38 59 0.00 0.00 000 [ B al [E]
4 yoku-camber 132.35 1138 958 3118 50 0.00 0.00 0.00 B al [E]
5 yoku-thickness 738 1137 717 3118 59 0.00 0.00 000 [ B B [E]

XA 7T A

+ yoku-thickness.bmp

= QBlade v0.6 on XFLR5 v6.06
Eile View Foil Splines Options 2

KN w At [

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AFail B x
Name ickness (¢ at (%) amber (% at(%) Points :Flap (de IE XHinge TE YHinge Show Points  Zenterline Style
1 Spline fail 12.20 510 442 85.00 60 0.00 0.00 000 [ & & [E]
2 taishou 2297 16.70 002 43.21 59 0.00 0.00 000 [ & & [E]
3 yoku 1340 11.37 20.38 59 0.00 0.00 000 [ & & [E]
4 yoku-camber 13.35  11.38 9.58 3118 59 0.00 0.00 000 [ ] ] [E]
5 yoku-thickness 738 1137 717 3118 56 000 000 0.0 B B [E]

N a7

50



2. Considering the best wing form

(1) Save the image

(a)Check only on “yoku-thickness”.
" Qlode 0.6 on XPLRS v6.06 =8t -
File \Mww Fgil Spines  Options 7
GeANK~Nw ~ L + /!
PPR=TI0®

Y-Scale = 1.9
® = 0.3171

y = -0.1312
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AFail -
[ Name ickness (* at(s) amber (% at(%) Points :Flap (de [E XHings IE vHings| Show | Points enteriine Style ]
1 Spline foil 12,20 510  -442 8500 60 0.00 0.00 0.00 ] | |
2 taishou 207 1670 092 43 59 0.00 0.00 0.00 |
3 yoku 13.40 1137 641 29.38 59 0.00 0.00 ooa]l 1 i} ] _|
4 yoku-camber 1335 1138 958 3118 59 0.00 0.00 0.00 |
5 yoku-thickness 738 1137 747 3118 58 0.00 0.00 o00| M |

F=a PSR

(b)Choose ” yoku-thickness” from Style as shown below.
ey
GeANK~N= -~ 1 + /|
PPE=TINMS®

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AFoil & x
[ Name ickness (* at(%) amber(% at(%) Points i Flap (de EXMinge [E YWinge Show  Points  “enterdine Style
I) Spline Foil 12.20 510 -442 8500 60 0.00 0.00 0.00 ] ] < |
|2 taishou 207 1670 092 43 58 000 000 0.00 |
|3 yotu 1340 111 641 2038 9 000 000 000 [ F [ —
|4 yoku-comber 1335 1138 958 318 55 000 000 000 [ ] [ I e —
[5 yokou-thickness 738 1137 747 3118 58 000 000 000 @ Fl 1 [—

N2 FIEA
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(c)Choose Width and change the width of the line.

b= QBlade v0.6 on XFLRS v6.06
e e Foil ~ Splines

|| Line Picker
wl\l\l\\l\”l\\lll\ll TTTT[TTTT[TTTIT[TITTTTTT
T St [ |
0.0 0.1 0.2 0.3 0.4 0.5 0.9 1.0
Width [ |
o E
T
AFail [0
Name ckness ( at (%) mber (¢ at(%) Points Flap (de E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 12.20 510 442 85.00 60 0.00 0.00 000 [ = B E}
2 taishou 2297 16.70 062 4321 56 0.00 0.00 0.00 [ = B E}
3 yoku 1340 1137 641 20.38 56 0.00 0.00 0.00 [ H B E}
4 ynku-namber 13.35 11.38 9.58 31.18 58 0.00 0.00 0.00 D D D E}
Hyﬂku-th\ckness 7.38 11.37 7.17 31.18 58 0.00 0.00 0.00 D D E}
=21 PILEETA
)= QBlade V0.6 on XFLRS v6.06
Eile View Fail Splines Options 2
| i
/ Y Y
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Afall 5 x
Name ckness ( at (%) wmber (% at (%) Points Flap (de E XHing E YHing: Show  Points Centerline Style
1 Spline foil 1220 510 442 85.00 60 000 000 000 [ ] & [E]
2 taishou 2207 1670 0902 43.21 59 0.00 0.00 000 [ B B [E]
3 yoku 1240 1137 641  20.38 59 0.00 0.00 000 [ B B [E]
4 yoku-camber 13235 1138 058 3118 59 0.00 0.00 000 [ B B [E]
|;|y0ku-th\ckness 738 1137 717 3118 59 000 000  0.00 B B [E]

¥ TaPILEETA
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(d)Click View — Save View to Image File

= QBlade v0.6 on XFLRS v6.06 E@

File Foil  Splines  Options 2
Show Current Foil f K
G - | 'ﬁ / \‘ }
Hide Current Foil P
ﬁ) Show All Foils
¥-5d Hide All Foils
¥-Sc
x = Zoomin
¥ -
& Zoom Less
== Reset X Scale
Reset Y Scale
%% Reset Scales (R)
Show Legend
T[T T T T[T [T I I T T I T[T 77T
Show LE Circle
0.4 0.5 0.6 0.7 0.8 0.9 1.0
Grid Options
Load background image Ctrl+Shift+1
Clear background image Ctrl+Shift+1
Save View to Image File Ctrl+1
AFoil 8 x
Name ckness ( at (%) wmber (% at (%) Points Flap (de 'E XHing E YHing: Show Points  Zenterline Style
1 Spline foil 12.20 510  -442  85.00 60 0.00 0.00 0.00 [ B B E]
2 taishou 2297 1670 002 4321 50 0.00 0.00 000 [ B B E]
3 yoku 13.40 1137 641 20.38 50 0.00 0.00 000 [ B B E]
4 yoku-camber 1335 1138 958 3118 59 0.00 0.00 000 [ B B E]
Myoku—thickness 738 1137 747 3118 50 000 000  0.00 B B [E]
Saves the current view to a file on disk <=3 7ILEETA
= QBlade v0.6 on XFLRS v6.06 [E=@]==]
#~ Save Image @
—
&)= » mem - [ ][ EEEnE= 2]
=E - FLWIALT— = @
i BRICAD
§ HOLO-K
CESCIS
L BERRUISE
= S1T5u
@r‘$1>(/r\ \l\ll\ll\\l‘ll\l‘lll\ll\l\[
= oFe 0.2 0.9 1.0
H exr
& Z1-Tvs -
T7AILE&(N): yoku-thickness -
7 - JLDESE(T): |Windows Bitmap (*.bmp) -
~ JHIT-OFER g x
TvaT CRITeSS AT YOS AT O T OTTS— T Tap oW Points  Zenterline Style
1 spline fail 12.20 510 442 85.00 50 0.00 0.00 000 [ ] B [E]
2 taishou 2287 16.70 082 4321 56 0.00 0.00 0.00 [ & B [E]
3 yoku 1340 1137 641 2938 59 0.00 0.00 0.00 [ & B [E]
4 yoku-camber 13.35  11.38 0.58 3118 59 0.00 0.00 000 [ ] B [E]
E|y0ku-thickness 738 1137 717 3118 50 0.00 0.00 0.00 & B [E]

Y ZaFILEETA
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(2) Printing the image
(a)Activate Image J.

4 Imagel = = (=]
File Edit Image Process Analyze Plugins Window Help
[=felfailo PPk SNV ENVIPACILALN AP APAT TN L]

*Rectangular® or rounded rectangular selections (right click to switch)

(b)Click File — Open.

¢ Imagel o & S
§l=8 Edit Image Process Analyze Plugins Window Help

\ 2|0 2| @pefsera] 04| & |»]

-

New
Open... Ctri+0O

Dev
-

Open Next Ctrl+Shift+O

Open Samples 4
Open Recent ’
Import 4

Close Ctri+W
Close All

Save Ctri+S
Save As 4
Revert Ctri+R

Page Setup._..
Print... Ctrl+P

Quit
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(c) Choose yoku-canber.omp from images saved in I-1-(1)
|£:| Open

o IDIBFR (D | | BHFE

E cf B~
<
BIF T LR

FAOb?

3433

A

-

Jka—h—
=Y
w

Fybl=4

e R
A LDAEER(T:

|y0ku—thmkness

[FATDPPA L (+2)

~] o |

= Feubl

£ Imagel

[=l= =
File Edit Image Process Analyze Plugins Window Help

Bolz|o| <4l Ala o) 2] s s|a|o] | |»]

Arrow Tool

& yoku-thickness.bmp
973x327 pixels; RGB; 1. 2MB

¥-Scale = 1.0

x = 0.0340
y = 0.1%81

[==]=

0.0 0.1 0.3 0.4 0.5 0.6

1.0

(d)Draw a line from the front to the back of the blade using Straight tool.
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£ Image) [=]®
File Edit Image Process Analyze Plugins Window Help

oloja|fF« ||| Al o] 2] |mss]a]] | |=|

*Straight*, segmented or freehand lines, or arrows (right click to switch)

s
X

1 yolcu-thickness.bmp

[E=S o ==
973327 pinsls; RGE, 1.2MB
X-Szale = 1.0
Y=-Scale = 1.9
X = 0.0340
y = 0.1981
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I1IIrIIFI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 .0
(e) Click Analysis — Set Scale.
ﬁ Imagel EI@
File Edit Image Process m@ Plugins Window Help
Clola|ORE altl] e  amn |48l | |=]
*Straight*, segmented or freehand Analyze Particles... )
Summarize
& yoku-thickness.bmp Distribution. .. =N
973x327 pixels, RGE; 1.2MB
X-5cale = 1.0 Label
Y¥-5cale = 1.0
x = 0.0340 Clear Results
v = 0.1981

0.0 0.1 0.2 0.3

Set Measuremenis...

Set Scale

Calibrate...
Histogram
Plot Profile
Surface Plot.__

Ctrl+H
Ctri+K

Gels

Tools

0.7 0.8 0.9

1.0

(f) Type in the whole distance of the blade in Known distance and type
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[mm] in Unit of |

ength.

4 Image)

(=] @ [&=]

Flle Eait Image Process Analyze Plugins _Window Help
p— . —————

[=[e={(S

i SetSeale

|l al ] | -]

x=453, y=90, val

4 yoku-thickness.bmp
8730327 pixels, RGE, 1.2W8

Distancs in pheets: [§23

X-Scale = :_‘D

Wrown Bstance [0¢
Pixel aspect ralio:

-
Unét of length: F_ |

¥-Scale = 1. |
x = 0.0340
y = 0.1881
Click to Remove Scale
I Giobal
Scale: 14.964 pixelsimm
OK | Cancel| Help
JJ_J UL LN AR LLARN LA LA RLI L
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1.0
(9) Click File — Page Setup.
1+ Imagel E=n il ==
Iig Edit Image Process Analyze Plugins Window Help

New PR o] sl s |a]2] | 2]

apen... Ctri+0

Open Next Ctri+Shift+O
4 yoku-thickness.bmp Open Samples v [=1ErE=]
65.02x21.85 mm (973x327), RGE; 1.2MB
X-Scale = 1.0 Open Recent »
¥-Scals = 1.0
x = 0.0340 Import L4
¥ = 0.1981

Close Ctri+W

Close All

Save Ciri+S

Save As 4

[ ‘II\IlH Revert Cir+R ‘\I\Irl\l\‘l\II|IIH|\Illll\\\‘lllll\\Hll\ll‘\\\ll\ll\r
0.0 0.1 et 0.5 0.6 0.7 0.8 0.9 1.0
Print__ Ctri+P
Quit

(h)Check Print actual size and click ok.
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4 Image) = @7
File saa A=alyze Plugins Window Help
o Hiresan el o o] 2| jojsn)s]8]2] | =]
x=1g| Scale: [100 %
£ yoku-thickness_bmp I Draw border =s|[=]=
65.02x21.85 mm (97 3x327); RGOS, 1.2MB
Feares 1o | ¥ Canter on page
-Seale = 1.
x = 0.0340 I~ oot wwe
v = 0.1981 [ Rotate 90°
DK | Print | Cancel
T T T T T T T ToTT T T T T
0.0 0.1 0.2 0.3 0.4 0.8 0.8 0.7 0.2 0.9 1.0
(iYCheck File — Print and click ok.
< Imagel [E=SEoR &)
G Edit Image Process Analyze Plugins Window Help
tew rhfols] fefs s o] | |=]
Open._. cri+0
Open Next Ctri+Shift+O
4 yoku-thickness.bmp Open Samples > [E==]
65.02x21.85 mm (973x327); RGB; 1.2MB
¥-Scale = Open Recent L4
Y-Scale = 10
x = 0.0340 Import 4
y = 0.ig81
Close Ctri+wW
Close All
Save Ciri+S
Save As >
TTT T Revert Cir+R A RN RN RN A R RN AR RN AR RN
0.0 0.1 Page Setup... 0.8 0.6 0.7 0.8 0.9 1.0
‘ Quit |

« It will be printed as the same size as selected at II-2-(2)-(f).
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(3) Reforming the blade
(a)Cut out the image printed in I-2-(2)-(i). (making the blade gauge)

(b)Put the blade gauge to the blade and make it fit.
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(c)Measure the wind speed, revolution speed as shown in II-1 and
watch closely to the difference.
(It might be different from the hypothesis you made depending on
other conditions)

Appendix: Preparation
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(1) Paper craft wind turbine
(2) Fan

(3)Convex (2m)
(4)Tachometer

(6)Scanner or a digital camera
(7)Windows PC
(8)ImageJ

(9)QBlade

(10)Spread sheet program
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