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:;[3 Iew Polar ] [ Edit Polar ] [ Delete Polar
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Y x End=
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Cl= -0.545 Curve [ Paints
Cm= -0.048 style |- 3
Cd= 0.041
/D= -13.383 width [ j
’ Upper Trans. = 0.605 color [ ]
< Mumber of Panels = &6 Lowrer Trane = 0.008

*




leade %AL;)\\ K]:ml” LNJYE ZN mtyg Loyel m, hl)b : 81/\11 J.=§¢ll

File Options ?

DmB L0~ N6~ D

- -—

OFEM <958

e B lgaad 5 € /C)) G 5 ) ey Jibas 5 C) CA)S\JALMQ\J#M\ Jaa Jia
) Ay Al O laall o3l (5 ilall adadall i it il ki LS g sall akadll o) i)

5809 gaia

File View 360Polar Options 7

EBO\\“M‘ PSRN E It

Airfoils Polars
&
WT

360 Polars
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n Rotor Blade
I e -]

HAWT = N B — 3
3D View Controls F Y
fitto saea| show Rotor [(Surfaces | [[Fellout | [TEAE QU]  Fill Fois
[EL setungs] ‘erspective Foordnate:l [ml Posbon] =il Names
Elade Data
NE=3
3 blades and 0.06 m hub radius [] Blade Root Coordinates

Pos (m) Chord (m) Twist Foil Pola
2 0072 0,0545874 13,8424 MREL's 5809 Airf... T1_Rel000 |=
3 0084 0,0479335 10,6444 MREL's 5809 Airf.. T1_Rel.000
4 0,096 0,042627 814814 MREL's 5809 Airf.. T1_Rel.000
5 0108 00383258 6,15242 MREL's 5809 Airf.. T1_Rel.000
6 012 00347818 452411 MNREL's 5809 Airf.. T1_Rel.000
7 0132 00318182 317234 MNREL's 5809 Airf.. T1_Rel.000
8 0144 00293074  2,03336 MREL's 5809 Airf.. TL_Rel000 |
9 015 00271553 1,06131 MREL's 5809 Airf... T1_Rel.000
10 n1es nnI%I01a N 232458 KIBEL'- €3N0 Ai T1 Ral 00N
4| . | [ S
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O NN 3 Ay

. OFEM o

Rotor Blade

HAWT & _
NB=3
-
3D View Controls N
[t to Sereel| [show Rete] [Surfacss | [[Feiout | [TELEOW]  Fil Fois
’erspective oordinate: oil Position  =oil Mames
Blade Data
MB=3
3 blades and 0.06 m hub radius ] Blade Root Coordinates
Pos (m) Chord (m) Twist Feil Pecla
2 0072 0,0545974 13,8424 NREL's 5809 Airf... T1_Rel0oo0 |5
3 0084 0,0479335 10,6444 MREL's 5809 Airf... T1_Rel.000
4 0,096 0,042627 8,14814 MREL's 5809 Airf... T1_Rel.000
5 0,108 0,0383258 6,15242 MREL's 5809 Airf... T1_Rel.000
6 0,12 0,0347818 452411 MREL's 5809 Airf... T1_Rel.000
7 0132 0,0318182 317234 MREL's 5809 Airf... T1_Rel.000
5 0144 0,0293074 203335 MREL's 5809 Airf... T1_Rel.000 |
g 0,156 0,0271553  1,06131 MREL's 5809 Airf... T1_Rel.000
in n1Ee AN757012 1397488 NBEI - €200 AiF  T1 Dot AAA
a . ] v =

maroua mdouki ryad™
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B L0 NSN30

Rotor Blade
[MB=5 -
L = NB=4
3D View Controls B
[it to Seree| [how Rote] [Surfaces | [ Folout | [TEiECUL]  Fil Fois
‘erspective loordinate: oil Posion  “oil Names
Blade Data
NE=6
& blades and 0.06 m hub radius [] Blade Root Coordinates
Pos(m)  Chord (m) Twist Foil Pola
2 0072 00272987 138424 MREL's 5802 Airf... T1_Rel.000 =
3 0,084 0,0239668 10,6444 MREL's 5808 Airf... T1_Rel.000
4 0,096 0,0212135 814814 MREL's 5808 Airf... T1_Rel.000
5 0108 0,0191629 6,15242 MREL's 5809 Airf... T1_Rel.000
6 012 0,0173909  4,52411 MREL's 5808 Airf... T1_Rel.000
7 0132 0,0158091 317234 MREL's 5809 Airf... T1_Rel.000
8 0144 0,0146537  2,03336 MREL's 5809 Airf... T1_Rel.000 | 5
g 0156 0,0135776  1,06131 MREL's 5809 Airf... T1_Rel.000
rpoes nmomima __n33damR  MEERUeino A (T1RSTAAR
maroua mdouki ryad™
File View Blade/Rotor Options 7
M By L () w360 e j
Rotor Blade
[nB=12 -
HAWT 2 NB=12
3D View Controls B
(it to screer| [how Rote| [Surfaces | [[Feilout | [TEAEOut] il Foils
‘erspective loordinate: oil Position  =oil Names
Blade Data
MNE=12
12 blades and 0.06 m hub radius [ Blade Root Coordinates
Pos{m) Chord (m]) Twist Foil Pola
2 0,072 0,0136494 13,8424 MREL's 5809 Airf.. T1_Rel.000 |5
3 0,084 0,0119834 10,6444 NREL's 5809 Airf... T1_Rel.000
4 0,006 0,0106567 8214814 NREL's 5809 Airf... T1_Rel.000
5 0,108 0,00958145 6,15242 NREL's 5809 Airf... T1_Rel.000
6 012 0,00869545 4,52411 NREL's 5809 Airf... T1_Rel.000
7 0132 0,00795456 3,17234 NREL's 5809 Airf... T1_Rel.000
& 0,144 0,00732684 2,03336 NREL's 5809 Airf... T1_Rel.000 ||
o 0,156 0,00678882 1,06131 NREL's 5809 Airf... T1_Rel.000
o lERE] M T MM PE D PR R |
maroua mdouki ryad*
File View Blade/Rotor Optiens 7
[ B L) SO 360° : B
Rotor Blade
[B=24 -]
rawT = NB=24
3D view Controls F
it to Screer ihon R_omi Surfaces i Foil Out i TE/LE Out Fill Foils
settings| ‘’erspective oordinate: oil Position  =oil Mames
Blade Data
NE=24
24 blades and 0.06 m hub radius [ | Blade Root Coordinates
Pos(m)  Chord (m) Tuvist Foil Pola
2 0072 0.00682468 13,8424 MREL's 5809 Airf.. T1_Rel.000 |=
3 0084 0,00599169 10,6444 MREL's 5809 Airf... T1_Rel.000
4 0096 0,00532837 814814 MREL's 5809 Airf... T1_Rel.000 ‘ﬂ
5 0108 0,00472073 615242 NREL's 5809 Airf... T1_Rel.000 ‘;'.
6 012 0,00434773  4,52411 MREL's 5809 Airf... T1_Rel.000 / / ‘El
7 0132 0,00397728 3,17234 MREL's S809 Airf... T1_Rel.000 < j !.
8 0144 0,00366342 2,03336 MREL's S809 Airf... T1_Rel.000 ||
9 0156 0,00339441  1,06131 NREL's S809 Airf... T1_Rel.000
Ea s P PP [T P B, -
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File View Blade/Roter Options 7

O N~z 4 A1)

Rotor Blade Rotor Simulation Tip Speed Ratio
[nB=12 v]  [mMB=12Smulation v [noo -]
HAWT Simulation Parameters =
Cp ct Simulation Parameters o
0.45 TipLoss Rho 1.2250 Tl
0.40 1.2
0.35 10 Mew Tip  Viscosity 164700000
0.30 0.8 RootLos Elements 21
0.25 :
0.20 0.6 Mew Roc max [teratio 100
0.15 0.4 30 Corre Epsilon 0.0010
0.1 0.2 smold: Rel
0.05 /TSR . Power [W] Reynold: Relax Factor 0.3
0.00 0.0 Foil Inter
0.0 0.2 0.4 0.6 0.8 10 0.0 50  10.0 150 20,0 250
Analysis Settings =
Define Simulatiun] IDE|EtE Simulation
MNB=12 - . a_t Tip Speed Ratio Start:
—  NB=12Simulation P epe L

1.2 Tip Speed Ratio End: 0
NE_=24 MB=24 5i lati
= imulation 1.0 Tip Speed Ratio Delta: 0.5
NB=2 : i 0.8 N
—— MNB=3Simulation 06 @ Wind Speed of: = 7
ME=6 0a [ Start Simulation 4
—  MEB=é Simulation '
0.2 pos [r% Graph Curve Settings
5 0.10 0.15 0.20

0.00 0.0 0.25 Curve [] Points Selected Of

Ghie —————1
4| 1 | 3
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Dw B [0 S~ <[]

— WFEM < =3

Rotor Blade Rotor Simulation Tip Speed Ratio
[nB=24 ~]  [MB=24Smulation =] [voo -]
HAWT Simulation Parameters -]
Cm Torgue [MNm] Simulation Parameters -
0.08 0.20 Tiploss Rho 1.2250 E
0.07 0.18
0.06 0.16 Mew Tip Viscosity 164700000
0.14
0.05 0.12 Rootlos Elements 21
0.0% 0.10 New Roc max Iteratio 100
0.03 0.08
3 . i
0.02 gg: 3D Corre Epsilon 0.0010
0.01 TR 002 Bending [Nm] Reynold: Relax Factor 0.3
0.00 0.00 Foil Inter
0.0 2.0 4.0 6.0 8.0 10.0 0.0 0.2 0.4 0.5 0.8
Analysis Settings 3
[Define simulation | [Delete Simulation |
NB=12 - - Alpha Tip Speed Ratio Start:
—  MNB=12 Simulation P Spe 1
Tip Speed Ratio End: 10
r— ~ ) ) 50 /_\
_ 7 mB=24Simulation /—\ Tip Speed Ratio Delta: o5
40 .
MB=32 ) R /\ . .
=3 | s simulation - % @ Wind Speed of: = 7

MNE=6 ] . 0 /—_“ﬁ—i_%ﬁ\ [ Start Simulation ] L4
——  MB=6 Simulation

10
) === Graph Curve Settings
a.00 0.05 010 0.15 0.20 0.25 curve [] Points Selected Of
Shie I 2
P} m ] »
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File View Blade/Rotor Options 7

(- O NN Ay 7 C] SN R

Rotor Blade Multi Parameter BEM Simulation windspeed [m/s] Rotational Speed [1/min]
»
[nB=12 v]  [MB=12Simulation x| [noo v] [200.00 -]
HAWT Simulation Parameters F
P W] Cp Simulation Parameters -
10 0.4 Tiploss Rho 1.2250
8 0.2 Mew Tip Viscosity  1.64700000
/ TSR
I3 -0.0 = RootLos Elements 21
0.0 5.0 10.0 15.0 )
4 -0.2 Mew Roc max Iteratio 100
0.4 3D Corre Epsilon 0.0010
2 L
v [m/s] 0.6 Reynold: Relax Factor 0.3 =
a Foil Inter
0.0 5.0 10.0 15.0 20.0
Analysis Settings
Define Simulation | [Delete Smulation |
T [Nm] P W] Wind Speed Range L
0.18 3.5 Start= 1 mfs [ Fix
0.16 - 3.0
0.14 g 2.5 End = 20 m/fs
0.12 - 7 2.0 Delta= 0.5 !
0.10 2 15 elta = 0. m/s
00s 2 9 Rotational Speed R
0.06 | —~ otational Speed Range
004 T/// 3:3 @] |H i Start = 200 O Fix
0.02 ’»;////ﬁrr’//——x TSR 0.5 0.0 10 2. 3.0 rt= i
0.00 _ )
0.0 5.0 10.0 15.0 Ecil oo Lhss
Delta = 100 1imin a2
< | n | *
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Rotor Blade Multi Parameter BEM Simulation Windspeed [m/s] Rotational Speed [1/min]

AST

[nB=24 ~ ] [ME=24 Simulation ~]  [woo ~]  [200.00 - =

HAWT Simulation Parameters =}

ct cm
Analysis Settings

1.8
1.6 0.08 [DEﬁnE Slmulauun] IDEIE(:E S\mulahnn]
14
s 0.04 / Wind Speed Range
0.02
L0 I TSR Start= 1 mfs [ Fix
0.3 0.00 s
0.6 0.0 5.0 10.0 15.0 End= 20 mfs
04 0.02
0.2 v [mys] 0.04 Delta = 0.5 mfs
0.0

0.0 5.0 10.0 15.0 20,0 Rotational Speed Range
Start = 200 1jmin [ Fix
End = 500 1/min =
W [m/s] T [Hm] X
o0 018 Delta = 100 1min
13 0.18
16 0.14 Pitch Range
14 0.12
= 0.10 Start= 0 deg [ Fix
= 0.08
8 = 0.08 End= 10 deg B
0.04
s 0.02 TSR Delta= 1 deg
4 0.00 .||\|I|\|||
2 e TSR -0.02 9.0 1.0 2 3.0
o 0.04 [ Start Simulation ]
0.0 5.0 10.0 15.0

Cranh Curue Settinas
| 1
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File View Turbine Optiens 7

D B0 SNONE Ay B8

Turbine Turbine Simulation Windspeed [m/s]

= [ew Turbine (4) =] [mB=24 ~| [200 -]
HAWT = HAWT Simulation Parameters =
- P[] cp o
Turbine Data 200 10-3 Simulation Parameters
o.e v E
Power Regulation  Stall 150 103 TipLoss Rho 1.2750
T - s 0.4 1.00 104
ransmission ingle 02 5.00 104 WV [myE, Mew Tip  Viscosity 1.647000001
¥ i SRl L I
V CutIn 4.00 mfs 5 .00 1004 — - w0
5 oot Los Elemen
¥ Cut Out 25.00 mfs 3 E.U 0o To o 1o ;gg ig 4.0-6.0-8.010.012.014.0 1
W2 .50 10-3 Mew Roc max Iteratio 100
Rotational Speed 72,00 rpm 0.4 500 10 'g 30 Corre Epsilon 0.0010
2,50 10
Reynold: Relax Factor 0.3 =
= Foil Inte
Turbine Blade NB=24
Quter Radius 0.36 m Analysis Settings
Fixed Pitch 0.00 R
MNew Turking aa Define Simulation] [Delete Simulation
VariableLosses 0.000 MNE=3
Fixed Losses 0.00 kw 0.25 VStart= 1 mfs
New fEdit/Delete Turbine Mew Turmee:%: 0.20 VEnd= 20 mfs
013 VDelta= 0.5 mis
Mew Turk mg}% 0.10 [ Start Simulation ]
Weibull Settings b . 0.05
5
2,00 =] k 9,00 =] A MNew Turbine (4] 0.00 oo o iz i
3,00 5] + 3,00 |5 +- MB=24 Graph Curve Settings R
Annual Yie 2 kWh = 4| i, | ¢+
File View Turbine Options 7
- i (0 omemL
[ = 5 () N 3B ; D A DFEM
Turbine Turbine Simulation Windspeed [m/s]
[New Turbine (4) v [mB=24 v [3.00 x|
HAWT =F HAWT Simulation Parameters =
= ct <p v [m/s] Mew Roc masx Iteratio 100 =
Turbine Data
5 3D Corre Epsilon 0.0010
Power Regulatior Stall
o . 4 Reynold: Relax Factor 0.3
Transmission Single
v cutIn 3.00 mfs 3 Foil Inter
W Cut Out 25.00 mfs N ey S
Rotationsl Speed 000,00 rpm 1 Define Simulation | [Delete Smulation |
W [m/s]
] VStart= 1 mjs
0.0 5.0 10.0 15.0 20.0
Turbine Blade NB=24 L VEnl= e BE
Outer Radius 0.30 m 1 VDelta = 0.5 mfs
Fixed Pitch 0.00 [ Start Srmulath ]
VariableLosses 0.000 MNew Turbine aa —— L
Fixed Losses 0.00 kw NB=3 1
4.0
3.5
MNew Edit/Delete Turbine Mew Turbine (2] 3.0 Graph Curve Settings
——— MB=&
ig curve [] Points Selected Of
i ste [—————)
Weibull Settings MNew Turbm‘?:[%’ 1.5 tyle
— 10
= = width [——— )
2,005 k 9,005 A L5 0.5 L
= = New Turbine [4) o0 o Color [———|
3,000 + 3,000 + NB=24 0.00 0.05 0.10 0.15 0.20 0.25
Annual Yi 34 kwh -
- ] m | +
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File View Windfield Options ?

O B[O N Nse

A DFEM 5

Windfield Timestep
(v gl || (1
Windfield =) -I
Controls
23.70 m/s
o o
Windfield Parameter o]
Time [s]: 60 0.00 m/s
Timesteps: 100
Points per Direction: 20

Simulation Parameter

Rotor Radius [m]: 30
Hub Height [m]: 60
Mean Wind Speed [m/s] 13
Measurement Height [m]: 10
Turbulence Intensity [%]: 10
Include Shear Layer: true

Roughness Length [m]: 1e-02

o
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File View Windfield Options ?

D B0 N Nar iy~

Windfield Timestep
[ x] e

Windfield e 6 8
Controls

23.70m/s

[osee ][ new ] o

Windfield Parameter |

Time [s]: 60 0.00 m/s
Timesteps: 100

Points per Direction: 20

Simulation Parameter

Rotor Radius [m]: 30
Hub Height [m]: 80
Mean Wind Speed [m/s]: 13
Measurement Height [m]: 10
Turbulence Intensity [%]: 10
Include Shear Layer: true
Roughness Length [m]: 1e-02
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File Graph Options ?

D® B 0O ~~wr 4~ | B[] i om

LLT HAWT Simulation Time
30 |Graoh
Yiew | View [Wew LLT simulation ~| Replay 0.224 [5] ||
& : : . _
T New LLT Simulation : NB=3
LLT Controls g Time: 0.22439%9 s
FPower: 0.219175 kW
[ Restart Simulation ] Cp: 0.732402
[ Rename ] [ Edit/Copy ] V_in @ huk: 12 m/s
[ Delete ] [ New |
Run LLT on:
[cPU: OpentP Multi Threading -
Progress
Timestep 361 of 350 STOP
Turbine Visualization
[__shedvertices ] [_Trailing vortices ]
Vortex Nodes Single Blade Waks
[ Rotor ] [__Turbinerodel ]
Coordinate Systems Perspective View
{ Show Text ] [_show windrield__]
wortex Elements: 3579
Calor by Age Color by Strength i
4 | i ] »
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LLT HAWT Simulation Time

30 |Graoch
View | View [New LLT Simulation -~ ] Replay 0.224 [s] D
LLT = i : - —
2 New LLT Simulation : NB=4&
LLT Controls | = Time: 0.224399 s
Power: 0.217053 kw
[ Restart Simulation ] Cp: 0.728311
[ Rename ][ Edit/Copy ] V_in @ hub: 12 mJ/s
[ Delete ] [ New )
Run LLT on:
[CPU: OpenMP Multi Threading ~ ]
Progress
Timestep 361 of 360 sTOP N
Turbine Visualization
[L__shedvertices__ ] [ Trailing vortices__]
Vortex Nodes single Blade wake
[ Rotor ] [ Turbine Model ]
Coordinate Systems Perspective View
[ Show Text ] [ shew windFieid |
vortex Elerments: 7158
Color by Age Color by Strength
< o ] »
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D@ B0 NN Ay - o
LLT HAWT Simulation Time
Braoh
View  [NewLLT Simulation -] Replay | 0.224 (5] 0
2 g New LLT Simulation : NB=12
LLT Controls = Time: 0.224399 s
[ = ] Power: 0.216575 kW
Restart Simulation Cp: 0723711
[ Rename ] [ Edit/Copy ] V_in @ hub: 12 m/s
[ Delete ) [ New ] : S
R X AR
un LLT on: AURLARRRRAS
- 3 AR
[cPu: openMP Multi Threading ~] \ \ ‘.\-l\\\'ﬂ. ;|‘<J‘"“w|- \
= ‘ ",‘1'\',|\"ﬂ””'."lll"!l‘ll'
o= i il A | "JI“I\‘J."‘;‘J#';."‘ )
| Timestep 361 of 360 | STOP i 1 \
Turbine Visualization \ 28 . X W i
: 2 § 25
= = - 3 2
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