WIND  -voron

Meso-microscale coupling
WindSim 13th User Meeting, Hamburg 24 September 2018

PRESENTED BY: Pablo Duran

wind




wind

Content

» What is meso-microscale coupling?
» Meso-microscale coupling in WindSim
* Afirst approach...
» Proposed coupling methodologies

» Averaged conditions per sector

» Averaged conditions per sector + per atmospheric stability
« Validation study

« Validation sites

» Validation methodology

« Boundary conditions

« Site 1: Honkajoki wind farm

» Site 2: North America

» Conclusions of the validation study
» Future work: A new approach

WindSim 13th User Meeting, Hamburg 24 September 2018




wind

Content

» What is meso-microscale coupling?
» Meso-microscale coupling in WindSim
* A first approach...
» Proposed coupling methodologies

» Averaged conditions per sector

» Averaged conditions per sector + per atmospheric stability
« Validation study

« Validation sites

» Validation methodology

« Boundary conditions

« Site 1. Honkajoki wind farm

« Site 2: North America

» Conclusions of the validation study
* Future work: A new approach

WindSim 13th User Meeting, Hamburg 24 September 2018




What is meso-microscale coupling?

Global Models
ECMWF, GFS (100 - 16 km)

Meso/Regional Models
WRF (9 - 1 km)

Micro Model
WindSim (100 - 10 m)
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Windsim

What is meso-microscale coupling?

Description of regional flows
and atmospheric conditions

Meso/Regional Models
WRF (9 - 1 km)

=S

Accurate description of local
flow field and wake effects

Micro Model f
WindSim (100 - 10 m) L

WRF wind field CFD wind field

WindSim 13th User Meeting, Hamburg 24 September 2018 6




wind

Content

» What is meso-microscale coupling?

* Afirst approach...
» Proposed coupling methodologies

» Averaged conditions per sector

» Averaged conditions per sector + per atmospheric stability
« Validation study

« Validation sites

» Validation methodology

« Boundary conditions

» Honkajoki wind farm

« Site 2 (North America)

» Conclusions of the validation study
» Future work: A new approach

WindSim 13th User Meeting, Hamburg 24 September 2018




Meso-microscale coupling in WindSim

Meso/Regional Models
WRF (9 - 1 km)

Micro Model
WindSim (100 - 10 m)

wind

Regional model
variables

Initial and boundary
conditions in CFD simulation

WindSim Simulation
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Meso-microscale coupling in WindSim

Meso/Regional Models
WRF (9 - 1 km)

=S

o
b
t

Micro Model
WindSim (100 - 10 m) L

Windsim

Wind speed Turbulence Kinetic
Energy (TKE
Potential 9 ( )
temperature Dissipation rate

Interpolated Derived from: local atmospheric
stability + PBL height

Initial and boundary
conditions in CFD simulation

WindSim Simulation
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wiAnd

Meso-microscale coupling in WindSim

* Why there is interest in coupling methodologies?

| : "
Monin-Obukhov length? - [}
Planetary Boundary Layer (PBL) height? | = n
| % = I \
?
Wind speed above PBL" oo ! 7
Temperature gradient? o L 4 s
XL ,’
A Wi
7 Wind speed
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Meso-microscale coupling in WindSim

wind

How can we use this meso-microscale
coupling for wind resource assessment?
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A first approach...

In principle one WindSim simulation could be conducted per WRF time step:

wiAnd

* e.g. one simulation per hour = 8760 WindSim simulations for one year of WRF

simulations
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A first approach...

In principle one WindSim simulation could be conducted per WRF time step:

* e.g. one simulation per hour = 8760 WindSim simulations for one year of WRF
simulations

B2 o
|
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wiAnd

Proposed coupling methodologies

Two proposed coupling methodology
» Averaged conditions per sector (12 simulations)

» Averaged conditions per sector & per atmospheric stability (36 simulations)
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wiAnd

Proposed coupling methodologies — Averaged conditions per sector
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wiAnd

Proposed coupling methodologies — Averaged conditions per sector

1 year of
mesoscale
model output

*Data
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Proposed coupling methodologies — Averaged conditions per sector

1 year of Average
mesoscale according to
model output wind direction

Sector | _
0° 1 WREF field
per
directional
Sector sector
30°
Sector
360°

*Data
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Windsim

Proposed coupling methodologies — Averaged conditions per sector

1 year of Average Transfer WRF
mesoscale » according to data to WindSim
model output wind direction model
\
1 WRF field
per
directional
Sectoor sector - 1CFD
30 > Boundary
: condition
° per sector
Sector
360° A
AR ; )

*Processes
*Data
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wiAnd

Proposed coupling methodologies — per atmospheric stability
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wiAnd

Proposed coupling methodologies — per atmospheric stability

1 year of
mesoscale
model output

*Data

WindSim 13th User Meeting, Hamburg 24 September 2018

22




Windsim

Proposed coupling methodologies — per atmospheric stability

1 year of Average according to

mesoscale B ind direction &
model output atmospheric stability

Unstable Neutral Stable

b |

*Processes
*Data
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Windsim

Proposed coupling methodologies — per atmospheric stability

1 year of Average according to Transfer WRF
mesoscale » wind direction & - data to WindSim
model output atmospheric stability model
Unstable  Neutral Stable Unstable  Neutral Stable

gg%

*Processes
*Data
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Windsim

Validation study — Validation sites

Honkajoki wind farm  Finland Flat, Forested 1 SODAR
(50 to 200 m)

Site 2 North America Flat 6 Met-mast
(20m /40 m /60 m)

1 LIDAR
(40 to 180 m)

Honkajoki wind farm

kR

o
N/

WindSim 13th User Meeting, Hamburg 24 September 2018 26




Validation study — Validation methodology

wiAnd

Honkajoki wind farm — Both methods are compared with the thermal stand-alone

simulations:

By sector All stabilities | 100 | 100 | 100 | 180 | 180 | 180 |180 |300 | 300 | 180 | 100 | 100
By sector & Unstable -200

atmospheric Neutral Infinity

stability Stable 180

Site 2 — The first method is compared with default and thermal stand-alone simulations

All stabilities | 400

400

400

Inf

400

200

400

200 | 200 | 200 Inf Inf

Neutral

Infinity
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wiAnd

Validation study — Boundary conditions

» The computed boundary conditions capture the

« Even when classifying the WRF only by direction,

— Stand-alone

— Stand-alone + themal effects
— Coupled - By direction only
— Coupled - Neutral

— Coupled - Unstable

— Coupled - Stable

: \J

00 05 1.0 15 20 25 285 287 288 290 291 293 294
U(z)/U(50) 0(2)/0,*288 K
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Validation study — Honkajoki wind farm

350

300

50

By direction only: Coupled v/s Stand-alone

210°

per sector
— Coupled — by
direction only

® Measurements

— — Stand-alone — stab.

240°

— — Stand-alone — stab. /
per sector /

— Coupled — by
direction only

® Measurements /
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Wind speed m/s
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wiAnd

Validation study — Honkajoki wind farm

350

300
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By direction only: Coupled v/s Stand-alone

210° , 240° _
— — Stand-alone — stab. — — Stand-alone — stab. /
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wiAnd

Validation study — Honkajoki wind farm
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wiAnd

Validation study — Honkajoki wind farm

350

300

50

Unstable case: Coupled v/s

210°

Stand-alone — Unstable
— Coupled — Unstable
® Measurements
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Stand-alone — Unstable
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wiAnd

Validation study — Honkajoki wind farm
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Validation study — Honkajoki wind farm

350
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Unstable case: Coupled v/s
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wiAnd

240°
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Validation study — Honkajoki wind farm

Neutral case: Coupled v/s Stand-alone

wiAnd

350
180° 210° |
300 |
— — Stand-alone — Neutral I — — Stand-alone — Neutral I
250 ——Coupled — Neutral | —— Coupled — Neutral /
E ® Measurements I ® Measurements I
= 200
e
2 -"..
)
I 150
100
50
0 ! .
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Wind speed m/s
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Validation study — Honkajoki wind farm

Neutral case: Coupled v/s Stand-alone

wiAnd
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Validation study — Honkajoki wind farm

« Stable case: Coupled v/s Stand-alone

wiAnd
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Validation study — Honkajoki wind farm

« Stable case: Coupled v/s Stand-alone

wiAnd
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Validation study — Site 2 — Sector 270°

wiAnd
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Validation study — Site 2 — Sector 180°
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Validation study — Site 2 — Vertical cross-prediction error

Stand-alone Neutral Stand-alone thermal Coupled — By direction only

Sectors Sectors Sectors
Ref. Targ. 0 30 60 90 120 150 180 210 240 270 300 330 0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300 330

M1-20 M1-40 -1.9 -6.4 -2.9 -5.0 -1.7 -53 -19 -08 -53 -6.0 -45 00 43 -10 -62 -01 28 27 -74 -27 17
M1-20 M1-60 -2.9 -8.2 -4.7 -6.8 -25 -6.2 -29 -2.1-88 -9.7 -6.8 -20 18 66 -19 -66 28 62 37 -95 -03 5.1
M1-40 M1-20 2.1 73 26 54 19 61 15 11 54 6.5 5.4 60 53 -04 -38 09 64 06 -23 -50 89 31 -16
M1-40 M1-60 -0.8 -2.3 -1.7 -15 -3.7 -1.9 -0.7 -1.4 -0.9 -1.58:-3:3EEEIN-316 -4 o316 -1.9 61 21 20 21 -09 -04 31 32 20 -29 21 33

-6.0 -3.8 -54 -61 -6.6 -3.7

M1-60 M1-20 3.4 9.2 46 28 9.6 7.9 31 69 27 28 100 79 25 -21 -56 22 66 -19 -45 -9 3- 29 -44
M1-60M1-40 0.8 23 21 16 40 63 38 59 57 68 46 20 07 13 12 16 41 63 36 45 38 53 45 20 -22 -16 -20 11 05 -3.0 -29 -31 -1.3 el
M2-20 M2-40 -6.5 -6.0 -49 -08 -3.8 -6.3 -50 -39 -08 -40 -6.6 -8.0 -82 -0.1 01 08 -09 -21 -23 7.1 -06 -6.0 -49
M2-20 M2-60 -7.9 -6.7 -5.9 -14 -5.7 =75 -4.7 -4.0 -1.4[-5.9 S -1.2. 91 61 22 00 -15 -33 25856130 -5.3
M2-40 M2-20 7.3 7.7 44 1.0 42 71 66 33 10 44 73 39 13 -08 -06 11 23 25 -54 -84 02 58 53
M2-40 M2-60 -14 -1.8 -1.0 -06 -22 -35 -27 -42 -65 -53 -49 -45 -1.1 -07 00 -06 -23 -36 -25 -28 -49 -40 -49 -45 24 81 61 15 06 06 -06 28 79 33 -02 -03

M2-60 M2-20. 9.7 73 48 3.9 91 51 27 39 74_ 22/ 84 74 02 10 22 29 610l 36 59 51

M2-60M2-40 15 09 11 13 25 39 25 41 55 45 13 -02 01 13 26 40 23 26 50 40 54 -23 -84 -57 -08 -04 -03 04 -18 -82 -36 04 00
M3-20M3-60 0.9 -3.0 -23 -42 -92 96 -87 d -7.9 -1.2 1.7 -13 -02 -42 -85 -49 -75 -92 -78 -12 77 61 40 -15 -38 64 73 83 19 42
M3-60 M3-20 -0.2 3.8 25 3.9 B 15 -09 21 04 39 b 100 56 76 78 94 15 -64 -51 -36 11 27 -62 -6.2 = 7- -0.4 -3.8
M4-20 M4-40 -19 -13 -0.8 -3.0 -5.2 -4.0 -1.8 -02 04 -29 -5.2 -4.0 12 62 12 -07 -57 -46 -81 -77 -34 -14 -14 06
47 -14 -78 -47 -9.7- 35 -1.10-2.8 2.2

6.7 53

M4-20 M4-60 -3.2 -1.8 -1.7 93 -6.4 30 02 06 -64 93 -6.4

M4-40 M4-20 2.6 2.0 0.5 59 44 24 10 07 28 59 44 07 -56 -15 05 54 41 77 86 28 29 18 -0.4
M4-40 M4-60 -1.8 -06 -0.7 -3.4 -44 63 65 -7. 5 -4.6 -2.5 1.7 03 04 -34 -44 61 62 -55 92 7.7 -46 -2.5 37 -06 20 03 -11 -1.8 62 -05 -1.8 18
M4-60 M4-20 52 35 19 7.9 29 15 04 58114 CEIR0RITIIRR 116 7. 46 04, 66 238 83- 81 66 44 -17
M4-60 M4-40 2.2 0.9 1.0 28 21 01 00 32 43 60 72 44 7.8 100 52 28 11 71 34 02 17 -0.7 12 84 21 22 -19
M5-20 M5-40 0.9 22 3.2 -1.2 09 38 43 08 08 -04 -46 -9.2 96 67 -12 47 48 43 -17 -11 -29 -34 -10 45
M5-20 M5-60 -0.4 0.6 3.3 2.2 02 31 53 08 03 -37 9.9 -22 59 74 56 -50 -11 -3.6 -33 14, 95
M5-40 M5-20 -0.7 -2.1 -3.3 18 08 -36 -44 -08 -07 00 36 82 80 18 -47 -47 -45 06 09 15 40 18 -35
M5-40 M5-60 -1.1 -1.6 0.1 -02 -05 -3.1 -54 -97 -95 92 -40 -12 1.0 07 09 -01 -04 -29 -51 -82 -73 79 -39 -12 11 27 18 25 -19 19 -11 19 45
M5-60 M5-20 0.7 -0.7 47 05 31 51 09 03 25 74040 NNONNRIEE 7 59 7.3 -66 14 15 -29 49 12 -59

M5-60 M5-40 1.1 15 1.7 10 06 -07 02 03 26 47 79 71 85 50 17 -11 -28 -21 20 21 -3.0 1.0 -1.0 -3.8

M6-20 M6-40 -1.7 -5.0 14 -13 -43 5.4 95 97 -88 -84 -14 -4.6 30 09 00 52 -19 -50 25
M6-20 M6-60 -3.0 -6.2 29 22 -47 29 3.4 51 02 26 7.8 25 71 46
M6-40 M6-20 1.8 5.8 14 14 50 83 83 1 5. 97 87 14 54 66 87 25 -07 02 -49 19 48 -25
M6-40 M6-60 -1.4 -13 -2.5 -32 56 -57 -57 79 -7.3 -73 -48 -14  -10 -0.6 -20 -32 -57 -57 -56 -66 57 -58 -47 -14 6 61 10 -14 27 -19 -08 23 26 43 -20 22
M6-60 M6-20 3.3 7.7 31 24 61 110 11788 123 1287 1650070 135 31 68 96 47 790107 41 10 24/ 81 21 61 43
M6-60M6-40 1.5 15 27 31 57 62 62 85 7.8 82 47 14 11 08 22 30 58 62 60 70 60 64 46 14 42 56 -09 12 25 21 10 -24 -26 -38 16 -22
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wiAnd

Validation study — Site 2 — Vertical cross-prediction error

Stand-alone Neutral

Sectors

Stand-alone thermal

Sectors

0 30 60 90 120

150

180 210

240

270

300 330

Ref. Targ. 0 30 60 90 120 150 180 210 240 270 300 330
100m 40m -0.8 -2.5 -1.0 -1.0 -1.8 -3.6 -3.5 -63 -49 -21 05 0.6
100m 60m -1.0 -3.2 -1.3 -1.9 -3.1 -5.9 -5.6 -10.3 -8.2 -35 0.7 1.2
100m 80m -1.5 -4.5 -19 -2.6 -3.9 -6.9 -6.5. -10.1 -43 0.8 1.2
100m 120m -1.9 -5.7 -2.8 -3.4 -3.7 -7.0 -6.2 -10.6 -4.8 0.7 0.8
120m 40m 0.7 28 11 07 18 3.8 36 58 55 23-02-02
120m 60m -0.2 -0.8 -03 -0.4 -1.3 -22 -19 -39 -42 -16 01 05
120m 80m -0.8 -1.9 -1.0 -1.2 -2.3 -3.4 -26 -58 -6.6 -2.6 0.0 05
120m 100m -1.5 -3.1 -19 -2.1 -25 -3.8 -25 -65 -74 -3.2 -0.1 0.1
40m 60m 08 40 16 05 3.1 60 59 88 104 40 0.1 -0.1
40m 8m 00 11 04 00 1.2 23 20 34 47 17 0.0-03
40m 100m -0.8 -1.3 -0.8 -0.5 -1.2 -1.3 -0.7 -1.7 -3.0 -1.1 -0.2 0.0
40m 120m -19 -24 -1.7 -1.2 -19 -1.8 -0.8 -2.0 -4.7 -1.8 -0.4 -0.3
60m 40m 14 45 29 02 36 75 7.0 9.5- 50 09 03
60m 8m 06 19 15 01 19 39 29 43 75 30 06 -0.1
60m 100m 0.7 1.2 09 02 10 16 07 14 31 12 04 01
60m 120m -1.2 -1.2 -1.0 -0.6 -09 -0.9 0.0 -0.5 -2.0-0.9 -0.4 -0.3
80m 40m 25 40 40 01 38 76 7.1 8.7- 58 14 08
80m 60m 17 21 25 02 26 46 3.0 40 81 40 09 04
80m 100m 19 20 19 05 19 26 07 13 45 22 0.7 05
80m 120m 1.2 12 10 04 10 1.1-01 03 20 10 04 03

03 19 -03
-0.4 0.1 -0.7
0.1 03 -01
-0.4 -0.2 0.1
0.6 0.4 -0.4
-0.1 -0.6 -0.7
04 0.1 -0.3
04 0.2 -01
-0.7 -1.7 0.0
-0.5 -1.6 0.8
-0.4 -20 1.2
0.0 -24 13
06 19 01
0.2 01 08
02 -02 11
0.2 -04 1.2
03 23 -0.5
-0.3 0.2 -0.7
-0.2 -0.4 03
-0.5 -0.6 0.5

0.2
0.1
0.2
-0.6
0.1
0.2
0.5
0.4
-1.0
-1.9
-2.6
-3.4
0.7
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3.4
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1.8
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11
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15
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57 3.0
21 01
0.3 -0.7
0.5 16
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-1.8 -1.8
-1.2 -0.5
52 46
16 13
-0.3 04
02 22

8.0
4.2
1.4
-0.3
5.9
3.0
11
0.3
-3.4
-5.4
-5.8
-4.7
3.9
-2.7
-3.6
-2.8
7.1
3.1
-1.5
-1.5

1.2
0.3
-0.2
0.7
0.3
-0.4
-0.9
-0.6
=4l
=18}
-0.8
0.3
13
-0.4
-0.1
1.0
1.7
0.5
0.3
1.2

09 03
0.6 -0.1
03 01
-0.4 -0.3
1.4 0.8
09 04
0.6 0.5
04 03
0.5 0.6
0.8 1.2
0.8 1.2
0.7 0.8
-0.2 -0.2
0.2 05
0.0 0.5
-0.1 0.1
0.1-0.1
0.0 -0.3
-0.2 0.0
-0.4 -0.3

Coupled — By direction only

Sectors

0 30 60 90 120 150 180 210 240 270 300 330
-06 -0.7 29 21 03 -01 03 22 14 41 48 5.1
-14 -0.7 6.0 52 17 27 04 14 18 101 98 94
-20-11 77 83 41 7.1 04 0.7 2.5-
-1.9 -1.5/ 8.0 111 8.1- 0.6 1.1 3.9
0.6 09 -28 -24-03 0.1-04-32-10 -3.8 -42 -46
-0.8 01 30 34 14 30 04-05-04 57 46 41
-1.5-03 46 6.6 36 74 06 -1.2 -0.4. 9.5 7.6
-1.8 -0.6 49 91 7.1- 0.8 -1.4 0.6 10.9
15 14 -54 -6.2 -1.7 -3.2 -0.6 -4.1 -0.2, -9.2 -80 -81
0.8 03-29 -37-15 -31-05-01 09 -54 -43 -39
-1.0 -05 1.5 34 20 43 04-05-07 60 45 35
-16 -0.8 1.8 6.0 5.0 86 0.5 -0.3 -0.9 9.5 6.9
26 11-63 -99 -44 -73-1.0-41 0.5 -11.5 -11.4
1.7 03 -39 -7.2 -39 -69 -1.0-0.2 1.7-10.9 -82 -7.2
1.0 04 -13 -35-22 -39-05 03 09 -57 -43 -34
-0.7 -03 03 27 27 39 03-01-07 54 46 33
3.5 -0.2 -6.4- -7.5-11.4 -1.8 -4.4 -0.3'
2.4 -0.3 -4.1-10.1 -6.6 -10.6 -1.7 -0.7 1.6 -10.4
1.7 03 -15 -63 -47 -74-13 -01 15-10.1 -86 -6.7
0.7 03-03 -29-25 -35-06 00 09 -49 -44 -33
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Conclusions of the validation study

* The proposed MMC methodology
of the site by producing more realistic boundary conditions. This
resulted in an of the modelled vertical wind speed
profiles

» The coupled simulations have
compared to analytical profiles.

* Results depend on (rubbish in, rubbish out)
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Conclusions of the validation study — Follow up study

 Further validation study:

« Understand the physics behind the differences of coupled and stand-

alone simulations

 Study of horizontal wind flow patterns

 Test of the methodology in complex terrain

WindSim 13th User Meeting, Hamburg 24 September 2018
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Future work: A new approach

Automated
1 year of L Transfer WRF
mesoscale classification of most . .
h data to WindSim
patterns
N
Class 1
Class 2 1CFD
Boundary
> condition
. per class
[ ]
[ ]
Class N
J
*Processes
*Data
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