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VTT Services for wind power value

30 % consultancy
70 % jointly funded

Power system design
and asset planning
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* Wind Power Icing
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* Grid Code
Compliance

* Noise Assessment
Methodology

* Radar, TV and
communications
interference
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Feasibility Innovations
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VTT Cold Climate Wind Powaqems TSSLEERS

lce accretion theory 1990s ->

020. NACA 64618, chord = 1.61 m, thickness = 0.29 m

s 160 min
ice mass: 2.268 kg/m
ice thickness: 0.046 m

A clean
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lce Prevention Systems

Ice Prevention System
Commercial spin-off

Ice imaging
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https://www.youtube.com/watch?v=HvWnxesLMK8
http://www.vttresearch.com/Documents/Low Carbon Energy/Wind energy/Icing_Wind_Tunnel_02022016.pdf
http://www.vtt.fi/sites/wiceatlas
http://www.vttresearch.com/windpower
https://www.youtube.com/watch?v=HvWnxesLMK8

Ice detector test
standardisation



Motivation

Sensor
OEM
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Market Need

Cold climate markets 2015-2020

Low
temperature

lcing*

Low
temperature

lcing*

40 500

86 500

62 500

123 000

Total 127 000

Total 185 500

*: IEA Ice Classification = 2 meaning > 44h/a of

meteorological (in-cloud) icing

+12GW/a -> 59GW of new installations to cold climates by 2020!
» Compare: new offshore +4GW/a -> 20GW by 2020
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Industry consortium project goals

» Define standardized laboratory icing wind
tunnel testing conditions and testing plan for
nacelle or met mast mounted ice detectors

» Define standardized reporting requirements
based on the icing wind tunnel tests

= Test several ice detectors in defined icing
wind tunnel conditions

* Implement results to next edition of IEA
Task 19 Recommended Practices — report
2019

08/02/2018
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Timeline:
May2016-Dec2017

Project lead:
A L18

Project partners:
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Test program
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Standard conditions, full program

calclilc;ted S5 Measured u TeSt COnditionS

icing calculated . _
desinged to cover

. ice mass
. . ice mass
intensity

SR Test (mis] (0] [gig] min 9T qgmy 1 different icing conditions

Typical icing 1 4 -1 0.2 120 7 13 14 .. .

DA 2 7 3 02 120 27 54 50 = Conditions calibrated

f‘?"ereic".‘g s 8 5 04 120460 142 166 (-3) against reference ice
ice ablation )

fgvereicing 4 a0 | B G4 weeas 110 i 461 (-4) Mass aCCOI‘dIng to ISO
ice ablation 12494

Severe icing 5 10 -5 0.4 60 110 110 94

Severe icing 6 10 -5 0.4 60 110 110 100

Severe icing 7 10 -5 04 60 110 110 101

Extreme icing [} 20 -15 0.2 120 177 353 449
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Standard conditions, limited program

Icing test
type
Typical icing
Typical icing
Severe icing
+ ice ablation

Severe icing
+ ice ablation

Severe icing
Severe icing
Severe icing
Extreme icing

08/02/2018

1
2

4
7

0.2
0.2

0.4

Test# [m/s] [C] [g/m"3] [min]

-1
-3

120
120

240+60

ISO
calculated
icing
intensity
[g/m/h]

7
27

110

ISO

Measured

calculated .

ice mass

[g/m]

13
54

440

ICe Mass

[g/m]

14
50

= For some cases a
limited program was
used

= Time considerations
= [cemonitor

= \Weather instruments,
not “real” ice detectors

* Relative humidity
= \Wind instruments
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VTT icing wind tunnel

Spray bars
3x3 nozzle matrix Modular duct

Test section,
top removable

o

Heated

1250 x 1250 x 1250 o window
700 x 700 x 1000

\@ VT Wind Power
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Instruments

/

y
.
’,

30mm rotating cylinder

1

i ‘
Combitech leceMonitor
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lce detection criteria

Detection criteria

1SO - Ref. measurement
LID Ice alarm (< 60) Factory settings
HMS =295 % & T<0°C Typical

WAA < 80 % of ref. wind speed Typical

VEC < 80 % of ref. wind speed Typical

NRG 10ming4< 0.01 "Typical”

COMBI lce mass = 51 Sensor accuracy +50g
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KPIs acc. to IEA TASK 19 vocabulary  /s77

’ Smaller = better!
)

i \ Iy*ﬂ ’ 1. Detection time error for icing mm:ss START

, ! event start (incubation)

Incubation Accretion Persistencé/AbIation

2. Detection time error for icing mm:ss STOP
event stop

3. Icing intensity error (ref ISO) kg/m/h INTENSITY

|
i
|
I Instrumentallcing
|
|

T e

T e TET : 4. Ice load error (ref ISO) kg/m LOAD
icing P Time
/| _ g Y N _ 5. Detection time error for end of hh INSTR. END
N N / I N N N instrumental icing (calc. ref ISO)
e In the perfect ice detector all KPIs =0
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KPI: IceMonitor

KPI  |Description ® ©
START Ice mass 251 < /jﬁ ®

STOP Equal or below previous 10min load for 3 R :
X 1 O m i n :I_ Incubation f:_ Accretion _%_I"sw::slt:::imblaMn

WISV EIIRE  Fitted line slope between KPI1-2 o N
LOAD KPI2 end load vs ref load T T LT T T

\Sirss =\IsE Measured -4g in 1h -> extrapolate g Ty
A e S N
/I Rotor [ci // /
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Results



Test#1 4m/s -1°C 7g/m/h 120min

oz T

LID 19min
HMS

WAA

VEC

NRG 1h05min

= Only KPI1 was valid for all sensors tested in test 1

= Humidity sensor and anemometers did not trigger
In these conditions

19
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Test#2 /m/s -3°C 27g/m/h 120min

KPI | START
SENSOR

LID 32min
HMS
WAA
VEC
NRG 30min

*= Only same 2 sensors triggered here
* NRG detection time half of test 1
= Lid detection time increased (1?)

08/02/2018
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Test#4 10m/s -5°C 110g/m/h 120min

START STOP INTEN |LOAD |INSTR. B
SITY END

11min 7min

HMS - -
WAA 1h1lm -
VEC - -
NRG 16min -
COMBI 1h37m -35min  +48g/m/h +3 g 46 h

= COMBI ice mass was detected correctly due to
errors in intensity and in detection time
compensating each other

= Anemometers only started reacting here.
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Key takeaways



Takeaways (1/2)

= LID fastest in detecting start-
end of icing, wind vane also
surprisingly fast (but only start)

= Relative humidity: again proved
that this does not work as ice
detector but as ice indicator

= Cup anemometers do not see
light icing events
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Takeaways (2/2)

= Choose your instruments based on
your need.:

= Site ice assessment or
= Turbine control
= What parts of icing event are
Important in your use case?
= Site: Intensity? Ice mass? Inst ice?
= Turbine: Start/end of an icing event?

= NO sensor tested here covers all use
cases or KPlIs
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Future work & visions

* This is the future: “5 winters in 1 week”
testing in Icing Wind Tunnel can

= Substantially accelerate R&D efforts for
new ice sensors

= Bring comfort to end-customers buying
sensors: know what you are buying and
what is the performance!

= Continue fine-tuning test program e.g.
longer +5h instrumental icing tests in future

= Make this a new industry standard -> input
for next Task 19 Recommended Practices
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Interesting findings

Extra




Wind Speed [m/s]
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Results: Cup anemometers; test 4

Vaisala WAA151

T
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timestamp

Wind Speed [m/s]
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Vector R30
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Result: icemonitor

Ice shape after 4
hours in -5C 10 m/s

Did not rotate, wind
direction constant +
really low turbulence
in IWT
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Results: Labkotec LID-3300IP

= more severe icing conditions -> [ SN SSRGS

faster alarm Test [m/s] [°C] [9/m"3] [mm:ss] [mm:ss]
. . . Typical icing 1 4 -1 0.2 0:19:27 -
= Some variance in alarm times

. o . Typical icing 2 7 -3 0.2 0:32:13
IN S|m|lar Cond|t|0ns Severeicing +ice 3 s 5 0.4 No No alarm
ablation ' alarm! end!
= Fastest sensor here SAGCIEUERAEE 10 5 04 01054 7:39

ablation

Severe icing 10 -5 0.4 0:07:55

10 -5 0.4 0:06:13

5

Severe icing 6 10 -5 0.4 0:08:18
Severe icing 7
8

Extreme icing 20 -15 0.2 0:09:04

Mean= 0:13:26 7:39
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Results: Labkotec

100

Heating On

- Signal Amplitude [%]
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g
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LID-3300IP

= Repeated alarms until
spraybar turned off

= Meteorological icing ends
once alarms stop happening

= Self heating ->
no instrumental icing
End of meteorological
icing

" |n every test except 3 and 8
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