|_ocalized Effects of Wind Turbines on Weather Conditions _
Kathryn A. Demchak, Brian M. Doogs, Meghan F. Henschen, Brittany N. Herrholtz, Joshua A. Holland, Erik D. Larson, w

v

lFl..lI

John P. Martin, Lacey R. Rhudy, Matthew D. Rudkin, and Ki-Hong Min Atmospheric
Department of Earth and Atmospheric Sciences
Purdue University, West Lafayette, IN 47907-2051

X - D 7:30 AM on November 8, 2010

Newton County | Jasper County

—
** "o o

| ! l
_——71 12:30 AM on November 15, 2010
Newton County | Jasper County

*® '..

* L
S - * o .00 > ®

. Sl .\ﬁw *%0 :.o 0: . : :

R oo *Joe lsa

% 0: A
. s Temp: 38.7
, . RH: 56% Temp: 36.6
1 | RH: 65%

* Minor research has been pursued In how wind turbine

; . . R
L {. Weather during experiment: e

establishments affect local weather conditions e S | LR - =)
« Knowledge of how local wind farms affect weather y 1 PR 29 October — 6 November Lo el o RN e < TR
S U TR - s | Lt Bete > - Cold front went through between 4-5 November, causin TR - KSR
around their vicinity Is important to farmers in the area SRS Couny . . J . J o -
0% higher wind speeds, lower barometric pressure, and o e 5
= . o] lowered the temperatures slightly. Accumulating rain Bt hens ) . Tepeceno
Hypothesis: p ghtly g : s N
_ D C . _ “* =1 occurred 5 November. K
 More turbulent rotation within the vicinity of turbines PR g T
* Mixing of air causes cooler day time temperatures and “ | 6-13 November = v—__
- - - Dry cold front went through 8-9 November. On 13 oo '
Warmer nlght tl me temperatures ':’:’:.”: o2 300: .’.:':3:'0 o Tionedaios NOVGmber, the a cold front went through the area |OW€Ting \Ilzvli?#rfofr:elgf;gr? tg|tiepg??er;?;nr;"2?,thsf?/:;;;lg i??j;ﬁ?ﬁgg t:te7v:v3|8dAtl\lj|r?é?e§ Figure 7: Using GIS programming, specific location of the wind turbines
° Drler COnd ItIoNS dOWﬂWl nd L.:. et et Codrity pressure and temperature S||ght|y Wind Speeds were November 2010. This time and date were chosen because of the maximal AN GOIIEEUON (0 i Gl (R O e e SIgbiclivte, - NG
\ between 5 10 mph L|ttle precipitat.ion Occurred Wlth thIS temperature gradient across the wind farm in the most favorable overnight November 2010. -—
= ] to early morning hours.
\ fro nt ) Newton County | Jasper County \
N
Warren County .
: ; s = s Total Evaporation
.. . - ] 0 15 3 6Mileg = = Jf 14-17 November
Positive aspe_cts of wind turbines: _ _ _ | - No precipitation during 16-17 November. There was a
° Clean, eff|C|en'[, abundant source ()f W|nd’ W|nd 1S free Figure 1. WXT-510 instruments were launched at 4 different sites within the brief drop in surface pressure with winds at 10 mph.
wind farm. Each purple dot represents a designated wind turbine. .. : ’
C Roy and Pacala (2()()4); Temperatures stayed steady throughout this time period.
 Nocturnal jet causes well mixed boundary :
. T t Relative Humidit
« Early morning most prevalent & STPETATre STanive UMY ‘-
S 70 A e A 90 .. 6\ SW winds ;
» Changes temperature, humidity, and latent heat flux ATl e I 8 l \ E s
= _.60 | NW winds ,f/\ F § s & {3 §70 | o 4 0 . \
* Frandsen and Emeis (1993): E X 1L NANAEE' S jﬁ F AR B 0 _
e States “momentum loss IS due to an Infinite cluster of b N W o4y ¥ T ki B0 — | — —
. . . oo 3 AW }* f 2 10 ; Figure 8: The NE site produced the greatest amount of evaporation, showing as g;?eurr?ng;/i\avgzr\]/vs'z/c\)/ mzn?rf t‘;]r:\c/izlsliegdn’attheeda\l/:/rinbc??;;nrr?z Eerggg:;:\/gtljyrple
ObStaC|ES, [ln Other WOI’dS] Wlnd tUI’bIﬂGS = 1 *-Fe«“(\ gtoerthoast 130 the wind moved from the SW to NE in the wind farm area, the air became drier. dot depicted represents a specified wind turbine. -
20 SW winds * Northeast

site

N
o

* Roy and Traiteur (2003):

(Y
o

[EY

o

Site

* Turbines change local weather by changing air flow ITUIRE WORL
patterns = F 5§ 0§ FOF § 0§ § % = § § § 5§ 5§ : % & &
» Near-surface air temperatures downwind of the wind farm Y T Conclusions:
are h|gher tnan the upWind regions during nlght, and C()()ler Figure 2: When_ the_ wind is simultaneously blowing perpendicular_ to the !:igure 3: When_ the wind is_blowing from the SW, there isas_ignifica_nt_ decrease . ) i i i
: MAWS and NE site, i.e. from the northwest, the temperatures at both sites are  in relative humidity downwind. At the MAWS site, the relative humidity values e \Warmer temperatures occurred 1n localized areas downwind of turblneS,
dunng day relatively_ the same at night_ and during the d_ay. When the wind is p_arallel to are approxin_]ately 10 percen_t higher thar_l those furth_er Into the_ win_d farm at the . ” Iate ni ht/earl mOrnin
. NOCturnaI Warming 0 f the air heIpS prOteCt CI‘OpS frOm \t/C:rtmwi(r)] gléisv,v E\Lllvczgdazva; ::n\:\gm :nzog(t)r;\;\ﬁsg (\;\Spi?],gt?ﬁetgzﬁeratures differ, both mgrsiﬁz h‘(r)flljlrs&phenomena IS more noticeable during the nighttime to early eSpeCIa y g y g . . .
£ots -_Cooler temperatures were o_bserved downvv_md of t_urblnes during day
time hours due to surface mixing caused by wind turbines
— ) Temperature . e Relative Humidity » Decrease in RH were found as winds progressed through wind farm
\ —10OL ) N s R oo | F swwinds + MAWS * As wind progressed through the wind turbines, higher evaporation rates
E quipment: - -y ]5 ‘ A : ol o scones | g .| | Occurred downwind
+ 4 WXT510s W 2 AN NAN A
. 1 MAWS101 ~/ Wt ‘“"%‘:.;, } Future Wo rk_: _ | | |
« 3 evaporation containers . sibinds el  Perform statistical analyses to delineate instrument error and biases

e Evaluation of soil moisture content of localized farm land
* Further experimentation to include cooler seasons to assess the
decrease of frost down wind of wind turbines

» Parameters measured: temperature, pressure, wind speed,
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Figure 4: With a SE wind, the change in temperature was not as great due to the
perpendicular path of the wind directed towards the wind farm. When SW winds
prevailed, the difference in temperature from each site was much greater. The
coldest temperatures during the night time hours were at the SW site, with the
warmest temperatures at the same time frame being furthest away from the direct
wind flow at the NW site.

Figure 5: SE winds show RH values decrease moving into the wind farm. The
further away from the direction of the wind, the drier the air. When SW winds
were in effect, the SW site had the highest values of RH, and the NE/NW sites
had much lower RH values, indicating drying moving in the direction of the
wind due to mixing caused by rotation of wind turbines.
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