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YERT vs. DERT

Ridvan ALMAZ
Mechanical Engineer

Sekil 1. YERT o6rnegi.

Diisiik hizlarda verimsiz

Kompleks tasarim

Guraltalt cahisma

Y uksek maliyetler

Yalpa mekanizmasina (yaw mechanism)
ihtiyac duyar

ALV NL LN

1(Wind-er, XGEN ENERGY, R&D Product, http://www.wind-er.com/tr/hometr/ )



http://www.wind-er.com/tr/hometr/

Neden DERT?

Modern YERT ciftlikleri metrekarede
2-3 W elektrik Gretmektedirler.

Esli Cahsan tlrbinle
rizgar ciftliklerinin  daha
yuksek gu¢ yogunluklarina
sahip olmasini saglar. 3

Cali-aga¢ konseptine sahip bir
RES icin yapilan saha deneyleri,
metrekare basma 30 W elektrik
Uretme potansiyeli oldugunu
gOstermistir.
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Sekil 3. Cali-agac konseptine sahip bir RES

3. 0. Dabiri, "Potential Order-of-Magnitude Enhancement of Wind Farm Power Density via Counter-Rotating Vertical-Axis Wind Turbine Arrays" J. Renew. Sustain. Energy 3, 043104 (2011).




Tasarim Parametreleri ve DERT iizerine etkiyen Bilesenler

1) Kord (Veter) (C) 7 Kanat kollari
2) Tirbin Yiiksekligi (H) '

3) Turbin Cap1 (D)

4) Turbine Stpirme Alan1  (A)

5) Kanat Sayis1 (N)

6) Serbest Akis Hiz1 (V,)

7) Turbin Agisal Hiz1 (o)

8) Kanat Profili

9) Katilik Orani (o)

10) Hicum Agist (a)

11) Yupuslama G (B) Sekil 4. Tasarim parametrelerinden
12) Azimut Agisi (6) bazilarinin 3-kanatli DERT {iizerinde

gosterimi
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Sekil 6. Winder saha testlerinden bir goriniim

A 4

F, = Kaldirma Kuvveti (Lift Force)
—> Fp = Suriklenme Kuvveti (Drag Force)
—> F; 2 Tegetsel Kuvvet (Tangential Force)

—> F =2 Normal Kuvvet (Normal Force)
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Sekil 5. Kanat iizerine etkiyen hiz ve kuvvet bilesenleri




Analiz Yontemleri ve DMST

ANALIZ
YOTEMLERI

Nimerik
Yontemler

Analitik

Yontemler

Momentum Cascade
Model \Vortex Model Model
Streamtube
Model BEM Model
\ \ l_
Single Multiple Double-Multiple
Streamtube Streamtube Streamtube
Model (SST) Model (MST) Model (DMST)

4 N.C. Batista, Rui Melicio, V.M.F. Mendes, A.Ramiro, “On a self-start Darrieus Wind Turbine: Blade design and field tests” Renew. Sustain. Energy Reviews 52.

NUmerik ¢ozim yontemleri
daha yiksek guvenilirliklidir.

Mometum Modelleri diisiik
giivenilirlige sahiptir.

ANCAK

Diisiik glvenilirlikli modellerin en 6nemli
avantaji zaman alan ve pahali hesaplama ve
deneyler gerektiren analizlerden &nce
verimli bir tlrbin icin uygun tasarim
parametrelerini kolayca belirleyebilmesidir.

» DMST y0Ontemi genis araliktaki hiicum agisi
ve farkli reynolds sayilar1 icin elde edilmis
aerodinamik karakteristik verilerine (C,,
) ihtiya¢ duymaktadir.




DMST Ydntemi

Vap = thp- Ve (1) Akis Arka Bilgesi 900 Alkas On Bilgesi
Xup — w*Radius (2) X"
Vap stiipii 1 Ve
Wy = Vi J [1+ X2, — 2X,psin(0)] 3) R —
stiipti
Wup*Chord_l th «
Repigge = — o ett922 :;C_ 9 (4)
PR
a = arcsin (w) (5) —
L5 Akastiipii 3
1
FL_up = EpAbladeWuzpCL (6) «—
1
Fpup = EpAbladeM/uZpCD (7) P E—
Fr yp = F_ypsin(@) — Fp_yp,cos(a) (8) v vV v -—
_— ka(3 d
Fy up = Fyup 05(@) + Fp 1p5in(a) (9) Alastiipti 4 arka(3) orta(3) an(3)
-
_ FT up
CT_up - 0.5pApladeWidp (10)
__ Pnwp i Varka V. )
Crup = Ry — (11) Alkastiipii 5 o orta(2)
2
_ Nc (m/2 cosf sinf Wup e V. ‘ .
Fap = 87R Y —T/2 (CN_up |cos6)| Cr_up |cosB|cos§) (Vup) df (12) Alkustiipti 6 Vaika{%k ﬂil) @}(ﬁnﬂ)
__r -90e
wp = (13

Sekil 7. DMST Sematiginin Gosterimi




DMST Ydntemi

V, = (2uy, — 1)V, 14 1
€ ( e ) ( ) FL_down = EpAbladerzownCL (22)
V, =u |74 (15) 1
down downTe FD_down = EpAbladerZownCD (23)
X — w*Radius (16) -
down Vdown Fr_gown = FL_downsm(a) - FD_downCOS(a) (24)
Waown = Vdown\/[1 + Xﬁown = 2X 4ownsin(6)] (17) En_down = Fi_down cos(a) + FD_downSin(a) (25)
Fr_down
* C =— 26
Reblade — Wdown (,Z;::d_length (18) T_down O'SPAbladerZOWn ( )
F,
Wegun = WR (19) CN_down = 5oy 2— (27)

0.5pAp1adeWgown
__ w=RxChord_length

Reblade - (20) Nc (3m/2 cos6 sin@ w, 2
visc e by down
Faown 81R J1/2 (CN_down |cos6)| Cr_down Icoselcosé‘) ( ) & (28)
Vdowncos(e))

Waown

Vdown
a= arcsin( (212)

T
Faown+pi

(29)

Udown =

Turbin Indirgeme katsayisi Yerel kanat ug Bagil hiz bileseni Reynolds say1s1 ve hiicum agis1 degerlerinin
parametreleri - (u), 1 birim olarak » hiz oran1 (X) » (W) denklem 4 ile - hesaplatilmasiyla birlikte veritabanindan bu
secilir. kabul edilir. hesaplatilir. elde edilir. degerlere karsilik gelen kaldirma ve siiriiklenme
katsayilarinin (CL, CD) degerleri cekilir.

U

- Esitlik 10 ve 11'de yer alan kaldirma ve
Hesaplanan u _ _Denklem 15ile - stiriiklenme kuvvetleri hesaplatilir ve esitlik
degeri tekrar I- indirgeme katsay1sinin 12 ile 13'te yer alan tegetsel ve normal
dénguye sokulur. (u) ilk degeri elde edilir. kuvvet katsayilar1 hesaplatilir.




Kanat Profilleri icin Veritabani

4\ MATLAB R2016a -

PUBLISH 2 H

B L] Find Files AT msert E1 fx 5] - == ~ &?
':;_E' i ﬁ e .= = D % (=] Run Section (L A E 5
&) Compare ~ ) GoTo » Comment 95 ‘& %) .
New Open Save = Breakpoints Run Run and @ Advance Run and ""i’h CL cD
- - > =Pt v i Find Indent |3 | g |5e - >  Advance : Time
FLE | NAviGaTE | EDIT | BREAKPOINTS | RUN HUMBER ~ HUMBER T HUMBER
<c=EHA » D: b FINAL » Sheldahl_Klimas_Simetrik_Veriler - Pitch 1/Re 36000000000
Current Folder ) |Z Editor - DAFINAL\Sheldahl_Klimas_Simetrik_Veriler - Pitch\DMST.m 2 -'i'\lpha CL Ch
| Name Date Modified ~ D | DMSTm | + | 3 [-90.0 -0,09000 1.80000
B NACAO012_10000.csv 2.05.2018 21:30 Py 1- clc
@] NACAQD12_20000.csv 8.05.2018 21:32 2 -  clear all 4 |-85.0 -0.23000 1.50000
ﬂ NACADDT2_40000.csv 8.05.2018 21:34 3 g |-20.0 -0.36500 1.78000
B2 NACADD12_80000.csv 2.03.2018 21:41 4 s En R R CONSTANT PARAMETERS............%
(1] NACADD12_160000.csv 8.05.2018 21:46 5 6 |-73.0 -0.50000 1.73500
g Ei5:$1§—§WCSV :g::g:::;‘:; 6 — Wind speed = 8; tFree Stream Velocl F|-70.0 -0.63000 1.66500
a,| DO000.cov . .. . P 38 ¥
2 = i1 = rho = 1.225; tAir dens as
B2 NACADD12_1000000.csv 8.05.2018 21:51 T SR S 8 |-65.0 -0.76000 1.57500
ﬂ NACADDTZ 2000000, 2.05.2018 21:52 B wvisc = 0.000015111; iKinematic viscosi
=l LCEW WA .
- 9 - Numb blade = 3; % Turbine's Blade NO[-60.0 -0.87500 1.47000
5] NACAOD12_5000000.csv 8.05.2018 21:54 . Bt Mg -
[35] NACADD15_10000.csv 2052018 21:56 o L; 1351 S %_"";‘T_;‘““S 23 190]-55.0 -0.95500 1.34500
: = ord leng = 0.3; Airfoil's Che L=Wa
I;!_.__:: NACA0D15_20000.csv 3.05.201321:53 i A 11l50.0 -1.02000 1.21500
B3] NACAOD15_40000.c5v 2.05.2018 22:00 3
(5] NACA0015_80000.csv 8.05.2018 22:06 e T°h T A.72271a630; 12|-45.0 -1.05000 1.07500
B3] NACADD15_160000.csv 8.05.2018 22:08 < T TR oo
B NACAOD15_360000.csv 2.05.2018 22:00 1 _ 131-40.0 1.03500 0.92000
(2] NACADD15_700000.csv 8.05.2018 22:11 Sommand Window 14]-35.0 -0.92000 0.74500
2] NACADD15_1000000.csv 2.05.2018 22:12 Fe 5
(3] NACAQD15_2000000.csv 2.05.2018 22:14 15[-30.0 -0.83300 0.37000
2] NACA0015_5000000.csv 2.05.2018 22:19 16]-25.0 -0.77240 0.40500
(5 NACADD12_10000.csv 12.05.2012 15:21
6] NACADD18_20000.csv 13.05.2018 15:22 17220 -0.70500 0.32500
B:] NACAD012_40000.csv 13.05.2018-4573 18]-20.0 -0.69970 0.28200
(5 NACADD1S_80000.csv 05.2018 15:23
= T 13.05.2012 15:24 20}-16.0 -0.80070 0.19600
£ kst AR T ot . af1e0  |osom o0sa00
DMST.m (Script ~
Rkl 22|30 -0.91040  |0.02590
i 22l-12.0 09790 [n.N2350
Sekil 8. MATLAB Veritabanindan bir kesit




Yunuslama Acisi

Kaldirma Kuvveti Katsayisi (CL)

Siriiklenme Kuvveti Katsavis: (CID)

=

=
=

-

-]

&
[

=
=

-6

0.6

0.4

0.2

-0.2

Hiicum Agisina Bagh CL, CD ve CL/CD Grafikleri

Hibcum Agisi; 11
CL: 0.7443

-

- — Hicum Agisi: 0

CD:0.0139

Sekil 9. Hiicum agisina bagl kaldirma (CL) ve siirikklenme (CD)

katsayilarinin gosterimi

50

40

3n

Kaldirma/Siiriiklenme Oram (Lift-to-Drag Ratio)

Hicum Agisi: 7
CLCD: 332

Hiicum Agisi (Derece)

Sekil 10. Hiicum agisina bagl Kaldirma/Siiriiklenme katsayilariin gosterimi

Ideal performans - Maksimum CL/CD

Ideal Performans = Dinamik yunuslama agis1 kontrolii




Yunuslama Acisinin Gosterimi ve Calisma Prensibi

Ideal Hiicum Acisinin Elde Edildigi Egri
ideal Hiicum Agisi = 0,9241531759920120In(Re) - 4,2668832998232000

Hiicum Agis1 (Derece)
O P N W b 01 O N 0 © 8

0,0E+00 5,0E+05 1,0E+06 1,5E+06 2,0E+06 2,5E+06
Reynolds Sayisi

Sekil 11. ideal hiicum acisinin Reynolds sayisina bagl fonksiyonu

Sekil 12. Kanat profili lizerinde yunuslama agisinin gosterimi

Sekil 13. Dinamik yunuslama kontroliiniin gematigi



KALIBRASYON ve DOGRULAMA Cahismalan
CONTARTRARAVETERS

Airfoil Profile NACA 0018 Airfoil Profile NACA 0018 Airfoil Profile NACA 0018 Airfoil Profile NACA 0021 Airfoil Profile NACA 0018
Number of Blades 3 Number of Blades 2 Number of Blades 3 Number of Blades 3 Number of Blades 3
Blade Type Straight Blade Type Straight Blade Type Straight Blade Type Straight Blade Type Straight
Chord Length (m) 0.246 Chord Length (m) 0.06 Chord Length (m) 0.25 Chord Length (m) 0.085 Chord Length (m) 0.85
Rotor Radius (m) 0.85 Rotor Radius (m) 0.5 Rotor Radius (m) 3.75 Rotor Radius (m) 0.515 Rotor Radius (m) 0.246
Turbine Height (m) 20.4 Turbine Height (m) 1 Turbine Height / Blade Length 20.4 Turbine Height (m) 1.45 Turbine Height / Blade Length 20.4

(m) (m)
Free Stream Velocity (m/s) 8 Free Stream Velocity (m/s) 9.3 Free Stream Velocity (m/s) 8 Free Stream Velocity (m/s) 9 Free Stream Velocity (m/s) 8

(1) 0.6 ST — (3)

—MATLAB Daniela Ragnive ark.

0.5 05
——Balduzzi ve ark.
04 P 0.4
Verification :
03 I
& 0.3
0.2 —MATLAB
0.2 ——Howell ve ark.
0.1
0 0.1
0 1 2 3 4 5
o A 0 2 3 4 5 6 7
) 9]
TSR 0 6 TSR
0,6 0.1
(2) " | ——LAMPENG (4)
05 —— MATLAB 02
" o TSR
0.3 03
5 :
0,2 0.2
0.1 0.1
0 0
0 1 2 3 4 5 6 0 1 J 6
0.1 0.1
TSR TSR

Sekil 14. Dort farkli kalibrasyon ve bir tane dogrulama c¢alismasina ait performans egrileri




SONUCLAR -1 (Statik Yunuslama Ag¢is1 Kontrolii)

T Tork Katsayisi vs. Azimut Acgisi (Derece)
- -~ Yunuslama aﬁ.l;-ISI yok

~—+1 Derece Yunuslama Agisi

< =1 Derece Yunuslama Agis:

o
=
4 et ‘%‘a\
= B V- ) ; N
5 e S| ; B
= - =" 4 i, P
Vs He®” i T g
*@%‘W:x
FEL 1 1 1 1 | 1 1
100 -50 0 50 100 150 200 250 300
D25 i -
=== Yunuslama Acgis) yok
0.2 |
P -;) = = +2 Derece Yunuslama Agisi
0.15 | e AN "
& i |—=—=2 Derece Yunuslama Agisi
- . a i |
0.1 g -
E Q" F 1 ‘.sful-'f‘_ g
2 g P g g,
20.05 " yo o “ ik o
F & s g ey, —
8 &£ /7 T Il N gt N\~ "~ g, 1
of £ y ' gy -k h_ J e— S —— = 1
-i~l- - 3 “"--. i # ";"!" S
0.05 | s R
04l I 1 1 1 1 1 1
100 -50 o 50 100 150 200 250 300
D25 T T — e
- - - Yunuslama Agisi yok
02 I [
‘j{;- I g = +3 Derece Yunuslama Acgisi
= N
5 0.15 | }!-- ,'- ,/ " _ -
g P AR —=— -3 Derece Yunuslama Agisi
E 0.1 .";_ | 1 3 a5 I
Q @ ¥ " ""-':'iu,._ % =
0.05 " - N Ll / —
'E ' ./ -_:;*. Jh"-'a .
= g : 3 \ e P ) . X
O e R . A e ’ L  emammae gy ot gy 1
o g o P SO o
0.05 e e
0.1 1 1 ! : ! 1
=100 -50 o 50 100 150 200 250 300

Azimut Agisi (Derece)

Sekil 15. Sabit yunuslama agis1 kontroliinde tork katsayisinin tiirbin agisal konumuyla degisimi, (a) +1 ve -1, (b) +2 ve -2, (c) +3 ve -3 derece sabit yunuslama agilarnin etkileri




SONUCLAR —II (Dinamik Yunuslama Acis1 Kontrolii)

0.4
035 | —Yunuslama Acist Yok
T ] s 42 Derece Yunuslama Agist
03 : AN
-2 Derece Yunuslama Acisi 0N
025 ——Deneysel Veri [13] : \
0,2
-5
O 0,15
0,1
0,05
-0,05 0 0,5 1 1,5 2 2,5 3 3,5 4
-0,1 TSR
Sekil 17. Gii¢ katsayisinin kanat u¢ hiz oraniyla degisimi
0,35
o Yunuslama A1 Yok
025 | ——Dinamik Yunuslama
Agist

35 3

TSR

Sekil 18. Tiirbinin yunuslama agis1 yapmadigi ve dinamik yaptigr durumlarda tiirbin performans egrileri




Dinlediginiz i¢in
Tesekkurler...

Ridvan ALMAZ
Mechanical Engineer
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