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API 610

Pump type Orientation I;'E':
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Table 12.1 Turbine characteristics. NOTE: n, with [rpm]. [m®/s]. [m] Eg.
Flow rate at BEP in tacbine . . 1211
mode to Sow at pump BEP Qe Thga P =
Head at BEP in furbine mode fo %- e e e 1212
head st prorp BEP s » :
at paep Tt F [12.1]
” . - |T
Specific speed in arbine mode | PaT _ 095,15 1213
to pumip specifc spead Oy p
Flow rats st BED in tarbine - L I R T i
made o Sow at pumap BEEP Q-:-p.P M cpt, P vaoluia puaips 22
= B<n. <7D
Heod 3t BEP in ubinemode vo | omtl _ 24 z-13 zH% by 12.15
h=ad at pocp BEF Hﬂ'ﬂ.l“ Mo cpt? The sCatier
EppToimAte-
Specific speed intubinemode | D9T _y3, __p3 =199 |lympresems |, .
o purap specifc spead Opp - the standand =
deviction
Effciency at BEP in nirbins e ORI | PR | L 1217
mode to effciency at pamp BEP - o b, 1 e
Nopt,?
018 as frora data in
Fomaway speed (M =10) np _[Bgp H [125]and  |12.18
refarmad fo pum spead oN 12 Hepe p [B.1%]
Flow rate at mnzway (M=0; ;- 03+ : acc. te [12.9] [12.19
refarred to mrbie Qope, T 400 . = ]
= =
. H fromm daiz in
Head at unaaay 4 = 0); re- L —055-0002m
_ : =055-0. a.F [123]and [12.110
ferted to frbine Homr [12.5]
Flowy rats ar mansway (b= 0); QL _D45+u‘q'P
] 2 ; —_— 12.1.11
refarrad to pump qqx.p 150
et it =0 H 'l 13 '-h':lj-E,-' 2
: mrmwa]r{}r =g re- e B Li] from datain |12.1.12
ered to pump Huwp [(Ogp) iDn [12.15] and
028 s |[123]
Flow ratz at lecked roter (o= 10) Q= _| 1 H ] 12113
refarrad o pump Qepep | Bgp | Hepe p ) 1, < 130
0.z
Terqus =t locked mtor (2. =0) M, Ikl'*nﬁi H T
refarrad fo pump Mo p ; J Hopro
T-Hiy
Turhine charactaristic Hy =Hp 71 - Q: Y (ng r-03) ELLL
LN
e
Fequired NPSE, of a urbine MPSHy =0.1Hg, [ﬂiﬂ 121118




Slide#40- Turbomachinery Course- WIND TURBINES

Actual Prediction
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FIG 2. Percentage of electricity produced from wind energy by various states in the USA

Investment Share

(1000€/MW) (%)
Turbine (ex works) 928 75.6
Foundation 80 6.5
Electric installation 18 1.5
Grid-connection 109 89
Control systems 4 03
Consultancy 15 1.2
Land 48 39
Financial costs 15 1.2
Road 11 0.9
Total 1227 100

TABLE 1. Cost structure (in €) of a typical 2MW wind turbine based on selected data for
European wind turbine installations (2006)
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Atypical wind turbine will contain up to 8,000 different componants.
This quide shows the main parts and their contribution in percantage
terms to tha overall cost. Figures are based on a REpower MMO2
turbine with 45.3 metra length bladas and a 100 matre tower,

o

Tower 263% |l

Rangein height from 40 metras up to mora
than 100 m.Usually manufactured in sac-
tions from rolled stasl. a lattica structure o
concrete are cheapsr cptions,

Rotor blades 22.2%

Varying inlength up to mare than €0
metras. blades are manufacturad in

spacially designed moulds from composite
materiais, usually a combination of glass fibra

and epoxy rasin, Opions include polyester
instead of apaxy and the addition of carbon
fibre to add strangth and stiffness.

Rotor hub 1.37%

Made from castiron, he hub holds the
blades in position as they tum.

Rotor bearings ~ 1.22%
Some of the many different baarings in a
turtine. thess hava 10 withstand the varying
forces and loads ganerated by tha wind.

Main shaft 191%

Transfars the rotation force of the rotor o
the gearbox.

Main frame 2.80%

Made from stael, must ba strong enough to
support tha entira furbine driva train, but
ot 100 heavy.

Cables 0.96%

Gearbox 1291%

. Gears increasa the low rotational spead of
/1" o rotor shattinseveralstages to th high

spead neaded to drive the ganarator,
Generator 3.44%

Cenverts machanical energy into alectrical
anergy. Bath synchronous and asynchronous
Qenerators are used.

Yawsystem  1.25%
Machanism that rotates the nacelle to face
tha changing wind diraction.

Pitch system ~ 2.66%

Adjsts the angle ofthe blades 1o make best
usé of he pravaiing wind.

Power converter  5.01%
Converts direct currant from the generator

= into altarnating cument to be exported to the

and network,

Transformer ~ 3.59%

Converts the alectricity from th urbing to
higher voltage requred by the grid

Disc brakes bring the turbing 1o a halt
whan required,
Nacelle housing  1.35%

Lightweight glass fibra box covers the
turbing's drive train,

Screws 1.04%

Link individual urbinas in a wind farm  Hold the main companents in

1o an electrcity sub-station

place. must be designed for extreme loads,
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The increase in the wind turbine

power via increase in rotor
diameter

5000 kW
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FIG 1. A plot of rotor power coefficient as a function of tip speed ratio for various



Effect of the Important variables on a Wind

Turbine

Effect of the Important variables on a Wind
Turbine

Cross section and Velocity Triangle of a
wind turbine
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Variation of (a) lift and (b) drag coefficients for
the 38% chord ailerons when set at 0, -60 deg
and at -90 deg. (Adapted from Savino et al.
1985. Courtesy of NASA.)

Aileron control surfaces: (a) showing position of
ailerons on two-bladed rotor; (b) two types of
aileron in fully deflected position
(adapted from Miller and Sirocky 1985).
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Table 10.3 Worldwide ocean energy projections: installed capacity

GwW 2007 2010 2020 2025 2030 2040 2050
Very optimistic 0.4 1 20.4 40 61 149 309
Optimistic/Realistic 0.4 1 17 30 44 98 194
Pessimistic 04 04 4.8 7.4 10 20 40

Source: NEEDS project (2008)

Table 10.4 Worldwide ocean energy projections: generated electricity

TWh 2007 2010 2020 2025 2030 2040 2050
Very optimistic 1 3 70 151 231 593 1281
Optimistic/Realistic 1 3 51 101 152 372 773
Pessimistic 1 1 14 22 30 69 152

Source:NEEDS project (2008)
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Figure 10.9 Worldwide ocean energy projections: generated electricity
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Tidal Day
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Source: Wave Dragon APS [88]
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