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Slide#1- Turbomachinery Course- INTRODUCTION

INCOMPRESSIBLE FLOW TURBOMACHINES
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COMPRESSIBLE FLOW TURBOMACHINES
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PUMP CLASSIFICATION
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TURBO PUMP CLASSIFICATION
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API 610

Pump type Orientation EEE
Foot-mounted OH1
Horizontal Centreline-
Flexibly coupled supported OH2
(=] ' . , .
= Vertical in-line with
2 bearing bracket OH3
L]
5 Rigidly coupled Wertical in-line QOH4
Wertical in-line QHS
Close-coupled | High-gpeed integrally OHE
geared
1]
e @ Axially split BB1
5 2 1- and 2-stage - Y -
= E Radially split BB2
Ef g Axially split BR3
€ ¢ Multistage ) _ Single casing BB4
0 5 Radially split
o Doubls casing BBS
Diffuser V31
o Discharge through
g column Volute V52
& Single casing Axial Flow Vs3
1]
@ ) Line shaft VsS4
= Separate discharge
hii Cantilever V35
3 ‘ Diffuser VS6
Double casing
Volute V3T
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API 610
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API 610
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API 610
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frequency - 20kHz
amplitude - 51 pm
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FIG 1. Projected increase in world wind power installed capacity
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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 8.9
Control systems 4 0.3
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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How a wind turbine

A typical wind turbine will contain up to 8,000 different companants.
This guide shows the main parts and their contribution in percantage
terms to tha overall cost. Figures ara basad on a REpower MMA2
turbine with 45.3 metra length bladas and a 100 matre tower.

Tower 26.3%

Ranga in height from 40 matras up to mora
than 100 m.Usually manufactured in sac-
tions from rclled stael,  lattica structura cr

concrete are cheaper options,

Rotor blades 22.2%

—_

Varying in lngth up to mora than €0
metras, blades ara manufacturad in

. spacially designed moulds from composite
matariais, usually a combination of glass fiora
and epaxy resin, Options include polyestar
instead of epaxy and the addition of carbon
fibre to add strangth and stiffress.

Rotor hub 1.37%

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

Rotor bearings ~ 1.22%

,' ‘, Some of the many different bearings in a
| o turbine, thesa hava o withstand the varying

v forces and loads ganerated by tha wind.

Main shaft 191%

||.||. Transfars the rotation force of the rotor to
: the gearbox.

Main frame 2.80%
_ Made from stael, must ba strong enoughto
support the enfira turbina drive train, but

not 100 haavy.

HINI i

s together

0.96%

Link individual turbinas in a wind farm  Hold the main components in

Cables

to an electricity sub-station

Gearbox 12.91%

. Gears increasa the low rotational spaad of

tha rotor shaftin several stages to tha high
spaad naaded to drive tha genarator.

Generator 3.44%

Cenverts machanical energy into slectrical
anergy. Both synchronous and asynchronous
Qgenerators are usad.

Yawsystem  1.25%

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

Pitch system ~ 2.66%

Adjusts the angla of the blades to make best
use of the pravailing wind.

Power converter 5.01%

Converts diract current from the generator
into altarnating current to be exported to the
and network,

Transformer ~ 3.59%

Converts the elactricity from the turbine to
higher voltage requirad by tha grid.

Disc brakes bring tha turbina o a halt
whan required,

Nacelle housing 1.35%

Lightweight glass fibra box covers the
turbing's drive train,
Screws 1.04%

placa, must be designad for extreme loads.
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Rotor power coefficient cpg

FIG 1. A plot of rotor power coefficient as a function of tip speed ratio for various
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2 to 20kW)

to 11m (P

NREL S822

\

Tip—region airfoil, 90% radius

| NREL S823 |

=
N

Root-region airfoil, 40% radius

Design Specifications

Airfoil

riR

Re (x10%) t/ Cimax

Co (min)

S822
S823

0.9
0.4

0.6 0.16 1.0
0.4 0.21 1.2

0.010
0.018

Thick aerofoil family for HAWTs of diameter | Thick aerofoil family for HAWTSs of diameter 2

= 20 to 100kW)

11to21m (P

NREL S820

Tip—region airfoil, 95% radius

/NREL S819

\

Primary outboard airfoil, 75% radius

NREL S821

N

Root—region airfoil, 40% radius

Design Specifications

Airfoil

R

Re (x10%) ti Crmax

CD (min)

S820
sS819

5821

0.95
0.75

0.40

1.3 0.16 1.1
1.0 021 1.2

0.8 0.24 1.4

0.007
0.008

0.014
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Table 10.3 Worldwide ocean energy projections: installed capacity

Gw 2007 2010 2020 2025 2030 2040 2050
Very optimistic 0.4 1 204 40 61 149 309
Optimistic/Realistic 0.4 1 17 30 44 98 194
Pessimistic 0.4 0.4 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)

Ocean Energy TWh
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Figure 10.9 Worldwide ocean energy projections: generated electricity
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Harnessing of wave energy by TAPCHAN
column and overtopping

systems for power production, oscillating water
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