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2) Surface Condenser :
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Deaeration (The process of removing noncondensables is called deaeration )
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0.003 percent by volume — 0.001 , 0.0005
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1) Once-Through Systems
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3) Combination Systems :
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R =Range = temperature rise across condenser
TTD = Terminal temperature Difference = 7, ooiing iower — Lsourse
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1) Mechanical Draft
2) Natural Draft
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2-3 Atm. Helium Turbine
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The Ideal Brayton Cycle
The Nonideal Brayton Cycle
Modifications of the Brayton Cycle
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(1, 3 )
1. Regeneration
2. Compressor Intercooling

3. Turbine Reheat

4. Water Injection
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1. Heat-Recovery Boiler with or without Supplementary Firing
2. Heat-Recovery Boiler with Regeneration and/or Feedwater Heating
3. Heat-Recovery Boiler with Multipressure Steam Cycle
4. Closed-Cycle Gas Turbine with Steam Cycle Feedwater Heating
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Combined Cycles with Heat-Recovery Boiler (HRB)
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SF: Supplementary Firing (sSeS 3 sl

AC: Air Compressor

CC: Combustion Chamber

HRB: Heat Recovery Boiler i) > bl Jlas Ko
GT: Gas Turbine

ST: Steam Turbine

G: Generator
C: Condenser oS julad

CP: Circulating Pump

FWH: Closed Feedwater Heater 422x ol 021 e Ji
DH: Deaerating Heater o283 yhadi (43335 ) 21 o X
SU: Super Heaters 23S a SI

EC: Economizer 23S 5 Al

B: Boiler

SD: Steam Drum J\&: ik

ST: Stack k) A
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HTGR = High — Temperature Gas Cooler Nuclear Reactor
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He C = Helium Compressor

He T = Helium Turbine

R = Regenerator

FWH = Feed water Heater
SG = Fossil — Fueled Steam Generator (slssd A g by jlay 4l
ST = Steam Turbine
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Nuclear Power 1996

Figure 2. World Nuclear Power Reactors, 1996
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Table 2. 1996 Operable Nuclear Capacities and Projected Reference Case Capacities for 2000, 2005, 2010,
and 2015
(Megawatts-electric)

Growth Rate Growth Rate Growth Rate

Country Name 1996% 2000 2005 2010 2015 {1996-2005) {2005-2010) (2010-2015)
North America
United States ... ... 100,685 99,382 94,965 89,122 62,860 -0.6 -1.3 5.7
Canada ............ 14,902 14,054 14,054 14,054 11,994 -0.6 0.0 -31
Subtotal .......... 115,587 113,436 109,019 103,176 74,054 -0.6 -1.1 6.2
W. Europe
Belgium .. .. ... ... 5712 5,712 5,712 5712 5712 0.0 0.0 0.0
Finland _...._...... 2,355 2,610 2,610 2,610 2,610 1.1 0.0 0.0
France _...._...... 59,048 54,303 62,870 62,870 52,870 0.5 0.0 0.0
Germany .. .. ..... .. 22,282 21,063 21,063 20,723 18,916 0.6 -0.3 -1.8
Metherands ... ..... 504 449 0 o 0 MNFA MAA NFA
Slovenia ........... 632 632 632 832 632 0.0 0.0 0.0
Spain ... ... 7,207 7,207 7,054 7,054 7,054 -0.2 0.0 0.0
Sweden ........... 10,040 10,040 10,040 10,040 6,685 0.0 0.0 -8
Switzerland . ... ... .. 3,077 3,077 3,077 2.712 2,000 0.0 -2.5 -5.9
United Kingdom ... .. 12,928 11,772 10,518 9,568 7,158 -2.3 -1.9 5.6
Subtotal .......... 124,685 126,865 123,576 121,921 113,637 0.1 0.3 14
E. Europe
Armenia .. ... ... aTe a7a 752 752 752 8.0 0.0 0.0
Bulgaria ....._ ...... 3,538 3,538 2,722 2,722 1,906 -29 0.0 -5.9
Czech Republic ... .. 1,648 3,472 3,472 3.472 3,472 86 0.0 0.0
Hungary ........... 1,729 1,729 1,729 1,729 1,729 0.0 0.0 0.0
Kazakhstan ... ..... T0 TO 500 500 500 24.4 0.0 0.0
Lithuania .. ... ...... 2370 2,370 2,370 2,370 1,185 0.0 0.0 -12.9
Romania .. ......... 650 550 1,300 1,300 1,300 8.0 0.0 0.0
Russia . ...._....... 19,843 19,843 23,618 22,758 18,347 20 0.7 4.2
Slovak Republic ... .. 1,632 2,020 1,592 1,592 1,592 -0.3 0.0 0.0
Ukraine - .. ......._. 13,765 14,015 13,000 15,577 11,400 -0.6 a5 -5.1
Subtotal .......... 45,621 48,083 51,145 52,772 42,183 1.3 0.6 4.4
Far East
China .. ...._....... 2,167 2,167 5,737 11,542 17,500 134 11.4 aT
Japan .. ... ... ... 42,369 43,525 50,176 54,768 50,200 1.8 18 1.6
Karea, Morth . .. ... .. 4] o S50 1,200 1,900 MNFA 14.9 0.0
Karea, South .. ..... 9,120 12,990 16,790 20,600 24 600 T0 4.2 3.6
Taiwan . ........... 4,684 4 884 7,384 7.384 7,384 47 0.0 0.0
Subtotal .......... 58,540 63,566 82,037 96,194 110,584 3.8 3.2 2.8
Other
Argentina . ......... 938 935 1,627 1,292 1,292 5.3 -4.5 0.0
Brazil ..........._. 626 626 1,871 1,871 1,871 129 0.0 0.0
India ... ... ... ... ... 1,695 2,503 2,653 5,913 7,900 5.1 17.4 5.0
Iram ... .. 4] 0 1,073 21486 2,145 MN/A 14.9 0.0
Mexico . ...._...... 1,308 1,308 1,308 1,308 1,308 0.0 0.0 0.0
Pakistan ....._ ...... 125 425 425 725 G500 14.6 11.3 3T
South Africa . ....... 1,842 1,842 1,842 1,842 1,642 0.0 0.0 0.0
Turkey . ........... 4] o 0 1,300 1,300 MN/A MIA 0.0
Subtotal .......... 6,531 7,639 10,799 16,397 18,259 5.7 8.7 2.2
Total World ......... 350,964 359,589 376,576 390,460 359,617 0.3 0.7 1.6

3Status as of December 31, 1994,
®1996 U.S. capacity is preliminary.
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Figure 7. Comparison of Total and Nuclear Net
Electricity Generation, North America,

Met Terawatthours
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Figure 9. Comparison of Total and Nuclear Net
Electricity Generation, Eastern Europe,
1980-2015
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Figure 8. Comparison of Total and Nuclear Net

Met Terawatthours

Electricity Generation, Western Europe,

19280-2015
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Figure 11. Comparison of Total and Nuclear Net Electricity Generation, Far East, 1980-2015
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Figure 10. Comparison of Total and Nuclear Net
Electricity Generation, Other Region,

1980-2015
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Rotor  1/?? | 40 17.5

Generator out pout power (kw) | 100 2500

Rotor Coefficient of Performance, Cp, max | 0.375  0.389
Catin wind speed at hub height (m/s) | 4.3 6.3
Rated wind speed at hub height (m/s) | 7.7 12.4
Shut down wind speed at hub height (m/s) | 17.9 20.1
Maximum wind speed (m/s) 66 66

Rotor diameter (m/s) | 37.5 91.5

Hub height (m) 30 61

Caning angle | 7° 0°

Effective swept area (m”) | 1072 656a

Air section , Naca | 23000 230

Weight of two blades (kg) | 2090 33.200

Generator rohage line to line | 480 4160
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1 —DC Shunt generator
Electrical generators 2- Permanent — magnet ac generator

3- AC generator
4- Self excited induction generator (Squirrel — Cage rotor)
5-field modulated generator

6-Roesel generator
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1- Diode rectifier

Power Canditioner 2- invertor

3- salide-state switching system.

1 —Battery

2- water heater

3- Space (air) heater
Electrical load 4- heat pump
S-water pump

6-fan

7-lights

8- applications Cappliances
9 — electrolysis

10-fertilizer cells

13l sl 531535 (8 e bl 5 Sl (sl sl €Y
Piston water pumps .

Centri fugal pumps .Y

paddle wheel water heaters .V

batteries .¢
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USA : MODO — MOD6

power output into badC, = coefficient of out put =

power in wind
¢ h/ _ ~/~O~ C0=

cofficient of performance = aerodnamic power deveid

"y A..pr/o

"kg/m V/Y ~S = air density
L%a)ﬁl:uﬂaﬁ}J\AQ;WA;

AL Ge pa V=
. /\ _ /O — Cp
) /O A= Cpmax
N P s f AV 5 B = (v )] 1) S €, Aslae (B
2gc 4gc p
P
Pm(max) = L X fAvls - Cpmax = M = E = O / 5926
2vgc ptotal 27
OO 4355 N dd b e yu 7
g, = conversion factor = kg /((N.S*) s Y zsoAd b e iy,
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Airfail —
Sunlight —

Single blade "\
Double bladed
Three bladed
Wind mill multibladed >
(Y) horizan to axis Bicycle multibladed

Upwind

Down wind Y,
Sail wing

Cross wind saonius

(Y)Aeroelectric.
: ac bl )|
—~ AN 50 HZ
V /
Indretion generators :
-PM

- field excited or squirrel induction
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50 HZ
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generator : pole change induction motors.
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generator : self - excited induction motors.
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generator : Rotor - wound induction .
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generator : field - modulated
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Important parameters in wind turbines

1) number of turbine blades
Sa S s oms
3 bladed — 1blade (Ji4i)sar jeaa)
D% By e e Lea 2l alawd (gl S g JUES 5 a8 S — WL Ak e — 2h ) 3k ) JSie
(b (e Uil 8 SlB ) 850 targue Qi e ) 438ly (EalS Gl ol e
i i ) 3 JSdia — 255 (o gl 8 5 8 )5 Uanla 5 5 (558 eSS 40 Sl g (pen 4
ST BT
CUS oy GEalS L oy et AS 21 gl e Caely KA (358 &) ge dar
2) degree of structural compliance or flexibility.
gLl 2 g 2l g asdy a8l 4Bl e Gl de gana U Luodd ca () 5 8 & Jaead ) paldiul L
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3) operation of upwind or do downwind of the tower.
4) turbine speed.
5) turbine targue regulation.

6) tower type.
7) generator type.
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Performance and operational data

Rated electrical power 2000 watt
Rated output voltage 380 volt a.c.
3 phase , 50 Hz
Cut-in wind speed 3m/s
Rated wind speed 8 m/s
Shut-down wind speed 25 m/s
Survival wind speed 40 m/s
Shaft speed at rated output 60 rev/min
Maximum shaft speed 66 rev/min
Physical data
Turbine

Type: horizontal axis , downwind operating freely in yaw
Dimensions

Diameter 5 m
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Blades

Construction: sheet steel with ribs and spars

Number: 3

Control: Centrifugally operated blade pitch control for
overspeed protection

Generator: Synchronous or induction generator
Mechanical transmission: 25:1 speed increasing two-stage
oil bath gearbox

System weight: 280 kg

Production

First production : 1969

Production quantity to date: 9(January 1980) i.
e
e ah)
Miscellaneous ._a'_‘: '
One year warranty. . :

Annual maintenance comprising lubrication. A
m guyed tubular tower with working platform and railing is

standard.

I... .

Variants

Different generators up to double capacity can be

incorporated.

Concrete or lattice towers are available , also different

tower heights.
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Performance and operational data

Rated electrical power
Rated output voltage
Cut-in wind speed
Rated wind speed
Shut-down wind speed
wind speed

speed at rated output
shaft speed

data

3500watt
24/48/96 volt d.c.
3.6 m/s
7.7 m/s
11.1 m/s
49.0 m/s
110 rev/min

175 rev/min

vertical axis , "troposkien" type , with "savnius"

starting devices
Dimensions
11.52m

7.2m

Construction : stainless steel made of two piece

weld" sheet with integral spar; aerofoil is streched

troposkien shape

Fixed pitch blades with aerodynamic flaps for .

Permanent magnet a.c. generator (rectified) 3

Mechanical transmission: Direct coupling to

weight
1407 kg

Wind Turbine Generators
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Survival
Shaft
Maximum

(normal)

Physical
Turbine
Type:
type

Height
Diameter

Blades

"wrap and
/ bent to
Number: 2
Control:
overspeed

Generator:
turbine

System
Net

Production



First production: 1978
Production quantity to date: 4 (may 1981)

Miscellaneous

Warranty covers complete system for one year.

Maintenance on blades and a.c. generator is required every five years.

Handbook supplied with equipment.

Licus registered trade mark of Bristol Aerospace Ltd.

Yy
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Table 1.  Summary of Worldwide Installed Geothermal Power Capacity (as of 1995).

Country AW No, Units MW Tt Plant Types!
United Statas 2850 203 14.0 D5, 1F, 2F,. B, H
Plulippmes 1843 &4 289 1IF, 2F . H
Marxace 743 26 286 1F,2F. H
Italy 742 na - D5, 2F. H
Indemesia 3895 15 393 D5, 1F
Japan 530 18 294 D5, 1F, 2F
Mew Zealand 164 na - 1F,2F. H
Costa Faca 120 4 a0 1F
El Salvador 105 5 21 1F, 2F
Wicaragua 70 2 35 1F
Ieeland 506 13 39 1F, 2F . H
Eanya 45 3 15 1F
Chinz 28.7E 13 22 IF, 2F, B
Turkey 21 1 21 1F
Portugal {Arores) 1a 5 32 1F, H
Fus=a 11 1 11 IF
Ethiopia 85 Z 42 H
Francs (Guadeloupe) 4 1 4 XF
Argantina 0.7 1 0.7 B
Anstraha 0.4 1 0.4 B
Thailand 0.3 1 0.3 B

Total 8147.78

1. D% = Dhrv Steany, 1F = Smgle Flazh, 2F = Double Flash, B =Bmary, H = Hyboad

Mate: A umt is defined as a turbine-dnven gensrator. Data from Bef (4) and various other sources.
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Figure 2 (after Nichols, 1984).
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Figure 3 (after Entingh and others, 1994).
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Fizure 4. (after Entingh and Others, 1994).
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1- Trieb fetal Solar Electricity Generation.
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Operating
temp., °C Anode Electrolyte Cathode
AFC 65-250 Pv/C Concentrated KOH PU/C
solution
PEFC (PEM)  80-100 Pt/C Moist polymer membrane Pt/C
PAFC 150-220 Puy/C Concentrated H,PO, Pt/C
solution
MCFC 600-700 Ni-Cr alloy K,CO,/Li,CO/Na,CO, NiO
SOFC 650-1000 Ni-zirconia Y,0; stabilized Sr-doped

cermet zirconia LaMnO,
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Whole-tree chopper
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