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JunemayaprbmarfebjanaDates

131613331353137813941400Io , w/m2

1.01381.00751.0000.99090.98520.9831Distance , A.U.

DecNovOctSeptAugjulycDates

139213731353132813131309Io , w/m2

0.98590.99271.0001.00941.01511.0167Distance , A.U.

a: earth-sun distance is at its minimum

b: earth-sun distance is 1.000 astronomical unit: Io=Isc

c: earth-sun distance is at its maximum
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(B 	� L(*� -���6 �
& �� I=*��# ±23.45  -( 	� 

=�� �� %**t� .
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�� -���6 �� '*+� D���� 	� L*� 
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 �	�� V���� .�	�� �
 � -�*5� h*A@� G� D�/	��? %� 
�%� �0R '*P� -� . -� 
� -#
8 -�

   �%F� L*� -���6 	�=F�    ��%8 �� 	�%�� -��/	��? I	�� G� 	� �/	� �W�5 .   %(�6 �(�%a� -���+�

�/� I=& -*;
� L*� -���6 -5/�A� 
�%� :
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δ

    �2 	� -�N                 �	 L(*� -���6 ��"R =��� ���
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�%� � =&�� �� D�/ 	� 6�	 	�P& 

��� %**t� . �-Y��	 '�� 	�δ=�2 �� �/=� - 	� Q�1%�  .
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(a# � �0(@� V�%(**t� � =*(&	
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��0�&

�� ���# �	 -#�*��/=���.
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A� )��
�  I%�P*# 	� �#����6 (

(c 
H*��: D�=�R� (d �#����6 L�
A� )��
�  I%�P*# 	� �#������(
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    �2 	� -�n  & ��P#                 $*(A� 	� 	
(# �R%/ -� �� 	� 	
# �R%/ �5�# %��%� � �/� ���

  =&�� �� 
��� .               �(/� �(�&
: I��(� '�%����=(�� -(� -(�*& �	
� 	�n=1.53    W�(�a*�# � 

pr=0.044=& =��
�  .

 
� ^�  G� 6� ��6�# -�> -0*/
� �	 )&
: -��	 %8� �e��+#� 6� �&�# V��0� )��� 
�%�

  G�%����) 	
# I=���	
5R (-�          ̂ *#�(&
_� %�(�*� �(� ��%(�*� =�? ���TC �     e�(�+#� �(*0��, 
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r

     >�� -Y��	 	� -�n1      � )&
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� ^(�  �(��& ��(P# 

  I���	�%(, )&
:   �(� I=(& =(&��. �(�   ��(�# ��
(� -(� ��� �%(�

12
nn = �(*0��,  e�(�+#�

L,�=1�/� .

���� �%-��EP O
�6�C:

             e�(�+#� �(� k\(  � =�(&�� ��
(� �8=(���	
5R �*(;�� 
�	�� =(��� D2 I=(�� 
���&
:

=�� �� )��� =*�� 
��%8 -� L�=5� ��  �	 I=��� k\  -� 
��	� 
�%#� V=& �)&
: .

        �# ��#2 k\  Q�%C -� ���� )&
: 	
5R �*0��,           )��(� -(���6 -(� ���(��� ��/� ���6 W��5

       6� %��*� �
PR $� -� �5�#45             =(��� )��(� �� 
(� L��, 	�=F� -� =#�
� �� �=&�� - 	�  .

              =(�� �(� %**t� )��� -���6 %**t� �� �P� 	�=F� -� ���� e��+#� Q�%C .      k\(  Q�%(C �(��
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: I��� '�%��� � '�%����=��             �(� 	�(� -(� 
=*(&	
� 
��=��2%� 	� -� �/� -�
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�/� %��� ��
� 6� .

     -� - 
��� �
0�� ���H*� 7��� =�?%�         � 	�� )&
: ��
�R -� �%�	�� 
�%� �2 ���o E�
�
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�/� -�*& 6� %�P� .
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� I��� I�*/ n#	
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(� �(� ��(�*# I=(�H8%� - � }*� -� � =�� �� ��a�� ��	�%1 ����F� �n#	 -�>
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=*&	
� )��� %��%� 	� �	 �
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*�#	 H���� � '�2 �.� 
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Pi=Pa+γsH
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�
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�� E
@T� �6�  .
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(# 	� %�(�P�� 	�(�� �(� �(/� %��%� )���� ��%*� 	� � '*��: �YF� 	� 	���

 
�
� �
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Po=Pa+γaH

 �2 	� -�γa�/� )���� ��%*� �%/ 
�
� $/
�� E
@T� �6�  .

 	��� `"��� 6� z��� ��#�	 	���Po, Pi=�2 �� �/=�  .

)( saHPiPoPd γγ −=−=∆
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	�\���  �� �g
RT
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=γ�
& �� L�=5� %�6 7%�� >�� -���+� :

)(
RsTs
Ps

RaTa
PagHPd −=∆

Pa, Ps : %��P�� 
�
� 	��� � )���� L��� 
�
� 	��� Q*�%� -�

Ra, Rs : %��P�� 
�
� � )���� L��� 
�
� 
�%� 6�8 ���] Q*�%� -�
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� � )���� L��� 
�
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�
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�%� 6�8 ���] . �(�+� :Ra=Rs=R  �(� 

�&�� ^*��
� L5, -���+� 	� 
	�\���  :
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R
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   H*?�# ��� -� �5�# 	��� V�%**t� ��	� hY/ 6� zT�� S���	� G� 
�%� %��P�� $��%& 	�

�/� . 	��� D��+� �	 k2 ��Pa#� l0Y� 
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��� 	� %��P��Ts, Ta	� ��%8 %p# .

   �	 %��P�� $��%& 	� k2 ��Pa#� l0Y� 
��� %8�To  � ^�%(*�� %p# 	� po   	� �
(� -�*(�#�� 

 
���To�&
# ��
� �� =&��  :

Po=Pa=Ps= ρ oRTo

 D��+� %���F� 
	�\���  ��Ps,Pa�&�� ^*��
� L5, -���+� 	� �>�� -Y��	 6�  :
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TaTs

TaTsoTogHPd −
=∆ ρ

-��2 	�  :

ρ o=1.293 kg/m3

To=273 ok
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g=9.8 m/s
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@� � �/� )���� S���	� �� Q/���� )���� ���=#�	�
& �� 3 :
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1.

TesTisc
Ta
TisgH

p
ch −

−
=η

 -� �/� %�o -� 76>ch -P0� 
�=��� chimny�/� )���� ��+� -�  .

 �>�� -Y��	 	�cp �2 =1�� -� �/� ���] 	��� 	� Iu�� 
��%8 J/kgok=&�� ��  .

^*�� ~%� %8� D�w� ��
�+� :

ηch=2%

H=300 m

Ta=288 ok

Tis=298 ok

Cp=1005.6 J/kgok

 '�� 	�                    )(���� ���=(#�	 -(Y��	 6� I����(/� �(� �)(���� �( �%� V	�%(1 - 	� V	
; 

=& =��
� %�6 V	
@� :

)1.(
.

−−=
Ta
Tis

cp
gHTisTes
chη

)1
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25273.(

)6.1005(02.0
)300(8.9298 −

+
+

−=Tes

kTes o92.292=
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�==�2 �� �/=� %�6 -Y��	 6� ����Y;� V��0� :

sTD
Hvhf

.
008.0 2

=

v :  $/
�� �R%/-*#�] %� V
� Q�1%� )���� L��� 	� �
�

Ts :  '�
0� - 	� Q�1%� )���� L��� 	� �
� $/
�� 
���(ok)

H :  V
� Q�1%� )���� S���	�(ft)

D :  V
� Q�1%� )���� %Y,(ft)
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��0 3��: :

      � ��(� !6� �R%(/ -(� ����� 
��� 
��	
��%#� V	=, -� �/� ���=�    '(�� -(?%� -(� �	�

       =& =��
� =*�
� 
%��*� 
�%#� �=&�� %��*� �R%/ .           
�%(#� %(��%� ��(� 
�%(#� �(0� ��
�

�
& �� -�&
# %�6 V	
; -� -� �/� �2 ��5�  :

2

2
1 vmNt

o

=                   (1)

 >�� -Y��	 	� -�
o

m�  ��)	\8 (� =&�� �� ��� ���%  ��% �/� %�6 	�=F� �� %��%� - :

Avm
o

ρ=                         (2)

  %*�� -Y��	 	�ρ        � �/� ��� ���%  	�=F� '�� -�*�#��A        ��(� ���%  -� �/� �+YF� hY/ 

             � =&�� �� '*�	
� �YF� hY/ -� =�� �� 	
5R �2 6�V  �(�,� �/� ��� ���%  �R%/ H*# 

�=�� �� �	
�%� '*�	
� 
�� I%: -� -. 
	�\���  �� )� ( 	�)� (�&�� ^*��
� :

3

2
1 PAvNt =                       (3)

                      ��(�6 =(1�� 	� '*�	
(� -(� -(� �(��%#� �� ��� V	=, �'*+� ��+�� -� ��*�	
� 
�%� '��%����

���	�� ����� �R%/ 7
/ ��
� -� �=/	 .� '�� 7�P� -�5����*# 
	��%� I%�� L��, 
�%# .

TU+80�� 3��::

                  L�=(5� ��*#�(�� ��
� -� iA� �	
� �0� ��
� �'*�	
� 	� �
 
� V��0� �0R -� �/� ���=�

�P#�
& .      �� %p# 	� �	 
��� '*�	
� G� -#��%:8*^�% .     
�(� I%(: ���T(C ^*(�� �� ~%�

        �YF� I6�=#� -� %�6 L�& l��Y� '*�	
�a-b      ��� ���%  � �/�      Q(*�%� -� 	��� � �R%/ ��

Pi, Vi 	��� � �R%/ �� � G��H# '*�	
� -#��%: -� Pe, Ve  �
(& �(� 	�� �2 6�  .  h(C��

 -� �/�ve 6� vi�
& �� ^� -#��%: 6� 	
5R '*1 	� ��5�  
�%#� �%�6 ��/� %�P�  .
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-#��%: �YF� 	� ��� �R%/ � 	���

V	
@� -#��%: %8� 	�%, ��62 ���%  �A� � �F��V�*C%� '��%8 %p#	� �� �=&�� -��%8%�6:

y=&�� 
=+� G� W"��� ���%  .

y�
�# G��� ��: 	� �
� ��	�� iR�� -#��%: ��	�� .

y��%�# D%��� ^a1 	� V	�%1 ��a�� iR�� �
� �� I%: |��Y;� .

�
� =��
� %�6 V	
; -� '*�	
� -#��%: 	� 	��� ���:

)(
2
1 22 vevpPPaP ibT −=−=∆       (4)

                  	� 	�(�� �(�� �=(&�� -��%8 	�%, )���� L��� ���%  �A� � 
�
PR V	
@� -#��%: %8�

�/� %�6 V	
@� -#��%: :

)(125.1)( IJKاPديOPQP
TT

∆=∆          (5)

                    %(�6 -(Y��	 6� '*�	
(� -(#��%: I=(& %�
@� hY/ %� ��� ���%  6� L;�1 
	
A� 
�%*#

=�2 �� �/=� :
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AVvAPFt
eiT 



 −=∆= )(
2
1125.1)(

22
ρ                     (6)


�
PR

    �2 	� -�A       =&�� �� ��� ���%  %� �
PR � �/� '*�	
� -#��%: I=&%�
@� hY/  .  
�%(*#

 
	
A�Ft V�%**t� �� D��+� vm
o

�/� ���%  ��  	�  .�&
# ��
� �� '��%���� :

VmvmFt
oo

∆=∆= )(                    (7)

� � � :

)( VeViAVtFt −= ρ                      (8)

   -Y��	 	�)�(�    ��� ���%  ��%  	\8 
o

m    �(� %��%�ρAVt         �R%(/ V�%(**t� '*(�bP� � ∆V

 �� %��%�vi-ve=&�� ��  .

 $���	 
���� 6�)� ( �)� (�&�� ^*��
� :

)(
16
9 veviVt +=                                 (9)

��%  	\8 
�%�
o

m ��
� N=�2 �� �/=� %�6 -Y��	 6� �	  :

)(
2
1 22

ei

o

vvmN −=                           (10)

�� � :

)(
2
1 22

ei
vvAvtN −= ρ                       (11)

 D��+� 	�=F� 
	�\���  ��vtY��	 6�  -)� ( -Y��	 	�)�� (^�	�2 �� �/=� :

))((
32
9 22

ei
vvveviAN −+= ρ                   (12)
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   -Y��	 6�)�� (   -� �/�=*:ve    G� 	� �     	� � �5w� 7%�      �(/� �(��� %(��� 7% .     	�=(F� '(��ve

       =& =��
� ��
� )��� iR�� =&�� ^�H*?�# =�?%� .       ^P*(�:� �R%/ G� �^P�H��� ��
� 
�%�

  � �%�Veopt3�%+�       ��
(� ^P�H��(� ��
(� 
�	�� �2 U�6� -(� -(� ^*(�� �� ^* �
(�  .  
�%(�

  -5/�A�veopt    -Y��	 6� )�� (       7
(0+� 	�=(F� G� 
�%�ve     ��
(� 6� N      -(� �5(�# Ve   l�(�� 

��^*�� �� 	�%, %�; D��+� �	 L;�1 � ^�%*8 .

0=
dVe
dN

023 22 =−+ ie vvivev

 �5w� %���F� 
�%� %8� -�veL1 �&�� ^*��
� ^*��  :

viveopt 3
1

=                                  (13)

 D��+� 	�=F� 
	�\���  ��veopt -Y��	 	� )�� (=�2 �� �/=� %�6 V	
; -� ^P�H��� ��
� :

)
2
1(

3
2 3

max i
AVN ρ=                   (14)

2 I=�� �� 
	
Z� ���=#�	 ^P�H���D) ��
� Q�%C (� ��
� �5�# �� �/� %��%� 
��� '*�	
� G

 -Y��	 6� ^P�H���)�� ( -Y��	 6� �0� ��
� -�)� (�/� %�6 V	
@� -�:

67.0
3
2max

max ===
Nt
Nη                  (15)

         	
���� W�1"Y;� ���
� Q�%C -� 
��� 
���*�	
� 	��  H�(Betz)�
& �� -��8  . -Y��	 l5B

)�� (   �*�	
� 
�%� H�� 	
���� 
PR 
���            D��(+� =(#	�� 	�%(, )���� L��� ���%  �A� -� 


3
2   �/�  .       6� )*� =#�
� �P# '*�	
� %��� V	�5R -�

3
2         =(�� L�=5� =*�� ��
� -� �	 �0� ��
�  .
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   PR %p# -YF# 6�0             �(+,�� ���=(#�	 �L��
R %��/ � V��0� �
 � �0+� 
��� 
���*�	
� 	� � 6� 

�/� %�P� ^P�H��� ���=#�	 .

�?C�" 3��: :

        '(�� 	� � �%� -�*�� ��*+� �R%/ 
�%� ��
� �� �	 zT�� ^��*/ G� �%�0PR � ���=#�	

�
& �� ^� ^��*/ ���=#�	 �'*+� 	�=F� '�� 6� %��*� �� %�P� ��� 
���R%/ 
�%� D�1 .

�� �/=� �0� ��
� 	� �+,�� ���=#�	 k%r0;�1 6� �+,�� ��
�=�2  :

tacac
NN ×=η                    (16)

 -Y��	 	�)�� (ac -P0� 
�=��� actual=&�� �� �+,�� 
��+� -�  .

    '*� �+,�� ���=#�	70   ��� 85             �(�8 ��
� �� �0� ���1 	� � I�
� ^P�H��� ���=#�	 =;	� 

 '*� �+,�� ���=#�	45 �� 55�/� =;	�  .

�% >�� �6 -��" ��%"�
�:

          �
& �� D�PR� I%: %� �%*# S
# �� 
��� 
���*�	
� 	�.        �(�  	� -� �Y*A� 
���%*# ��� 

                 
	
(A� 
�(��%*# 
%��� � �	�2 �� �
 
� �	 	����8 � �
& �� D�PR� '*�	
� )�%?

      '(�� -(�5�� -� �
& �� iR�� �	 
	
A� �/�%� 
�%*# � I=& D�PR� ��� ���%  ��  	� -�

�%*# �� 
���6 =1 �� �%*#�
& �� �w�� 
��� '*�	
� �6� 
 .

�&
# ��
� �� =#	�2 �� �
 
� �		����8 -� �Y*A� 
���%*# 
�%� :

Dn
NNT
πω

==

T =  	����8

ω = '*�	
� -#��%: 
� -���6 �R%/
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D =  -#��%: %Y,

n =  ���6 =1�� %� '*�	
� -#��%: 	��

	� '*�	
� �%�0PR 
�%� ^P�H��� ���=#�	 (ηmax = 0.67)   %(�6 -(Y��	 6� ^P�H��� 	����8 � 

=�2 �� �/=� :

Dn
AV

Dn
N

Dn
N

T it

π
ρ

η
π

η
π

3

2
1

max
maxmax

max
=

×
==               (18)

      
�a� %8� >�� -Y��	 	�A          -(#��%: %Y, -� '*�	
� �YF� hY/ -� D    �=(&�� �(� 2

4
Dπ   	�%(, 

^*/	 �� %�6 -Y��	 -� ^*�� :

n
DV

T i

8

3

maxmax

ρ
η=                      (19)

    �%*# �� 
	
A� 
�%*# '*�bP�
               V	
(; -(� =(& �5A; �2 �	
� 	� W"5, -� H*# �/�%� 

 =&�� �� %�6) -Y��	�(

AvvPAPFt eiT 



 −=∆= )(
2
1125.1)( 22

�
& �� -5/�A� %�6 l�%Y� ^P�H��� ���=#�	 	� �/�%� 
�%*# .

 -Y��	 l5B)�: ()( veviAvvmFt
t

o

−=∆= ρ

 -Y��	 l5B)�: ()(
16
9 vevivt +=

Ve ^P�H��� ���=#�	 $��%& 	� ) -Y��	�� :(viveopt 3
1

=

    D��(+� %���(F� 
	�\(���  ��vt, ve	�   -(���+�Ft     ^P�H��(� ���=(#�	 	� �(/�%� 
�%(*# �

�
� =��
�%�6 V	
@� :
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222

82
1

iit
vPDAVF πρ ==   (20)

            -(p1"� L(��, ��(�6 
���R%/ 	� ��
& �� D�PR� ^��*/ -� 
	
A� V	
@� -� �%*# '��

�
& -��%8 %p# 	� N%� �1�%B 	� =��� � �/� .
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����� Q�'�6:

.#>�� 
�� %�	� 
�%#� 
����8�%*#%��/�� �%*#
=*&	
�V������/� .   D
B �� V�+�+��
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�� %� 
�%#� .
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(� D
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        =(�#�� �(�0�T� L��
R -� �%*# 
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�(� -(�> 	� �2 V�%(**t� � $*(A� 
�(��

              �#�(�6 � �#��� �*+,
� � �0A� 
����� �*�*� �|�� ���H*� V�*;
@� �%��P��)  �L(@�

�R�/ �6�	 �I�� (�	�� ����� .>�� %�6 L�&=�� �� ���# �	 	
��0� 	� 
�%#� .# :
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     7%� L5, L�& 	�)� (      �/� I��
� N
� D
B �� V�+�+�� `%+� .       ��=(� 
�%(#� 6� )T� '��

�
& �� '*�6 k\  � I�%� 	
5R �2 6� =��� ��a�� �����F� �)&
: -���� .

  7%�)� (   �(/� =�0� N
� D
B �� V�+�+�� k\  `%+� .     	
(��0� 6� N	�(� 	� L�(& l��(Y�

��   �	�� �
 � %��P�� V�+�+.            	
(5R )(&
: 6� -� %��P�� ��+�� 6� 
H*?�# =;	� Ha�
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& �� )&
: k\  �2 -*F� �=�� �� .  �
(� 6� =�0� N
� D
B �� ���+�+�� '*�6 '*�bP�
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& �� �2 k\  )&
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5R ��=� -� =�� �� �B�/ .         �(� ���+(�+�� H(*# )(&
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 �
& �� L�8 '*�6 �P/ -� =�0� N
� D
B��%8 �� '*�6 k\  -� .

  7%�)� (           �/� )&
: � '*�6 6� =�0� N
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B �� V�+�+�� I=��� ���# .    
�%(#� 6� ��T�

                    V	
(@� �L(��� �P(/ -(� H*# �2 6� 
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(� D
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: � '*�6 $/
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�%#� '�� 6� 
	�=F�
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: 6� �
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6�/ I%*�o LPR -� ��%8 �� LF��� '�%�6 
�� .
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	��%� I%�� ����� �
�%#� 6� 7%� '�� .  
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� ��0�T� L��
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@�VW� �/+8% � ��6 :

          S���	� �� 
�� %� g�=1� -��H� I=& 7�a#� V�F*FA� l5B1000 ���� �%��  �5#�  hY/ �� Q/

�/� )���� � 	
��0� .

-��H�g�=1�)����^R�6�
�������
H0�)  N%� )���� =�#�������62e	�#�H#��(   �(� �����

     ��=1 �k
0Y�%PR '*�bP� � Q/��� S���	��%Y,350          I=(& I�	�2%(� �(�%� %(�� %� |	��

�/� .

a=350  DM/m2

 -� �/� %�o -� 76>DM -P0� 3�T� Dutch Mark=&�� ��  .

           >�(� 	� I=(& -(��8 ^(,	 �(� H(*# e	�(#�H#�� �(����62 N%(� )(���� g�=1� -��H�(350
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*(/�=#
� ��(� L(#�: �)(&
: L��& -� �	 	
��0� ��P���/ %8�
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� =��
� 	
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��%#� � '*�	
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        D��+� � I�8�%*# �*�%4 �� Q/���� H*#1100 � G*: �R�/ V��
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Pa� 6� �N%� g�=1� -��H� '��%���� 

=�2 �� �/=� :

S=a(2πRTHT)+b(πRc
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πRc
2 :  	
��0� �1���
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2πRTHT : )���� �5#�  �1���

Npk :  G*:	�� 	� I�8�%*# �*�%4

 G*:	�� 	� �*�%4 
�%�Npk-Y��	 ^�	�� �	 %�6  :

TaCp
IRH

gN cT
TfCPk .

..
.

3
2...

2
π

ηηη=

 �� �:

2
cT RKHNpk π=                    (II)

 Q�%C �2 	� -�k�� �/� %��%�  :

ap

TfC

TC

Ig
k

.

.
3
2... ηηη

=

 ^*�F� 6�(I) -� (II)=�2 �� �/=� N%� g�=1� E
@T� -��H� � :

C
H
b

R
Ra

k
S

TC

T ++= )2.(1
2

      �(�� >�� -Y��	 -� - 
� ��        N%(� ��(+�� )��H(�� �(� ��%(8 �(� I=�)    S�(��	� � 	
(��0� S�+(&

)����(-a*�# 	� � N%� g�=1� E
@T� -��H� �-��H� =��� �� )��� H*# =*�
�  .

            ��(�# �	 	
(��0� 	� -(��	 	�(� -(� )(&
: S
(# �� 
�%(� �0� E
@T� -��H� %�6 L�&

��=�� .            (/": )(&
: 
�%(� -��H� L,�=1 �
& �� I=���� -� 	
Y#�P�  G*�)    ���T(C �(�

  L,�=1100 %���%�*�  (  ��=15000            )(&
: 
�%(� -(�*��1	� ��/� G*: V��
0*� %� |	�� 

-�*&     W�5�%F� -��H� L,�=1 
�7300     =(&�� �� G*: V��
0*� %� |	��  .    -(� �(/� %�\(� 76>

 D�/ -� [
�%� ���P*,1982�/� ��%j ��P�2 	� 
�"*�  .
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�� %� g�=1� 
�%� �0� E
@T� -��H��%*#

          =(*�
� -(��H� -(� W�/�/� >�� �*�%4 �� 
����8�%*# g�=1� 
�%� ��*�*� %p# 6� .�  k�T�#�

  �	�� ����� I�8�%*# .            '(�� �^�%*�� %p# 	� �	 
� -�*& � ��*�/": )&
: S
# �� %8� W"w�

           =������� ^� �� 
�%#� .#>�� %p# 6� ���� -# ��)         %�(�*� G*�(/": 6� -(�*& �*���& ��H*�

�/� (            =(#	�� `"��� %��=�� �� H*# %PR D
B � 7��� %p# 6� -�0� .        H(*# =(*�
� -(��H� W�P0(��

          �
(� =(��
� V��(��� ^*(�� k�(T�#� �	 
� -(�*& �� ��*�/": )&
: -���� -� -��� .  
�%(�

^*�� �� �/	%� �	 %�6 V�@T�� �� I�8�%*# G� 
�%� =*�
� -��H� �S
C
� �=& '&�	 :

)���� S���	� :1000 m

	
��0� I%��� S�+&:2182 m

g�=1� LA� ���*��%t  ~%R :28oN
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��+�� V=& :1000 w/m2

	
��0� ���=#�	 :ηc=42%

     6�	 	� � �%� ��
� ^P�H���)�� �R�(/  (   -(Y��	 e�(/�%�Npk=KHTπRc
2  %(��%� ���

   %��%� D=� H*��#2 e�/�%� $/
�� ��
� � V������� �(/� V�����  .    -(��H� $(/
�� 	�=(F�

� =*�
kw�
& �� k��1 %�6 -Y��	 6�  :

∑
=

+
+

=
n

i
biw
r

rI
fw

nE
kok

1
)

)(
(.

.

 �>�� -Y��	 	� -�fw�
& �� 3�%+� %�6 V	
; -� � I�
� �
5�� Q�%C  :

IPI
PPfw n

n

.)(
.)1(

+
+

=

�/� I=& %�o %�6 	� �-�J�� 
�� I��� -� - 
� �� ��&%���F� � ��%���	�: %��� :

I = %R 	� -#>�/ $/
�� ��+�� V=& ���*��%t  ~28 - 	� 274 w/m2

 �8�
�2 -� Q�%C '��%8 %p# 	� �� ���P&

Nav =  6�	 -#�5& 	� $/
�� � �%� ��
�) $/
��24�R�/  (36 Mw

E =  D�/ 	� 
�%#� $/
�� =*�
�280 Gwh

HT =  )���� S���	�1000 m

RC =  	
��0� S�+&2182 m

^P�H��� ��
�  � �%� 6�	 	�100

Mw

Ko = L� 
	�\8 -���%/ :�

 
� -�*& )&
: ��842|	�� �
*0*� 
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 ��*�/": )&
: ��633|	�� �
*0*� 

L��& :

 )����194|	�� �
*0*� 

 	
��0�)-�*& ��(538|	�� �
*0*� 

 	
��0�)G*�/": ��(329 |	�� �
*0*� 

 ��*&�� V�H*�a�110|	�� �
*0*� 

n = /|"��/� L�* :

 ��*�/": )&
: %PR7 D�/ 

 
� -�*& )&
: %PR20 D�/ 

P =  I=& -5/�A� I%�� ��H*�

rb =  
	�=��# � V�%*P+� -��H�) e	�#�H#�� �����62 N%� 
�%�rb=1%( 

r =  7	
� ��H*�5%

i = D�/ ��=+� %*t�� %���	�:                      

  �	
�\� 
�� I��� -� - 
� �� I�8�%*# G� 
�%� 36 =*�
� -��H� 
� -�*& )&
: �� ������� 

�� �/� %��%� :

Kw=0.29 DM/KWh

               %(��%� =(*�
� -��H� ��
& ~
R 	�5�� D�/ ��� %� )&
: %8� H*# ��*�/": )&
: 
�%�

  �/� 	�=F� '*P� .     I�8�%*# $/
�� �*�%4 %8�180          -(� =(*�
� $(/
�� -��H� =&�� V����� 

�=*: DH�� %�6 ^,	=�� ��  :

Kw=0.25 DM/KWh
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                     	� � -(��		�� -(� .�(  �(*�*� -(� W�P*F��� �=*�
� $/
�� -��H� -� ��%8 -a*�# ��
� ��

�	�� ����� I�8�%*# %PR -a*�# .

                N%� G� 30�T� 
���P�, g�=1� 
�%� -*��� 
�%#� � ��%@� ��
� 	�=F� %�6 D�=  	�36

�/� I=& ��*� ������� .

 ���6 �
2"� �����

�#� X�(105Mwh)

 ��0 Y�9(105t) 5�6 1�	W� ���	U�C  �
2"� @�VW� �����

 Y�9 �#�" �6(GJ/t)

���V� Q/9

�/�

�/�

�

�/�

 W�5�%F��/�

�/�

��

��

��


H0� )����

��*�/": 	
��0� %b��%�/�


� -�*& 	
��0� %b��%�/�

N%� V����A�/�

��*&�� V�H*�a�

�� '�2

�/�

��/�

��/�

�/���

��

��

�)���� 	� ��%@� '�

��*�/": 	
��0� �
*/�=��


� -�*& 	
��0� �
*/�=��

�/� '��

�/� ��� 
� -�*& 	
��0� �� -�*&

�/� �/� ��*�/": 	
��0� �� G*�/":

                      �(*�%4 � ��(+�� �(� 
�(� %� � >�(� �*�%4 � ��+�� �� 
�� %� '*� 
� -���F� ^*��
T� %8�

   � -� ��8 =��� ^*�� 7�a#� '*��:   =�(&�� �(� %(� 
��@�,� >�� �*�%4 �� 
�� % .   �(� 
�(� %�

  S���	�300                   
�(� %� -(� �5(�# 
%�(�*� 
�(��H� 6� V���(�� I� �� G� =*�
� �*�%4 �� %�� 

=#	��	
�%� ���%� . ��=1 �� %� '�� -��H� ���400 DM/Mw �� 0.2 DM/kwh  -(� �/� 

   =&�� �� ���6 W��5�# .      ���%� 
�� %� -��H� -�*��1 	�)	�    ��=(1 900  %(��  (     �(*�%4 6� -(�
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 ��=1 =#	��	
�%� ��>��1000 DM/KW �� (0.05-0.1) DM/kwh  �
(& �� ��*� )*: 

�/� 
��@�,� W"��� -� .

                   $(F� �^*(�� �(� -(���F� �	 
�%(#� 3(0�T� ^�(�*/ �� 
�%(� 
	�\(8 -���%/ -��H� ��,�

      =#
& -���F� %��=�� �� ������ D��+� 
��P��*/ .  ��*/ %��� V	�5+�     k�(�6�� �� -� ����P

                 ��=(A� ����� �� -� ����P��*/ �� �����5# =��� �� 	�� =*&	
� %*p# 
�%#� �+*5B �����

                      	� -(� �(&�� -( 
� =(��� � =#
(& -(���F� =��� �� 	�� 7
*#�	�� � ��# �n�/ D�j6 %*p#

��� h* %� 
%��� %� �	 ��� ��
� �P# D��+� %*j $��%& .


� �+�  �6 "�
� 5�6 ��+�����%��"� :

      
�%#� =*�
� �
 
� 
��P��*/ �� -���F� 	��        =(#	��	
�%� 
���6 
���H� 6� �%*# 
�� %� 

�
& �� I	�&� �2 �	
� )& -� %�6 	� -�:

��O��  Z�V� 3"�6 [�6 �
2�:  :

                I����(/� <%� =*�
� 
�%� 
=*&	
� 
�%#� 6� $F� �%�6 �	�=# ��
/ -� � �*�1� �%*# N%�

 ^��*/ �� � �
& ��=�� �� 	�� H*# ��5& 
�%#� I%*�o E
@T� � I��/ . �
? ��%B 6�

             �
P# �*5w� �#>
B 
��#�	�� 
�%� �	 <%� 
��� ��
� �� �/� �����	 =*&	
� 
�%#� .  �(��

 	�6�� 	� W>
P+� ��#2 �P*, -� �%� `%@� �	 ������
/ =��� �P�� � �0*�� 
����8�%*# 	�

  =�� �� �,%� .     ���6 D
B 	� �	 '�� 6�             �(P# I=(��� `%(@� 
�%� <%� 
	�5 � ��%� >�� 6� 

�%� 
%*8
0  ��
� .
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!�)\ Z�V� 3"�6  :

                    6� %0�
(� 
�%(� I=(& -*�@� k2 '*�bP� � I=��� G�� 
�� %� 	� ����%� k2 -� 7%5� 6�*#

�/� �P�� � �0*�� 
����8�%*# 	� �%*# =*�
� �/�/� Lq��� � 76�
� . `%@� -���� I�"+�

   � �� 7v
� �k2       =&�� �� H*# �8�	
� � 
%*8 k
/	 Lq�� .        W�(F0Y� �%(*# 
�(� %� -�#2 D�1

                     �	 �2 ��
(� �(� -(YF# %(� 	� �	�=(# k2 -(� ���(���� �
? � =#	�=# k2 `%@� -� 
6�*#

�%� g�=1� .

*�O�+H ]
M� ��-�2\ 3"�6 :

             =��� �� I�
�2 �P/ ��
� � ��6�8 �� �	 �
� `�%B� $*A� �0*�� 
����8�%*# .���8�%*# 
�

                   � =(��� �(� =(*�
� �=��(�� 
(*���
���	 � |�(#%Y� 	�*(�� -(� 
� -��� V>
r� H*# �P��

               �(/� I�	�2 �
( 
� �	 �P*pR V"��� ��
� '�� ��%� '*� 6� ��#
�? -�J�� I6�%�� .  �(��

         �(�H� '(�� � =(��� �(P# =(*�
� %r� � �P/ ��
� -#
8 }*� �<%�=*�
� 'PC �%*# 
�� %�

�/� �8	H� .

^�-�+H �UP :

           '*(� ���6 |"��/� �0+� �P�� � �0*�� 
����8�%*# %PR15    �(� 30        �(� I�6 '*(PT� D�(/ 

�
& .        6� %�(�*� �� �%*# 
�� %� ���75                 �%(�6 =�(&�� -�(&�� =(*�� %(PR =(�#�
� �(� D�(/ 

�/� ^� 	�*�� ����8�%*# '�� |"��/� .

_�T0 ���-�6 >��6  :

       (? � ��=(+� %(p# 6� -(? L�(/%: -� �%*# 
�� %� 6�*#      %��(/ -(� �5(�# z(@T� %(p# 6� -

=�� �� )��� �	 
	��%� I%�� -��H� %�� '�� � �/� %�P� ����8�%*# .
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`� �0�+ YH��2 �6 T0 5�
	#� :

        '*� 
��� 	� �P�� � �0*�� 
����8�%*#500  ��1000            �(� I� 	�(�� � ��%(8 ��#�(/ - 	� 

             8 -+Y, ��=; � =��� �� 	�� -F*,� 	� 	�� 	�H� '�=�? �� %��P��   =#	�� I=#�% .   -� -a*�# 	�

                �(P*, ��%(8 � �@@T� -P� -� �&�� =���
� N�*�1� E
@T� ��=� 76�
� 
���6 ��=+�

 � ����%� V"��� �� ��#2 -*�� � I�
�P�/� I�% .   6� %(�P� ���(�� 	� �%*# 
�� %� -�#2 D�1

75                       V�(+Y, ��=(+� � =(��� �(� 	�(� $*(A� 	�(�� ��=1 	� 
	��� �� � ��%8 ��#�/ - 	�

=��� �� �=*: N�*�1� ��=� 76�
� -� %�P� � �/� ^� 	�*�� �2 I=#�%8 .
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,�45 ���

 6(

�7

' ���
'�� ���

8� �� �9
: ;�
�
 �
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�����:

               ��+�(; 
��(���u: V	�6� -0*(/
� �%*# 
�� %� X%B ��
� �0PR I	��	� )���62 '*���

e	�#�H#�� 7�# -� 
� -FY�� 	� � �*#�_/� 	� ���P�2��%8 7�a#�  .

                	�(�� L(���� 	� � =*(/	 7�a#� -� 
���6 �*F�
� �� -*��� V�����621983     ��(����62 N%(� 

    ��%8 	�%, 
	��%� I%�� �	
� .          76> V�F*FA� �� =& g�=1� )���62 V	
@� W��%; N%� '��

      �%*8 7�a#� �2 
�	%� ��� 
��*/	%� � .          � �
(� k
0Y� 	�*�� )���62 '�� 6� L;�1 f���#

"B�                    
�
(�
��� L(*P�� � ��%(�*: '��(C -(� =�2 �/=� �2 6� ����5#�%8 ��� � �P0R V�R

  =��%8 �%*# 
�� %� .                     G(� �(� �(&�� �2 %(� �	 �(�*#�P�2 �X%(B '(�� ��
(� �0PR 	� �*F�
�

 I�8�%*#120=��� 
H�	 X%B ��/� I=��2 V=� ��*� 
�� -��#%� UH  -� �	 �������  .

�.+��H\ 5�6 &�VW.�:

	
��0� :
:         %Y, -� � 
� I%��� V	
@� 	
��0� )&250         �(0: %*p# ��*�/": ��
� 6� � %�� 

   =�%0� L*���P.V.C   =��	
0� L*��� �0: � P.V.F �1��� -� G�%� G?
� V�+Y, 	� �  %(�� 

                  6� �&�# k2 �� � ��	�� � `%� ��  �����# G� �G�%� $/� 	� -� �/� I=& -���/ ��%�

    I=& -��%8 %p#	� )&
: 

���& .PR     
�%� �	 )&
: %5     =#� -��%8 %p# 	� D�/  . S���	�

 '*�6 6� )&
: $/
��1.85�/� %��  .

�0-"-:    )���� S���	� 195      �2 %Y, � %�� 10.3                -(� �(��2 
�(� -(,	� 6� -(� �(/� %(�� 

 ���TC1-1.25 ~%R � %�� �0*� 8�/� I=& -���/ %��  . V�+Y, ��%�	�
/ 6� )����

       %� -� ^� 
�	 %� L�& 
� -#�
�/�    S���	� 
�	�� 7�=�8     I=& L*��� �=�&�� �� %��  . D�@��



65

V�+Y, 7��A�/� �n��	 GP� -� 	��a��/� I=& 	�%,%� �;
@T� 
�� . 	� )���� �6�

��=1200 -0*/
� -� I�
� '�24�/� I=��%8	��� .#>�� -#6�=�? � 
�>
� ^*/ -�&	  .

'*�	
� :   6� '*�	
�4       D
B -� 7�=� %� I%: 5   & L*��� %��      S���	� 	� -� I=9    hY/ 6� 
%�� 

�	�� 	�%, )���� L��� 	� � '*�6 .=�&�� �� ^*p�� L��, �� I%: '*�bP� .

��:����:           	
(��%#� �� -(� 	
A� l�%B 6� '*�	
� 40   � 150        �
(& �(� [
(�%� ����
(0*� .

           	�%(, 	�=(� 	� 	�(��
� 	
(Y� 	
(��%#� �� 6� �(�� �)(���� L��� 	� ��� �R%/ Q�1%�

�� � =#%*8              =(�2 �(/=� �(��%���� 
�%#� -� ��� 
�%#� L�=5� 6� -a*�# '�%��� � .      -(� -( 
� �(�

                    �( �%� .#�(�%� ��(/� )(���� L(��� 	� ��(� �R%(/ ���� -� '*�	
� V����� 
��	��

 �/� %*t�� 	
��%#� .   ����(] 	�� �I=(#� -5+  	� ���%? L�=5� �5�# 6� I����/� �� �	 '�� 6�

      �� ^��%� 	
��%#� %b*�	2 
�%��
& .           %(b*�	2 �R%(/ �e	�(#�H#�� 
�%(*# N%� �	
� 	�

    
�	 -�*P� 	
��%#�150      I=&=*�
� <%� .#��%� �� �
& �� -�&�� -�# ���] -F*,� %� 	�� 

=#�P� ���] .

�/� I=�2 %�6 	� -;"� 	
Y� N%� V�@T�� :

	
��0� $/
�� S�+&:122 m

)���� S���	�:195 m

'*�6 6� )&
: $/
�� S���	� :1.85 m

'*�	
� 
�� I%: ��=+� :4

I%: D
B:5 m
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;
6��: ���-�6 >��6 ��%�� :

3�� ( LF��� =�

k ( -�5& -� D�@�� =�

-�5& -� D�@�� =� 	� '*�	
� �R%/ :100 rpm

I=#� -5+  L�=5� �5�#:1:10

�1�%B ��+�� V=&:I=1000 w/m2

�1�%B 
�
� V	�%1 - 	�:Ta=302ok

�1�%B V	�%1 - 	� )��H��:T=20 ok

	
��0� ���=#�	 :ηc=0.32

'*�	
� ���=#�	 :ηT=0.83

����Y;� V��0� Q�%C :ηf=0.9


	��%� I%�� $��%& 	� ��� $/
�� �R%/:v= 9 m/s

6�a� �R%/ ^P�H���:v = 15 m/s

�1�%B -YF# e�/�%� � �%� $/
�� ��
� :N= 150 Kwatt

                  ��(�%8 7�(a#� e	�(#�H#�� �(����62 N%(� 
�	%(� -� �0PR V�����62 � 
	
Z� V�5/�A�

       6� )*(� �*�%4 �� 
��=1�� 
�%� �%*# 
�� %� G*��� 6� I����/� �� <%� =*�
� -� ��� ���#

50   �/� 
��@�,� V�����  .    �����2 lB��� 	�) G(�� -P*# � G�� �1�
# (   %(8� E
(@T�

       ����(/� �=(&�� D6�(# '*�6 �P*,         �(/� Q(/��� � =���
(/ 	�*(�� �%(*# 
�(� %� 6� I .  -(�
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          	� �%*# 
�� %� 6� I����/� �=���*# 	��	
�%� ���R 
�
�
��� 6� -� 7
/ ���  
��	
��

�	�� �*A 	� 
�%#� =*�
� 
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