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 ملخص

لحاسي رمل  1PPPفي هذا العمل المقدم، قمنا بفحص كفاءة المحطة الهجينة 

بعد ان سلِط الضوء على أهمية واستراتيجية مع وبدون إضافية شمسية. 

الموارد الشمسية في سياق التحول في مجال الطاقة. قمنا بفحص كفاءات 

لطاقية لهذه الحقل الشمسي لهذه المحطة. وقمنا أيضا بحساب كفاءة الدورة ا

المحطة مع وبدون الإضافة الشمسية. قمنا بمعالجة التخزين الحراري بواسطة 

  إعادة النطر على الحالة الراهنة في هذا المجال.

 

الكلمات المفتاحية: محطة خاصة بالحرارة الشمسية، محطة شمسية هجينة، 

قطع مكافئ أسطواني، تخزين حراري عجام  

 









 



 

 

 

 

 

 

 

 



Introduction générale 



 

 

 



 

1.1  Introduction 
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2.1  Introduction 

 



 

 

 

 

 

 

 

 

 



 

 



 

 





𝑁𝑏𝑟 𝑑𝑒 𝑚𝑖𝑟𝑜𝑖𝑟𝑠 = 𝑁𝑏𝑟 𝑑𝑒 𝑏𝑜𝑢𝑐𝑙𝑒 ∗  𝑁𝑏𝑟 𝑑𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑢𝑟𝑠 𝑝𝑎𝑟 𝑏𝑜𝑢𝑐𝑙𝑒 ∗

𝑁𝑏𝑟 𝑑𝑒 𝑚𝑜𝑑𝑢𝑙𝑒 𝑝𝑎𝑟 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑢𝑟 ∗ 𝑁𝑏𝑟 𝑑𝑒 𝑚𝑖𝑟𝑜𝑖𝑟𝑠 𝑝𝑎𝑟 𝑚𝑜𝑑𝑢𝑙𝑒.
Nbr de miroirs =  56 ∗  4 ∗ 12 ∗ 28 =  75264 miroires.

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑑𝑒 𝑚𝑖𝑟𝑜𝑖𝑟𝑠 = 𝑁𝑏𝑟 𝑑𝑒 𝑚𝑖𝑟𝑜𝑖𝑟 ∗ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑑′𝑢𝑛 𝑚𝑖𝑟𝑜𝑖𝑟.

surface de miroirs =  75264 ∗  1.7 ∗ 1.641 = 251457.024 m²

 

𝐶𝑔 =  
𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑑′𝑜𝑢𝑣𝑒𝑟𝑡𝑢𝑟𝑒

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑑𝑒 𝑙′𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑢𝑟
=  

𝐴𝑎

 𝐿 𝐷𝑒𝑥𝑡
= 

817.5

148 ∗ 0.07
= 78.9

 





𝐸 =  𝜀𝜎𝑆𝑇𝑠
4

𝜀 

𝜎 5.67 ∗ 10−8 
𝑊
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𝑄4 =  𝜋𝐷𝑒,𝑜𝐿ℎ𝑎𝑚𝑏(𝑇𝑒,𝑜 − 𝑇𝑎𝑚𝑏) + 𝜀𝑒𝜋𝐷𝑒,𝑜𝐿𝜎(𝑇𝑒,𝑜
4 − 𝑇𝑠𝑘𝑦

4 )

𝑇𝑎𝑚𝑏 
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𝑇𝑓 



𝑄2 = 𝑄3 = 𝑄4 = 𝑄1 = 𝑄1′

𝑄𝑙𝑜𝑠𝑠 = 𝑈𝐿  𝐴𝑟  𝑇𝑟 − 𝑇𝑎𝑚𝑏 − −> 𝑈𝐿 = 
𝑄𝑙𝑜𝑠𝑠

𝐴𝑟  𝑇𝑟− 𝑇𝑎𝑚𝑏 
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𝐹′ = 
𝑈𝐿

𝑈0



𝑄𝑢 = 𝐹𝑅 𝐴𝑎  [𝑆 − 
𝐴𝑟

𝐴𝑎
 𝑈𝐿   𝑇𝑖 − 𝑇𝑎𝑚𝑏 ]

𝐹′′ = 
𝑚̇𝐶𝑝

𝐴𝑟𝑈𝐿𝐹
′  [1 − 𝑒𝑥𝑝 (−

𝐴𝑟 𝑈𝐿 𝐹
′

𝑚̇𝐶𝑝
)]

𝐹𝑅 = 𝐹′𝐹′′

∆𝑇    =        
𝑄𝑢,𝑏𝑜𝑢𝑐𝑙𝑒

𝑚̇𝑏𝑜𝑢𝑐𝑙𝑒𝐶𝑝

 

𝜌𝑎𝑚𝑏 = 1.177 𝑘𝑔/𝑚3

 𝜇𝑎𝑚𝑏 = 1.85 ∗ 10−5 𝑘𝑔/𝑚. 𝑠
Pr       = 0.708 
𝑘𝑎𝑚𝑏 = 0.0262 𝑊/𝑚.𝐾

𝐷𝑒𝑜    = 0.120 𝑚
𝑉       = 3.5 𝑚/𝑠

𝛿 𝛿
𝛿𝑇     = 8.5°𝐶 
𝑇𝑎𝑚𝑏 = 23°𝐶
𝑇𝑟       = 300°𝐶
𝐷𝑟𝑜     = 0.07𝑚
𝐷𝑒𝑖      = 0.116𝑚
𝜀𝑒          = 0.89
  𝜀𝑟           = 0.31  
𝑘𝑒        = 1.2 𝑊/𝑚.𝐾
𝐷𝑟𝑖       = 0.066 𝑚    

𝜂𝑜𝑝𝑡𝑖𝑞𝑢𝑒 𝑐𝑎𝑝𝑡𝑒𝑢𝑟 = 0.8

𝜌𝐻𝑇𝐹 =  773 𝑘𝑔/𝑚3

𝜇𝐻𝑇𝐹 =  0.198 ∗ 10−3 𝑃𝑎. 𝑠
𝑘𝐻𝑇𝐹  = 0.089𝑊/𝑚.𝐾
𝐶𝑝𝐻𝑇𝐹 = 2424 𝐽/𝑘𝑔. 𝐾
𝑚̇𝑡,𝐻𝑇𝐹 = 420 𝑘𝑔/𝑠



𝑚̇𝑏,𝐻𝑇𝐹 = 7.5 𝑘𝑔/𝑠

 

𝑅𝑒 =  
𝜌𝑎𝑚𝑏 𝑉 𝐷𝑒𝑜

𝜇𝑎𝑚𝑏
=  3.813 ∗ 104

1.3 ∗ 10−3

𝐶 = ( Re − 4000 ∗
0.193 − 0.683

40000 − 4000
) + 0.683 = 0.218 

𝑚 = ( Re − 4000 ∗
0.618 − 0.466

40000 − 4000
) + 0.466 = 0.6103 

𝑁𝑢𝑠𝑠𝑒𝑙𝑡 = 𝐶 ∗  𝑅𝑒𝑚 ∗ 𝑃𝑟
1

3 = 121.446

ℎ𝑎𝑚𝑏 = 
𝑁𝑢𝑠𝑠𝑒𝑙𝑡 ∗  𝑘𝑎𝑚𝑏

𝐷𝑒𝑜
= 26.158 𝑊/𝐾.𝑚2

 

𝑇𝑠𝑘𝑦 = 𝑇𝑎𝑚𝑏 − 𝛿𝑇 = 23 − 8.5 = 14.5°𝐶 

 

 𝑇𝑒𝑜
𝑸𝟐 = 𝑸𝟑 = 𝑸𝟒

𝑇𝑒𝑜
 𝑇𝑒𝑖

10−3



 𝑇𝑒𝑜 𝑇𝑒𝑜
𝑇𝑒𝑜

 𝑇𝑒𝑜 = 20°𝐶

 𝑇𝑒𝑜 = 51.4°𝐶

𝑄2
′ = 𝑄3
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′ =  362.56 𝑊/𝑚
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𝐴𝑟
′   𝑇𝑟 − 𝑇𝑎𝑚𝑏 

=  
𝑄2

′

𝜋 ∗ 𝐷𝑟𝑜 ∗  𝑇𝑟 − 𝑇𝑎𝑚𝑏 
= 5.952

𝑊

𝑚2. 𝐾

 

Re =  
4 ∗ ṁb,HTF

μHTFπDri
=  7.30739 ∗ 105

𝑃𝑟𝐻𝑇𝐹 =
𝐶𝑝𝐻𝑇𝐹 ∗ 𝜇𝐻𝑇𝐹

𝑘𝐻𝑇𝐹
= 5.39  

𝐿𝑏 = 148 ∗ 4 = 592 𝑚

𝐿𝑏

𝐷
=

592

0.07
= 8457.142 

𝑁𝑢𝑠𝑠𝑒𝑙𝑡 = 0.0243 𝑅𝑒𝐻𝑇𝐹

4
5 𝑃𝑟𝐻𝑇𝐹

0.4 = 2340.66

ℎ𝐻𝑇𝐹 = 
𝑁𝑢𝑠𝑠𝑒𝑙𝑡 ∗  𝑘𝐻𝑇𝐹

𝐷𝑟𝑖
= 3156.351 𝑊/𝑚². 𝐾



 

𝑈0 = 
1

1
𝑈𝐿

+ 
𝐷𝑟𝑜

𝐷𝑟𝑖ℎ𝐻𝑇𝐹

= 5.94 𝑊/𝑚².

 

F′ F′′

F′ = 
U0

UL
= 0.998  

F′′ = 
ṁCpHTF

ArULF′
 [1 − exp (−

Ar UL F
′

ṁCp
)] =  0.999964

FR = F′F′′ =  0.998

Qu,boucle = FR Aa  [ηcapteurI −  
𝐴𝑟

𝐴𝑎

  UL (Ti,HTF − Tamb)] =   𝟐. 𝟎𝟐𝟕 𝐌𝐖  

 

∆T    =        
Qu,boucle

ṁboucleCp𝐻𝑇𝐹
=  𝟏𝟏𝟏. 𝟓 °𝑪  

𝑄𝑢,𝑡𝑜𝑡𝑎𝑙𝑒 = 𝑚̇𝑡,𝐻𝑇𝐹 ∗ ( h𝐻𝑇𝐹 390°𝐶 −h𝐻𝑇𝐹 280°𝐶 ) = 𝟏𝟏𝟏. 𝟓𝟓𝟐 𝑴𝑾 

𝑄𝑢,𝑡𝑜𝑡𝑎𝑙𝑒 = Qu,boucle ∗ 56 = 𝟏𝟏𝟑. 𝟓𝟐𝑴𝑾 



𝜂𝑡ℎ 𝐶.𝑆 = 
𝑝𝑢𝑖𝑠𝑠𝑎𝑛𝑐𝑒 𝑠𝑜𝑙𝑎𝑖𝑟𝑒 𝑠𝑢𝑟 𝑡𝑜𝑢𝑡 𝑙𝑒 𝑐ℎ𝑎𝑚𝑝

𝑝𝑢𝑖𝑠𝑠𝑎𝑛𝑐𝑒 𝑡ℎ𝑒𝑟𝑚𝑖𝑞𝑢𝑒 𝑑é𝑙𝑖𝑣𝑟é 𝑎𝑢 𝑓𝑙𝑢𝑖𝑑𝑒 𝐻𝑇𝐹

𝜂𝑡ℎ 𝐶.𝑆 = 
850 

𝑊
𝑚2 ∗ 180000𝑚²

113.52 106 𝑊
= 74.2 %
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𝑊𝐶 = ℎ2 − ℎ1 + 𝑄1
2 

La quantité 𝑄1
2 représente une entrée ou une sortie d’énergie thermique, intentionnelle 

comme dans un refroidissement, ou accidentelle comme dans une fuite thermique. 

 

      𝑑ℎ = 𝑃𝑑𝑣

𝑊𝐶𝑆 = ℎ2 − ℎ1

𝑝𝑣𝛾  =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒, 𝑑′𝑜𝑢:  𝑝1𝑣1
𝛾
= 𝑝2𝑣2

𝛾
   

𝑣2 = 𝑣1 
𝑝2
𝑝2

 
−1
𝛾  

𝑃𝑑𝑣

ℎ2 − ℎ1 = ∫𝑝𝐷𝑉 =𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 ∫
𝑑𝑉

𝑉𝛾

2

1

𝑊𝐶𝑆 = 
𝛾

𝛾 − 1
𝑝1𝑣1 [(

𝑝2
𝑝1
)

𝛾−1
𝛾

− 1]



𝑊𝐶𝑆  =  𝐶𝑝 𝑇1 [(
𝑝2
𝑝1
)

𝛾 −1
𝛾

 −  1] 

 

𝜂𝑠 =  
𝑊𝐶𝑆

𝑊𝐶
= 

ℎ2𝑠 − ℎ1
ℎ2 − ℎ1

 

η

 

𝐶𝑥𝐻𝑦 + 𝑎 𝑂2 + 3.76𝑁2 −>  𝑏𝐶𝑂2 + 𝑐𝐻2𝑂 + 𝑑𝑂2 + 𝑓𝑁2

𝑄𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 = 𝑓 ∗ 𝜂𝑐𝑜𝑚𝑏 ∗ 𝑃𝐶𝐼 = (
𝑚̇𝑔𝑎𝑧 𝑏𝑟𝑢𝑙é𝑠

𝑚̇𝑎𝑖𝑟
) ℎ𝑔𝑎𝑧 𝑏𝑟𝑢𝑙é𝑠 − ℎ𝑟,𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑢𝑟

𝑓 =  
𝑚̇𝑎𝑖𝑟

𝑚̇𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑏𝑙𝑒



𝑚̇𝑔𝑎𝑧 𝑏𝑟𝑢𝑙é𝑠 = 𝑚̇𝑎𝑖𝑟 + 𝑚̇𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑏𝑙𝑒

 

 

𝑊𝑇𝑆  =  𝐶𝑝 𝑇1 [1 − (
𝑝2
𝑝1
)

1−𝛾 
𝛾

 ] 

 

𝜂𝑠 = 
𝑊𝑇

𝑊𝑇𝑆
=

ℎ2 − ℎ1
ℎ2𝑠 − ℎ1

 

𝜂𝑡ℎ =
𝑊𝑢𝑡𝑖𝑙𝑒

𝑄



 

 

𝜂 =  𝜂𝑡ℎ ∗ 𝜂𝑚

 

 



 

𝑄̇𝐻𝑇𝐹 = 𝑚̇𝐻𝑇𝐹 (ℎ𝑜,𝐻𝑇𝐹 − ℎ𝑖,𝐻𝑇𝐹)



𝑄̇𝐻𝑇𝐹  𝑚̇𝐻𝑇𝐹

𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆 = 𝑚̇𝑒𝑎𝑢 𝐺𝑉𝑆 (ℎ𝑜,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 303°𝐶 − ℎ𝑖,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 200°𝐶 )

+  𝑚̇𝑣𝑎𝑝 𝐺𝑉𝑆∆𝐻𝑒𝑣𝑎𝑝  303°𝐶 

+ 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆(ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 304°𝐶 − ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 340°𝐶 )

 𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆   𝑚̇𝑒𝑎𝑢 𝐺𝑉𝑆 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

ℎ𝑜,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 ℎ𝑖,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟

∆𝐻𝑒𝑣𝑎𝑝  

ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟

𝜂𝐺𝑉𝑆

𝜂𝐺𝑉𝑆 = 
𝑄̇𝐻𝑇𝐹

𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆

 

 

http://fr.wikipedia.org/wiki/%C3%89changeur_de_chaleur
http://fr.wikipedia.org/wiki/Vapeur_d%27eau
http://fr.wikipedia.org/wiki/Turbine_%C3%A0_vapeur
http://fr.wikipedia.org/wiki/Cycle_combin%C3%A9
http://fr.wikipedia.org/wiki/Turbine_%C3%A0_gaz
http://fr.wikipedia.org/wiki/Turbine_%C3%A0_gaz
http://fr.wikipedia.org/wiki/Cog%C3%A9n%C3%A9ration
http://fr.wikipedia.org/wiki/Cog%C3%A9n%C3%A9ration


 

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 200°𝐶, 100𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.1 45.830°𝐶, 100𝑏𝑎𝑟    

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1

 ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.1

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 301°𝐶, 87.1545𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.2 200°𝐶, 100𝑏𝑎𝑟  

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2

 ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.2

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 ∆𝐻𝑒𝑣𝑎𝑝  301°𝐶 à 87,1545𝑏𝑎𝑟 

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟

 ∆𝐻𝑒𝑣𝑎𝑝 



𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2
ℎ𝑣𝑎𝑝,𝐺𝑉𝑆 = 𝑚̇𝑇 ∗ ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2
=  𝑚̇𝑇

ℎ𝑣𝑎𝑝,𝐺𝑉𝑆  ℎ𝑜,𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟

ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺

ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺 = 
𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 + 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆ℎ𝑣𝑎𝑝,𝐺𝑉𝑆

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 𝑚̇𝑇 (ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 556°𝐶, 87𝑏𝑎𝑟 − ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟)

𝑄̇𝑇,𝑒𝑎𝑢 = 𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1+𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 + 𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 + 𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟

 

 

𝑠𝑜,𝑖𝑠𝑒𝑛 = 𝑠𝑖

𝑠𝑜,𝑖𝑠𝑒𝑛 = 𝑥𝑠𝑜,𝑖𝑠𝑒𝑛,𝑔 +  1 − 𝑥 𝑠𝑜,𝑖𝑠𝑒𝑛,𝑓

𝑥 =
𝑠𝑜,𝑖𝑠𝑒𝑛 − 𝑠𝑜,𝑖𝑠𝑒𝑛,𝑓

𝑠𝑜,𝑖𝑠𝑒𝑛,𝑔 − 𝑠𝑜,𝑖𝑠𝑒𝑛,𝑓

𝜂𝑖𝑠𝑒𝑛,𝑇𝑉 = 
𝑊𝑇𝑉

𝑊𝑖𝑠𝑒𝑛,𝑇𝑉

=
ℎ𝑜 − ℎ𝑖

ℎ𝑜,𝑖𝑠𝑒𝑛 − ℎ𝑖

ℎ𝑜 = 𝜂𝑖𝑠𝑒𝑛,𝑇𝑉(ℎ𝑜,𝑖𝑠𝑒𝑛 − ℎ𝑖) + ℎ𝑖

http://fr.wikipedia.org/wiki/Vitesse
http://fr.wikipedia.org/wiki/Enthalpie
http://fr.wikipedia.org/wiki/Alternateur
http://fr.wikipedia.org/wiki/Pompe


 

𝜂𝑡ℎ = 𝜂𝑇𝐺 +  1 − 𝜂𝑇𝐺 𝜂𝐻𝑅𝑆𝐺𝜂𝑇𝑉

𝜂𝑡ℎ  

𝜂𝑇𝐺  

𝜂𝐻𝑅𝑆𝐺  

𝜂𝑇𝑉  

 

Cp  12°C =  25.73 + 12.97 ∗ 10−3 ∗ 285 − 3.77 ∗ 10−6 ∗ 2852 ∗ (
0.21

32
)

+  27.62 + 4.19 ∗ 10−3 ∗ 285 ∗ (
0.79

28
) = 1.004

𝑘𝑗

𝑘𝑔. 𝐾

𝐶𝑝 440°𝐶 =  25.73 + 12.97 ∗ 10−3 ∗ 713 − 3.77 ∗ 10−6 ∗ 7132 ∗ (
0.21

32
)

+  27.62 + 4.19 ∗ 10−3 ∗ 713 ∗ (
0.79

28
) = 1.08

𝐽

𝑘𝑔. 𝐾

𝐶𝑝 − 𝐶𝑣 = 𝑅   𝑒𝑡    
𝐶𝑝

𝐶𝑣
=  𝛾

𝛾 =  
 
𝐶𝑝1 + 𝐶𝑝2

2  

[ 
𝐶𝑝1 + 𝐶𝑝2

2  − 𝑅]
= 1.38



𝑇2𝑠 = [(
𝑃1
𝑃2
)
 1−𝛾 

𝑇1
𝛾
]

1
𝛾

=  641.28 𝐾

𝑊𝐶 = 𝐶𝑝2 𝑇2 − 𝐶𝑝1𝑇1 =  484.26 
𝑘𝐽

𝑘𝐺

𝐶𝑝2𝑠 =  25.73 + 12.97 ∗ 10−3 ∗ 641.28 − 3.77 ∗ 10−6 ∗ 641.282 ∗ (
0.21

32
)

+  27.62 + 4.19 ∗ 10−3 ∗ 641.28 ∗ (
0.79

28
) =  1.068

𝐽

𝑘𝑔. 𝐾
 

𝑊𝐶,𝑖𝑠 = 𝐶𝑝2𝑠𝑇2𝑠−𝐶𝑝1𝑇1

𝑊𝐶,𝑖𝑠 =  398.96 
𝑘𝐽

𝑘𝐺

𝜂𝑖𝑠𝐶 = 
𝑊𝐶,𝑖𝑠

𝑊𝐶
0.823851 = 82.38%

 

𝐶𝑥𝐻𝑦 + 𝑒𝑁2 + 𝑎 𝑂2 + 3.76𝑁2 −>  𝑏𝐶𝑂2 + 𝑐𝐻2𝑂 + 𝑑𝑁2

𝑥 = 𝑏 ;           𝑦 = 2𝑐;            2𝑎 = 2𝑏 + 𝑐;          𝑒 + 3.76𝑎 = 𝑑

𝐶1.175𝐻4.186 + 0.02𝑁2 + 2.2215 𝑂2 + 3.76𝑁2 −>  1.175 𝐶𝑂2 + 2.093 𝐻2𝑂 + 16.74568𝑁2

 𝐴𝐶 𝑡ℎ = 
𝑀𝑎𝑖𝑟

𝑀𝑐𝑜𝑚𝑏
 
2.2215 ∗ 4.76

1
=

28.96338 ∗ 2.2215 ∗ 4.76

18.626
= 16.44

𝑘𝑔 𝑑′𝑎𝑖𝑟

𝑘𝑔 𝑑𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑏𝑙𝑒 



𝐶1.175𝐻4.186 + 0.02𝑁2 + 𝑎 𝑂2 + 3.76𝑁2 −>  𝑏𝐶𝑂2 + 𝑐𝐻2𝑂 + 𝑑𝑂2 + 𝑓′𝑁2

𝑚̇𝑎𝑖𝑟 + 𝑚̇𝑓𝑢𝑒𝑙 = 𝑚̇𝑡𝑢𝑟𝑏𝑖𝑛𝑒 → 𝑚̇𝑎𝑖𝑟 = 𝑚̇𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − 𝑚̇𝑓𝑢𝑒𝑙 = 114.9 𝑘𝑔/𝑠

𝑏 = 1.175;       2𝑐 = 4.186;       2𝑎 = 2𝑏 + 𝑐 + 2𝑑;       2𝑓 = 0.04 + 3.76 ∗ 2𝑎

𝑐 = 2.09

 𝐴𝐶 =  
𝑀𝑎𝑖𝑟

𝑀𝑐𝑜𝑚𝑏
 
4.76 𝑎 

1
=   

28.965338 ∗ 4.76 ∗ 𝑎

16.04

 𝐴𝐶 =  
𝑚̇𝑎𝑖𝑟

𝑚̇𝑓𝑢𝑒𝑙
=

114.9

2.5
= 45.96 

𝑘𝑔 𝑑′𝑎𝑖𝑟

𝑘𝑔 𝑑𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑏𝑙𝑒 
 

  
28.965338 ∗ 4.76 ∗ 𝑎

16.0425
= 45.96 → 𝑎 = 

45.96 ∗ 16.0425

4.76 ∗ 28.965338
= 5.35 

𝑑 =
1

2
 2𝑎 − 2𝑏 − 𝑐 = 0.5 2 ∗ 5.3477 − 2 ∗ 1.175 − 2.093 = 3.12

𝑓′ = 

𝐶1.175𝐻4.186 + 0.02𝑁2 + 5.3477  𝑂2 + 3.76𝑁2 −>  1.175 𝐶𝑂2 + 2.093 𝐻2𝑂 + 3.1262 𝑂2 + 20.1𝑁2

𝑚𝑂2
= 3.1262 ∗ 32 = 100.0384 𝑔

𝑚𝐶𝑂2
= 1.175 ∗  14 + 32 = 48.45 𝑔

𝑚𝐻2𝑂 = 2.093 ∗  2 + 16 = 37.674 𝑔

𝑚𝑁2
= 20.127352 ∗ 28 = 563.565856 𝑔

𝑓 =
𝑑é𝑏𝑖𝑡 𝑑𝑒 𝑓𝑢𝑒𝑙

𝑑é𝑏𝑖𝑡 𝑑′𝑎𝑖𝑟

𝑚̇𝑎𝑖𝑟ℎ2 + 𝑚̇𝑓𝑢𝑒𝑙𝑄1 = 𝑚̇𝑔ℎ3

ℎ2 +
𝑄̇1

𝑚̇𝑎𝑖𝑟
=  1 + 𝑓 ℎ3

𝑄1 =  𝜂𝑐𝑜𝑚𝑏 ∗ 𝑓 ∗ 𝑃𝐶𝐼 =  1 + 𝑓 ℎ3 − ℎ2



𝐶𝑝3 = (
0.13343

32
) ∗  25.73 + 12.97 ∗ 10−3 ∗ 1420 − 3.77 ∗ 10−6 ∗ 14202 +

               (
0.7517

28
) ∗  27.62 + 4.19 ∗ 10−3 ∗ 1420 +                                                      

                             (
0.0646

44
) ∗  32.22 + 22.18 ∗ 10−3 ∗ 1420 − 3.35 ∗ 10−6 ∗ 14202 +

                             (
0.05025

18
) ∗  30.13 + 10.46 ∗ 10−3 ∗ 1420 = 1.26282

𝑘

𝑘𝑔. 𝐾

ℎ3 = 1793.20377
 𝑘𝐽 

𝑘𝑔

𝑄1 =  1 + 𝑓 ℎ3 − ℎ2 = 1022.7851
𝑘𝐽

𝑘𝑔
 

𝜂𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 = 
𝑄1

𝑄0
= 

𝑄1

𝑓 ∗ 𝑃𝐶𝐼
= 0.981 = 98.1%

 

ℎ𝑔4 =  985.4677
𝑘𝐽

𝑘𝑔

𝑊𝑇 = (ℎ𝑔3 − ℎ𝑔4) 1 + 𝑓 =  825  
𝑘𝑗

𝑘𝑔

𝑊𝑢𝑡𝑖𝑙𝑒 = 𝑊𝑇 − 𝑊𝐶 = 340.678522 
𝑘𝐽

𝑘𝑔



𝜂𝑇𝐺 = 
𝑊𝑢𝑡𝑖𝑙𝑒

𝑄𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛
=   0.33309 = 33.309%

 

𝑄̇𝐻𝑇𝐹 = 𝑚̇𝐻𝑇𝐹   ℎ𝑜,𝐻𝑇𝐹 390°𝐶, 16𝑏𝑎𝑟  − ℎ𝑖,𝐻𝑇𝐹 280°𝐶, 16𝑏𝑎𝑟  

𝑄̇𝐻𝑇𝐹 = 420  774.4 −  508.8 

𝑸̇𝑯𝑻𝑭 = 𝟏𝟏𝟏. 𝟓𝟓𝟐 𝑴𝑾

𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆 =  𝑚̇𝑒𝑎𝑢 𝐺𝑉𝑆(ℎ𝑜,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 303°𝐶 − ℎ𝑖,𝑝𝑟é𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 200°𝐶 )

+ 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆∆𝐻𝑒𝑣𝑎𝑝  303°𝐶 

+ 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆(ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 340°𝐶 − ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓é 303°𝐶 )

𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆 = 50 1360.2 − 856.9552 + 50 2741.665 − 1361.625 + 50 2913.94 − 2741.665 

𝑄̇𝑒𝑎𝑢 𝐺𝑉𝑆 = 102.78𝑀𝑊

𝜂𝐺𝑉𝑆 = 
𝑄̇𝑒𝑎𝑢

𝑄̇𝐻𝑇𝐹

=
102.78

111.552
= 0.9213 = 92.13%



 

 

𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 34.72 𝑘𝑔/𝑠

𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 9.72 𝑘𝑔/𝑠 

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 9.72 𝑘𝑔/𝑠

𝑚̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 34.72 𝑘𝑔/𝑠



𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 200°𝐶, 100𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.1 45.83°𝐶, 100𝑏𝑎𝑟    

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 34.72  855.78 − 200.83 

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 22.74 𝑀𝑊

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 301°𝐶, 87.1545𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.1 200°𝐶, 100𝑏𝑎𝑟  

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 9.72 1350.1 − 855.78 

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 4.804 𝑀𝑊

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟   ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 301°𝐶, 87.1545𝑏𝑎𝑟 

− ℎ𝑖,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 301°𝐶, 87.1545𝑏𝑎𝑟  

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 9.72  2748.5 − 1350.1 

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 13.6 𝑀𝑊

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2
ℎ𝑣𝑎𝑝,𝐺𝑉𝑆 = 𝑚̇𝑇 ∗ ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2
=  𝑚̇𝑇

ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺 = 
𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 + 𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆ℎ𝑣𝑎𝑝,𝐺𝑉𝑆

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 +
𝑚̇𝑣𝑎𝑝,𝐺𝑉𝑆

2

ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺 = 
9.72 ∗ 2748.5 + 25 ∗ 2913.94

9.72 + 25

ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 𝐻𝑅𝑆𝐺 = 2867.62 𝑘𝑗/𝑘𝑔

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 𝑚̇𝑇 (ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 556°𝐶, 87𝑏𝑎𝑟 − ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟)

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 34.72  3528.61 − 2867.62 

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 22.95 𝑀𝑊



𝑄̇𝑇,𝑒𝑎𝑢 = 𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1+𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 + 𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 + 𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟

𝑄̇𝑇,𝑒𝑎𝑢 = 64.1 𝑀𝑊

𝑄̇𝑔 = 𝑚̇𝑔(𝐶𝑝 850°𝐶 ∗ 1123 − 𝐶𝑝 100°𝐶 ∗ 373)

𝑄̇𝑔 𝑚̇𝑔

𝐶𝑝

𝑄̇𝑔 = 117.4 ∗  1.15937 ∗ 850 − 1.0625 ∗ 373 

𝑄̇𝑔 = 69.16 𝑀𝑊

𝜂𝑡ℎ 𝐻𝑅𝑆𝐺 =
𝑄̇𝑇,𝑒𝑎𝑢

𝑄̇𝑔

𝜂𝑡ℎ 𝐻𝑅𝑆𝐺 =
64.1

69.16
= 92.68%



 

𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 30 𝑘𝑔/𝑠

𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 

𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 30 𝑘𝑔/𝑠

𝑚̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 30 𝑘𝑔/𝑠



𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 200°𝐶, 100𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.1 45.83°𝐶, 100𝑏𝑎𝑟    

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 30  855.78 − 200.83 

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1 = 19.65 𝑀𝑊

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 𝑚̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2   ℎ𝑜,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 301°𝐶, 87.1545𝑏𝑎𝑟 

− ℎ𝑖,é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑢𝑒.2 200°𝐶, 100𝑏𝑎𝑟  

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 30 1350.1 − 855.78 

𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 = 14.83  𝑀𝑊

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 𝑚̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟   ℎ𝑜,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 301°𝐶, 87.1545𝑏𝑎𝑟 

− ℎ𝑖,é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 300°𝐶, 87.1545𝑏𝑎𝑟  

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 30  2748.5 − 1350.1 = 17.09 𝑀𝑊

𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 = 41.95 𝑀𝑊 

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 𝑚̇𝑇 (ℎ𝑜,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 556°𝐶, 87𝑏𝑎𝑟 − ℎ𝑖,𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟)

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 30 3528.61 − 2748.5 

𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟 = 23.4 𝑀𝑊

𝑄̇𝑇,𝑒𝑎𝑢 = 𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.1+𝑄̇é𝑐𝑜𝑛𝑜𝑚𝑖𝑠𝑒𝑢𝑟.2 + 𝑄̇é𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑢𝑟 + 𝑄̇𝑠𝑢𝑟𝑐ℎ𝑎𝑢𝑓𝑓𝑒𝑢𝑟

𝑄̇𝑇,𝑒𝑎𝑢 = 99.83 𝑀𝑊 



𝑄̇𝑔 =
𝑄̇𝑇,𝑒𝑎𝑢

 𝜂𝑡ℎ 𝐻𝑅𝑆𝐺 
 =  

99.83

0.9268

𝑄̇𝑔 = 107.71 𝑀𝑊

𝑚̇𝑔(ℎ𝑖,𝐻𝑅𝑆𝐺 − ℎ𝑜,𝐻𝑅𝑆𝐺) = 𝑄̇𝑔

ℎ𝑖,𝐻𝑆𝑅𝐺 =
𝑄̇𝑔

𝑚̇𝑔
+ 𝐶𝑝 373𝐾 ∗ 𝑇 =  

107.71 ∗ 103

117.4
+ 1.0625 ∗ 373

ℎ𝑖,𝐻𝑆𝑅𝐺 = 1313.77 𝑘𝑗/𝑘𝑔

𝑚̇𝑓 𝑝𝑜𝑠𝑡−𝑐𝑜𝑚𝑏 ∗ 𝑃𝐶𝐼 + 𝑚̇𝑔(ℎ𝑜,𝑇𝐺) = 𝑚̇𝑔 ℎ𝑖,𝐻𝑅𝑆𝐺 

𝑚̇𝑓 𝑝𝑜𝑠𝑡−𝑐𝑜𝑚𝑏 =
𝑚̇𝑔 ℎ𝑖,𝐻𝑅𝑆𝐺 − ℎ𝑜,𝑇𝐺 

𝑃𝐶𝐼  
𝑘𝑔
𝑘𝑗

 

𝑚̇𝑓 𝑝𝑜𝑠𝑡−𝑐𝑜𝑚𝑏 =
𝑚̇𝑔 ℎ𝑖,𝐻𝑅𝑆𝐺 −  𝑇𝑜,𝑇𝐺 ∗ 𝐶𝑝 850𝐾   

𝑃𝐶𝐼  
𝑘𝑔
𝑘𝑗

 
=

117.4 1206.97 −  850 ∗ 1.16 

 48960 
𝑘𝑔
𝑘𝑗

 

𝑚̇𝑓 𝑝𝑜𝑠𝑡−𝑐𝑜𝑚𝑏 = 0.78 𝑘𝑔/𝑠

 

 

ℎ𝑖,𝑇𝑉 = 3549.89 𝑘𝑗/𝑘𝑔

𝑠𝑖,𝑇𝑉 = 7.018275 𝑘𝑗/𝑘𝑔. 𝐾



𝑠𝑖,𝑇𝑉 = 𝑠𝑜𝑖𝑠𝑒𝑛,𝑇𝑉 = 7.018275 𝑘𝑗/𝑘𝑔. 𝐾 

𝑠𝑜𝑖𝑠𝑒𝑛 = 𝑥𝑠𝑜𝑖𝑠𝑒𝑛,𝑔 +  1 − 𝑥 𝑠𝑜𝑖𝑠𝑒𝑛,𝑓

𝑠𝑜,𝑓 𝑠𝑜,𝑔

𝑥 =
𝑠𝑜𝑖𝑠𝑒𝑛 − 𝑠𝑜𝑖𝑠𝑒𝑛,𝑓

𝑠𝑜𝑖𝑠𝑒𝑛,𝑔 − 𝑠𝑜𝑖𝑠𝑒𝑛,𝑓

𝑥 =
7.018275 − 0.6492

8.1498 − 0.6492

𝑥 = 0.85

ℎ𝑜𝑖𝑠𝑒𝑛 = 𝑥ℎ𝑜𝑔𝑖𝑠𝑒𝑛 +  1 − 𝑥 ℎ𝑜𝑓𝑖𝑠𝑒𝑛

ℎ𝑜𝑖𝑠𝑒𝑛 = 0.85 ∗ 2583.6 +  1 − 0.85 ∗ 191.76

ℎ𝑜𝑖𝑠𝑒𝑛 = 2222.77 𝑘𝑗/𝑘𝑔

𝜂𝑖𝑠𝑒𝑛,𝑇𝑉 = 
𝑊𝑇𝑉

𝑊𝑖𝑠𝑒𝑛,𝑇𝑉
=

ℎ𝑜 − ℎ𝑖
ℎ𝑜,𝑖𝑠𝑒𝑛 − ℎ𝑖

ℎ𝑜 = 𝜂𝑖𝑠𝑒𝑛,𝑇𝑉(ℎ𝑜,𝑖𝑠𝑒𝑛 − ℎ𝑖) + ℎ𝑖

ℎ𝑜,𝑇𝑉 = 0.88 ∗  2222.77 − 3549.9 + 3549.9  

ℎ𝑜,𝑇𝑉 = 2382.02 𝑘𝑗/𝑘𝑔

𝑊𝑇𝑉 = ℎ𝑖,𝑇𝑉 − ℎ𝑜,𝑇𝑉

𝑊𝑇𝑉 =  3549.9 − 2382.02 

𝑊𝑇𝑉 = 1167.87

𝑊̇𝑇𝑉 = 𝑚̇𝑣𝑎𝑝 ∗ 𝑊𝑇𝑉

𝑊̇𝑇𝑉 = 69.44 ∗ 1167.87

𝑊̇𝑇𝑉 = 81.1 𝑀𝑊



 

𝑊̇𝑇𝑉 = 𝑚̇𝑣𝑎𝑝 ∗ 𝑊𝑇𝑉

𝑊̇𝑇𝑉 = 60 ∗ 1167.88

𝑊̇𝑇𝑉 = 70.1 𝑀𝑊

𝜂𝐶𝐶 = 
2𝑊̇𝑇𝐺 + 𝑊̇𝑇𝑉

2 ∗ 𝑄̇𝑐𝑐 + 𝑄̇𝐺𝑉𝑆

𝜂𝐶𝐶 = 45.58 %

𝜂𝑡ℎ = 𝜂𝑇𝐺 +  1 − 𝜂𝑇𝐺 𝜂𝐻𝑅𝑆𝐺𝜂𝑇𝑉

𝜂𝑇𝐺 = 33.31

𝜂𝐻𝑅𝑆𝐺 = 92.68

𝜂𝑇𝑉 = 
𝑊̇𝑇𝑉

𝑄̇𝑔

=
70.1

2 ∗ 107.68
= 32%



η𝑡ℎ  =

η𝑡ℎ  = 53.43%

ηs−th = ηth avec integration ∗ ηth C.S = 33.73 %

ηs−th ηth avec integration 

ηth C.S

 

45.58 % 33.73 %.



 

 

 



 

 

 



𝜌 𝑚3 𝑚3

∆𝐻 = 𝜌 𝐶 𝑉 ∆𝑇 = 𝑚𝐶∆𝑇



 

 

 

4.2.2.1.1 Solides 

4.2.2.1.2 Liquides 



 

∆H = H2 − H1 = mCs Tf − T1 + mLf Tf + mCl T2 − Tf 

Lf Tf =  hl Tf − hs Tf > 0

hl Tf  et h
s Tf 

Lf Tf 



 

 

 

coût global de production 

d’électricité (LEC)
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