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1. Introduction - state of the art

● Concept of efficiency:

– Carnot efficiency, 𝐶 = 1 −
𝑇𝐶𝑆

𝑇𝐻𝑆

– Curzon - Ahlborn efficiency,

𝐶𝑁𝐶𝐴 𝑀𝑎𝑥 𝑊 = 1 −
𝑇𝐶𝑆

𝑇𝐻𝑆
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1. Introduction - state of the art

● Applications to various engines

– Otto, Diesel (Mirabet, 2002)

– Brayton-Joule, Braysson (Feidt, 1996)

– Stirling - Ericsson (Costea, 1997)
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1. Introduction - state of the art

● the clump (cluster) for endoreversible models

– with heat losses

– with fluid flows, ...

● the environment constraint (Angulo Brown, 1991)

 ecologic efficiency

● the economic consideration (Gögus, 2002)
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1. Introduction - state of the art

Partial conclusions:

● Endo-reversible case with finite heat source

 𝑀𝑎𝑥  𝑊 = 1 −
𝑇0

𝑇𝐻𝑆𝑖
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1. Introduction - state of the art

● Systematic of imperfect cycles (tentative) 

(Feidt,  1997)

𝑒𝑛𝑑𝑜 𝑛𝑜𝑛𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐<


1+

 𝑀𝑎𝑥  𝑊 = 1 −
1

1 +

with  =
 𝑄𝐻𝑆

𝐾𝐿𝑇𝐶𝑆
 F.P.D.T.  



2. Extension to irreversible engines

2.1. Endo-irreversible Carnot engine

Two approaches:

– ratio method (Novikov, Ibrahim)

– entropic approach (Feidt, Ejap)

 new forms of the nice radical
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3. Thermo-ecological criteria

– Extension of Angulo Brown criterion:

 ecological objectif of the converter

 𝑊 − 𝑇0  𝑆𝐼 =  𝑄𝐻 1 −
𝑇0
𝑇𝐻

−  𝑄𝐶 1 −
𝑇0
𝑇𝐶

− 2𝑇0  𝑆𝐼

 ecological objectif of the system

 𝑊 − 𝑇0  𝑆𝐼𝑆 =  𝑄𝐻 1 −
𝑇0

𝑇𝐻𝑆
−  𝑄𝐶 1 −

𝑇0

𝑇𝐶𝑆
− 2𝑇0  𝑆𝐼𝑆
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3. Thermo-ecological criteria

 Ust’s criterion of the converter

𝐸𝐶𝑂𝑃𝑐𝑜𝑛𝑣 =
𝑇0  𝑆𝐼
 𝑊

 Ust’s criterion of the system

𝐸𝐶𝑂𝑃𝑠𝑦𝑠𝑡𝑒𝑚 =
𝑇0  𝑆𝐼𝑆

 𝑊
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3. Thermo-ecological criteria

– Exergetic criterion:

𝐸𝑥 𝑆 =

 𝑄𝐻𝑆 −  𝑄𝐿𝑆 1 −
𝑇𝐶
𝑇𝐻

− 𝑇𝐶  𝑆𝐼

 𝑄𝐻𝑆 1 −
𝑇0
𝑇𝐻𝑆

relative energetic efficiency (to the ambiance)

𝐸𝑥 𝑆 𝑇0 =
1−𝑟𝐿 𝐼 𝐶𝑜𝑛𝑣−

𝑇𝐶
𝑇𝐻𝑆

𝑟𝐿

𝐼 𝑇0,𝑇𝐻𝑆
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3. Thermo-ecological criteria

absolute energetic efficiency (𝑇0 = 0 K)

𝐸𝑥 𝑆 0 = 1 − 𝑟𝐿 𝐼 𝐶𝑜𝑛𝑣 −
𝑇𝐶
𝑇𝐻𝑆

𝑟𝐼

quality factor

𝑓𝑞 𝑇𝐶𝑆, 𝑇𝐻𝑆 =
1 − 𝑟𝐿 𝐼 𝑇𝐶 , 𝑇𝐻 −

𝑇𝐶
𝑇𝐻𝑆

𝑟𝐼

𝐼 𝑇𝐶𝑆, 𝑇𝐻𝑆

identical to Second Law efficiency when 𝑇𝐶𝑆  𝑇0
12

Energy - Environment: optimizations and constraints



4. Transfer and conversion compromise

4.1. Power - efficiency compromise

O.F.: 𝛼  𝑊 + 𝛽𝐼  𝑄0

 𝑊 = 𝐾𝐿 𝑇𝑆 − 𝑇𝐻𝑆 1 −
𝑇0

𝑇𝐻𝑆

𝐼= 1 −
𝑇0

𝑇𝐻𝑆

𝑇𝐻𝑆
∗ =

𝑇0 𝛼𝐾𝐿𝑇𝑆+𝛽  𝑄0

𝛼𝐾𝐿
,  where  𝑇𝑆 = 𝑇0 +

 𝑄0

𝐾𝐿

with irreversibility: loop curve
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4. Transfer and conversion compromise

4.2. Optimum global efficiency for

investment constraint

𝐶0 = 𝐶𝑇
𝑇

1 − 𝑇
+ 𝐶𝐶

𝐶

1 −𝐶

O.F.   𝐺 = 𝑇 ∙ 𝐶

𝑖
∗ =

2+𝐶𝑖𝛼− 2+𝐶𝑖𝛼
2−4

2

(method)
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4. Transfer and conversion compromise

4.3. Another compromise: 

investment - operation

O.F. 𝐶𝐺 = 𝑣𝐼
𝐺

1−𝐺
+ 𝑣𝐹

1−𝐺
𝐺

𝐺
∗ =

𝑣𝐼

𝑣𝐼+ 𝑣𝐹

min𝐶𝐺 =
𝑣𝐼
2+𝑣𝐹

2

𝑣𝐼∙𝑣𝐹
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5. Conclusion - perspectives

Attention should be given to:

 the concepts

 the modelling of the studied system
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Multumesc mult pentru atentie!

Thanks for your attention!
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Babele (Old Women) – Bucegi Mountains, Romania


