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ENDOREVERSIBLE THERMODYNAMICS

Endoreversible 
approximation

Cost of the kWh:

Fuel: 25%✱
O&M: 75%✱
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Low-dissipation engine:
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CURZON-AHLBORN FOR REFRIGERATORS?

Z. Yan & J. Chen, J. Phys. D: Appl. Phys. 23, 136 (1990)

Assumptions:

Cooling power as figure of merit✱

Endoreversible approximation✱

Linear heat transfer law✱



  

CURZON-AHLBORN FOR REFRIGERATORS?

Z. Yan & J. Chen, J. Phys. D: Appl. Phys. 23, 136 (1990)

Assumptions:

Cooling power as figure of merit✱

Endoreversible approximation✱

Linear heat transfer law✱



  

CURZON-AHLBORN FOR REFRIGERATORS?

Assumptions:

Cooling power as figure of merit✱

Endoreversible approximation✱

Linear heat transfer law✱

S. Velasco et al., PRL 78, 3241 (1997)
B. Jiménez de Cisneros et al., PRE 73, 057103 (2006)

Z. Yan & J. Chen, J. Phys. D: Appl. Phys. 23, 136 (1990)



  

CURZON-AHLBORN FOR REFRIGERATORS?

Assumptions:

Cooling power as figure of merit✱

Endoreversible approximation✱

Linear heat transfer law✱

J. Chen, J. Phys. A 27 6395 (1994)



  

CURZON-AHLBORN FOR REFRIGERATORS?

Assumptions:

Cooling power as figure of merit✱

Endoreversible approximation✱

Linear heat transfer law✱

H. E. D. Scovil & O. Schulz-DuBois, PRL 2, 262 (1959)



  

OUTLINE

Motivation

Quantum tricycles

Performance bounds for quantum absorption chillers

Heat leaks and internal dissipation
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Tricycle
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Quantum tricycle



  

STRONGLY COUPLED QUANTUM TRICYCLE

Strongly coupled quantum tricycle

Endoreversibility
R. Kosloff & A. Levy, Annu. Rev. Phys. Chem. 65, 365 (2014)
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QUANTUM ABSORPTION CHILLER

J. P. Palao & R. Kosloff, PRE 64, 056130 (2001)
A. Levy & R. Kosloff,PRL 108, 070604 (2012) Heat transformer

Cooling window



  

PERFORMANCE OPTIMISATION

Refrigerator

LAC et al., PRE 90, 062124 (2014)

Large temperature limit :
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Engine

Large temperature limit :



  

PERFORMANCE OPTIMISATION

Refrigerator

LAC et al., PRE 90, 062124 (2014)

Linear regime :
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Non-endoreversible
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INTERNAL DISSIPATION
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HEAT LEAKS

LAC et al., PRE 92, 032136 (2015)

Heat leak stage

J. O. González et al, NJP 19, 113037 (2017) Systematic breakdown of 
quantum trycicles in stages
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WRAP-UP

Strongly coupled quantum tricycles provide a good
framework for endoreversible (quantum) thermodynamics.

The COP at maximum cooling power of strongly 
coupled quantum tricycles is non-universal.

✱

✱

Quantum tricycles

Performance optimisation

The long-time bath correlation properties set the 
ultimate performance bound on refrigeration.

✱

Heat leaks and internal dissipation

The competition between alternative dissipative decay
paths can be avoided by reservoir engineering.

✱
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