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Endoreversible engine

Q1= a(Ty —Tx) Endoreversibility condition
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Curzon and Ahlborn, Am. . Phys. 43,22 (1975)

Novikov (1958), Chambadal (1957)
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Henri B. Reitlinger (1929)



Near equilibrium

TlﬁTQ orn(;:l—Tg/Tl <1

: 1_ E— : b _— e o o
T V7, ~2eTgicT

f

Van den Broeck (2005) : strong coupling

Esposito, Lindenberg,Van den Broeck (2009) : strong coupling + left-right symmetry



Stochastic efficiency

B rown | a n Pa rtl C I e h e at e n gl n e A Isotherm.al I Adiabatl.c I Isotherr"nal I Adlaba.tlc
compression | compression | expansion | expansion
I - - - -
| | Th
n | | |
g | | |
. | | |
2 | I | Te
| ol ! .l ' [ [ ! i
\ /| . /| A I\ /
. O~ 7 N /4 | | N &
) ! @ ! @) ! @
>

Felliger and Reimann, PRL 2007 Martinez et al, arXiv:1412.1282

Q and W are stochastic, so is the efficiency.
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Least Likeliness of Carnot efficiency

Verley et al., Nat. Commun. (2014)
Verley et al., PRE (2014)
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a finite number of states

time periodic protocol




Qutline

Linear Brownian heat engine model
Efficiency at maximum power

Efficiency fluctuations



Linear Brownian Heat Engine

L9 — Vg,

mup = —yv | + &) Ornstein-Uhlenbeck process
Mmis = —YU3 + &2(t)

conserved force non-conserved force



Engine diagram
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Efficiency at Maximum Power

-1.5+

global maximum at P

The model exhibits the Curzon-Ahlborn EMP without endoreversibility.



Condition for CA

entropy loss of the hot reservoir y = ¢/T1
= parametric equation y = F'(x)
entropy gain of the cold reservoir = = q2/715

power gain w = q — q2 =11y —Iox = constant-w line : y = (T /711 )z + w/T;

efficiency 1= (¢ —q2)/q=1— (%) (g)
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Condition for CA
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Efficiency fluctuations

probability distribution for W in linear systems [Kwon, Noh, Park (201 1,201 3)]

joint distribution for Q and W in linear systems [Noh (2014)]

over-damped limit
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Efficiency fluctuation
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Verley et al PRE(2014)



Large deviation function

Verley et al
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Energy fluctuations

Q1 Qa2

entropy production  AS;,; = — — r
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finite state space
energy conservation AE =01 —Q2—W  pbounded E&S fluctuations
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fluctuation theorem by Garcia-Garcia (2010)

P(Q17W) — 6_(1/T2_1/T1)Q1_W/T2
P(_Qla_W)

systems with unbounded phase space!?
counter example by Noh and Park (PRL 2013) :
for systems with Q =W + AFE
Q does not obey the FT, while W obeys the FT.




Summary

From the analytically solvable linear heat engine model,
the Curzon-Ahlborn efficiency is achieved without endoreversibility.

the least likeliness of the Carnot efficiency is not the case for systems
with unbounded energy spectrum.



