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Fig. 1. (color online) (a) For 8 = 0.1 and different «, the reduced power Pg vs the Carnot efficiency nc;

(b) for & = 0.1 and different 3, the reduced power Py vs the Carnot efficiency ng.
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Fig. 2. (color online) For nc = 0.5 and k = 0, (a) the reduced efficiency 7 /nc vs 8 with the change of «;

(b) the reduced efficiency ngq/nc vs o with the change of 3.
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Fig. 4. (color online) For nc = 0.5 and k # 0, the reduced efficiency 1 /nc vs a with the change of 3:
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heat transfer laws; (b) for @ = 0.3 and 8 = 0.7, the efficiency of the heat engine ng vs nc with different

heat transfer laws.
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efficiency of the heat engine 1 vs ne with different

heat transfer laws.

4 % B
ASCAR T 3 3 A s 3o R MU A A

HUBE R, kAU A 3 B B, SRS T FAML A T R AN
RO fip ik s, fEBLIEAL b, JATECN R G
BEFC T BUHT IR N B LT 3 J HL R R B
HLAR) Ty 2 DL Ko T e 7% 1o 2 1) 2003 349 AN A -

IRIL, T 55 4 Ak 8] HRRE AR LB LA R T 2R
AR AL DD R B R R B A
I IS, (BB Ak N 8] LEARE R L 38 AN
AT AN BV I Sh g . e T2
L T R T LI € o(B) I, AL R B
B B(a) RISE TR/ (B9 00) HORRAE. R L
RE R B R 2 7 IAHLIIPERE, 52 3 Fh i 7%
AR ) IHLE 0 /no-6 -IEZ A AZAAT AL,
BE o OB N, S 300 R DA BP0 /) 28 B T s 1 o 2
MIAZACRFAL. 10 /ne-o TEL B Je RGNk e
BRI (AL, AR LE 6 3G N3 2 7 L
RERMKAERI AR, 4k, BEE m KN n (F 5
T, AH R ARG B B AR A%
FESZRE I FABLIN no-ne BIEZAE ne BN BEE BORR,
ne #T B AR A XN 2 RO R, BB
KEGE o BN, HUAT BLIE R TAF B X 2050
A SCHIWF TS RA AT B T IR N B AN R #5672
LR SCHE A SEBRIAHL A PEARFALE, 10 HLX 3 A
18 2 % T AN [F) R A% i R B FAHTL IR 2 o e 9 T A
P LA A R

RPN

[1] Curzon F, Ahlborn B 1975 Am. J. Phys. 43 22
[2] van den Broeck C 2005 Phys. Rev. Lett. 95 190602
[3] LiJ, Chen L G, Ge Y L, Sun F R 2013 Acta Phys. Sin.
62 130501 (in Chinese) [ZE1R, MR, RIEAK, fhFH
2013 AR 62 130501]
[4] Andresen B 2011 Angew. Chem. Int. Ed. 50 2690
[5] Hernandez A C, Medina A, Roco J M M, White J A,
Velasco S 2001 Phys. Rev. E 63 037102
[6] de Tomas C, Roco J M M, Hernandez A C, Wang Y, Tu
Z C 2013 Phys. Rev. E 87 012105
[7] Long R, Liu Z C, Liu W 2014 Phys. Rev. E 89 062119
[8] Long R, Liu W 2015 Phys. Rev. E 91 042127
[9] Zhang Y C, Huang C K, Lin G X, Chen J C 2016 Phys.
Rev. E 93 032152
[10] Esposito M, Kawai R, Lindenberg K, van den Broeck C
2010 Phys. Rev. Lett. 105 150603
[11] Izumida Y, Okuda K 2012 Europhys. Lett. 97 10004
[12] Izumida Y, Okuda K, Hernandez A C, Roco J M M 2013
Europhys. Lett. 101 10005
[13] Izumida Y, Okuda K, Roco J M M, Hernandez A C 2015
Phys. Rev. E 91 052140

030504-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1119/1.10023
http://dx.doi.org/10.1103/PhysRevLett.95.190602
http://dx.doi.org/10.7498/aps.62.130501
http://dx.doi.org/10.7498/aps.62.130501
http://dx.doi.org/10.1002/anie.201001411
http://dx.doi.org/10.1103/PhysRevE.63.037102
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.87.012105
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.89.062119
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.91.042127
http://dx.doi.org/10.1103/PhysRevE.93.032152
http://dx.doi.org/10.1103/PhysRevE.93.032152
http://dx.doi.org/10.1103/PhysRevLett.105.150603
http://dx.doi.org/10.1209/0295-5075/97/10004
http://dx.doi.org/10.1209/0295-5075/101/10005
http://dx.doi.org/10.1209/0295-5075/101/10005
http://dx.doi.org/10.1103/PhysRevE.91.052140
http://dx.doi.org/10.1103/PhysRevE.91.052140

32 % R  Acta Phys. Sin. Vol. 66, No. 3 (2017) 030504

Trade-off optimization for low-dissipation heat engine
with generic heat transfer process®

Lu Can-Can Bai Long!

(School of Physics, China University of Mining and Technology, Xuzhou 221116, China)

( Received 17 August 2016; revised manuscript received 27 September 2016 )

Abstract

The heat transfer process inevitably occurs in the operation of real heat engine. In this article, a low-dissipation
heat engine with generic heat transfer process is proposed based on the low-dissipation Carnot model. The formulas
for the power and the efficiency of heat engine with generic heat transfer law are derived, and the low-dissipation heat
engine performance is also optimized by the trade-off optimization method, which offers a unified scheme to understand
the behaviors of heat engines with generic heat transfer processes. Furthermore, the characteristics of the power as
well as the efficiencies for thermal engines with the different heat transfer processes are discussed in detail, and it is
found that the power and the efficiency without heat transfer process are independent of heat leak, but are related to
contact time, heat dissipation and Carnot efficiency. The power output of heat engine monotonically increases as Carnot
efficiency increases, but the large contact time ratio and the large dissipation ratio make it difficult to provide the big
power output. When the heat leak is absent and a(f) is fixed, the efficiency of heat engine decreases (increases) with the
increase of B(«). It is noted that the heat transfer process greatly influences the performance of heat engine, and ngo/nc
versus 3 displays the similar properties under three heat transfer laws. It is clearly shown that no/nc versus 8 shows the
transition from the monotonic decrease to monotonic increase with « increasing, but 7o /nc versus « is opposite to the
former, and the maximum value of no/nc also shifts rightwards with the increase of 8. Additionally, the corresponding
efficiency of heat engine diminishes significantly as m decreases and n increases. When heat engines are dominated by
different heat transfer laws, the curves of 1 versus nc are consistent as 7 is relatively large or small, but it is observed
that there exist the evident differences among three characteristic curves in the middle regime. The relatively large
or small o will also lead to the reduction of the working regime where heat engine can function normally. Our results
are very helpful in understanding the design principle and the optimization mechanism for actual thermal engines and

refrigerators.

Keywords: low-dissipation heat engines, heat transfer laws, trade-off criterion, efficiency of the heat
engine
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