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Figure 2 The filling factor and the average temperature of a thermo-
dynamic cycle

T AR A i 2 X AN 1 TR VR P A B DRI e it
BR)s T A AR AR 14 3 2 49 A0 T R A 47 A ) 1%
it 2 (I IRLIR FIR ). by 7 AT 390 54 g 408 P SR AT AT I 22 4%
FAL TP, I LA A IR 5 AR Y
i B2 SR AR AF (R 22 T0T5 /), BHIIE T B 2 5 A
R AT 0 B rb T o R AR R A TR XS 2 R 4 T
FR (47

3 IRIERAEL OB RN

TEA it TS TR, #iFRZ Ay 2256 —
FE A E AL PR R rh T ST B R Y R e
(PR B 4 Ry T R B A R TR B 3 BAIG IR A ) 19 45
. UL b, B8 T or s

50
Sﬁ?_o. 3)

BTG A TN RG W 5 — AR, B

PR Y ——:

X s, (4)

T E 4 RS A G5 DS
K, B ABREE S 22 10 0 7 i O PR 1 (R ),
SRR REENAZL, e Em—1TRT,
FERRE . 50 57 AT PR S A W R 14 e o 5 1,
FCW B SCR, YA AR R, Rl vl 0 AL
BRI hE Sy Z RN B RN S (1) # T
W P, BB T IR B D7 3k 0L AN J7 (5 3t 4 ik ] 0t
P T I e e 2 MY () S WA Y

602

A5 A Dl gt B AR 2R B4R T, B RO AREL AT 5
H B I T 34T e B R R (R R AR ER) T (3) A
7 LA Ay o AR T 3 LA T A A 1 ) B A

4 IR B A D Pl

4.1 BT SCHROG T Rgwaaa TR R &g b

PRAT ST Hv H A R 7E P A A R I PR 25 T Y
ST WA P (Ve BRI AR R ) 08K R P A 1 e
R Mz —J, o IR R R R R A
AR TR) IR BR S5 B SR U A6 B 0 7 YA R W 3 R T G 35
JE P IR TELBR 25 R A de st A 212, Bl 22 —
DR, 38 AR R AR A A T TR IR
AR PR R B! Las SRS RIS G ER A ],
FI3JE 2 SRS S TR T-SIE, HfilA 2 ECh

1 __ I

<pl/p2>(771)/7_1 - T,-T )

% T AR 76 P85 0 B T5 N8 23 B T 22 ) i
WRTETEER, e e e RECh

T
Erocar = -1’ (6)

HHp R hrre,car i RiGIEIR. T Ta<Th, MITA
Erecar>E, WHLZ VLY RIETEAERRBKTER
JE 48 1 TGP P e R 5K

&)

4.2 HERUIGIAIERE R B IE IR
T PGS D e R BT DU AR, (EAE

Ty

T,

0 S, S, ;
B3 ARG RS TSP

Figure 3 The 7-S diagram of the air compression refrigeration cycle
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Figure 9 (Color online) The 7-S diagram of a reversed p-V cycle and a
reversed Carnot cycle
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Table 1 Parameters of states in the reversed Carnot cycle

JE 71 (kPa) A (m?) TR (K)
Ic 6.20 28.24 609.65
2c 0.273 262.5801 250
3¢ 0.221 325.0269 250
4¢ 5.0 35.0 609.65
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Table 2 Parameters of states in the reversed p-V cycle

J£ 71 (kPa) A (m?) T (K)
1 5.0 23.92 416.65
2 3.0 23.92 250.00
3 3.0 35.0 365.79
4 5.0 35.0 609.65
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Table 3 The comparison of the principles of thermodynamic cycles and reversed cycles
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The other half of the principle of heat-work conversion cycles:
The theorem, principle and core physical quantity of reversed
cycles

Zengyuan Guo ', Tian Zhao & Tiwei Xue

Key Laboratory for Thermal Science and Power Engineering of Ministry of Education, Department of Engineering Mechanics, Tsinghua University,
Beijing 100084, China
* Corresponding author, E-mail: demgzy @tsinghua.edu.cn

Engineering thermodynamics mainly focuses on the principles and methods for the heat-work conversion and to
improve heat-work conversion efficiency. In current literatures, discussions are mainly focused on the heat-work
cycles, which converts heat to work. Besides, the core physical quantity of heat-work cycles is entropy, which pre-
sents the heat-work conversion ability of the system. As for reversed cycles, the discussions are not quite detailed,
and most of them applied the theory for heat-work cycles directly on reversed cycles.

However, it’s well known that heat cannot be fully converted to work in a reversible thermodynamic cycle, which
leads an efficiency less than 1. For reversed cycles, the heat output from the cycle can be much more than the net
work the cycle costs, which derives a coefficient of performance (COP) more than 1. This phenomenon implies the
principles of heat-work conversion in ordinary heat-work cycles and reversed cycles are somehow different, and
some problems are naturally drawn as follows: (1) Is the COP of the reversed Carnot cycle the maximum possible
COP for all reversed cycles within two temperature limits? (2) Heat can be judged from its quality, i.e. its tempera-
ture, and does the mechanical work have its quality?

To answer these questions, this work analyzed and discussed the theorem, principle, and core physical quantity of
reversed thermodynamic cycles. First, the principle for ordinary thermodynamic cycles are briefly reviewed, in-
cluding the Carnot theorem and its proof, and the derivation of the concept of entropy from the Clausius’ original
approach. Second, current conclusions of reversed cycles are reviewed and the air compression refrigeration cycle is
taken as an example. The analysis comparing two cycles within given temperature limits presented that for given
two temperature limits, the COP of the reversed Carnot cycle is the minimum possible COP, which is different from
current conclusions. The quality of volumetric work is then discussed, and a new reversed cycle named reversed p-V
cycle is proposed, which operates between two given pressure limits. The analysis indicates that this cycle is the
best reversed cycle operating between two given pressure limits. Based on these discussion, the theorem and prin-
ciple for reversed cycles corresponding to the second law and the Carnot’s theorem are derived and proved using
the Clausius’ approach. The performance of the newly proposed reversed p-V cycle is investigated and compared
with the reversed Carnot cycle operating within the same temperature limits, and results present that the COP of the
reversed p-V cycle is much higher than the COP of the reversed Carnot cycle within the same temperature limits.
Finally, from the equation of an arbitrary reversed cycle, it can be seen that the volume has a similar physical inter-
pretation in the reversed cycles to the entropy in thermodynamic cycles, and it can be named as the work-entropy. In
summary, the reversed cycles are analyzed, and its theorem, principles and core physical quantity are investigated.

reversed thermodynamic cycle, entropy, coefficient of performance, Carnot theorem
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