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Relationship Between the Efficiency of Heat Engine and
Cyclic Direction of the Irreversible Heat Engine
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Abstract The relationship betweenZ= — W /O of the irreversible heat engine and its cyclic di-

rection is proved according to Clauius statement of second law of thermodynamics and entropy
criterion. When the irreversible heat engine runs on forward circulation, the conversion of work
into heat (and vice versa) can be indicated by the efficiency of the heat engine, and the conclu—
sion is Z:> Z.i. Tt shows that the ratio of heat transformed into work by a reversible heat en—
gine is larger than the ratio by irreversible heat engine in forward circulation. While the irre-
versible heat engine runs on backward circulation, the conversion relationship of the work and
heat should be indicated by refrigerator coefficient of 4> U . It enunciats that a reversible re-
frigerator takes out more heat than an irreversible refrigerator in each work cycle. If the conver—
sion relationship at backward circulation should also be indicated by the efficiency of the heat
engine, the result is Z.r < Z%.i. The physical meaning is that a reversible heat engine needs less
work than an irreversible heat engine does when they pump the same heat to the hot reservoir
on backward circulation. While proving Carnot theorem, the irreversible heat engine can only
run on forward circulation, but not on the opposite.
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Fg. 2 Sketch of Carnot cycle

ABCDA the reversible Carnot cycle;
AfBCfDA the forward irreversible cycle;
ADbCBbA the backward irreversible cycle.
31

Z = WIQ= (O+ O)IO = (I -
T:) /Ti= (1000— 500) /1000= 50% .
32

A—> [~ B 0= - Wi= Ps(Vs

- Vp) = 900(9.238- 8 314)= 831.6 }
B~ C W= AU= nG (T2 -
Ti)= 1X 20.8(500- 1000) = — 10400 J;
C> f—~ D : = - Wis= Po(Vp
- V)= 88.39(47.03- 5226)= - 4623}
D~ 4 cWa= AU= nCr(Tt -
T2)= 1X 20.8(1000- 500) = 10400 }
Z = - Wioi= (O+ 02) /0= (83L6-
462. 3) /831. 6= 44 4% .
: Z . >7
) Z , Z
33
A— D : Wa= ANU= nCv(T2 -

202

Ti)= 1X 20 8(500- 1000) = — 10400 }
D— b—> C : Q2= — W= Pc(Ve
- V)= 79 55(52.26 - 47.03) = 416.0 }

C— B : Wa= AU= nG(T -
T2)= 1X 20 81000 - 500) = 10400 }
B— b> A4 :Oi= - Wi= Pa(Va
- Vi) = 1000(8 314- 9.238)= - 924.0 }
Z =—- WiOi= (O+ OQ)/Oi= (- 9240
+ 416.0) /- 924.0= 55. %% .
Z <7
2 7Z ’ 2 Z
4 Z < Z
4.1 ,
, Tv T
[31
Z= — W /0O
(Z ) :
Z =- W= (I - T)IT\] = [Z
= — W/Ql: (Tl— T2)/T|]
2 2 ’Z
2 2 Z
T T» s
L= — W IO
Z =-WwIQ| # 2 =-WIQ]
4.2 ,
[2.5]
lwo s lwo o
- W >- W . ;
, , W <0,00> 0,
Z =-wio] > [Z =-Wio] ,

Guangxi Sciences, Vol 10 No. 3, August 2003



| w | <lw . ,
, ,W> 0, . , ( 10
O <0, (9) Z <7
Z =-Wwin] <[Z =-WIn] ,
] ( )’
, , . Z= - W IO
[10] |
) , 5
d) ,
( )7 2 2
( ). Z U .
43 Ui <7
) Z ,
9Z » <Z » D) ) ) )
(Tr— T2)IT1 < (O1+ Q) IO .
- I/ < 1+ Q10 (IIT) = — W IO
- DT < Q10 Z > Z :
O <0, 02> 0, >
O, > Z <Z
s 174
- O /Tv> QT , O,
0> O /Ti+ @ IT-. O
O ,
T T ’ (V) Z
2
ASzJ (—2), ; :
1 T R Z <
. Z <Z 7
As( =48 )+ As( )= ( ).
0 V) ,
7= —
4 4 , ] ( W iQn) ,
Z > Z D
< B >B
) (U= o)
Y4 7 U ) u > U
9~ 1]
U = e/iw= /- (0+ Q)= -
' i
/(T - T) = 1/Z2 - 1 (10) 1980, 114- 116,
) Lo > 2 . ( ). 4
Z .. . (10) (8) ,1990. 100~ 109.
U <U 3 M. RM[ 1.
, , U > , 1981 107~ 112.
A 20035 8A % 10E% 3 203



4 Levine L Physical Chemistry. Second edition. New York

McGraw—Hll Book CO, 1983. 74~ 92. 9
5 . ( )- : ,

1985. 158~ 165. 10
6 .

, 1995, 14(4). 109~ 111. 11

7 . . . 1994,

(3): 18 19.
8 )

,1996,21(3): 77 82

,1998, 19(1): 47 48.

,1986. 23~ 25,76~ 77.

2 ’

,1984. 82.

(E#% 199 Continue from page 199)

9

1 Friedman E, Gal A, Batty C J. The density dependent po-—

tentials and the strong interactions. Phys Lett, 1993, B

(208): 6 12. 10
2  Brown G E, Kubodera K, Rho M et al.. The scattering

length from the evaluation on the low-energy scattering

angle. Nucl Phys, 1994, A(567): 837 852 11
3 Batty C J. Strange exotic atoms. Nucl Phys, 1995, A

(585): 229- 238. 12
4 . ( Ir). : , 2000. 585~

586.
5 . . : , 1999. 295

~ 306. 13
6 Cheng S C et al.. The theoretically calculating of K

atomic mass- Nucl Phys, 1975, A(254): 383~ 393.
7 Gall K P, Austin E,Miller J Petal.. Precision Measure— 14

ments of the K- andz ) masses. Phys Rev Lett, 1988, 3
(60): 186~ 189.
8 Powers R Jet al.. Strong-interaction effect measurements

in sigma hyperonic atoms of W and Pb. Phys Rev, 1993, 3

204

(47): 1263~ 1273.

Friedman E et al. . Density-dependent K nuclear optical

potentials from kaonic atoms. Nucl Phys, 1994, A(579):
518~ 538.

Batty C J, Friedman E, Gal A. Density dependence of the

2 nucleus optical potential derived formz atom da—
ta. Phys Lett, 1994, B(335): 273~ 278.
Friedman E. Strange exotic atoms. Nucl Phys, 1998, A
(639): 511¢ 519.
Wayne F L, Rinker G A et al. . Accurate and efficient
methods for the evaluation of vacuum-—polan zation-po—
tentials of order Zx and Za’. Phys Rev A, 1976, 13(3):
1283~ 1299.
Masaru A. Boson exchange potentials and three—parame-
ter Gaussian model. Prog Theor Phys, 1978, 30(2): 209
~ 219.
Vries H et al.. Nuclear charge density distribution par—
ameters. Atomic Data and Nuclear Tables, 1987, 36( 3):
50 509.

Guangxi Sciences, Vol 10 No. 3, August 2003



