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The laws of thermodynamics regulate the existence of
processes in the real worldand for any process to be possi-
ble it must fit the requirements of these laws {1, 25

The second law of thermodynamics postulates that in all
permitted processes the total entropy change of the universe
is equal to or greater than zero (i—4). If the processes are re-
versible such variation is zeéro and when the processes are
irreversible the total change of entropy of the universe js
greater than zero. This happens because in all irreversible

transformations there is a creation of entropy while in & ré -

versible process the creation of entropy s null (3-67, The sec-
ond law also inoplies that the created entropy accumulates in
the universe and never can he destroyed in any part of a one-
cornponent closed systern (5. However, in open systems en-
tropy ean be created in some regions and destroyed in other
regions and the process cccurs by means of an entropy cou-
pling as seen in some biological processes or in thermo diffa-
sion{5). A similar sitnation mey ccowr in multicomponent sys-
tems with coupled chemical reactions (5]

In this article there is proposed a closed theoretical proc-
ess, permitted by thermodynamic laws, in which thereis a
set of conditions where internal entropy is created and de-
stroyed during the operation. In this region the process is
more efficient than & reversible process carried out be-
tween the same change of state, and it may be suggested
that the process takes place by means of an entropy cou-
pling between the systems involved.

The Process

The equipment. shown in the figure consists of two adi-
shatie tanks, A and B, separated by a partition composed
of & good heat-conducting metal covered with an adiabatic
film. The adiabatic film of the partition can be removed or
put back in place during process eperation if destred. Tank
Ais fitted with & pisten and tank B is a rigid box. In both
tanks there is 1 g-mol of 2 monocatomic ideal gas.

Initially the metal partition is covered with the adiabatic
film. Then, the ideal gas in A is set at 1500 K and 101.33
kPa and the ideal gas in B is set at 373 K and 101.33 kPa.
When these conditions are reached in both tanks the adi-
abatic film is removed and the following process starts. In
tank A the gas is compressed isothermally in a nenreversi-
ble way at 1500 K from 101.33 kPa to 405.32 kPa, and
work is done on the ideal gas, and heat is transferred
through the metal partition to the ideal gas in tank B. The
gas temperature of B increases; when the compression 1s
stopped the temperature in B is 1500 K. Then, the process
is finished and the adiabatic film of the partition iz put
back in place again. Since tank B is rigid and theve is no
piston, then no werk is invelved in the process ncwrring in
this tank.

During the process heat is transferred only hetween
gages and there are no heat losses to the surroundings be-
cause the boundaries of the tanks in contact with the sur-
roundings are adiabatic.
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The theoretina] process discussed in this paper,

Application of the First and Second Law
of Thermodynamics

For a process to be possible it must meet the require-
ments of the first and second laws of thermodynamies,
which can be expressed in the following way for the process
under discussion,

The upiverse of the process can be assumed t6 be formed
b system A. system B, system M, and the surroundings 3.
System A is a closed system formed by tank A, the gas in-
side, and the piston enclosed in this tank. System B is also
closed and consists of tank B and the gas inside this tank.
System M is the dividing metal partition located between
the tanks, which iz alzo a closed system.

First Law of Thermodynamics

Neglecting the changes of kinetic and potential energy
the first law can be expressed in the fullowing way for each
of the above cloged svstema. In these equations heat trans-
ferved to the system is considered positive and work done
on the s¥stem s negative.
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where @ and Wy are the heat and work transferred
through the boundaries of system A during the change of
state and AU, is the internal energy change of the process.
If the mass of the walls of tank A and the mass of the piston
are neglectable, then

AUp = MACyy (Top — T1a) (2)
where M, is the mass of the ideal gas in tank A, Cva is the
constant volume ideal gas heat capacity, and T4 and Toa
are the initial and final temperature in tank A.

Tank A is isothermal, therefore

AULA=0J 3

and
Qa=Wy (4)
Since the process in tank A is nonreversible, W, cannot
be calculated from the usual P-V work relationship em-
ployed for reversible closed systems and should be ob-
tained from the interrelation of the energy balances be-
tween the systems.
Sustem B > )
Qp-Wp=AUp (5)
where Qg and Wy are the heat and work transferred
through the boundaries of tank B and AU is the change of

internal energy in tank B during the change of state.
The process in tank B takes place at constant volume so

Wg=0J (6)
and
Qp =AUy (D
If the mass of the walls of tank B are neglected then
AUp = MpCyy (Top — T1p) ®)

where Mg is the mass of the ideal gas in tank B, Cyg is the
ideal gas heat capacity at constant volume and T3 and Tp
are the initial and final temperature of tank B.

For the conditions given in the figure

AU = 1 g-mol (12.47 J g-mol ' K1) (1500 — 373)K
= 14,053.69 J 9
and
Qp =14.053.69J (10)
System M

The metal partition can be assumed as a film of negli-
gible mass that receives heat from tank A and transfers it
to tank B without accumulation of energy, then

Qa=-Qp an
and from eq 4
Wa =~MpCygp (Top — T1p) (12)
For the process in the figure and from eqs 11 and 12,
Qp =-14,053.69 J (13)
and
Wy =-14,053.69 J (14)

Second Law of Thermodynamics

The second law of classical thermodynamics postulates
that the total entropy change of the universe is equal or
greater than zero in all thermodynamically permitted
processes.

ASye 20 (15)

uni

where Sy, is the total entropy change of the universe.

In this case,
ASniv = ASy + ASp + ASy + ASg (161

where, ASy, ASg, ASy;, and ASs are the change of entropy of
systems A, B, M, and surroundings S during the change of
state.

Since A, B, M, and S are closed systems, the change of
entropy in each of the above systems can be estimated by
the following equation

IQ
5[99 g
& T Sl (17)
where AS is the entropy change of the system, @ is the heat
transferred through the system boundaries during the
process, T'is the system temperature ,and ASj is the inter-
nal entropy created by the irreversibilities.

System A
T._'.\ dT I)ZA dP
£S5 = MaCpa 5 - [ MR =
Tya Py (18)

where Cpy is the ideal gas heat capacity at constant pres-
sure, R is the gas constant, P is the gas pressure and P;,
and P,y are the initial and final pressure in tank A.

The creation of entropy in tank A can then be evaluated
with eq 17

9Q,

AS = AS—ifies
;i o (19)

where AS,, is the internal entropy created in tank A during
the change of state and Ty is the temperature in tank A.
Using the conditions presented in the figure,

1.1, 405.32 kPa
AS, = —1g- - el i 101.33 kPa
4= ~1gmol (8.314J g-mol K In Jes o
= -1158J K o
and
1 14,053.69J -
Ao Tl {1 — = _9 ;
oa = ~ILESIIE R e e S A6 K Fuila

then there is a destruction of entropy in tank A during the
change of state depicted in the figure.

System B
Ty o Vo v
8Sp = [ MyCyp G + [ MuR 7
T Vig (22)

where V is the gas volume and V5 and Vyp are the initial
and final volume in tank B.

9y

AS, ;= AS ~
e P T (23)

where AS,p is the internal entropy created during the
change of state in tank B and T} is the temperature in B.

Applying the above equations for the process in the fig-
ure gives

1500 K

] -1 -1 = -1
ASg = 1 g-mol (12.47 J gmol™ K™7) In IR - 17.36 J K
(24)
and
=5 S 1500 K
AS,p=17.36 J K™ = 1 g-mol (12.47 g-mol " K!
SeB g-mol (12.47 g-mol” K™ In 373 K
=0JK* (25)

Therefore there is neither creation nor destruction of en-
tropy in tank B.

Volume 72 Number 2 February 1995 117



System M

To simplify the solution, the metal partition can be con-
sidered as a metallic film of neglible mass that receives
heat from tank A and transfers it to tank B without accu-
mulation of heat and entropy. Under this consideration

ASy=0J K (26)

and
Qs 199
ASgM=ASM—[I-Tf+j—FB§]

where ASgy is the entropy created in the metal partition
during the change of state.
For the process described in the figure

27

ASy=0JK* (28)
and
ASgy = 1 g-mol (12.47 J gmol ' K1)
. [ 0500-373)K | 1500 K
1500 K REYERT
~7.99J K! (29)

The calculation shows that there is a creation of entropy in
the metal partition M during the process.

Surroundings S

Since the piston and the tank walls are externally adi-
abatic then there are no heat losses to the surroundings.
Also, it can be assumed, to simplify the solution, that there
are no irreversible processes happening in the surround-
ings and, therefore, the internal entropy created in the
surroundings during the change of state is negligible. Un-
der these assumptions,

ASg=0JK™ (30)

and

ASgs=0JK 31)

where Sgg is the internal entropy change of the surround-
ings.

Therefore, for the process represented in the figure the to-
tal entropy change of the universe will be, according to eq 17

ASynie =583 K (32)

This result suggests that the process depicted in the fig-
ure is permitted by thermodynamics and there is a de-
struction of entropy in tank A and a creation of entropy in
the metal partition M. In tank B there is neither creation
nor destruction of entropy.

Discussion

In order to generalize the results and understand better
the behavior of the process above, equations can be ex-
pressed in terms of the initial temperature in tank A.

Given the initial and final pressure in tank A and the
trajectory of the process in this tank and given the initial
and final conditions in tank B as shown in the figure, it is
possible to demonstrate that the above equations can be
expressed in terms of the initial temperature in tank Ain
the following way:

AU, =0 (33)
AUp = 12.47T; 5 - 4651.31 (34)
Qp = 12.47T;, - 4651.31 (35)
Q= —12.47T;, + 465131 (36)
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Wg =0 (37)

Wy =—-12.47T ;5 + 4651.31 (38)

AS i = ~85.36 +12.47In Ty (39)
0.94T;4 — 4651.31
il i

T4 (40)

ASp=0 (41)

ASgy =-86:31 + 465131 15 4710 Ths
Tia (42)

_ From these equations it is possible to see that, for initial
temperatures in tank A greater than 4948.20 K, the proc-
ess is permitted by thermodynamics, and there is a crea-
tion of entropy in system A and system M. In system B
there is neither creation nor destruction of entropy.

The equations also show that, if the initial temperature
in tank A is between 940.14 K and 4948.20 K, the process
is permitted by thermodynamics since the total entropy
change of the universe is greater than zero, but there is a
destruction of entropy in tank A and creation of entropy in
the metal partition M. In system B there is neither crea-
tion nor destruction of entropy.

Analyzing the process, it can be seen that the destruction
of entropy in tank Ais compensated by a sufficient genera-
tion of entropy in the metal partition M, and the process
may occur with an internal entropy coupling between the
systems involved.

Under these conditions the compression process occurring
in tank A is more efficient than a reversible compression proc-
ess for the same change of state. For the conditions given in
the figure the work required by the compression process un-
der entropy coupling can be calculated with eq 12 and the
value is —14,053.69 J. By comparison, the reversible work re-
quired for the same isothermal compression process is —
17,288.48 J. These values suggest that a compression system
similar to the one in the figure operating in the region of en-
tropy coupling will be thermodynamically more efficient than
a reversible compression process between the same change of
state. This behavior is exceptional in its nature and takes
place because of the internal entropy coupling suggested in
this one-component closed system.

For temperatures below 940.14 K the process is not per-
mitted by thermodynamics because the total entropy
change of the universe is less than zero.

Conclusion

In this work a theoretical process that meets the requisi-
tes of the first and second law of thermodynamics was
demonstrated to have a set of conditions where there is a
destruction of entropy in one region of the universe and a
creation entropy in another part of the universe. Under
such conditions the process may take place with internal
entropy coupling and the compression process is more effi-
cient than a reversible compression taking place for the
same change of state. This kind of behavior is uncommon
and has not been observed in similar one-component
closed systems.
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