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4, CARATHEODORY

A En las cercanias del estado Inicial de un
sistema existen estados vecinos que son
accesibles mediante trayectoriasa d 1 a b 81t |

PV° = K

5. La eficiencia termodindmica de una etapa
Irreversible es menor que la eficiencia de un
proceso reversible operando entre los
mismos estados Inicial y final



O. La eficiencia de cualguier maquina ciclica es

menor que la eficiencia de una serie Iinfinita de
ciclos de Carnot operando con las mismas
fuentes térmicas.

[{. El estado de equilibrio alcanzado por un
sistema es unico y alli

Cp%NIVERSO:O Cp§ =0

8' Cp%NIVERSO = Cp%ISTEMA T CF)§LI?EDEDORB = O
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A Ub = Qb- Wb n Cv (12-T1)

(P1/P2) - Qa/Ta

Qa/Ta +nCv In( T2/T1)

ASu = ASa + ASb + ASm+ ASr
ASu = nRIn(P1/P2) + nCv In(T2/T1)
A Su = A SgA + A SgM
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CD%NIV =0

T,=1500 K
P =1 atm

T,=1500 K
P.=1 atm

P,=3.09 atm
T,=1500 K

P,=8.06 atm
T,=1500 K

P =ASz =AS,,=0 J/molK
W, =-17288.48J

P =-7.98 J/molK
AS; =0
AS,,=-7.98 J/molK

W =-14053.69J
W, =-26044.68]
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The lavis of therimodynumices regulute the existence of
processes .n the real world and for uny process Lo be possi-
ble it mut fit the requirements of these laws 7, 2).

‘The second law of thermodynamics postulates that in all
permitled processes the total entropy change of the universe
is equal to or greater than zero (J—). Il the processes are re-
versible such variation is zero and when the processes are.
irreversible the il change of entropy of the universe is
preater than zero. This happens because in all irreversible
transformations there is a ereation of entrupy while in u re-
versible process the creation of entropy is null L1=6). ‘I see-
ond law also implies that the created entrupy accumulates in
the universe and never can be destroyed in any part of a une-
component closed system (5). Howevcr. in upen syslems en-
trupy can be crcated in some regions qm.l destroyed in other
regions and the pr s by of un entropy cou-
plmg as seen in some biological processes or in thermo diffu-
sion (5). Asimilar situation may occur in multi punenl sys-
tems with coupled chemical reactions (ﬁ).

In this article there is proposed a clpsed theoreucul pruc
ess, permitted by thermodynamic laws, in which there is a
set of conditions where internal entropy is created and de-
stroyed during the operation. In thisiregion the process is
more eflicient than a reversible procuss carried out be-
tween the sume change of state, and it may be suggested
that the process tukes place by means of an entropy cou-
pling between Lthe systems involved. |

The Process

T'he equipment shown in the ﬁgurc consists of two adi-
ubatic tanks, A and B, separated by a partition composed
of a goud hent-cunducuu metal covered with an adiabatic
film. Tt.e adiabatic film of the pnrlil.ipn can be removed or
put baen in place during process oper}mon ilfdesired. Tunk
A is fitted with a piston and tank B is a rigid box. In both
tanks there is 1 g-mol of a monoatomic ideal gas.

Initin’ly the metal pnmuon is covered with the adiabatic
film. Ti2n, the ideal gas in A is set st 1500 K and 101.33
kPa an | the ideal gas in B is set at 373 K and 101.33 kPa.
When these conditions are reached ip both tanks the adi-
abatic film is removed and the following process starts. In
tank A the gas is compressed hol.hermally in a nonreversi-
ble way at 1500 K from 101.33 kPa to 405.32 klPPu, and
work is done on the ideal gas, and heat is transferred
through the metal partition to the ideal gas in tank B. The
Bas temperature of B increases; when the compression is
stopped the temperature in B is 1500 K. ‘I'hen, the process
is finished and the adiabatic film of the partition is put
back in place again. Since tank I is rigid and there is no
piston, then no work is involved in Lthe process ocurring in
this tank. I

During the process heat is transferred only between
gases and there are no heat losses to ‘the surroundings be-
cause the bounduries of the tanks in conuct with the sur-
roundings are adiabatic.
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The theorelical 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 sceond laws of thermodynamics,

" which can be expressed in the following way for the process

under discussion.

The universe of the process can be assumed to be formel
by system A, system I3, system M, and the surroundings S.
System A is a closed system formed by tank A, the gas in-
side, and the piston enclosed in this tank. Sysu.-m Bis also
a.loud and consists of tank B and the gas inside this tunk.
System M is the dividing metal partition locuted between
the tanks, which is also a closed system.

First Law of Thermodynamics

Neglecting the changes of kinctic and potential encrgy
the first law can be expressed in the fullowing way for cach
of the above clused systems. In these equations heat trans-
ferred to the system is considered positive and work done
on the system is negative.

System A
Qa-Wa=aU, SV
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A 990 K
4 atm

B 3000 K
4 atm

ASyny =0 PIn =4S =45, =0
P, =-11.52 J/molK
PG, =11.52 J/molK

Cp%B:O

Py =0

990 K
0.76 atm

990 K
1.32 atm

Wrev =13481.8 J

W=25084.8 J







W= nRTrIn( P2/P1)- Tr ( A SgA + A SgM )

A SQA = nR In(P2/P1) - Q/Ta

Q(1/Ta - 1/ Tr)

A SgA + A SgM

Wr = 3458 ]

W = 4610

——-







W= nRTrIn( Pe/Ps)- Tr ( A SgA + A SgM )

A SgA NR In(Pe/Ps) - Q/Ta

ASgM = Q(1/Ta - 1/ Tr)

A SgA + A SgM

Wr = 3458 )

W = 46101
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Q= 0 cal

o 750.91
fT-= o 44—_3

ISOTERMICO

-717.27 cal

F
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W= 2744.86 cal
Q= 2744.86 cal

Q=-2081.96 ca ]v
W=-2081.96 cal
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