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OBJECTIVE

Session 23-24: Apply the second law of thermodynamics for open, closed, transient

systems and cycles



Recomendaciones generales:

• Leer antes de clase y entender los conceptos o preguntar si es necesario.

• Practicar bastante:

• Los quizzes virtuales  y gradescope úsenlos para aprender de forma honesta (se puede inferir).

• Tengan grupos de estudio y apóyense mutuamente.

• Crear sus propias notas estudio y formulario.

• Son 4 horas de clase en la semana (asistir y ser puntuales, perder alguna es atrasarse mucho)

• Cada hora de clase son 3 horas de estudio por fuera mínimo.

• En la ppt de la semana 1 están todos los links claves para el curso.

*Ejercicios de clase
*Asesorías
*Ejercicios del libro resueltos y los de final de capitulo



Thermodynamics _ Evaluation

COMPONENTE %
EXAMEN PARCIAL 20

EXAMEN FINAL 30
C 50

APROBACIÓN: 11/20

EXAMEN PARCIAL : Todos los temas vistos hasta la semana 6.
EXAMEN FINAL: Todos los temas vistos hasta la semana 15

EXÁMENES FECHAS

EXAMEN PARCIAL (MAYO 11)
EXAMEN FINAL (JULIO 6)



Thermodynamics _ Evaluation

SEMANA 1 TAREA VIRTUAL SE CALIFICA AUTOMATICO NO NECESITA PROCEDIMIENTO

SEMANA 2 TAREA VIRTUAL

SEMANA 3 TAREA VIRTUAL .

SEMANA 4 TAREA INDIVIDUAL 1 + EVALUACION_ AULA1

TAREA INDIVIDUAL: Esta parte incluye subir un archivo con la 

solución

EVALUACION_ AULA: SEMANAS 1-2

SEMANA 5 TAREA VIRTUAL+ EVALUACION_ AULA2 EVALUACION_ AULA: SEMANAS 1-3

SEMANA 6 TAREA VIRTUAL+TAREA INDIVIDUAL 2

SEMANA 7 TAREA VIRTUAL+ EVALUACION_ AULA3 EVALUACION_ AULA: SEMANAS 1-6

SEMANA 8 PARCIAL

SEMANA 9

EVALUACION_ AULA4+TAREA INDIVIDUAL 3 +Tarea grupal 1

EVALUACION_ AULA: SEMANAS 1-8

SEMANA 10 TAREA VIRTUAL

SEMANA 11 TAREA VIRTUAL

SEMANA 12 TAREA VIRTUAL+ EVALUACION_ AULA5 EVALUACION_ AULA: SEMANAS 1-11

SEMANA 13

TAREA VIRTUAL+TAREA INDIVIDUAL 4 + Tarea grupal 2

SEMANA 14

EVALUACION_ AULA6

EVALUACION_ AULA : SEMANAS 1-13

SEMANA 15

SEMANA 16 FINAL

*LAS TAREAS VIRTUALES O LOS GRADESCOPE (TAREA INDIVIDAL) se abren lunes 2pm y se cierran

sábado media noche. La tarea virtual se presenta hasta un máximo de 3 veces.

EVALUACION_ AULA: es un quiz de 20 min aprox. en aula.

COMPONENTE %
PARCIAL 20

FINAL 30
C 50

APROBACIÓN: 11/20



Closed system entropy balance

Seaching by application in processes in addition to cycles!!

In symbols, the closed system entropy balance takes the form:



• In an adiabatic internally reversible process, entropy

remains constant. A constant-entropy process is called an

isentropic process.

• Another special case is the reversible-isothermal process,
we will see some examples (Q = T∆S)

*This can be interpreted to mean that an entropy transfer accompanies heat transfer (The direction of

the entropy transfer is the same as that of the heat transfer)

The term is positive when internal irreversibilities are present during the process and vanishes

when no internal irreversibilities are present. This can be described by saying that entropy is

produced (or generated) within the system by the action of irreversibilities.

Closed system entropy balance

CARNOT







Closed system entropy balance

The value of the entropy production cannot be negative. In contrast, the change in entropy of the system

may be positive, negative, or zero:

Like other properties, entropy change for a

process between two specified states can be

determined without knowledge of the

details of the process.

• Entropy Change of an Incompressible Substance

• Entropy Change of an Ideal Gas



How to calculate entropy?

1 2

1
2



•Entropy Change of an Incompressible Substance



• For example, for two pumps that moves water from level A to level B, the one with less
entropy generation would be the most efficient and would have the least heat loses to the
surroundings and, therefore, would be the better designed and maybe it can last longer (it
also could be more expensive).



Entropy Balance for Closed Systems

• Where subscript b signals that the integrand is evaluated at the system boundary. 

• It is important to highlight that at the end the σ allows us to compare two devices, for example, we

must choose a temperature (much better constant!) that allows us to easily calculate the entropy that

accompanies heat transfer ׬)
𝛿𝑄

𝑇
)







The value of the entropy production rate calculated in part (a) gauges the significance of irreversibilities associated with friction and heat transfer within the gearbox. In 

part (b), an additional source of irreversibility is included in the enlarged system, namely, the irreversibility associated with the heat transfer from the outer surface of the 

gearbox at Tb to the surroundings at Tf. In this case, the irreversibilities within the gearbox are dominant, accounting for about 98% of the total rate of entropy production.

(a) (b)



APPLICATIONS FOR 
CLOSED SYSTEMS



EXAMPLE 1 – CLOSED SYSTEM

Two m3 of air in a rigid container is initially at 293 K, 200 kPa. The air receives 710 kJ by heat from a heat source

at 1000K. Assuming the ideal gas model with cv = 0.72 kJ/kg. K, determine for the air (a) the mass, in kg, (b) final

temperature, in K, and (c) the amount of entropy produced, in kJ/K.



a) The air mass:

𝑃𝑉 = 𝑚𝑅𝑇

200 × 2 = 𝑚 ×
8.314

28.97
× 293

𝑚 = 4.757 𝑘𝑔

b) Energy balance for closed systems:

State 1:

𝑢1 = 209.058
𝑘𝐽

𝑘𝑔

𝑠1
0 = 1.67830

𝑘𝐽

𝑘𝑔



b) Energy balance for closed systems: ∆𝑈 = 𝑄 −𝑊

𝑚 𝑢2 − 𝑢1 = 𝑄

4.757 × 𝑢2 − 209.058 = 710

𝑢2 = 358.312 𝑘𝐽/𝑘𝑔

State 2:
𝑇2 = 𝟒𝟗𝟖. 𝟒𝟏𝑲

𝑠2
0 = 2.21622

𝑘𝐽

𝑘𝑔



c) The entropy generation:

∆𝑆 =
𝑄

𝑇0
+ 𝜎

𝑚 𝑠2 − 𝑠1 =
𝑄

𝑇0
+ 𝜎

𝑚 𝑠2
0 − 𝑠1

0 − 𝑅 ln
𝑃2
𝑃1

=
𝑄

𝑇0
+ 𝜎

4.757 2.21622 − 1.67830 −
8.314

28.97
ln
340.213

200
=

710

1000
+ 𝜎

𝜎 = 1.1236 𝑘𝐽/𝐾



a) The air mass: 𝑃𝑉 = 𝑚𝑅𝑇

200 × 2 = 𝑚 ×
8.314

28.97
× 293

𝑚 = 4.757 𝑘𝑔

b) Energy balance for closed systems:

∆𝑈 = 𝑄 −𝑊

𝑚𝑐𝑣 𝑇2 − 𝑇1 = 𝑄

4.757 × 0.72 × 𝑇2 − 293 = 710

𝑇2 = 500.30 𝐾



c) The entropy generation:

∆𝑆 =
𝑄

𝑇0
+ 𝜎

𝑚 𝑠2 − 𝑠1 =
𝑄

𝑇0
+ 𝜎

𝑚 𝑐𝑣 ln
𝑇2
𝑇1

+ 𝑅 ln
𝑣2
𝑣1

=
𝑄

𝑇0
+ 𝜎

4.757 0.72 ln
500.30

293
+
8.314

28.97
ln
2

2
=

710

1000
+ 𝜎

𝜎 = 1.1225 𝑘𝐽/𝐾



Increase of Entropy Principle

Since all energy and mass transfers taking place are included within the boundary of the enlarged system, the

enlarged system is an isolated system. An energy balance for the isolated system reduces to:

Processes also must satisfy the second law:





Directionality of Processes

https://chaosvindicter.wordpress.com/2013/05/13/gif-bouncing-ball/



Directionality of Processes

https://cormullion.github.io/pages/2019-06-23-slackmojif/

https://cormullion.github.io/pages/2019-06-23-slackmojif/


APPLICATIONS FOR OPEN SYSTEMS

𝒅𝑺𝑪𝑽
𝒅𝒕

=෍

𝒊

ሶ𝒎𝒊𝒔𝒊 −෍

𝒆

ሶ𝒎𝒆𝒔𝒆 +෍
ሶ𝑸𝒋

𝑻𝒋
+ ሶ𝝈



EXAMPLE 2 – OPEN SYSTEM

An insulated heat exchanger uses air as cold fluid to condensate R-22 that flows inside tubes. If 5 kg/s or

saturated R-22 is passing at 12bar (entering as saturated vapor leaving as saturated liquid), while 60 kg/s of

air at 290 K and 1.1bar is entering to the shell. There is no pressure drop on the heat exchanger. Determine a)

the exit temperature of air [oC]. The rate of entropy generation [𝑘𝑊/𝐾] considering as control volume: b) the

whole heat exchanger, c) only the tubes where the refrigerant flows and d) the shell without the tubes. The

heat exchanger works in steady state and has adiabatic external walls.USAR TABLA A22 PARA EL AIRE

3) Air, 60kg/s

290K, 1.1bar

4) Air, 60kg/s, 1.1bar

1) R-22, 12bar 

saturated vapor

2) R-22, 12bar 

saturated liquid



b) Energy balance with the whole HE as control volume

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍

𝑖

ሶ𝑚𝑖ℎ𝑖 −෍

𝑖

ሶ𝑚𝑒ℎ𝑒

0 = ሶ𝑚𝑅−22ℎ1 + ሶ𝑚𝑎ℎ3 − ሶ𝑚𝑅−22ℎ2 − ሶ𝑚𝑎ℎ4

ሶ𝑚𝑎 ℎ4 − ℎ3 = ሶ𝑚𝑅−22 ℎ1 − ℎ2

60 × ℎ4 − 290.16 = 5 × 258.94 − 81.90

ℎ4 = 304.9133 𝑘𝐽/𝑘𝑔

State 3

State 1 and 2

State 4:

Interpolating (Table A22):
𝑻𝟒 = 𝟑𝟎𝟒. 𝟔𝟗𝟓𝟏 𝑲

𝑠4
0 = 1.71763 𝑘𝐽/𝑘𝑔𝐾



b) Entropy generation with all HE as CV

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇0
+෍

𝑖

ሶ𝑚𝑖𝑠𝑖 −෍

𝑖

ሶ𝑚𝑒𝑠𝑒 + ሶ𝜎

0 = ሶ𝑚𝑅−22𝑠1 + ሶ𝑚𝑎𝑠3 − ሶ𝑚𝑅−22𝑠2 − ሶ𝑚𝑎𝑠4 + ሶ𝜎

0 = ሶ𝑚𝑅−22 𝑠1 − 𝑠2 + ሶ𝑚𝑎 𝑠3 − 𝑠4 + ሶ𝜎

ሶ𝑚𝑅−22 𝑠2 − 𝑠1 + ሶ𝑚𝑎 𝑠4
0 − 𝑠3

0 − 𝑅 ln
𝑃4
𝑃3

= ሶ𝝈

5 × 0.3029 − 0.8864 + 60 × 1.71763 − 1.66802 −
8.314

28.97
ln
110

110
= ሶ𝝈

ሶ𝝈 = 0.05909
𝑘𝑊

𝐾

ሶ𝑚𝑅−22 𝑠2 − 𝑠1 + ሶ𝑚𝑎 𝑠4 − 𝑠3 = ሶ𝝈



c) Entropy generation with tubes with R-22 as CV, T0 = Tavg of air = 
290+304.6951

2
= 297.347 𝐾

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇0
+෍

𝑖

ሶ𝑚𝑒𝑠𝑒 −෍

𝑖

ሶ𝑚𝑜𝑠𝑜 + ሶ𝜎

0 =
ሶ𝑄

𝑇0
+ ሶ𝑚𝑅−22 𝑠1 − 𝑠2 + ሶ𝜎

0 =
−885.2

297.347
+ 5 × 0.8864 − 0.3029 + ሶ𝜎

ሶ𝜎 = 0.05949
𝑘𝑊

𝐾

Heat loss from the refrigerant to air:

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍

𝑖

ሶ𝑚𝑖ℎ𝑖 −෍

𝑖

ሶ𝑚𝑒ℎ𝑒

ሶ𝑄 = ሶ𝑚𝑅−22 ℎ2 − ℎ1

ሶ𝑄 = 5 × 81.90 − 258.94

ሶ𝑄 = −885.2 𝑘𝑊



Heat absorbed by the air:
ሶ𝑄 = +885.2 𝑘𝑊

d) Entropy generation through the shell with air, T0 = Tsat = 30.25+273.15 = 303.4 K 

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇0
+෍

𝑖

ሶ𝑚𝑒𝑠𝑒 −෍

𝑖

ሶ𝑚𝑜𝑠𝑜 + ሶ𝝈

0 =
ሶ𝑄

𝑇0
+ ሶ𝑚𝑎 𝑠3 − 𝑠4 + ሶ𝝈

0 =
+885.2

303.4
+ 60 × 1.66802 − 1.71763 −

8.314

28.97
ln
110

110
+ ሶ𝝈

ሶ𝝈 = 0.05899
𝑘𝑊

𝐾

0 =
ሶ𝑄

𝑇0
+ ሶ𝑚𝑎 𝑠3

0 − 𝑠4
0 − 𝑅 ln

𝑃3
𝑃4

+ ሶ𝝈





EXAMPLE 2.4 – OPEN SYSTEM

The heat exchanger (running in steady state) shown below is used to condense saturated propane vapor at 10bar.

The cold fluid is air entering at atmospheric pressure and 10°C and exiting at 15°C. The heat exchanger can be

considered as an adiabatic equipment since it is covered by polyurethane. If the mass flowrate of propane entering

the heat exchanger is 10 kg/min, estimate the mass flow of air required [𝒌𝒈/𝒔] and the rate of entropy generation

in the heat exchanger [kW/K]. (cp_air = 1.005 kJ/kg. K)



Taking the heat exchanger as the C.V., the energy balance is:

෍ ሶ𝑚𝑒ℎ𝑒 =෍ ሶ𝑚𝑠ℎ𝑠

ሶ𝑚𝑎𝑐𝑝 𝑇2 − 𝑇1 = ሶ𝑚𝑝 ℎ3 − ℎ4

ሶ𝑚𝑎 × 1.005 × 15 − 10 =
10

60
× 497.9 − 166.1

ሶ𝑚𝑎 = 11.005 𝑘𝑔/𝑠

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠



Taking the heat exchanger as the C.V., the rate of entropy generation is:

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇0
+෍ ሶ𝑚𝑒𝑠𝑒 −෍ ሶ𝑚𝑠𝑠𝑠 + ሶ𝜎

ሶ𝜎 =෍ ሶ𝑚𝑠𝑠𝑠 −෍ ሶ𝑚𝑒𝑠𝑒

ሶ𝜎 = ሶ𝑚𝑎 𝑠2 − 𝑠1 + ሶ𝑚𝑝 𝑠4 − 𝑠3

ሶ𝜎 = ሶ𝑚𝑎 𝑐𝑝 ln
𝑇2
𝑇1

− 𝑅 ln
𝑃2
𝑃1

+ ሶ𝑚𝑝 𝑠4 − 𝑠3

ሶ𝜎 = 9.432 × 10−3 𝑘𝑊/𝐾

ሶ𝜎 = 11.005 × 1.005 × ln
15 + 273.15

10 + 273.15
−
8.314

28.97
ln
1

1
+
10

60
× 0.618 − 1.723



Now, let’s consider the tubes through which propane flows as a CV and estimate the entropy generation.

Energy balance:

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠

ሶ𝑄 = ሶ𝑚𝑝 ℎ4 − ℎ3

ሶ𝑄 =
10

60
× 166.1 − 497.9 = −55.3 𝑘𝑊

To find the entropy generation(tubes through which propane flows as a CV), we need to estimate an

appropriate temperature associate with the heat. Taking the average air temperature in the exchanger

(12.5°C):

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇𝑏
+෍ ሶ𝑚𝑒𝑠𝑒 −෍ ሶ𝑚𝑠𝑠𝑠 + ሶ𝜎

0 =
−55.3

12.5 + 273.15
+
10

60
× 1.723 − 0.618 + ሶ𝜎

ሶ𝜎 = 9.427 × 10−3 𝑘𝑊/𝐾



Now, let’s consider the shell through which air flows as a control volume and estimate the entropy generation. Energy balance:

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠

ሶ𝑄 = ሶ𝑚𝑎𝑐𝑝 𝑇2 − 𝑇1

ሶ𝑄 = 11.005 × 1.005 × 15 − 10 = 55.3 𝑘𝑊

To find the entropy generation, we need to estimate an appropriate temperature associate with the heat. Taking the propane saturation

temperature in the exchanger (26.95°C):

𝑑𝑆

𝑑𝑡
=

ሶ𝑄

𝑇0
+෍ ሶ𝑚𝑒𝑠𝑒 −෍ ሶ𝑚𝑠𝑠𝑠 + ሶ𝜎

ሶ𝜎 = 9.327 × 10−3 𝑘𝑊/𝐾



HOMEWORK= Do the exercise using table A22 for air, use 
h and s0 .



-TRANSIENT PROCESS

Typically the evacuation or filling of a tank

Typically the evacuation or filling of a tank

Second Law – Control Volume



Example 4:
An insulated 0.40-m3 piston-cylinder device initially contains 1.3 kg of air at 30°C. In

this state, the piston can move. Air at 500 kPa and 70 °C is allowed to enter the

cylinder from a supply line until the final temperature of 316 K and the volume

increases by 50%. Determine: (a) the work done [kJ], (b) the amount of mass that

has entered [kg], and (c) the entropy generation [kJ/K]. Assume that the final

pressure is equal to the initial one.

Assumptions 1 Kinetic and potential energy changes are negligible. 2 Air is an ideal gas with constant specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg.K and the specific heats of air at room temperature are 

cp = 1.005 kJ/kg.K, cv = 0.718 kJ/kg.K (Table A-20)

Mass balance for a transient process 𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒

Energy balance for a transient process 𝑚2𝑢2 −𝑚1𝑢1 = 𝑄 −𝑊 +𝑚𝑖ℎ𝑖 −𝑚𝑒ℎ𝑒



Mass balance for a transient process 𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒

Energy balance for a transient process 𝑚2𝑢2 −𝑚1𝑢1 = 𝑄 −𝑊 +𝑚𝑖ℎ𝑖 −𝑚𝑒ℎ𝑒

Defining the states:

Initial (1) = 

Final (2) =

Entering(i) =

T1=30+273.15 #K

m1=1.3 #kg

V1=0.4 #m3

R = 0.287 #KJ/kg.K

p1=(m1*R*T1)/V1= 282.7632 #kPa

T2=316 #K

V2=0.4 +(0.4*(50/100)) #m3

p2=p1

m2=p2*V2/(R*T2)=1.8707 #kg

Ti=70+273.15 #K

pi=500 #kpa

mi=m2-m1= 0.5707 #kg (b) the amount of mass that has entered,



Energy balance for a transient process

𝑚2𝑢2 −𝑚1𝑢1 = 𝑄 −𝑊 +𝑚𝑖ℎ𝑖 −𝑚𝑒ℎ𝑒

W= -(m2*cv*T2-m1*cv*T1-mi*cp*Ti) = 55.3357 #kJ

(a) The work done

m2=1.8707 #kg

cv = 0.718 #KJ/kg.K

T2=316 #K

m1=1.3 #kg

T1=30+273.15 #K

cp=1.005 #KJ/kg.K

Ti=70+273.15 #K

V1=0.4 #m3

V2=0.4 +(0.4*(50/100))=0.6 #m3

p2=p1= 282.7632 #kPa



(c) The rate of entropy generation

𝜎

𝝈 =0.1003 #kJ/K

T1=30+273.15 #K

m1=1.3 #kg

p1=282.7632 #kPa

cp=1.005 #KJ/kg.K

T2=316 #K

p2=p1

m2=1.8707 #kg

Ti=70+273.15 #K

pi=500 #kpa

𝑚2 −𝑚1 = 𝑚𝑖





EXAMPLE 4 – CYCLE

The figure provides the schematic of a heat pump using Refrigerant 134a as the working fluid, together with steady-

state data at key points. The mass flow rate of the refrigerant is 7 kg/min, and the power input to the compressor is

5.171 kW. (a) Determine the coefficient of performance for the heat pump. (b) The rate of entropy generation in each

equipment. (c) The rate of entropy generation of the cycle [𝑘𝑊/𝐾], assuming that TH = 20 oC (temperature inside de

house) and TL = 1 oC (temperature outside de house). The compressor and valve are adiabatic.



For the compressor: Energy balance:

0 = − ሶ𝑊 + ሶ𝑚 × ℎ1 − ℎ2

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠

ℎ1 =
ሶ𝑊

ሶ𝑚
+ ℎ2 =

−5.171

7/60
+ 293.21

ℎ1 = 248.89 𝑘𝐽/𝑘𝑔

State 1 is superheated vapor 
at 2.4bar and 0°C



For the condenser:

Energy balance:

ሶ𝑄 = ሶ𝑚 × ℎ3 − ℎ2

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠

ሶ𝑄𝐻 = −22.5925 𝑘𝑊

ሶ𝑄 =
7

60
× 99.56 − 293.21

a) COP

𝐶𝑂𝑃 =
ሶ𝑄𝐻
ሶ𝑊
=
22.5925

5.171
= 4.37



For the valve: Energy balance:

ℎ4 = ℎ3 = 99.56 𝑘𝐽/𝑘𝑔

Defining state 4: We know P4= P1= 2.4 bar and h4

𝑥4 =
99.56 − 42.95

244.09 − 42.95
= 0.2814

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠



For the evaporator:

State 1 is superheated 
vapor at 2.4bar and 0°C

Energy balance:

ሶ𝑄 = ሶ𝑚 × ℎ1 − ℎ4

𝑑𝐸

𝑑𝑡
= ሶ𝑄 − ሶ𝑊 +෍ ሶ𝑚𝑒ℎ𝑒 −෍ ሶ𝑚𝑠ℎ𝑠

ሶ𝑄𝐿 = 17.4218 𝑘𝑊

ሶ𝑄 =
7

60
× 248.89 − 99.56

ℎ3 = 99.56 = ℎ4… . 𝑣alve..T4= - 5.37 C

ሶ𝑄𝐿



c) Considering the cycle as a closed system

𝑑𝑆

𝑑𝑡
=෍

ሶ𝑄

𝑇0
+෍ ሶ𝑚𝑒𝑠𝑒 −෍ ሶ𝑚𝑠𝑠𝑠 + ሶ𝜎

0 =
−22.5925

20 + 273.15
+

17.4218

1 + 273.15
+ ሶ𝜎

ሶ𝜎 = 0.0135 𝑘𝑊/𝐾



Homework

(b) The rate of entropy generation in each equipment

[𝑘𝑊/𝐾] and the T [oC]-s [
𝑘𝐽

𝑘𝑔.𝐾
] diagram.



Thanks!Una masa de Propano a 1 bar y 80% de calidad (estado 1) contenido en un cilindro recibe calor

desde una fuente a 500 K hasta que pasa a vapor saturado (estado 2) en un proceso

irreversible, en dicho momento, el pistón justo alcanza los topes del cilindro. Si la presión

inicial y final son las mismas y el trabajo real representa el 78% del trabajo reversible. En dicho

momento, el pistón logra alcanzar los topes del cilindro.. Determine:

● El estado 1 (u1, v1 y s1) y estado 2 (u2, v2 y s2)

● El trabajo del proceso 1-2 (kJ/kg)

● El calor del proceso 1-2 (kJ/kg)

● La generación de entropía (kJ/kg.K) durante el proceso


