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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



EXÁMENES FECHAS
EXAMEN PARCIAL (MAYO 11)

TEORIA 1 : 3PM

TEORIA 2 : 5PM

Atentos a las indicaciones por anuncios en

canvas para saber todos los detalles

EXAMEN PARCIAL : Todos los temas vistos hasta la semana 6



https://docs.google.com/spreadsheets/d/107dYActNd4Hb01X4pW

y1JXQrGGdG30khNFh3w2V_mMc/edit?usp=drive_link





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



Objectives

Session 13-14: Apply the principle of conservation of

energy and mass in open systems operating in a

transient state.



Difference Between Closed and Open Systems

CONTROL  SURFACE (CS)

(CV)



First Law_Control Volume

Thus for incompressible flow or even for compressible flow where ρ is uniform across Ac,

For ideal gases we can also use:

If you don’t know ሶ𝑚 you can 

use equation as alternatives:



Conditions to analyze an open system:

Steady state: 

Transient: Today

The mass that enters is equal to the one that leaves

(MASS BALANCE)

The properties do not change in time

(ENERGY BALANCE) 





ሶ𝑾𝒕

ሶ𝑸𝑳

ሶ𝑸𝑯

ሶ𝑾𝒑

Work-Heat- First Law_Power plant



Work-Heat- First Law _ Power plant
QH = Qin…AND  QL = QC = Qout =



CONTROL MASSWork-Heat-Firts LawPower Cycles

Ƞ = 
ሶ𝑊𝑇 − ሶ𝑊𝑃

ሶ𝑄𝐻
=

ሶ𝑊𝑁𝐸𝑇

ሶ𝑄𝐻



Refrigeration cycle ሶ𝑄𝐻

ሶ𝑄𝐿

COPR = 𝜷R=
ሶ𝑄𝐿
ሶ𝑊





https://www.turbinesinfo.com/gas-turbines/

https://www.turbinesinfo.com/gas-turbines/


Conditions to analyze an open system:

Steady state: 

Transient: This week

The mass that enters is equal to the one that leaves

(MASS BALANCE)

The properties do not change in time

(ENERGY BALANCE) 



𝑑𝑚

𝑑𝑡
𝐶𝑉

= ሶ𝑚𝑖𝑛 − ሶ𝑚𝑜𝑢𝑡

Steady state



Control Volume_First law https://www.ecourses.ou.edu/cgi

bin/ebook.cgi?doc=&topic=th&chap_sec=04.5&page=th

eory

https://www.youtube.com/watch?v=4jfwHZvB5go&list=

PLAp9izBvXkX8NLHv82dyb1DCJbDH2q0X1&index=10

35.51B2

B3
B1





Control Volume_First law https://www.ecourses.ou.edu/cgi

bin/ebook.cgi?doc=&topic=th&chap_sec=04.5&page=th

eory

https://www.youtube.com/watch?v=4jfwHZvB5go&list=

PLAp9izBvXkX8NLHv82dyb1DCJbDH2q0X1&index=10

35.51





Control Volume_First law https://www.ecourses.ou.edu/cgi

bin/ebook.cgi?doc=&topic=th&chap_sec=04.5&page=th

eory

https://www.youtube.com/watch?v=4jfwHZvB5go&list=

PLAp9izBvXkX8NLHv82dyb1DCJbDH2q0X1&index=10

35.51

Se integra el balance de energía y de masaen el t

The typical case is the filling or emptying of a tank.



Control Volume_First law https://www.ecourses.ou.edu/cgi

bin/ebook.cgi?doc=&topic=th&chap_sec=04.5&page=th

eory

https://www.youtube.com/watch?v=4jfwHZvB5go&list=

PLAp9izBvXkX8NLHv82dyb1DCJbDH2q0X1&index=10

35.51

The typical case is the filling or emptying of a tank.

Se integra el balance de energía y de masaen el t



TRANSIENT PROCESS (UNSTEADY STATE PROCESS)

MASS BALANCE

𝑑𝑚

𝑑𝑡
𝐶𝑉

= ሶ𝑚𝑖 − ሶ𝑚𝑒
Rate form

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒 Integrated form



1st LAW_ Control volume 

𝑑𝐸

𝑑𝑡
𝐶𝑉

= ሶ𝑄 − ሶ𝑊 + ሶ𝑚𝑖 ℎ𝑖 + 𝑘𝑒𝑖 + 𝑝𝑒𝑖 − ሶ𝑚𝑒 ℎ𝑒 + 𝑘𝑒𝑒 + 𝑝𝑒𝑒

Integrated form:

𝐸2 − 𝐸1 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 + 𝑘𝑒𝑖 + 𝑝𝑒𝑖 −𝑚𝑒 ℎ𝑒 + 𝑘𝑒𝑒 + 𝑝𝑒𝑒

∆𝑈12 +∆𝐾𝐸12 +∆𝑃𝐸12= 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 + 𝑘𝑒𝑖 + 𝑝𝑒𝑖 −𝑚𝑒 ℎ𝑒 + 𝑘𝑒𝑒 + 𝑝𝑒𝑒

∆𝑈12 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒





Example 3 (transient process 1):

A rigid tank whose volume is 0.01 m3 is initially evacuated. A pinhole develops in the

wall, and air (ideal gas) from the surroundings at 295 K, 1 bar enters until the pressure in

the tank is 1 bar. If the final temperature of the air in the tank is 295 K, determine (a) the

final mass in the tank, in g, and (b) the heat transfer between the tank contents and the

surroundings, in kJ. Maire = 28.97 kg/kmol. Use table A-22.



Mass balance – transient process

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒 Integrated form

𝑚2 − 0 = 𝑚𝑖 − 0

𝑚2 = 𝑚𝑖

𝑚2 =
𝑃2𝑉2
𝑅𝑇2

Energy balance – transient process

𝑚2𝑢2 −𝑚1𝑢1 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝑚2𝑢2 − 0 = 𝑄12 − 0 +𝑚2 ℎ𝑖 − 0

𝑄12= 𝑚2𝑢2 −𝑚2 ℎ𝑖

𝑚2 =
100 × 0.01

8.314/28.97 × 295
= 11.812 × 10−3𝑘𝑔

𝑚2 = 11.812𝑔

𝑄12= 11.812 × 10−3 210.49 − 295.17

𝑄12 = −1.0002 𝑘𝐽



Example 3 (transient process 3):

A rigid tank whose volume is 2 m3, initially containing air (ideal gas) at 1 bar, 295 K, is

connected by a valve to a large vessel holding air (ideal gas) at 6 bar, 295 K. The valve is

opened only as long as required to fill the tank with air to a pressure of 6 bar and a temperature

of 350 K. Assuming the ideal gas model for the air, determine the heat transfer between the rigid

tank and the surroundings, in kJ. Maire = 28.97 kg/kmol. Usar table A22.

Rigid Tank

Large Vessel

6bar

295K

2m3

1bar

295K

C.V.



Mass balance – transient process

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒 Integrated form

𝑚2 −𝑚1 = 𝑚𝑖

Energy balance – transient process

∆𝑈12 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝑈2 − 𝑈1 = 𝑄 − 0 +𝑚𝑖 ℎ𝑖 − 0

𝑚2𝑢2 −𝑚1𝑢1 = 𝑄 +𝑚𝑖 ℎ𝑖

𝒎𝟏 =
𝑃1𝑉

𝑅𝑇1
=

100 × 2

8.314/28.97 × 295
= 2.3624 𝑘𝑔 𝒎𝟐 =

𝑃2𝑉

𝑅𝑇2
=

600 × 2

8.314/28.97 × 350
= 11.9468 𝑘𝑔

𝒎𝒊 = 11.9468 − 2.3624 = 9.5844 𝑘𝑔

11.9468 × 250.02 − 2.3624 × 210.49 = 𝑄 + 9.5844 × 295.17

−339.34999 𝑘𝐽 = 𝑸

Heat is transferred to the surroundings 



Example 2 (transient process 2):

A rigid tank whose volume is 0.6 m3, initially containing ammonia at 20°C, 1.5 bar, is

connected by a valve to a large supply line carrying ammonia at 12 bar, 60°C. The valve is

opened only as long as required to fill the tank with additional ammonia, bringing the total mass

of ammonia in the tank to 145 kg. At state 2, the temperature is 20°C. Determine 𝑚𝑖 [kg] and

the heat transfer between the tank contents and the surroundings [kJ], ignoring kinetic and

potential energy effects.

State 1 State 2: More ammonia was added 

Ammonia

Ti =12bar

Pi = 60°C

Ammonia

T1 = 20°C

P1 = 1.5bar

Ammonia

145 kg

T2 = 20°C
supply line 





Properties of Ammonia

State 1:

𝑃1 = 1.5𝑏𝑎𝑟, 𝑇1 = 20°𝐶
𝑣1 = 0.9382 Τ𝑚3 𝑘𝑔
𝑢1 = 1371.79 𝑘𝐽/𝑘𝑔

State 2:

𝑇2 = 20°𝐶, 𝑃2 = 𝑃𝑠𝑎𝑡 = 8.5762𝑏𝑎𝑟

𝑣2 =
0.6

145
= 0.004138 Τ𝑚3 𝑘𝑔

𝑥2 =
0.004138−1.6386×10−3

0.1492−1.6386×10−3
= 0.01694

𝑢2 = 272.86 + 0.01694 1331.94 − 272.86
𝑢2 = 290.8008 𝑘𝐽/𝑘𝑔

Inlet:

𝑃𝑖 = 12𝑏𝑎𝑟, 𝑇𝑖 = 60°𝐶
ℎ𝑖 = 1553.07 Τ𝑘𝐽 𝑘𝑔

0.6

0.9382
= 𝑚1 = 0.6395 𝑘𝑔



Mass balance – transient process

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒 Integrated form

𝑚2 −𝑚1 = 𝑚𝑖

Energy balance – transient process

∆𝑈12 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝑈2 − 𝑈1 = 𝑄 − 0 +𝑚𝑖 ℎ𝑖 − 0

𝑚2𝑢2 −𝑚1𝑢1 = 𝑄 +𝑚𝑖 ℎ𝑖

𝑚𝑖 = 145 − 0.6395 = 144.3605 𝑘𝑔

145 × 290.8008 − 0.6395 × 1371.79 = 𝑄 + 144.3605 × 1553.07

−182913.1054 𝑘𝐽 = 𝑄

Heat is transferred 

to the surroundings 

145 −
0.6

0.9382
= 𝑚𝑖

# Datos iniciales

m2 = 

v1 = 

estado 1)

V1 = 

u1 = 

estado 1)

u2 = 

estado 2)

h_inlet

la entrada)

m1 = V1 / v1 

mi = m2 

# Balance de energía

Q12 = 

h_inlet

# Mostrar los resultados

print

print

kg"

print

{Q12



EXAMPLE 2: A 750-L rigid tank, shown in Fig., initially contains water at 250°C, 50% liquid
and 50% vapor, by volume. A valve at the bottom of the tank is opened, and saturated liquid
is slowly withdrawn. Heat transfer takes place such that the temperature remains constant.
Find: The total mass m1(kg), x1 y x2 and the amount of heat transfer required to the state
where half the initial mass is withdrawn (kJ).

C.V.



Solution:

Control Volume: Vessel

Mass Balance (transient process)

Energy Balance (transient process)

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒
Integrated form

(no inlet)

𝒎𝟐 −𝒎𝟏 = −𝒎𝒆

(no inlet)

Integrated form after neglecting 

potential and kinetic energy

(no electrical or any other kind of work )

∆𝑈12 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝑈2 − 𝑈1 = 𝑄12 −𝑚𝑒 ℎ𝑒 𝒎𝟐𝒖𝟐 −𝒎𝟏𝒖𝟏 = 𝑸𝟏𝟐 −𝒎𝒆𝒉𝒆



State 1: Vapor-liquid mixture at 250°C

𝑚𝐿1 =
𝑉𝐿1
𝜐𝐿

=
0.375m3

1.2512 × 10−3 Τm3 kg
= 299.71kg

Liquid Mass:

𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 = 750L = 0.750m3 (0.375m3 𝑣𝑎𝑝𝑜𝑟 𝑎𝑛𝑑 0.375m3 𝑙𝑖𝑞𝑢𝑖𝑑)

𝑚𝑉1 =
𝑉𝑉1
𝜐𝑣

=
0.375m3

0.05013 Τm3 kg
= 7.48kg

Vapor Mass:

Quality:

𝑥1 =
𝑚𝑉1

𝑚𝐿1 +𝑚𝑉1
=

7.48

299.71 + 7.48
= 2.43 × 10−2

Internal Energy:

𝑢1 = 𝑢𝐿 + 𝑥 𝑢𝑣 − 𝑢𝐿 = 1080.4 + 2.43 × 10−2 2602.4 − 1080.4 = 1117.38kJ/kg

𝟑𝟒𝟑 𝟐𝟒𝟖 𝐤𝐉𝑚1𝑢1 = 299.71 + 7.48 kg × 1117.38
kJ

kg
=



State 2: Vapor-liquid mixture at 250°C, half mass withdrawn

𝑣2 =
𝑉2
𝑚2

=
0.750 m3

153.595 kg
= 4.883 × 10−3 Τm3 kg

Specific volume at state 2:

𝑻𝒐𝒕𝒂𝒍 𝒎𝒂𝒔𝒔 𝒂𝒕 𝒔𝒕𝒂𝒕𝒆 𝟐: Τ𝑚2 = 299.71 + 7.48 2 = 153.595kg

𝒙𝟐 = 𝟕.𝟒𝟑 × 𝟏𝟎−𝟐

Internal Energy:

𝑢2 = 𝑢𝐿 + 𝑥2 𝑢𝑣 − 𝑢𝐿 = 1080.4 + 7.43 × 10−2 2602.4 − 1080.4 = 1193.48 kJ/kg

𝑚2𝑢2 = 153.595kg × 1193.48
kJ

kg
= 𝟏𝟖𝟑 𝟑𝟏𝟑𝐤𝐉

But, using quality:

𝑣2 = 𝑣𝐿 + 𝑥2 𝑣𝑣 − 𝑣𝐿 = 1.2512 × 10−3 + 𝑥2 0.05013 − 1.2512 × 10−3



Energy Balance (Transient Process):

𝒎𝟐𝒖𝟐 −𝒎𝟏𝒖𝟏 = 𝑸𝟏𝟐 −𝒎𝒆𝒉𝒆
Water leaves the vessel as 

SATURATED LIQUID

183 313kJ − 343 248kJ = 𝑄12 − 153.595kg × 1085.4
kJ

kg

𝑸𝟏𝟐 = 𝟔𝟕𝟕𝟕. 𝟎𝟏 𝐤𝐉



Assumptions: CO2 has an ideal behaviour

EXAMPLE 4: A 100-L rigid tank contains carbon dioxide gas at 1 MPa, 300 K. A valve is open, and
carbon dioxide escapes slowly until the tank pressure has dropped to 500 kPa. At this point the
valve is closed. The gas remaining inside the tank may be assumed to have undergone a
polytropic expansion 𝑃𝑣𝑛 = 𝐶 , with polytropic exponent n = 1.15. Find the final mass inside
and the heat transferred to the tank during the process. 𝑣 (espefic volume)

Control Volume: Tank

Mass Balance (transient process):



𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒

𝑚2𝑢2−𝑚1𝑢1 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝑚2 −𝑚1 = 𝑚𝑖 −𝑚𝑒
Integrated form

(no inlet)

𝒎𝟐 −𝒎𝟏 = −𝒎𝒆



Integrated form after neglecting 

potential and kinetic energy

(no inlet)(no electrical or any 

other kind of work )

∆𝑈12 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒 ℎ𝑒

𝒎𝟐𝒖𝟐 −𝒎𝟏𝒖𝟏 = 𝑸𝟏𝟐 −𝒎𝒆𝒉𝒆

Energy Balance (transient process):

STATE 1 (1MPa, 300K): 

𝑃𝑉 =
𝒎𝟏

𝑀
ത𝑅𝑇 1000kPa 0.1m3 =

𝒎𝟏

44.01
kg
kmol

8.314
kPa.m3

kmol. K
300K

𝒎𝟏 = 1.764 kg



STATE 2 (500kPa, T=?): Polytropic expansion 

𝑃1𝑣1
𝑛 = 𝑃2𝒗𝟐

𝒏
1000kPa

0.1m3

1.764kg

1.15

= 500kPa 𝒗𝟐
1.15

𝒗𝟐 = 0.1036 m3/kg

And the specific volume at state 2 is:

𝑣2 =
𝑉

𝒎𝟐
0.1036 m3/kg =

0.1m3

𝒎𝟐

𝒎𝟐 = 0.965 kg

Therefore, temperature at state 2 is:

𝑃𝑉 =
𝑚2

𝑀
ത𝑅𝑻𝟐 500kPa 0.1m3 =

0.965 kg

44.01
𝑘g
kmol

8.314
kPa.m3

kmol. K
𝑻𝟐

𝑻𝟐 = 274.274 K



Finding internal energy and enthalpy for both states from Tables:

STATE 1 (1MPa, 300K) 

ത𝑢1 = 6939 ΤkJ kmol

STATE 2 (500kPa, 274.274 K) 

ത𝑢2 = 6209.82 ΤkJ kmol
Interpolating from the 

tables

The escaping CO2 can be considered at an average temperature of   
274.274 + 300

2
= 𝟐𝟖𝟕. 𝟏𝟑𝟕 𝐊

And its h can be estimated at 287.137 K:

തℎ𝑒 = 8958.21 ΤkJ kmol
Interpolating from the 

tables



Finally, the energy balance:

𝑚2𝑢2 −𝑚1𝑢1 = 𝑄12 −𝑚𝑒ℎ𝑒

0.965kg 6209.82
kJ

kmol
×

1

44.01

kmol

kg
− 1.764kg 6939

kJ

kmol
×

1

44.01

kmol

kg
= 𝑄12 − 𝑚1 −𝑚2 × 8958.21

kJ

kmol
×

1

44.01

kmol

kg

𝑸𝟏𝟐 = 𝟐𝟎. 𝟔𝟕 𝐤𝐉



Ejercicio 5: Un tanque cilíndrico de paredes rígidas, de 50 cm de radio y 115 cm de

altura contiene agua a 240°C y calidad de 0.75. Por medio de una válvula se extrae

masa lentamente, durante este proceso existe transferencia de calor a presión

constante. El proceso se detiene cuando en el recipiente el agua alcanza los

400°C. Determine:

a) La masa que se extrae del recipiente durante el proceso.

b) El calor transferido durante el proceso.

• During the time that the process lasts, the change in mass

within the control volume is different from zero, therefore it

is not a steady state.

• Also, we will see later the properties of the output stream

are not the same at the beginning and at the end.



Estado 1                                 Estado 2

Q12

Agua

P1=P2

T2 = 400°C

Agua

T1 = 240°C

X=0.75

Mezcla

Bifásica

Masa de Agua ( me)



𝑚2 −𝑚1 = 𝑚𝑖 − 𝑚𝑒a) La masa que se extrae del recipiente durante el proceso

Paso 1: Hallar m1

1
1
5
 c

m

50 cm

𝑉 = 𝜋𝑟2h

𝑉 = 903210 𝑐𝑚3 = 𝟎. 𝟗𝟎𝟑𝟐𝒎𝟑

𝑣1 = 𝑣𝑓 + 𝑥(𝑣𝑔 − 𝑣𝑓)

x 0.75

vf 1.2291 × 10-3 m3/kg

vg 0.05976 m3/kg

𝑣1 = 0.0451 ൗ𝑚3

𝑘𝑔

𝒎𝟏 =
𝑉

𝑣1
= 𝟐𝟎. 𝟎𝟐𝟔𝟔 𝒌𝒈

Tabla A-2 → T = 240 °C…Mixture→ Psat = 33.44 bar𝑚1 =
𝑉

𝑣1



Paso 2: Hallar m2

Tabla A-4 → T = 400 °C

T2 = 400 °C

P2 = 33.44 bar = P1

Fase: vapor 

sobrecalentado

P (bar) v (m3/kg)

30 0.0994

33.44 𝑣2 = 0.0905

40 0.07341

Interpolación lineal:

𝑚2 =
𝑉

𝑣2
= 𝟗. 𝟗𝟖𝟎𝟏 𝒌𝒈

𝒎𝒆 = 𝒎𝟏 −𝒎𝟐 = 𝟏𝟎. 𝟎𝟒𝟔𝟓 𝒌𝒈



b) El calor transferido durante el proceso

∆𝑈 = 𝑄12 −𝑊12 +𝑚𝑖 ℎ𝑖 −𝑚𝑒(ℎ𝑒)

∆𝑈 = 𝑚2𝑢2 −𝑚1𝑢1

Tabla A-2 → T = 240 °C

𝑢1 = 𝑢𝑓 + 𝑥(𝑢𝑔 − 𝑢𝑓)

x 0.75

uf 1033.2 kJ/kg

ug 2604.0 kJ/kg

𝒖𝟏 = 𝟐𝟐𝟏𝟏. 𝟑 𝒌𝑱/𝒌𝒈

Tabla A-4 → T = 400 °C

P (bar) u (kJ/kg)

30 2932.8

33.44 𝒖2 = 2928.3624

40 2919.9

Interpolación lineal:

Estado 1                                 
Estado 2                                 



Ya que se trata de un sistema transitorio, las propiedades varían con el tiempo en cualquier punto del sistema. 

Por ende, para hallar he, se toma el promedio de las entalpías de los estados 1 y 2. 

Tabla A-2 → T = 240 °C

ℎ1 = ℎ𝑓 + 𝑥ℎ𝑓𝑔

x 0.75

hf 1037.3 kJ/kg

hfg 1766.5 kJ/kg

𝒉𝟏 = 𝟐𝟑𝟔𝟐. 𝟏𝟕𝟓 𝒌𝑱/𝒌𝒈

Tabla A-4 → T = 400 °C

P (bar) h (kJ/kg)

30 3230.9

33.44 h2 = 3224.95

40 3213.6

Interpolación lineal:

𝒉𝒆 =
𝒉𝟏 + 𝒉𝟐

𝟐
= 𝟐𝟕𝟗𝟑. 𝟓𝟔 𝒌𝑱/𝒌𝒈



Finalmente, se reemplazan los datos en el balance de energía y se halla Q12.

𝑄12 = 9.9801 2928.3624 − 20.0266 2211.3 + (10.0465)(2793.56)

𝑄12 = 𝑚2𝑢2 −𝑚1𝑢1 +𝑚𝑒(ℎ𝑒)

𝑸𝟏𝟐 = 𝟏𝟑𝟎𝟎𝟔. 𝟎𝟐𝟗 𝒌𝑱



Thanks!




