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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



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

TAREA VIRTUAL+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



Session 5: Apply the ideal gas model for thermodynamic

analysis using the equation of state and estimating

properties such as internal energy and enthalpy.

Session 6: Determine the properties (P-V-T) of a real gas

with the application of the reduced temperature, the

reduced pressure and the compressibility diagram.



u,h for Ideal Gas?

Is there another way?

M.J. Moran, H.N. Shapiro, D.D. Boettner, M.B. Bailey, Fundamentals of Engineering Thermodynamics, 10th ed. New Jersey, USA: John Wiley & Sons, 2014.



INTERNAL ENERGY, ENTHALPY, AND SPECIFIC HEATS OF IDEAL GASES

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.

u= u(T, v) y tome su diferencial total:

cv
cp



INTERNAL ENERGY, ENTHALPY, AND SPECIFIC HEATS OF IDEAL GASES

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.

demonstrated that for I.G. :

For ideal gases:

ℎ = 𝑢 + 𝑃𝑣 = 𝑢 + 𝑅𝑇 → 𝑢 = ℎ − 𝑅𝑇

∴ ∆𝒖 = ∆𝒉 − 𝑹∆𝑻





INTERNAL ENERGY, ENTHALPY, AND SPECIFIC HEATS OF IDEAL GASES

Note that the du and dh relations given previously are not

restricted to any kind of process. They are valid for all

processes.



HOW TO EVALUATE INTERNAL ENERGY AND  ENTHALPYOF IDEAL GASES?

1. Tabulated data and calculating ∆h: Tables A-22 y Table A-23

∆h= h2(T2)-h1(T1)

2. Using expression for cp(T) and integrating: Table A-21

3. Using cp_avg and and integrating Table A-20

∆h= Cp_avg ∆T∆h=



HOW TO EVALUATE INTERNAL ENERGY AND  ENTHALPYOF IDEAL GASES?

1. Tabulated data and calculating ∆h: Tables A-22 y Table A-23

∆h= h2(T2)-h1(T1)

2. Using expression for cp(T) and integrating: Table A-21

3. Using cp_avg and and integrating Table A-20

∆h= Cp_avg ∆T

4. Using cp constant and and integrating: Table A-20

∆h = cp ∆T → h = cpT

∆h=



In the same way…..

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.

• Tables A-22 y Table A-23

• Table A-21

• Table A-20

• Table A-20



∆ ҧℎ = න

400

800

ഥ𝑹 𝛼 + 𝛽𝑇 + 𝛾𝑇2 + 𝛿𝑇3 + 𝜀𝑇4 𝑑𝑇

a) cp as function of temperature – Table A-21

∆ ҧℎ = ഥ𝑹 𝛼𝑇 + 𝛽
𝑇2

2
+ 𝛾

𝑇3

3
+ 𝛿

𝑇4

4
+ 𝜀

𝑇5

5 400

800

∆ ҧℎ = න ҧ𝑐𝑝𝑑𝑇

8.1. Determine the enthalpy change h of nitrogen(N2), in kJ/kg, as it is heated from 400 to 800 K,
using (a) the empirical specific heat equation as a function of temperature (Table A–21), (b) the cp
value at the average temperature (Table A–20), and (c) the cp value at 400K (Table A–20). (d)
Using the table A-23.



∆ ҧℎ = ҧ𝑅

3.675 800 − 400 − 1.208 × 10−3
8002 − 4002

2
+ 2.324 × 10−6

8003 − 4003

3
− 0.632 × 10−9

8004 − 4004

4

−0.226 × 10−12
8005 − 4005

5

b) cp at an average temperature =(800+400)/2 = 600K

∆ℎ = න𝑐𝑝𝑑𝑇 = 𝑐𝑝,𝑎𝑣𝑔 ∆𝑇

∆ℎ = 1.075 × 800 − 400 = 𝟒𝟑𝟎
𝐤𝐉

𝐤𝐠

∆ത𝒉 = ҧ𝑅 1452.1104 [=]
kJ

k𝑚𝑜𝑙
= 𝟒𝟑𝟏. 𝟎𝟏𝟗𝟏

𝐤𝐉

𝐤𝐠

1452.11038

∆𝒉 =
8.314

28.01
× 1452.1104

kJ

kg



c) cp at 400K

∆ℎ = න𝑐𝑝𝑑𝑇 = 𝑐𝑝 ∆𝑇

∆ℎ = 1.044 × 800 − 400 = 𝟒𝟏𝟕. 𝟔
𝐤𝐉

𝐤𝐠

d) Ideal gas enthalpy

∆ത𝒉 = ത𝒉2− ഥ𝒉𝟏

∆ത𝒉 = 23714 − 11640 = 12074
kJ

kmol

∆ℎ = 12074
kJ

kmol
×

1

28.01

kmol

kg

∆ℎ = 𝟒𝟑𝟏. 𝟎𝟔𝟎𝟑
𝐤𝐉

𝐤𝐠M.J. Moran, H.N. Shapiro, D.D. Boettner, M.B. Bailey, Fundamentals of Engineering Thermodynamics, 10th ed. New Jersey, USA: John Wiley & Sons, 2014.



9.1. Determine the internal energy change u of carbon dioxide, in kJ/kg, as it is heated

from 300 to 900 K, using (a) the empirical specific heat equation as a function of

temperature (Table A–21), (b) the cv value at the average temperature (Table A–20), and

(c) the cv value at room temperature (300K) (Table A–20). (d) Using the table A-23.

∆ ҧℎ = න

300

900

ҧ𝑅 𝛼 + 𝛽𝑇 + 𝛾𝑇2 + 𝛿𝑇3 + 𝜀𝑇4 𝑑𝑇

a) cp as function of temperature – Table A-21

∆ ҧℎ = ҧ𝑅 𝛼𝑇 + 𝛽
𝑇2

2
+ 𝛾

𝑇3

3
+ 𝛿

𝑇4

4
+ 𝜀

𝑇5

5 300

900

∆ ҧℎ= න ҧ𝑐𝑝𝑑𝑇

For ideal gases:

ℎ = 𝑢 + 𝑃𝑣 = 𝑢 + 𝑅𝑇 →→ 𝑢 = ℎ − 𝑅𝑇

∴ ∆𝒖 = ∆𝒉 − 𝑹∆𝑻



∆ഥℎ = ഥ𝑅

2.401 900 − 300 + 8.735 × 10−3
9002 − 3002

2
− 6.607 × 10−6

9003 − 3003

3
+ 2.002 × 10−9

9004 − 3004

4

+0.000 × 10−12
9005 − 3005

5

∆ത𝒉 = ҧ𝑅 3363.486 … .∆𝒉 =
8.314

𝟒𝟒. 𝟎𝟏
× 3363.486

kJ

kg
= 𝟔𝟑𝟓. 𝟒𝟎𝟏𝟔

𝐤𝐉

𝐤𝐠

b) cv at an average temperature = 600K

∆𝑢 = න𝑐𝑣𝑑𝑇 = 𝑐𝑣,𝑎𝑣𝑔 ∆𝑇

∆𝑢 = 0.886 × 600 = 𝟓𝟑𝟏. 𝟔
𝐤𝐉

𝐤𝐠

∴ ∆𝒖 = ∆𝒉 − 𝑹∆𝑻 = 𝟔𝟑𝟓. 𝟒𝟎 −
𝟖. 𝟑𝟏𝟒

𝟒𝟒. 𝟎𝟏
× 𝟗𝟎𝟎 − 𝟑𝟎𝟎 = 𝟓𝟐𝟐. 𝟎𝟓𝟒𝟔

𝐤𝐉

𝐤𝐠

3363.486



c) cv at room temperature = 300K

∆𝑢 = න𝑐𝑣𝑑𝑇 = 𝑐𝑣,𝑎𝑣𝑔 ∆𝑇

∆𝑢 = 0.657 × 600 = 𝟑𝟗𝟒. 𝟐
𝐤𝐉

𝐤𝐠

d) Ideal gas internal energy

∆𝑢 = න𝑐𝑣𝑑𝑇 = 𝑢2 − 𝑢1

∆𝑢 = 29922 − 6939 = 22983
kJ

kmol

∆𝑢 = 22983
kJ

kmol
×

1

44.01

kmol

kg

∆𝑢 = 𝟓𝟐𝟐. 𝟐𝟐𝟐𝟐
𝐤𝐉

𝐤𝐠





At low pressures, all real gases approach ideal-gas behavior, and therefore their specific heats depend on 

temperature only.

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.



Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.



https://www.youtube.com/watch?v=4d0FA8yImt0&t=312s

1 2.58





Kinetic Molecular Theory

• Particles are point masses in constant, 

random, straight line motion.

• Particles are separated by great 

distances.

• Collisions are rapid and elastic.

• No force between particles.

• Total energy remains constant.



Cuando un vapor sobrecalentado se aproxima a gas ideal?

En general a bajas presiones y altas temperaturas!



Is Water Vapor an Ideal Gas?

Percentage of error ([|vtable - videal|/vtable] 100)

involved in assuming steam to be an ideal

gas, and the region where steam can be

treated as an ideal gas with less than 1

percent error

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.





Under what conditions am I closest to ideality??

Fig. 3.11 Variation of the compressibility factor of hydrogen with pressure at constant temperature.



Critical properties_Can you see something curious ?

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.



We can extrapolate the last result as follow:

Gases behave differently at a given temperature and pressure, but they behave very much the same at

temperatures and pressures normalized with respect to their critical temperatures and pressures. The

normalization is done as:

Here PR is called the educed pressure and TR the reduced temperature. The Z factor for all

gases is approximately the same at the same reduced pressure and temperature (This is

called the principle of corresponding states) In particular when P =Pc and T= Tc, Z≈ 0.3.



So We can use and universal graph for Z !!!!!!

Y.A. Çengel, and M.A. Boles, Thermodynamics, An Engineering Approach, 8th ed. New York, USA: McGraw-Hill Education, 2015.



𝒗′𝑹 =
ഥ𝒗

ഥ𝑹 𝑇𝑐/𝑝𝑐
=

𝒗

𝑹 𝑇𝑐/𝑝𝑐

Pseudo-reduced  volume









van der Waals equation



10.1. Argon is at a pressure of 97.2 bar at a temperature of 196.3 K. What is the number

of moles in a 100-liter container? Compare the result using a) the equation of ideal gas a
and b) the equation of ideal gas with correction of the compressibility factor.

𝑛 =
𝑃𝑉

ത𝑅𝑇
=
97.2 × 102[𝐾𝑝𝑎] × 0.1[𝑚3]

8.314 × 196.3[𝐾]

𝒏 = 𝟎. 𝟓𝟗𝟓𝟔 𝐤𝐦𝐨𝐥 = 𝟓𝟗𝟓. 𝟔 𝐦𝐨𝐥𝐞𝐬

b) Using the equation of ideal gas



10.1. Argon is at a pressure of 97.2 bar at a temperature of 196.3 K. What is the number

of moles in a 100-liter container? Compare the result using the general equation of ideal
gas a) with and b) without correction of the compressibility factor.

𝑝𝑅 =
𝑝

𝑝𝑐
=
97.2

48.6
= 2

𝑇𝑅 =
𝑇

𝑇𝑐
=
196.3

151
= 1.3

a) with correction of the compressibility factor

M.J. Moran, H.N. Shapiro, D.D. Boettner, M.B. Bailey, Fundamentals of Engineering Thermodynamics, 10th ed. New Jersey, USA: John Wiley & Sons, 2014.



Compressibility Factor Correction:

𝑛 =
𝑃𝑉

𝑍 ത𝑅𝑇
=

97.2 × 102 × 0.1

0.7 × 8.314 × 196.3

𝒏 = 𝟎. 𝟖𝟓𝟎𝟖 𝐤𝐦𝐨𝐥 = 850.8 moles

𝑝𝑅 =
𝑝

𝑝𝑐
=
97.2

48.6
= 2 𝑇𝑅 =

𝑇

𝑇𝑐
=
196.3

151
= 1.3

M.J. Moran, H.N. Shapiro, D.D. Boettner, M.B. Bailey, Fundamentals of Engineering Thermodynamics, 10th ed. New Jersey, USA: John Wiley & Sons, 2014.



10.2´. Determine the specific volume of the superheated water vapor in m3/ kg, at 200 bar

and 1346 ºC, a) Using the ideal gas state equation. b) The compressibility factor.

b) The compressibility factor:

𝑝𝑅 =
𝑝

𝑝𝑐
=

200

220.9
= 0.90

𝑇𝑅 =
𝑇

𝑇𝑐
=
1346 + 273.15

647.3
= 2.50

a) Ideal Gas Equation:

𝒗 =
ത𝑅𝑇

𝑃𝑀
=

8.314 × 1346 + 273.15 [𝐾]

200 × 100[𝑘𝑃𝑎] × 18.02[𝑘𝑔/𝑘𝑚𝑜𝑙]
= 0.03735

m3

kg



≈ 𝟏

b) Specific volume with Compressibility 

Factor Correction:

𝒗 =
𝑍 ത𝑅𝑇

𝑃𝑀
=
1 × 8.314 × 1346 + 273.15

200 × 100 × 18.02

= 0.037𝟑𝟓
𝒎𝟑

𝒌𝒈

M.J. Moran, H.N. Shapiro, D.D. Boettner, M.B. Bailey, Fundamentals of Engineering Thermodynamics, 10th ed. New Jersey, USA: John Wiley & Sons, 2014.



12.2. A 0.01677-m3 tank contains 1 kg of refrigerant-134a at 110°C. Determine the pressure of

the refrigerant [kPa], using (a) the ideal-gas equation, (b) the generalized compressibility

chart, and (c) the refrigerant tables.

a) Ideal gas equation 𝑃𝑉 = 𝑚
ത𝑅

𝑀
𝑇

𝑃 × 0.01677 = 1 ×
8.314

102.03
× 110 + 273.15

𝑃 = 1861.7352 𝑘𝑃𝑎



𝑇𝑅 =
𝑇

𝑇𝑐
=
110 + 273

374
= 1.024

b) Compressibility chart

𝒗′𝑹 =
ഥ𝒗

ഥ𝑹 𝑇𝑐/𝑝𝑐
=

𝒗

𝑹g 𝑇𝑐/𝑝𝑐
=

Τ0.01677 1

8.314/102.03 × 374/4070
= 2.24

≈ 𝟎. 𝟖𝟔

𝑃𝑉 = 𝑍𝑚𝑅𝑇

𝑃 =
𝑍𝑚𝑅𝑇

𝑉

𝑃 =
0.86 × 1 ×

8.314
102.03

× 383.15

0.01677

𝑃 = 1601.0922 𝑘𝑃𝑎



c) Table A-12 

Following the 

tables, the real 

pressure must be 

16bar or 

1600kPa

A 0.01677-m3 tank contains 1 kg of refrigerant-134a at 110°C





Ideal Gas Equation:

𝑉

𝑚
= 𝒗 =

𝑅𝑇

𝑃𝑀
=

8.314 × 20 + 273.15 [𝐾]

800[𝑘𝑃𝑎] × 17.03[𝑘𝑔/𝑘𝑚𝑜𝑙]
= 0.1789

m3

kg

13.2 Determine the percent error in the specific volume of superheated ammonia at 20°C and 800 kPa
when modeled as an ideal gas. How does this error compare if the generalized compressibility chart is
used instead?



≈ 𝟎. 𝟗𝟏

Specific volume with Compressibility 

Factor Correction:

𝒗 =
𝑍𝑅𝑇

𝑃𝑀
=
0.91 × 8.314 × 20 + 273

800 × 17.03

= 0. 𝟏𝟔𝟐𝟖
𝒎𝟑

𝒌𝒈

𝑝𝑅 =
𝑝

𝑝𝑐
=

800

112.8 × 100
= 0.0709

𝑇𝑅 =
𝑇

𝑇𝑐
=

20+273

406
= 0.722



Specific volume from Table A-15:

The actual specific volume is 0.16138 m3/kg.

The compressibility chart method gave a better

approximation than ideal gas equation of state,

however, it is recommended to use property

tables whenever they are available.

𝑣𝑖𝑑𝑒𝑎𝑙 = 0.1789
m3

kg
→ % →

0.1789 − 0.16138

0.16138
= +10.8564%

𝑣𝑍 𝑓𝑎𝑐𝑡𝑜𝑟 = 0.1628
m3

kg
→ % →

0.1628 − 0.16138

0.16138
= +0.8799%

𝑣𝑎𝑐𝑡𝑢𝑎𝑙 = 0.16138
m3

kg





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



EJERCICIO DESAFÍO SEMANA 3

OBJETIVO: REPASAR TEMAS BÁSICOS DE SEMANAS 1-2-3

Será resuelto en la asesoría de Rosario, Pueden ver las
grabaciones y/o el pdf de la solución en el grupo de
WhatsApp.



PART 1

A rotating system supports a cylinder with a 20 cm² cross-

sectional area and 1.2-m length. The cylinder is equipped with

a frictionless piston of unknown mass and has stops located at

30 cm from the base. Initially, the cylinder is in horizontal

position 𝜃 = 0° , the piston is placed at 15 cm from the base

and is full of 2.5 g Nitrogen N2 (ideal gas - state 1). The

system rotates certain angle 𝜃 =? until the pressure reaches

1.3bar and the piston is 13 cm from the bottom of the cylinder

(state 2). The system continues rotating until it is in vertical

position 𝜃 = 90° , the piston is 11 cm from the base and the

pressure is 1.4 bar (state 3).

Find:

a) Temperature, specific volume and the volume of N2 in state

1.

b) Temperature, specific volume, volume and the piston mass

in state 3.

c) Temperature, specific volume, volume and the angle in

state 2 .

𝜃

FIGURE 1 - PART 1



FIGURE 1 - PART 2

PART 2

The cylinder is slowly heated, and the piston starts rising until it

gets to the stops (state 4 – position A). The heating continues until

the pressure is 130% its previous value (state 5 – position A). An

instant after that, the stops breaks because of the excessive force

and the piston keeps rising following a reversible polytropic path (n

= 1.34) until the piston just touches a linear spring and the pressure

is 1.4bar (state 6 – position B). The piston goes up compressing

the spring until it gets to position C, moment when the temperature

is -20°C and the height is 50cm (state 7 – position C). Both

springs constants are equal.

Find:

d) Temperature, specific volume and volume in state 4.

e) The force on the stops, the temperature, specific volume and

volume in state 5.

f) The specific volume, the volume, the temperature and the height

respect to cylinder base in state 6.

g) The specific volume, the volume, the pressure and the spring

constant in state 7.

Position A

Position B

Position C



FIGURE 1 - PART 2

PART 3

The piston keeps going up compressing the second spring (which

has the same constant as the first one) until the height of the piston

is 80 cm from the base (state 8).

Find:

h) The specific volume, the volume, pressure and temperature in

state 8.

i) Plot a P (bar) – v (m3/kg) diagram showing all the states

previously mentioned, and the processes from state 3 to state 8.

j) Plot a T (°C) – v (m3/kg) diagram showing all the states

previously mentioned, and the processes from state 3 to state 8.

k) Find ∆𝑢 and ∆ℎ for the process 3 to 8 using table A-21 and table

A-23. Both results should be found in kJ/kg

Position A

Position B

Position C



a) State 1: FBD for the piston

𝑃1𝐴 𝑃𝑎𝑡𝑚𝐴

𝑃1𝐴 = 𝑃𝑎𝑡𝑚𝐴 → 𝑃1 = 𝑃𝑎𝑡𝑚 = 1𝑏𝑎𝑟

𝑣1 =
𝑉1
𝑚𝑁2

=
3 × 10−4

2.5 × 10−3
= 0.12 Τ𝑚3 𝑘𝑔

𝑉1 = 𝐴ℎ1 = 20 × 10−4 × 0.15 = 3 × 10−4𝑚3

b) State 3: FBD for the piston

𝑃3𝐴

𝑃𝑎𝑡𝑚𝐴 𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔

𝑃3𝐴 = 𝑃𝑎𝑡𝑚𝐴 + 𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔 → 1.4 = 1 +
𝑚𝑝𝑖𝑠𝑡𝑜𝑛 × 9.81

20 × 10−4 × 105

𝑚𝑝𝑖𝑠𝑡𝑜𝑛 = 8.1549𝑘𝑔

𝑇1 =
𝑃1𝑉1
𝑅𝑚𝑁2

=
100 × 3 × 10−4

8.314
28

× 2.5 × 10−3
= 40.4138 𝐾

𝑉3 = 𝐴ℎ3 = 20 × 10−4 × 0.11 = 2.2 × 10−4𝑚3

𝑣3 =
𝑉3
𝑚𝑁2

=
2.2 × 10−4

2.5 × 10−3
= 0.0880 Τ𝑚3 𝑘𝑔

𝑇3 =
𝑃3𝑉3
𝑅𝑚𝑁2

=
140 × 2.2 × 10−4

8.314
28

× 2.5 × 10−3
= 41.4915 𝐾



c) State 2: FBD for the piston d) State 4: FBD for the piston

𝑃2𝐴 = 𝑃𝑎𝑡𝑚𝐴 +𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔𝑆𝑒𝑛𝜃 → 1.3 = 1 +
8.1549 × 9.81𝑆𝑒𝑛𝜃

20 × 10−4 × 105

𝑆𝑒𝑛𝜃 = 0.75 → 𝜃 = 48.59°

𝑃4𝐴

𝑃𝑎𝑡𝑚𝐴 𝑚𝑔

𝑃4𝐴 = 𝑃𝑎𝑡𝑚𝐴 + 𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔 → 𝑃4 = 𝑃3 = 1.4 𝑏𝑎𝑟 (isobaric)

𝑉2 = 𝐴ℎ2 = 20 × 10−4 × 0.13 = 2.6 × 10−4𝑚3

𝑣2 =
𝑉2
𝑚𝑁2

=
2.6 × 10−4

2.5 × 10−3
= 0.1040 Τ𝑚3 𝑘𝑔

𝑇2 =
𝑃2𝑉2
𝑅𝑚𝑁2

=
130 × 2.6 × 10−4

8.314
28

× 2.5 × 10−3
= 45.5328𝐾

𝑉4 = 𝐴ℎ4 = 20 × 10−4 × 0.30 = 6 × 10−4𝑚3

𝑣4 =
𝑉4
𝑚𝑁2

=
6 × 10−4

2.5 × 10−3
= 0.2400 Τ𝑚3 𝑘𝑔

𝑇4 =
𝑃4𝑉4
𝑅𝑚𝑁2

=
140 × 6 × 10−4

8.314
28

× 2.5 × 10−3
= 113.1585𝐾



e) State 5: FBD for the piston f) State 6: Specific volume for a 

polytropic process

𝑃5𝐴 = 𝑃𝑎𝑡𝑚𝐴 + 𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔 + 𝐹 → 𝐹 = 𝑃5 − 𝑃4 𝐴

𝑃5𝐴

𝑃𝑎𝑡𝑚𝐴 𝑚𝑔 𝐹

𝑃4𝐴

𝐹 = 130% × 1.4 − 1.4 × 105 × 20 × 10−4 = 84𝑁

𝑃5𝑉5
𝑛 = 𝑃6𝑉6

𝑛 → 𝑉6 =
1.82 × 6 × 10−4 1.34

1.40

1/1.34

𝑉6 = 7.2977 × 10−4𝑚3

ℎ6 =
𝑉6
𝐴
=
7.2977 × 10−4

20 × 10−4
= 0.3649𝑚 = 36.49𝑐𝑚

𝑉5 = 𝑉4 = 6 × 10−4𝑚3

𝑣5 =
𝑉5
𝑚𝑁2

=
6 × 10−4

2.5 × 10−3
= 0.2400 Τ𝑚3 𝑘𝑔

𝑇5 =
𝑃5𝑉5
𝑅𝑚𝑁2

=
182 × 6 × 10−4

8.314
28

× 2.5 × 10−3
= 147.1061𝐾

𝑇6 =
𝑃6𝑉6
𝑅𝑚𝑁2

=
140 × 7.2977 × 10−4

8.314
28

× 2.5 × 10−3
= 137.6321𝐾

𝑣6 =
𝑉6
𝑚𝑁2

=
7.2977 × 10−4

2.5 × 10−3
= 0.2919 Τ𝑚3 𝑘𝑔



g) State 7

𝑣7 =
𝐴ℎ7
𝑚𝑁2

=
20 × 10−4 × 50 × 10−2

2.5 × 10−3
= 0.400 Τ𝑚3 𝑘𝑔

𝑇7 = −20°𝐶 = 253.15𝐾

FBD for the piston to find the constant

𝑃𝐴

𝑃𝑎𝑡𝑚𝐴 𝑚𝑔 𝑘𝑥

𝑃𝐴 = 𝑃𝑎𝑡𝑚𝐴 + 𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔 + 𝑘𝑥

𝑃 = 𝑃𝑎𝑡𝑚 +
𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔

𝐴
+
𝑘𝑥

𝐴
×
𝐴

𝐴

𝑃 = 𝑃𝑎𝑡𝑚 +
𝑚𝑝𝑖𝑠𝑡𝑜𝑛𝑔

𝐴
+
𝑘𝑉

𝐴2

The 

slope:

𝑘

𝐴2
=

1.8792 − 1.4 × 105

2.5 × 10−3 × 0.400 − 0.2919

𝑘

𝐴2
=

𝑃7 − 𝑃6
𝑚𝑁2 𝑣7 − 𝑣6

𝑘

20 × 10−4 2
=

1.8792 − 1.4 × 105

2.5 × 10−3 × 0.400 − 0.2919

𝑘 = 709.2914 Τ𝑁 𝑚

𝑉7 = 𝐴ℎ7 = 20 × 10−4 × 50 × 10−2 = 10−3𝑚3

𝑃7 =
𝑅𝑚𝑁2𝑇7
𝑉7

=

8.314
28

× 2.5 × 10−3 × 253.15

10−3
= 187.92𝑘𝑃𝑎

𝑃7 = 1.8792𝑏𝑎𝑟



h) State 8: Finding first pressure with spring 

constant

2𝑘

𝐴2
=

𝑃8 − 𝑃7
𝑚𝑁2 𝑣8 − 𝑣7

→
2 × 709.2914

20 × 10−4 2
=

𝑃8 − 1.8792 × 105

2.5 × 10−3 × 0.64 − 0.400
→ 𝑃8 = 400.706𝑘𝑃𝑎 = 4𝑏𝑎𝑟

𝑣8 =
𝐴ℎ8
𝑚𝑁2

=
20 × 10−4 × 80 × 10−2

2.5 × 10−3
= 0.64 Τ𝑚3 𝑘𝑔

𝑃8𝑣8 = 𝑅𝑇8

400.706 × 0.64 =
8.314

28
× 𝑇8

𝑇8 = 863.62𝐾 = 590.53°𝐶

𝑉8 = 𝐴ℎ8 = 20 × 10−4 × 80 × 10−2 = 1.6 × 10−3𝑚3



i) Plot a P (bar) – V (m3/kg) diagram showing all the states previously mentioned, and the processes from state 3 to state 8.

𝑷(𝒃𝒂𝒓)

1.82

1.3

1

88 104 400 𝒗 × 𝟏𝟎𝟑(𝑳/𝒌𝒈)

𝟒𝟎. 𝟒𝟏𝑲

120

1.4

240

1.8

3.7

291 640

1.88

𝟏

𝟐

𝟑 𝟒

𝟓

𝟔

𝟕

𝟖

𝟒𝟓. 𝟓𝟑𝑲

𝟒𝟏. 𝟒𝟗𝑲

𝟏𝟒𝟕. 𝟏𝟏𝑲

𝟏𝟑𝟕. 𝟔𝟑𝑲

𝟐𝟓𝟑. 𝟏𝟓𝑲

𝟖𝟔𝟑. 𝟔𝟖𝑲

𝟏𝟏𝟏. 𝟏𝟔𝑲



j) Plot a T (°C) – v (m3/kg) diagram showing all the states previously mentioned, and the processes from state 3 to state 8.

𝑻(𝑲)

137.63

41.49

40.41 𝟏𝒃𝒂𝒓

45.53

111.16

253.15

863.68

𝟏

𝟐
𝟑

𝟒

𝟓

𝟔

𝟕

𝟖

𝟏. 𝟑𝒃𝒂𝒓

𝟏. 𝟖𝟖𝒃𝒂𝒓

𝟏. 𝟖𝟐𝒃𝒂𝒓

88 104 400 𝒗 × 𝟏𝟎𝟑(𝑳/𝒌𝒈)120 240 291 640

147.10

𝟒𝒃𝒂𝒓



k) Find ∆𝑢 and ∆ℎ for the process 3 to 8 using table A-21 and table A-23. Both results should 

be found in kJ/kg

∆ℎ = න

𝑇3

𝑇8

𝑐𝑝𝑑𝑇 = න

𝑇3

𝑇8

𝑅 3.675 − 1.208 × 10−3𝑇 + 2.324 × 10−6𝑇2 − 0.632 × 10−9𝑇3 − 0.226 × 10−12𝑇4 𝑑𝑇

∆ℎ

𝑅
= න

41.49

863.68

3.675 − 1.208 × 10−3𝑇 + 2.324 × 10−6𝑇2 − 0.632 × 10−9𝑇3 − 0.226 × 10−12𝑇4 𝑑𝑇

∆ℎ

8.314/28
= 2961.429 → ∆ℎ = 879.3329

𝑘𝐽

𝑘𝑔

∆𝑢 = න

𝑇3

𝑇8

(𝑐𝑝−𝑅)𝑑𝑇 = න

𝑇3

𝑇8

𝑅 3.675 − 1.208 × 10−3𝑇 + 2.324 × 10−6𝑇2 − 0.632 × 10−9𝑇3 − 0.226 × 10−12𝑇4 − 1 𝑑𝑇

∆𝑢

𝑅
= න

41.49

863.68

2.675 − 1.208 × 10−3𝑇 + 2.324 × 10−6𝑇2 − 0.632 × 10−9𝑇3 − 0.226 × 10−12𝑇4 𝑑𝑇

∆𝑢

8.314/28
= 2139.239 → ∆𝑢 = 635.2012

𝑘𝐽

𝑘𝑔



k) Find ∆𝑢 and ∆ℎ for the process 3 to 8 using table A-21 and table A-23. Both results should 

be found in kJ/kg

ℎ8 =
25928 − 25610

870 − 860
863.68 − 860 + 25610 = 25727.02

𝑘𝐽

𝑘𝑚𝑜𝑙
→ ℎ8 =

25727.02

28
= 918.8223

𝑘𝐽

𝑘𝑔

ℎ3 =
6391 − 0

220 − 0
41.49 − 0 + 0 = 1205.285

𝑘𝐽

𝑘𝑚𝑜𝑙
→ ℎ3 =

1205.285

28
= 43.0459

𝑘𝐽

𝑘𝑔

∆ℎ = ℎ8 − ℎ3 = 918.8223 − 43.0459 = 875.7764
𝑘𝐽

𝑘𝑔

𝑢8 =
18695 − 18459

870 − 860
863.68 − 860 + 18459 = 18545.85

𝑘𝐽

𝑘𝑚𝑜𝑙
→ 𝑢8 =

18545.85

28
= 662.3517

𝑘𝐽

𝑘𝑔

𝑢3 =
4562 − 0

220 − 0
41.49 − 0 + 0 = 860.3517

𝑘𝐽

𝑘𝑚𝑜𝑙
→ 𝑢3 =

860.3517

28
= 30.7269

𝑘𝐽

𝑘𝑔

∆𝑢 = 𝑢8 − 𝑢3 = 662.3517 − 30.7269 = 631.6249
𝑘𝐽

𝑘𝑔



Thanks!


