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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



Instructores del curso y coordinador 

nlopez@utec.edu.pe

squispe@utec.edu.pe

nsanchezr@utec.edu.pehmanrique@utec.edu.pe

mailto:nlopez@utec.edu.pe
mailto:squispe@utec.edu.pe
mailto:nsanchezr@utec.edu.pe
mailto:hmanrique@utec.edu.pe


Tiempo aproximado de la 
sesión 100 minutos

Realizar preguntas a través del chat,
habrá un profesor y/o un asistente
atento a las dudas planteadas

Levantar la mano si desea hacer uso
del micrófono y exponer alguna
duda

Al inicio entrarás con el
video en off, puedes
habilitar tu video cuando
sea pedido.

Guidelines for virtual sessions:
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TEMAS SEMANA X SEMANA



Horas de atención - Prof. Nedher Sánchez Ramírez

JUEVES:  9-12 pm….1-2pm - Oficina P311

Horas de atención - Jhordy Manrique 
(Dudas del curso-Tareas - notas)
LUNES 11-1 PM - Oficina P311

Horas de atención - Prof. Naudy Lopez
nlopez@utec.edu.pe

Previa coordinación con el profesor

Horas de atención - Jhordy Manrique 
(Dudas del curso-Tareas - notas)
JUEVES 10-12 AM - Oficina P311

mailto:nlopez@utec.edu.pe


Hora
Horas de asesoría 2026-1

Hora
Lunes Martes Miércoles Jueves Viernes Sábado

7AM - 8AM Clases Clases 7AM-8AM

8AM - 9AM Clases Clases 8AM - 9AM

9AM - 10AM Clases Clases 9AM - 10AM

10AM - 11AM Clases Clases 10AM - 11AM

11AM - 12PM Clases 11AM-12PM

12PM - 1PM Clases 12PM-1PM

1PM - 2PM Clases 1PM - 2PM

2PM - 3PM Clases CT: 

https://utec.zoom.us/j/973

71427800

2PM - 3PM

3PM - 4PM Clases FR: 

https://utec.zoom.us/j/959

53412067

3PM - 4PM

4PM - 5PM Clases 4PM - 5PM

5PM - 6PM Clases Clases Clases 5PM - 6PM

6PM - 7PM Clases Clases Clases 6PM - 7PM

7PM - 8PM 7PM - 8PM

8PM - 9PM
ASESORÍA DE DUDAS: 

https://utec.zoom.us/j/9713649

2520

JG: 

https://utec.zoom.us/j/923

01579107

RV:

https://utec.zoom.us/j/929

82722393

8PM - 9PM

9PM - 10PM 9PM - 10PM

RV: Rosario 
Vidal

Todas las sesiones serán 
grabadas.

CT: Cristian 
Tobias

*Varia según 
disponibilidad

FR: Franklin 
Rosas

JG: Jose 
Gamero

https://utec.zoom.us/j/97371427800
https://utec.zoom.us/j/95953412067
https://utec.zoom.us/j/97136492520
https://utec.zoom.us/j/92301579107
https://utec.zoom.us/j/92982722393


Link de WhatsApp de Termodinámica: 

https://chat.whatsapp.com/Iu3b3wnWFuY2Zvamn89NNa

https://chat.whatsapp.com/Iu3b3wnWFuY2Zvamn89NNa


Thermodynamics _ Evaluation

COMPONENTE %
EXAMEN PARCIAL 20

EXAMEN FINAL 30
C 50

APROBACIÓN: 11/20

EXAMEN 1: Todos los temas vistos hasta la semana 6.
EXAMEN 2: Todos los temas vistos hasta la semana 15

EXÁMENES FECHAS
EXAMEN 
PARCIAL (MAYO 8)

EXAMEN FINAL (JULIO 6)



Thermodynamics _ Evaluation

EVALUACIÓN CONTINUA (C) :

La evaluación continua vale 

un 50% de la nota final

-5 % corresponde a tareas virtuales ..Son de corrección automática

-10 % corresponde a tareas individulales (ejercicios que los alumnos hacen y suben a la

plataforma gradescope) …. ..Ver rúbrica

-17 % corresponde a una tarea grupal (proyecto)…..Ver rúbrica

-18% restante corresponde actividades en aula (quizes de 20 min aprox)..Ver rúbrica

COMPONENTE %
EXAMEN PARCIAL 20

EXAMEN FINAL 30
C 50

APROBACIÓN: 11/20



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



EVALUACIÓN CONTINUA (C) :

Thermodynamics _ Evaluation

COMPONENT
E %
C 50

25 %
•3 actividades en aula→ 9 %
•2 tareas individuales→ 5 %
•½ tareas virtuales → 2.5 %
•1ra entrega tarea grupal → 8.5 %

25 %
•3 actividades en aula→ 9 %
•2 tareas individuales→ 5 %
•½ tareas virtuales → 2.5 %
•2da entrega tarea grupal → 8.5 %



Thermodynamics _ Evaluation

Tarea grupal (proyecto)…..
La actividad consta del análisis de una sistema, dicho análisis puede 

requerir elementos de programación.  

Link con toda la información de la tarea grupal : 

https://docs.google.com/spreadsheets/d/1DMrZjoEaRlHfZPbrFa5q84ha0ElWJQS1zmyL
anvjGcw/edit?gid=0#gid=0

Fechas de entrega del laboratorio:
1ra entrega - 18/05/2026 a las 9 am (jueves de la semana 9)
2da entrega - 15/06/2026 a las 9am  (lunes de la semana 13)

https://docs.google.com/spreadsheets/d/1DMrZjoEaRlHfZPbrFa5q84ha0ElWJQS1zmyLanvjGcw/edit?gid=0#gid=0


Thermodynamics _ Evaluation

Link con las rubricas de actividad de aula y tarea individual: 

https://docs.google.com/spreadsheets/d/1iLMFoTAZiUBYuD8fGZFW4d0pF0-
UBt8f/edit?gid=85594443#gid=85594443

https://docs.google.com/spreadsheets/d/1iLMFoTAZiUBYuD8fGZFW4d0pF0-UBt8f/edit?gid=85594443#gid=85594443


Opening thoughts…
Have you ever…

These are examples of gases !



Gases



What this imply?



What tools do we need to understand these cycles?

Pure substance: Water, refrigerants… Pure substance: Ideal gas

1. Calculation of properties

Tables: Like those that are tabulated for some pure substances in the book appendices.

Week 2

Models: As the ideal gas equation, or other relationships or approximations that allow

calculating properties of liquids, solids or gases that are not tabulated. Weeks 3-4

2. Law of Thermodynamics

First Law of Thermodynamics: Energy Balance

Second Law of Thermodynamics: Entropy Balance



Ideal Gases

https://proyectodescartes.org/iCartesiLibri/materiales_didacticos/Fisica_III/indexb.html

In this region the so-called ideal gases

have some characteristics, allowing

them to be described by a simple model

based on macroscopic properties.

https://en.w ikipedia.org/w iki/Kinetic_theory_of_gases

"Many substances that we treat as ideal gases such as air, CO2,
among others behave like ideal gases at ambient pressure and
temperature."

https://proyectodescartes.org/iCartesiLibri/materiales_didacticos/Fisica_III/indexb.html


Properties of Ideal Gases
You can predict the behavior of gases based on the following 
properties:

Pressure

Volume

Amount (moles)

Temperature

Lets review each of these briefly…



Amount (g-mol)

We can convert measured mass (in g) to the number of moles, n, using……

Molar mass!

https://en.wikipedia.org/wiki/Molar_mass


Temperature

• Always use absolute temperature (Kelvin) when 
working with gases.

373
K

0 273

ºC

-273 0 100



How do they all relate?

Now that we understand the factors that affect the behavior of
gases, we will study how those factors interact.



Recall

Boyle’s Law Charles’ Law Avogadro’s Law

V  1/P V  T (Kelvin) V  n

Constant T, n Constant P, n Constant T, P

So V  1/P X n X T PV = nഥ𝑅 T



Boyle’s Law _ P vs V

P

V

P1V1 =P2V2 = C

https://cdn.pixabay.com/photo/2018/08/03/07/00/thermometer-3581190_960_720.jpg

https://smithsonianlibraries.tumblr.com/post/148462022830/boyles-lesser-known-law-the-pressure-of-the-wig

https://smithsonianlibraries.tumblr.com/post/148462022830/boyles-lesser-known-law-the-pressure-of-the-wig


Charles’ Law
This lesson introduces Charles’ Law, which describes the 
relationship between volume and temperature of gases.

V

T

V1

T1

=
V2

T2

= C

https://xn--cumpleaosdefamosos-t0b.com/persona/jacques-charles/fotos/jacques-charles-fotos-ampliamente-sublimes-de

https://en.wikipedia.org/wiki/Charles%27s_law

P, m are constant
𝑽 = 𝑪 ∗ 𝑻

https://cumpleañosdefamosos.com/persona/jacques-charles/fotos/jacques-charles-fotos-ampliamente-sublimes-de
https://en.wikipedia.org/wiki/Charles's_law


Avogadro’s Law
• Equal volumes of gases contain equal numbers of moles at constant 

temp & pressure true for any ideal gas.

V

n

= C

ahombrosdegigantescienciaytecnologia.wordpress.com/2015/08/09/leyes-constantes-y-numeros-el-gigante-avogadro/

https://b2b.partcommunity.com/community/knowledge/es/detail/4049/Ley+de+Avogadro

P, T are constant
𝑽 = 𝑪 ∗ 𝒏

https://ahombrosdegigantescienciaytecnologia.wordpress.com/2015/08/09/leyes-constantes-y-numeros-el-gigante-avogadro/
https://b2b.partcommunity.com/community/knowledge/es/detail/4049/Ley+de+Avogadro


Recall

Boyle’s Law Charles’ Law Avogadro’s Law

V  1/P V  T (Kelvin) V  n

Constant T, n Constant P, n Constant T, P

So V  1/P X n X T PV = nഥ𝑅 T



Ideal Gas Law
• To turn a proportionality into an equation, insert a constant:

PV = nഥ𝑅 T Where “ ഥ𝑹 ” is the universal gas constant. V [ m3]

n = m/M (mass/molar mass) ….𝑃𝑉/𝑚 = (ഥ𝑅 /M)T

Pv = R T, v [ m3/kg] ……specific volume ;    “ ഥ𝑹 /M ”= Rg =R=gas constant

STATE EQUATION!



Ideal Gas Law
• Alternatively :

“STATE EQUATION”

PV = nഥ𝑅 T, V [ m3]

Pῡ = ഥ𝑅 T, ῡ [m3/mol] =
𝑉

𝑛



Ideal Gas Law

• The units of ഥ𝑅 depend on the units used for P, T, and V

𝑅

𝑅𝑈



PV = nഥ𝑅 T



EXAMPLE 1.4
Oxygen (Ideal gas) undergoes isothermal expansion, which increases its volume by 4.20 dm3 (V2=V1+4.20). The
final pressure and volume of the gas are 2.50 bar and 5.20 dm3, respectively. Calculate the original pressure (𝑃1) of
the gas in (a) bar, (b) kPa.

PV= cte

1

2

Boyle



EXAMPLE 1.4
Oxygen (Ideal gas) undergoes isothermal expansion, which increases its volume by 4.20 dm3. The final pressure
and volume of the gas are 2.50 bar and 5.20 dm3, respectively. Calculate the original pressure (𝑃1) of the gas in (a)
bar, (b) kPa.

a) Boyle’s law:

𝑃1𝑉1 = 𝑃2𝑉2

𝑃1 × 5.20 − 4.20 = 2.50 × 5.20

𝑃1 = 13.0 𝑏𝑎𝑟

b) Converting bar to kPa:

𝑃1 = 13.0 𝑏𝑎𝑟 ×
100 𝑘𝑃𝑎

1.0𝑏𝑎𝑟
= 1300 𝑘𝑃𝑎

Boyle

PV= cte

1

2



Example:
2.1. Carbon dioxide (CO2) is slowly compressed in a piston-cylinder assembly from 𝑝1 =
0.7bar, 𝑇1 = 280K to 𝑝2 = 11bar. The initial volume is 0.400 m3. The process is described by

𝑝V1.25 = constant. Assuming ideal gas determine V2 (m3).

𝑝1𝑉1
1.25 = 𝑝2𝑉2

1.25
Process:

0.7 × 0.4001.25 = 11 × 𝑉2
1.25

𝑉2
1.25 =

0.7 × 0.4001.25

11
= 0.02024

𝑉2 = 0.04416m3

𝑝V1.25 = constant



Example

2.1 A rigid steel tank with a volume of 0.1 m³ contains helium at 250 kPa and 300 K

(State 1). The helium is used to fill a balloon until the tank pressure drops to 125 kPa

(State 2), at which point the flow stops. Assuming an isothermal process, determine the

amount of helium (in kmol) transferred to the balloon. Treat helium as an ideal gas.

INITIAL STATE

He

250 kPa

300 K

0.1 m3

𝑃1𝑉1 = 𝑛1 ത𝑅𝑇1

250𝑘𝑃𝑎 × 0.1𝑚3 = 𝑛1 × 8.314
𝑘𝑃𝑎.𝑚3

𝑘𝑚𝑜𝑙. 𝐾
× 300𝐾

𝒏𝟏 = 0.01002 𝑘𝑚𝑜𝑙

FINAL STATE

He

125 kPa

300 K

0.1 m3

𝑃2𝑉2 = 𝑛2 ത𝑅𝑇2

125𝑘𝑃𝑎 × 0.1𝑚3 = 𝑛2 × 8.314
𝑘𝑃𝑎.𝑚3

𝑘𝑚𝑜𝑙. 𝐾
× 300𝐾

𝑛2 = 0.00501 𝑘𝑚𝑜𝑙

Therefore, 0.00501 kmol has been transferred to the ballon



EXAMPLE 4.3
A 1-m3 rigid tank with air at 1 MPa and 400 K is connected to an air line as shown below. The valve is
opened and air flows into the tank until the pressure reaches 5 MPa, at which point the valve is closed and
the temperature inside is 450 K. a. What is the mass [kg] of air in the tank before and after the process? b.
The tank eventually cools to room temperature, 300 K. What is the pressure inside the tank then [kPa]?



The air before opening the valve is (state 1):

𝑚1 =
𝑃1𝑉

𝑅𝑇1
=

1000 × 1

8.314
28.97 × 400

= 8.7112 kg

𝑃 =
𝑚2𝑅𝑇3
𝑉

=
38.7165 ×

8.314
28.97

× 𝟑𝟎𝟎

1
= 3333.3343 kPa

The air after opening the valve and letting the air from the line enters(state 2):

𝑚2 =
𝑃2𝑉

𝑅𝑇2
=

𝟓𝟎𝟎𝟎 × 1

8.314
28.97

× 𝟒𝟓𝟎
= 38.7165 kg

After cooling to 300 k(state 3):



EXAMPLE 5.3
A 1-m3 rigid tank has nitrogen at 100 kPa, 300 K and connected by a valve to another rigid tank of 0.5 m3

with nitrogen at 250 kPa, 400 K. The valve is opened, and the two tanks come to a uniform state at 325 K.
What is the final pressure?



Nitrogen mass in tank A:

𝑚 =
𝑃𝑉

𝑅𝑇
=

100 × 1

8.314
28.01 × 300

= 1.1230 kg

𝑃 =
𝑚𝑇𝑅𝑇

𝑉
=

1.1230 + 1.0528 ×
8.314
28.01 × 325

1 + 0.5
= 139.9291 kPa

Nitrogen mass in tank B:

𝑚 =
𝑃𝑉

𝑅𝑇
=

250 × 0.5

8.314
28.01 × 400

= 1.0528 kg

When the valve is opened, the final pressure is:



Example:

7.1. 2 moles of an ideal monoatomic gas have an initial pressure 𝑝1 = 3atm and an initial

volume 𝑉1 = 4L. The gas is taken through the following quasi-static cycle:

A.- It is expanded isothermally until it has a volume 𝑉2 = 10L.

B.- It is then heated at constant volume until it has a pressure 𝑝3 = 3atm
C.- It is then cooled at constant pressure until it is back to its initial state.

(a) Show this cycle on a PV diagram. (b) Find the temperatures T1, T2, T3

State 1:

𝑝1𝑉1 = 𝑛𝑅𝑇1
3 × 4 = 2 × 0.082057 × 𝑇1 → 𝑻𝟏 = 73.1199 𝐾

State 2: Process A isothermal
𝑻𝟏 = 𝑻𝟐 → 𝑇2 = 73.1199 𝐾
P1V1=P2V2…..P2 = P1V1/V2 = 3*4/10= 1.2 atm

State 3:

𝑝3𝑉3 = 𝑛𝑅𝑇3
3 × 10 = 2 × 0.082057 × 𝑇3 → 𝑻𝟑 = 182.7998𝐾

𝑅

𝑅𝑈

𝑝 (𝑎𝑡𝑚)

𝑉 (𝐿)

3

104

𝐴
𝐵

𝐶

1.20



EXAMPLE 3.9
A piston/cylinder(without friction) arrangement, shown below, contains air at 250 kPa and 300°C.

The 50-kg piston has a diameter of 0.1 m and initially pushes against the stops. The atmosphere

is at 100 kPa (P0) and Tambient =20°C. The cylinder now slowly cools as heat is transferred to the
ambient surroundings. Assume air as an ideal gas.

a. At what temperature does the piston just begin to move down? [K]

b. How far has the piston dropped when the temperature reaches ambient? [m]

c. Show the process in a P [kPa]–V [L] and a T [K]–V [L] diagram.

𝑀 𝑎𝑖𝑟 = 28.97
𝑔

𝑚𝑜𝑙
= 28.97

𝑘𝑔

𝑘𝑚𝑜𝑙



With the initial conditions (STATE 1) we can calculate  

mass of air inside the cylinder:

𝑚𝑎𝑖𝑟 =
𝑃1𝑉1

𝑅𝑇1
=
250 × 𝜋 × 0.052 × 0.25

8.314
28.97

× 300 + 273.15
= 𝟐. 𝟗𝟖𝟒 × 𝟏𝟎−𝟑 𝐤𝐠



A force balance (STATE 1) on the piston shows that (FN is the force on the stops):

𝑃1𝐴 = 𝑃0𝐴 +𝑚𝑔 + FN

The piston just moves down (STATE 2) when 𝐅N is zero and :  𝑷𝟐 A= 𝑃0𝐴 +𝑚𝑔 + 𝟎

𝑃2 = 𝑃0 +
𝑚𝑔

𝐴

𝑷𝟐 = 100000 +
50×9.81

𝜋×0.052
= 𝟏𝟔𝟐𝟒𝟓𝟐. 𝟐𝟓𝟑𝟔 𝐏𝐚 = 𝟏𝟔𝟐. 𝟒𝟓𝟐𝟑 𝐤𝐏𝐚

a) The temperature at that moment is:

𝑻𝟐 =
𝑃2𝑉

𝑚𝑅
=
162.4523 × 𝜋 × 0.052 × 0.25

2.984 × 10−3 ×
8.314
28.97

= 𝟑𝟕𝟐. 𝟒𝟕𝟒𝟒 𝐊 = 𝟗𝟗. 𝟑𝟐𝟒𝟒 °𝐂

P0A mg

P1A

FN



The height of the piston is: ℎ3 =
𝑉3

𝐴
=
1.545 × 10−3

𝜋 × 0.052
= 𝟎. 𝟏𝟗𝟔𝟕𝐦 = 𝟏𝟗. 𝟔𝟕 𝐜𝐦

b) When the temperature is equal to ambient (20°C) (STATE 3), the volume is: [Remember P remain 

constant…P2 = P3]

𝑉3 =
𝑚𝑅𝑇3
𝑃3

=
2.984 × 10−3 ×

8.314
28.97

× 20 + 273.15

162.4523
= 𝟏. 𝟓𝟒𝟓 × 𝟏𝟎−𝟑 𝐦𝟑

c) P-V and T-V diagrams:

P (kPa)

V (L)

1

2
3

250

162.4523

1.9631.545

T (K)

V (L)

1

2
3

573.15

372.4744

1.9631.545

293.15



EXAMPLE 3.3
A cylinder has a thick piston initially held by a pin, as shown below. The cylinder contains carbon

dioxide at 200 kPa and ambient temperature of 290 K. The metal piston has a density of 8000 kg/m3

and the atmospheric pressure is 101 kPa. The pin is now removed, allowing the piston to move, and
after a while the gas returns to ambient temperature. Is the piston against the stops?

The first thing is to see if there is expansion once the pin is 

removed. We need to calculate the external pressure:

𝑃𝑒𝑥𝑡 = 𝑃0 +
𝑚𝑔

𝐴
= 𝑃0 +

𝜌𝑉𝑝𝑖𝑠𝑡𝑜𝑛𝑔

𝐴

𝑃0



In the state 1 we can calculate de CO2 mass:

𝑃𝑒𝑥𝑡 = 𝑃0 +
𝑚𝑔

𝐴
= 𝑃0 +

𝜌𝑉𝑝𝑖𝑠𝑡𝑜𝑛𝑔

𝐴

𝑃𝑒𝑥𝑡 = 101000 +
8000 × 𝜋 ∗ 0.052 ∗ 0.1 × 9.81

𝜋 ∗ 0.052
= 108848 Pa = 108.848 kPa

𝑚𝐶𝑂2 =
𝑃𝑉

𝑅𝑇
=
200 × 𝜋 ∗ 0.052 ∗ 0.1

8.314
44.01

× 290
= 2.867 × 10−3 kg



Assuming the piston is at the stops (“state 2”), the pressure is:

𝑃2 =
𝑚𝑅𝑇

2

𝑉
2

=
2.867×10−3×

8.314

44.01
×290

𝜋∗0.052∗×0.15
=133.3221 kPa

As the pressure is larger than 108.848 kPa, the piston must be at the stops

To check if the final state is at the stops or not, we have to estimate the pressure when the CO2 occupies

all the available volume and verify that the pressure at that point is larger than 𝑃𝑒𝑥𝑡= 108.848 kPa:

𝑇2= 𝑇1

𝑉2
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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, 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.


