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OBJECTIVE

Session 27-28: Review of some topics

that we have seen.



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)



EXAMPLE 1

Consider the turbocharger of an internal combustion engine in stationary state. The exhaust gases

(air-ideal gas) enter the adiabatic turbine at 723 K at a rate of 0.02 kg/s and leave at 673 K. Air (ideal

gas) enters the adiabatic compressor at 343 K and 95 kPa at a rate of 0.018 kg/s and leaves at 135

kPa. Only 95% of the power released by the turbine goes to the compressor (5 percent of

turbine work is lost during its transmission to the compressor). Using air properties for the exhaust

gases and neglecting the kinetic and potential energy, determine (a) 𝒉𝟑 [𝑘𝐽/𝑘𝑔], 𝒑𝒓𝟑, 𝒔𝟑
𝒐 [𝑘𝐽/𝑘𝑔.K],

𝑻𝟒[𝐾] and 𝒔𝟒
𝒐 [𝑘𝐽/𝑘𝑔.K]. (b) the isentropic efficiency of the compressor. (c) The entropy generation

rate in the compressor (kW/K).

USE TABLE A22.
(Do not assume constant Cp)

1

2 3

4

723K

673K

343K



Energy balance for exhaust gases in the turbine:

ሶ𝑾𝑻 = ሶ𝑚 ℎ1 − ℎ2 = 0.02 × 738.06 − 684.34 = 1.0743 𝑘𝑊

Interpolating (T2 = 673K):

ℎ2 = 684.344 𝑘𝐽/𝑘𝑔
Interpolating (T1 = 723K):

ℎ1 = 738.06 𝑘𝐽/𝑘𝑔

Then, the power for the compressor is: (Taking efficiency into account)

ሶ𝑾𝑪 = 𝟎. 𝟗𝟓 × 1.0743 𝑘𝑊 = 1.0206 𝑘𝑊



Energy balance for the compressor:

ሶ𝑊𝐶 = ሶ𝑚 ℎ3 − ℎ4

−1.0206 = 0.018 × 343.44 − ℎ4

𝒉𝟒 = 400.141 𝑘𝐽/𝑘𝑔Interpolating (T3 =   343K):

𝒉𝟑 = 343.441 𝑘𝐽/𝑘𝑔, 𝒑𝒓𝟑 = 2.218, 𝒔𝟑
𝒐 = 1.8367

Finding the temperature with 𝒉𝟒 = 400.141
𝑘𝐽

𝑘𝑔
… . 𝑖𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑎𝑡𝑖𝑛𝑔 …… .

𝑻𝟒 = 399.1693 𝐾

𝒔𝟒
𝒐 =1.9898 kJ/kg.K

(a) The air temperature at the compressor 





The isentropic state 4 is found using 𝑝𝑟4 (𝑠) :

𝑃3
𝑃4

=
𝑝𝑟3
𝑝𝑟4 (𝑠)

→
95

135
=

2.218

𝑝𝑟4 (𝑠)
→ 𝒑𝒓𝟒 (𝒔) = 𝟑. 𝟏𝟓𝟏𝟗

Interpolating (𝒑𝒓𝟒(𝒔) = 𝟑. 𝟏𝟓𝟏𝟗):

𝑇4𝑠 = 379.1514 𝐾
ℎ4𝑠 = 379.9129 𝑘𝐽/𝑘𝑔

The isentropic efficiency of the compressor is:

𝜂𝑠 =
ሶ𝑊𝑠

ሶ𝑊
=

ሶ𝑚 ℎ3 − ℎ4𝑠
ሶ𝑊

𝜂𝑠 =
0.018 × 343.441 − 379.9129

−1.0206
= 0.6432

(b) the isentropic efficiency of the compressor. 





(c) The entropy generation rate in the compressor (kW/K)

𝒔𝟑
𝒐 = 1.8367

𝒔𝟒
𝒐 =1.9898 kJ/kg.K



Example (TURBINE) Air at 1175 K, 8 bar enters a turbine operating at steady state and expands

adiabatically to 1 bar. The isentropic turbine efficiency is 92%. Employing the ideal gas model with k = 1.34

for the air, determine (a) the work developed by the turbine, in kJ per kg of air flowing, and (b) the

temperature at the exit, in K. Ignore kinetic and potential energy effects. USE THE TWO METHODS

𝑃1 = 8𝑏𝑎𝑟
𝑇1 = 1175𝐾

Is
e
n

tr
o

p
ic

Note that: 𝑷𝟐 = 𝑷𝟐𝒔

𝟏

𝟐𝐬

𝟐

𝑇2𝑠 =?

𝑃2 = 1𝑏𝑎𝑟

𝑇2 =?

𝑻

𝒔

𝑃1 = 8𝑏𝑎𝑟
𝑇1 = 1175𝐾

𝑃2 = 1𝑏𝑎𝑟

𝑇2 =?

𝜂𝑠 = 92%

We know that:

• Isentropic efficiency = 92%

• Steady state

• Potential and kinetic energy are negligible

• Air as ideal gas



Method 1: Considering Cp constant

The problem suggests to use 𝑘 = 1.34, so we can find isentropic temperature 𝑇2𝑠 and 𝑐𝑝

𝑇2𝑠
𝑇1

=
𝑃2
𝑃1

𝑘−1
𝑘 𝑇2𝑠

1175
=

1

8

1.34−1
1.34

𝑻𝟐𝒔 = 𝟔𝟗𝟑. 𝟐𝟓𝟗𝟐 𝑲

𝑐𝑝 = 1.1315
𝑘𝐽

𝑘𝑔𝐾

And the turbine work is:

Now we can estimate the actual temperature from entropy efficiency:

𝜂𝑠 =
𝑻𝟏 − 𝑻𝟐
𝑻𝟏 − 𝑻𝟐𝒔

= 0.92
1175 − 𝑇2

1175 − 693.2592
= 0.92 𝑻𝟐 = 𝟕𝟑𝟏. 𝟕𝟗𝟖𝟓 𝑲

ሶ𝑊𝑎

ሶ𝑚
= ℎ1 − ℎ2 = 𝒄𝒑 𝑻𝟏 − 𝑻𝟐

ሶ𝑾𝒂

ሶ𝒎
= 𝟓𝟎𝟏. 𝟒𝟖𝟐𝟓

𝒌𝑱

𝒌𝒈

ሶ𝑊𝑎

ሶ𝑚
= 1.131

𝑘𝐽

𝑘𝑔𝐾
1175 − 731.7985

Interpolating with k=1.34:



𝑘 =
𝑐𝑝

𝑐𝑣
=

𝑐𝑝

𝑐𝑝 − 𝑅
𝑐𝑝 = 𝑅

𝑘

𝑘 − 1 𝑐𝑝 = 0.287
𝑘𝐽

𝑘𝑔𝐾

1.34

1.34 − 1

𝑐𝑝 = 1.1311
𝑘𝐽

𝑘𝑔𝐾

Alternative way to find cp (ideal gases):



HOMEWORK: The rate of entropy generation [kJ/kg.K] is:

𝑑𝑠

𝑑𝑡
= ሶ𝑚(𝑠1−𝑠2) +

ሶ𝑄

𝑇0
+ ሶ𝜎

ሶ𝜎

ሶ𝑚
= 𝜎 = 𝑠2 − 𝑠1 =

= 𝑠2
0 − 𝑠1

0 − 𝑅 ln
𝑃2
𝑃1

= 𝑐𝑝 ln
𝑇2
𝑇1
− 𝑅 ln

𝑃2
𝑃1



Method 2: Ideal gas tables

𝑷𝟐

𝑷𝟏
=
𝑷𝒓(𝟐𝒔)

𝑷𝒓(𝟏)

We can calculate 𝑃𝑟(2𝑠) with pressures and T1 :

1

8
=

𝑃𝑟(2𝑠)

218.45

𝑷𝒓(𝟐𝒔) = 27.3062



Finding the air conditions that results in 𝑃𝑟(2𝑠) = 27.3062 :

Interpolating we have:

𝑷𝒓(𝟐𝒔) = 27.3062 𝑻𝟐𝒔 = 690.1073 𝐾

𝒉𝟐𝒔 = 702.6353 𝑘𝐽/𝑘𝑔

Therefore, the isentropic work is:

ሶ𝑾𝒔 = ሶ𝑚 ℎ1 − ℎ2𝑠

ሶ𝑾𝒔

ሶ𝒎
= 1248.485 − 702.6353

ሶ𝑾𝒔

ሶ𝒎
= 𝒘𝒔 = 545.8497 𝑘𝐽/𝑘𝑔The actual work is:

𝜼𝒔 =
𝒘𝑎

𝒘𝒔

→ 𝒘𝑎 = 0.92 × 545.8497 𝑘𝐽/𝑘𝑔

𝒘𝑎 = 𝟓𝟎𝟐. 𝟏𝟖𝟏𝟕 𝒌𝑱/𝒌𝒈



The actual enthalpy at state 2: ሶ𝑊𝑎 = ሶ𝑚 ℎ1 − ℎ2 ℎ2 = ℎ1 −
ሶ𝑊𝑎

ሶ𝑚

ℎ2 = 1248.485 − 502.1817

ℎ2 = 746.3033 𝑘𝐽/𝑘𝑔

Finding the air conditions that results in ℎ2 = 746.302𝑘𝐽/𝑘𝑔

Interpolating we have:

𝑻𝟐 = 𝟕𝟑𝟎. 𝟔𝟑𝟏𝟓 𝑲



HOMEWORK: The rate of entropy generation [kJ/kg.K] is:

𝑑𝑠

𝑑𝑡
= ሶ𝑚(𝑠1−𝑠2) +

ሶ𝑄

𝑇0
+ ሶ𝜎

ሶ𝜎

ሶ𝑚
= 𝜎 = 𝑠2 − 𝑠1 =

= 𝑠2
0 − 𝑠1

0 − 𝑅 ln
𝑃2
𝑃1

= 𝑐𝑝 ln
𝑇2
𝑇1
− 𝑅 ln

𝑃2
𝑃1




