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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 Usenlos para aprender de forma honesta (se puede inferir).
engan grupos de estudio y apoyense 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 minimo.

En la ppt de la semana 1 estan todos los links claves para el curso.
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Thermodynamics _ Evaluation

COMPONENTE %
EXAMEN PARCIAL 20
EXAMEN FINAL 30
C o0

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

APROBACION: 11/20

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

EXAMEN FINAL: Todos los temas vistos hasta la semana 15

& TECNOLOGIA



ermodynamics _ Evaluation

SEMANA 1 TAREA VIRTUAL SE CALIFICA AUTOMATICO NO NECESITA PROCEDIMIENTO
SEMANA 2 TAREA VIRTUAL
SEMANA 3 TAREA VIRTUAL

TAREA INDIVIDUAL: Esta parte incluye subir un archivo con la

o solucién
COMPONENTE A’ SEMANA 4 TAREA INDIVIDUAL 1 + EVALUACION AULA1 EVALUACION AULA: SEMANAS 1-2

RCIAL 20 SEMANA 5 TAREA VIRTUAL+ EVALUACION AULA2 EVALUACION AULA: SEMANAS 1-3
INAL 30 SEMANA 6 TAREA VIRTUAL+TAREA INDIVIDUAL 2
C 50 SEMANA 7 TAREA VIRTUAL+ EVALUACION AULA3 EVALUACION AULA: SEMANAS 1-6
OBACION: 11/20 SEMANA 8 PARCIAL
EVALUACION_AULA4+TAREA INDIVIDUAL 3 +Tarea grupal 1
SEMANA 9 EVALUACION AULA: SEMANAS 1-8
SEMANA 10 TAREA VIRTUAL
SEMANA 11 TAREA VIRTUAL
SEMANA 12 TAREA VIRTUAL+ EVALUACION AULAS EVALUACION AULA: SEMANAS 1-11
TAREA VIRTUAL+TAREA INDIVIDUAL 4 + Tarea grupal 2
SEMANA 13
EVALUACION_ AULAG
SEMANA 14 EVALUACION AULA : SEMANAS 1-13
SEMANA 15
SEMANA 16 FINAL

TAREAS VIRTUALES O LOS GRADESCOPE (TAREA INDIVIDAL) se abren lunes 2pm y se cierran
do media noche. La tarea virtual se presenta hasta un maximo de 3 veces.
LUACION_ AULA: es un quiz de 20 min aprox. en aula. UTEC
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Aspects of the Second Law

1. The first law places no restriction on the direction of a process, but Process Istlaw  2nd law

satisfying the first law does not ensure that the process can actually -
occur. This is remedied by introducing another general principle, the = Tf -

second law of thermodynamics.

Boton de reproduccion (k)
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Aspects of the Second Law —
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2. Predicting the direction of processes [possible or not...]. @ gﬁ W @ (W
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3. Determining the best theoretical performance of cycles, engines, and other devices [COP or 7, |.
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Aspects of the Second Law

3. Determining the best theoretical performance of cycles, engines, and other devices [COP or 7, |.

M- 1l cof = I3 N
L1~
ol Limifey pueshs por @mnst; > Foima wmos counita ting P
la 22« L,
Q=1-TL ) cop= 1= |

4. Evaluating quantitatively the factors that preclude the attainment of the best theoretical
performance level [Friction, finite difference of T ...]
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Aspects of the Second Law

5. The second law also affirms that energy has quality as well as quantity (If we analyze a heat
engine, the higher T, is, the bigger the percentage of Q, that can be converted into W, that is,
there will be less entropy generated, so a Q, that comes out of a source at a higher T, has more
guality




What is the difference between these 3 arrangements?
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CARNOT _ldeal gas (W,,, )
— A
\"AII paths are r'ever‘sible:\ ;\A” paths are r'eversible;
P a : Q,Z:m /ﬂ P4 : o
isotherm (T1) - isotherm (77) ,
] V.V W
adiabat adiabat - odmbo’r adiobat 4=
\_/_\P\NNﬁT- |
isothern (7o) 3 isotherm (72) 3 R
J i v

& TECNOLOGIA



THE CARNOT CYCLE AS HEAT ENGINE....MASS CONTROL

\j’A |l

paths are reversible

P a

G
O

isotherm (77)

adicbat adiabat 1':7 W




Carnot cycle for an ideal gas | _conTROL MASS_ 1mol

M: Q-w F\l:%,@:/,c*""sd' y
. 4 —
152 AU=0; qi= WI_LZ}L;VV—EEIH(%} 354 AU=0; = wezfspdV:REIn[Fz
2— 3 QA:UO:'({:VV’V;C (T, -T,) 1 4-1 =0, -w, =6 (T,-T;)
- 1 v’z 1 , . - y »
L. Rev. adiabat = {%}_[% ] ____,Rev. adigbat = [?:_}:[V:J
o ANAA
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1 THE REVERSE CARNOT CYCLE_CONTRIBUTION

Efficiency of a Heat Engine:

gl e

COP of a refrigerator:

COP of a heat pump:

; Tyl
COPldeal —
i Tyl — T,
; Tyl
COPldeal —
HP Tyl — |Ty|

Qraf ﬂbmgj T Tgs\bi
Weeol = Voleul > e

ID/ ij(b(l..
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EXERCISE 7.2
A system consisting of a power cycle and a heat pump cycle, each operating between hot and cold reservoirs

whose temperature are 500 K and 300 K, respectively. All energy transfers are positive in the directions of the
arrows. The accompanying table provides two sets of steady-state data, in kW. For each set of data, determine
if the system is operating in accord with the first and second laws of thermodynamics..

Power cycle Heat pump cycle i _
. . . y N - § = Qe
’QH’ ’QC} /chc]e/ \Q HJ _"Q_CI_ 'Wc:}'cle, \
Neal vs Q.lual —> (a) {60 40 20 80 60 2/[]\)___)_ Yo p veal Vb P> 1S
(b) 120 80 40 100 80 20
Hot reservoir, Tiy= 500 K

Oy Q'

e -

chclﬂ

Power cycle -] Heat pump

UTEQ*
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In order to satisfy the first and the second law, the three cycles (power cycle, heat pump and the
overall system) must meet the energy balance and must have less efficiency than a Carnot cycle

operating between 500K and 300K.

a) Power cycle

First law [QpJ = le + |chcze
60 =40 + 20
60 = 60 Correct
300

C
Second law Ncarnot = 1 — E =1- T00 0.4

chcle 20
Ng = o =20 " 0.33 < Ncarnot Correct




a) Heat pump cycle First law Qn = Q¢ + Wc'ycze

80 =60 + 20
80 = 80 Correct
S 4] g Ty 500 2t
econd law = = = 4.
Carnot = _ T, 500 — 300
Q;, 80
Ba == / — 20 =4 > Bcarnot Incorrect
cycle

a) Overall cycle can be evaluated as a heat pump

Ty
20=20+0

20 = 20 Correct

Second law Qi net 20

Ba,net = = = 0 = 00 > Bearnot INcCorrect
chcle,net

COLD RESERVOIR
Te




b) Power cycle

First law QH = QC + chcle
120 = 80 + 40
120 =120 Correct
T; 300
Second law Nearnot = 1 — E =1- T00 0.4
chcle 40
Mp = o =120~ 0.33 < Ncarnot Correct

UNIVERSIDAD DE INGENIE
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b) Heat pump cycle First law Qn = Q¢ + Wc'ycze

100 = 80 + 20
100 = 100 Correct
S 4] Ty 500 _ o
econdlaw  Bearnot = 7 = 500 =300~ &
Qy 100
Br = —; = 20 =5 > Bcarnot Incorrect
cycle

b) Overall cycle can be evaluated as a heat engine

Ty
20=0+ 20

20 =20 Correct
Second law Weyctenet 20
Nbnet = = 20 =1 > N¢carnot Incorrect
QH,net

COLD RESERVOIR
Te




Carnot cycle for an ideal gas
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Carnot cycle for an ideal gas | conTROL MASS_ 1mol

= - ’f"' oA
o 2 FL%(:[S 3—4 AU=0; q= w :qudl/:ETln 4
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AV = E-w! 1

23 a=0 -W-G(%-T) 4-1  a=0-w=G(T-T)

r-1
_|—» Rev. adiabat = [%J:[ﬁj

4

T1n(V2/V1) = -T1In(VINV2)
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Entropy — State function

Ttk el s1stema, como
Los al vedgres)vwelben
a SV 3”‘36110 oriopnd Lo

AR RS (CRIC)

ycles C
demonstrating that 2 1
entropy is a property 1 8 Q — 0 — 0 Q + 5 Q
of a substance. v T o o ] T 5 T 3
C




1. THE CARNOT CYCLE Heat Engine with LV substance

HOT RESERVOIR
Ty

COLD RESERVOIR
)




T-s diagram for the Carnot cycle

All paths are reversible q—” T
p ;‘; 2»‘”

7/ o
////: < “Vncll arca 4-1-2-3-4

a b S Oy area 4-1-b-a-4




THE CARNOT CYCLE AS HEAT ENGINE....MASS CONTROL

Mathematical statement:

m A :&Neﬁv—wm
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The Inequality of Clausius

<~ o 1rreversibilities present within the system

impossible
” UTEC P&

§ 5Q < O — O no 1rreversibilities present within the system ¢ revreibl<)
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Clausius Inequality...Cycles....T, ;. qary -+ Control Mass

Searching by application in processes in addition to cycles!!

S — O no wrreversibilities present within the system ¢ revwerciet)
f ( Q) =0 <~ o 1rreversibilities present within the system
I b 5 0 1mpossible

The Clausius ineguality can be expressed equivalently as

60
H:2) -

In summary, the nature of a cycle executed by a system is indicated by the value for o« as follows:

Teyele = 0 no irreversibilities present within the system ¢ ceversibie)

Teyele > 0 irreversibilities present within the system

Teyele < 0 impossible
UTEC



Clausius Inequality...Cycles....T, ;. qary -+ Control Mass

Searching by application in processes in addition to cycles!!

’ | T S-8&- ( L 2 %)‘t/ j{ (%)b = e (5)

rev

Fig. 6.1 Two internally reversible cycles.

AS=5,-8, =04 kI/K

Irreversible
process "

PARA EL CICLO \ """ I

[

1 :

| Reversible
| process

"2 1 03 07 S WK
J (6_) + J (&)I = —g FIGURE 7-3
1 T b 2 T rgr The entropy change between two specified states is the
same whether the process is reversible or_irreversible.
2 g 4 (S — )= — M
A\ T/, (51— 5) = ~@ But o depends of each irreversible path, therefore this is not a property.

UTEC *
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Closed system entropy balance

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

net amount of
entropy fransferred in
= across the system +
boundary during the
time interval

change in the amount of
entropy contained

within the system during
some time interval

amount of entropy
produced within the
system during the time
interval

N

2 5Q
l(ﬂﬁ ’

entropy
change

entropy
transfer

entropy
productior

UTEQ*
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Closed system entropy balance

2
60
L (T)b *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)

entropy
transfer

o

The term is positive when internal irreversibilities are present during the process and vanishes
entropy when no internal irreversibilities are present. This can be described by saying that entropy is
production ~Produced (or generated) within the system by the action of irreversibilities.




« In an adiabatic internally reversible process, entropy remains constant. A constant-entropy process is called an
isentropic process.

T
Ty
2 > 1
SR B G
W - 2
oL T,

TL

(a)

» Another special case is the reversible-isothermal process, we will see some examples (Q = TAS)

sl 2 o el i

T

(Lg

aL
TL




) -
Closed system entropy balance S Seor?, omis

change transfer productior

The second law requires that entropy production be positive, or zero, in value:

~ ( Irreversibilities present within the system

o no irreversibilities present within the system
< 0 Impossible. This cannot happen.

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

f
may be positive, negative, or zero: w ks < %
( - - E—Entropy Change of an Incompressible Substance /
> () Like other properties, entropy change for a
_ ! =0 process betweep two specified states can be e
@ @ determined without knowledge of the le_c’—_e_[ﬁ&“_f_c’_ﬂef”—(L
<0 details of the process.
* Entropy Change of an Ideal Gas /







Exercise 1: Five kilograms of ammonia in a piston cylinder at 30°C and 1000 kPa expands in a

[reversibld isothermal process to 200 kPa. Find the work [k]J] and heat transfer [K]] for this process.
Also make the P[bar]-v[m3/kg| diagram (W) and the T[°C]-s[k]/kg.K] diagram (Q)

>Q\\ — ASeTER MAC

\'4 vV

Solucion: T 7

Definimos el sistema:

La masa contenida en el cilindro — émbolo permanece constante

Balance de primera ley: Buscando en tablas, determinamos los estados y las
’/ / propiedades necesarias:

m(].l2 —111) - le— \le

Estado 1(30°C and 1000 kPa ): Vapor sobrecalentado
u,= 1346.82 k] /kg

s;= 5.0816 kJ/kg.K

Estado 2 (30°C and 200 kPa ): : Vapor sobrecalentado
u,= 1386.56 k] /kg
s,=-6.0014 kJ/kg.K
v 4

& TECNOLOGIA



/gia’” kpt

"m'"ji':;:'6"EEF';"E'.;J'E".'F{"""""""" . - o
(T = 21.52°C) V \A.,U"“ = 24.89”(2)1«' 4

..................................... OO V7PN V4 Wit S Sttt PO SO 2

: 0.14239 | 1332.82 | 1460.97 5.0675 0.12852 | 13 1463.18 ET.Y] 12 20b wm -

0.14872 | 1352.36 | 1486.20 | 5.1520 1346.82 ) 1478.88 Ji= 013 ]/:j
40  0.15582 | 1374.21 | 1514.45 5.2436 0.13868 | 1369.52 | 1508.20 5.1768
50 0.16263 | 1395.11 1541.47 5.3286 0.14499 | 1391.07 | 1536.06 £.2644
60 0.16922 | 1415.32 | 1567.61 5.4083 0.15106 1411.79 | 1562.86 5.3460
80 0.18191 1454.39 | 1618.11 5.5555 0.16270 | 1451.60 | 1614.31 5.4960
100 0.19416 | 1492.50 | 1667.24 5.6908 0.17389 | 1490.20 | 1664.10 £.6332
120 0.20612 | 1530.30 | 1715.81 5.8176 0.18478 | 1528.35 | 1713.13 5.7612
140 0.21788 | 1568.20 | 1764.29 5.9379 0.19545 | 1566.51 1761.96 5.8823
160 0.22948 | 1606.46 | 1813.00 6.0530 0.20598 | 1604.97 | 1810.94 5.9981
180 0.24097 | 1645.24 | 1862.12 6.1639 0.21638 | 1643.91 | 1860.29 6.1095
200 0.25237 | 1684.64 | 191177 6.2711 0.22670 | 1683.44 | 1910.14 6.2171

HZ(J” H)K

p = 1.5 bar = 0.15 MPa p= 2.0 bar = 0.20 MPa
(Ter = —25.22°0) (T, = —18.86°C)
Sat. 0.7787 1293.80 | 1410.61 5.6973 0.59460 | 1300.39 | 1419.31 5.5969

—25 07795 | 1294.20 | 141113 | 5.6994
-20 07978 1303.00 | 1422.67 5.7454

—15  0.8158 131175 | 1434.12 5.7902 0.60542 | 1307.43 | 1428.51 5.6328
—10  0.8336 1320.44 | 1445.49 5.8338 0.61926 | 1316.46 | 1440.31 5.6781
-5 0.8514 1329.08 | 1456.79 5.8764 0.63294 | 1325.41 | 1452.00 5.7221
0.8689 1337.68 | 1468.02 5.9179 0.64648 | 1334.29 | 1463.59 5.7649

5 0.8864 1346.25 | 1479.20 5.9585 0.65989 | 1343.11 1475.09 5.8066

10  0.9037 1354.78 | 1490.34 5.9981 0.67320 | 1351.87 | 1486.51 5.8473
15 0.9210 1363.29 | 1501.44 6.0370 0.68640 | 1360.59 | 1497.87 5.8871
20 0.9382 137179 | 1512.51 6.0751 0.69952 | 1369.28 | 1500.18 5.9260

0.9553 1380.28 | 1523.56 6.1125 0.71256 | 137 1520.44 et \72 = 0. 2 5—5-5 VVla
0.9723 1388.76 | 1534.60 6.1492 @ 1531.67 @ )/\j

UTE(;*
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Determinamos la transferencia de calor en el proceso:

(s = mfz -35) ‘/
Q

\, =5kg(303.15K)(6.0014 - 5.0816) k] /kg.K = 1394.1869 K]

Luego despejamos el trabajo del balance de primera ley para determinarlo:

W, = Q,,— m(us —u;) = 1394.1869 k] - 5kg(1386.56 - 1346.82) k/kg =1195.4869 K]
G apeEal

Realizamos los diagramas P-v y T-s para el amoniaco:

A AT !

Tarea - Completar los graficos con las
propiedades respectivas.

& TECNOLOGIA



Evaluating Minimum Theoretical Compression Work L 1ol

Exercise 2: : /> Re? ) =

Refrigerant 134a is compressed adiabatically in a piston—cylinder/assembly from saturated vapor at —26°C

to a final pressure of 800 kPa and 50°C . a) Determine the @ctual)and the minimum theoretical work input
gntropb

required per unit mass of refrigerant (kJ/K g) In_both cases the P, is the same. b) The
production(kJ/kg.K) for the actual process.

ConS|derat.|ons.__ | @—— Us - /&‘@

1. The Refrigerant 134ais a closed system.
2. There is no heat transfer with the surroundings.
3. The initial and final states are equilibrium states. There is no change in kinetic or potential eaergy between these states.

Internal

T
energy Arot
’—Insulation TL decreases <, -S4 < /Vg\ —\';
o | Actual
| |
| : compression K“’Lg?’: gsg 46
I R-134a B E— Internally = T
| : reversible \)1
L } compression M
71- T~ si.,_ 625>/'\-ﬁ' 19
P

s- UTqu
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Evaluating Minimum Theoretical Compression Work
Problem Statement:

Refrigerant 134a is compressed adiabatically in a piston—cylinder assembly from saturated vapor at —26°C to a final
pressure of 800 kPa and 50°C . a) Determine the actual and the minimum theoretical work input required per unit mass of
refrigerant, in kJ/kg, for both cases the P, is the same. b) The entropy production(kJ/kg.K) for the actual process.

~> Wadhw L
A 1 Analysis: An expression for the work can be obtained from an energy balance. By applying assumptions 2 and 3, we get

AU+ AKE® + APE = g° - W = m(dbu)=_W

When written on a unit mass basis, the work input 1s then (_ E) — uy —uy = 161 6L-212.4% = 449.19 K&

m \aj

L) peruirl WoR K

ms. Propertles of Saturated Refrlgerant 1342 (quuld—Vapor) Temperature Table
NI ’ ravaErEararaETearara s rrerensnsren A

4 bar = 0.1 MPa Speclflc Volume Internal Energy Enthalpy Entropy OT Y u h s
- 10" k2 SO L. SO WM. 1. —..lL L S - T
TABLE A-10 Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. a ?To bjr; _:335 MPe
Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp. R ' SR PR R
....................... Gt O A0 N, S N SO AN LSO O SO N, U WO SO N 4o 002691 | 25213 | 273.66 | o
—26 1.0199 0.7265 0.1882 16.75 16.82 214.80 231.62 00699 <0 9390) —26 SL il @ e I

- ~ — 390 — 0.0321 KT __
L)m(éz~54>-— _17"‘0— > S=04¥11— 01 ¥k

UTqu
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Evaluating Minimum Theoretical Compression Work
Problem Statement:

Refrigerant 134a is compressed adiabatically in a piston—cylinder assembly from saturated vapor at —26°C
to a final pressure of 800 kPa and 50°C . Determine the actual and the minimum theoretical work input
required per unit mass of refrigerant, in kJ/kg, for both cases the P, is the same.
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Exercise 3. A system executes a power cycle while receiving 1000 kJ by heat transfer at a
temperature of 500 K and discharging energy by heat transfer at a temperature of 300 K. There
are no other heat transfers. Applying Eq. BELOW, determine o if the thermal efficiency is (a)
100%, (b) 40%, (c) 25%. Identify cases (if any) that are internally reversible or impossible
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For a thermal cycle,

7=1-1% —Qy)= (1 - m)Qu]
Then, Eq. 5.13 reads:
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Ocycle — _f (TQ)b = — [% — %’] — —

[I%I LQH/‘ — _/QH/[ ] = —1000kJ [500K (3105%)]

(@) m = 1 (100%)

Ocyde = —1000kJ [z — 0] = —2kJ/K

Since O.ycle cannot be negative, this case is impossible.




Tpe AL EFFIOENCY CORRNOT) .
1. The maximum thermal efficiency any such cycle can have is:

= [1 — 300K _ 0.4 (40%)

500 K

(b) n = 0.4 (40%)

Teyete = ~1000KJ | ggbye — Gl | = 0

Since O¢cycle = 0, this case corresponds to internally reversible operation.




(© n = 0.25 (25%)

Ocycle — —1000 kJ ﬁ — i%l:l = 0.5 l{J/K

Since Ocvele > 0, this case corresponds to the presence of internal irreversibilities.




Thanks!




