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Hora Lunes Martes
7AM - 8AM Clases
8AM - 9AM Clases
9AM - 10AM Clases

10AM - 11AM Clases
11AM - 12PM
12PM - 1PM
1PM - 2PM
2PM - 3PM
3PM - 4PM Clases
4PM - 5PM Clases
5PM - 6PM Clases Clases
6PM - 7PM Clases Clases
7PM - 8PM
9PM - 10PM
RV: Rosario Todas las sesiones seran
Vidal grabadas.
CT: Cristian *Varia segun
Tobias disponibilidad
FR: Franklin
Rosas
JG: Jose

Gamero

Horas de asesoria 2026-1
Miércoles Jueves

Clases
Clases
Clases
Clases
Clases
Clases
Clases

Clases

Clases

Clases

Viernes

Sabado

Hora

7AM-8AM
8AM - 9AM
9AM - 10AM
10AM - 11AM
11AM-12PM
12PM-1PM
1PM - 2PM
2PM - 3PM
3PM - 4PM
4PM - 5PM
5PM - 6PM
6PM - 7PM
7PM - 8PM

8PM - 9PM

9PM - 10PM


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 Termodinamica:

https://chat.whatsapp.com/lu3b3wnWFuY2Zvamn89NNa



https://chat.whatsapp.com/Iu3b3wnWFuY2Zvamn89NNa

Thermodynamics _ Evaluation

COMPONENTE %
4A— EXAMEN PARCIAL 20 EXAMENES FECHAS
¢ 7¢ 4—| EXAMEN FINAL 30 EXAMEN
PARCIAL (MAYO 11)
c — >0 EXAMEN FINAL (JULIO 6)
APROBACION: 11/20

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



Thermodynamics _ Evaluation

COMPONENTE %
EXAMEN PARCIAL 20
EXAMEN FINAL 30
C 50
APROBACION: 11/20

p—
. -5 % corresponde a tareas virtuales ..Son de correccion automéatica
EVALUACION CONTINUA (C)
: -10 % corresponde a tareas individulales (ejercicios que los alumnos hacen y suben a la
3 plataforma gradescope) .... .. Ver rubrica

La evaluaciéon continua vale

un 50% de la nota final -17 % corresponde a una tarea grupal (proyecto).....Ver rabrica

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




Thermodynamics _ 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 solucion
COMPONENTE A) SEMANA 4 TAREA INDIVIDUAL 1 + EVALUACION AULA1 EVALUACION AULA: SEMANAS 1-2
PARCIAL 20 SEMANA 5 TAREA VIRTUAL+ EVALUACION _AULA2 EVALUACION AULA: SEMANAS 1-3
FINAL 30 SEMANA 6 TAREA VIRTUAL+TAREA INDIVIDUAL 2
c 50 SEMANA 7 TAREA VIRTUAL+ EVALUACION AULA3 EVALUACION AULA: SEMANAS 1-6
APROBACION: 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_ AULAG6
SEMANA 14 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

sabado media noche. La tarea virtual se presenta hasta un maximo de 3 veces.
EVALUACION__AULA: es un quiz de 20 min aprox. en aula.




Thermodynamics _ Evaluation

25 %
*3 actividades en aula—> 9%

EVALUACION CONTINUA (C)/l/
COMPONENT 25 %
% / i

E 3 actividades en aula=> 9%

C 50 2 tareas individuales—> 5 % 2 tareas individuales—> 5 %

*% tareas virtuales - 2.5%
*2da entrega tarea grupal > 8.5 %

¥ tareas virtuales - 2.5 %
*1ra entrega tarea grupal - 8.5 %

Ce SUBWVI al EDv £wn QoS

o Lo g€ Y 25% c/v




Thermodynamics _ Evaluation

Tarea grupal (proyecto).....
La actividad consta del analisis de una sistema, dicho analisis puede
requerir elementos de programacion.

Fechas de entrega del laboratorio:

coevaluacion - 16/06/2026 a las 11:59pm (martes de la semana 13)

Link con toda la informacion de la tarea grupal :

https://docs.google.com/spreadsheets/d/1DMrZjoEaRIHfZPbrFa5q84ha0OEIWJQS1zmyL
anvjGcw/edit?gid=0#gid=0



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/1iLMFoTAZiUBYuD8fGZFWA4dOpFO-
UBt8f/edit?gid=85594443#gid=85594443



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

Session 9-10: Describe the concepts of energy, heat
and work and relate them to the principle of
conservation of energy (first law of thermodynamics).

& TECNOLOGIA



Thermodynamics is built on 3 empirical laws

Ot Law = Defines Temperature (T)
1st Law = Defines Energy (E,U)

2"d | aw = Defines Entropy (S)
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ENERGY

A macroscopic amount of mass can possess energy in the form of internal energy inherent in its
internal structure, Kinetic _energy in its motion, and potential energy associated with
external forces acting on the mass (g).

'E = Internal + Kinetic + Potential =+ KE + PE

\e:E/m :u—l—ke—l—pel/sz—I—gz
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Mass control

Work-Heat- First Law
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Energy Accounting: Energy Balance for Closed Systems

change in the amount net amount of energy net amount of energy
of energy contained transferred in across transferred out across
within a system = | the system boundary by | — | the system boundary
during some time heat transfer during by work during the
interval the time interval time interval

k1u Sabemoy  calolar DU paru sustancins €2buld das Y PR guieS (deales,
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HOW CAN A SYSTEM EXCHANGE ITS ENERGY?

* Energy can cross the boundary of a system in two distinct forms: zeat and work

a) Heat

Heat is defined as the form of energy that is transferred between two systems (or a system and its
surroundings) by virtue of a temperature difference:

UTEC ‘
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& TECNOLOGIA




HOW CAN A SYSTEM EXCHANGE ITS ENERGY?

a) Heat oo
/9 N"VK
Heat is energy in transition. It is recognized only as it crosses the boundary of a system:
2kl
t::;‘g‘;l Insulation
SURROUNDING f HEAT
AR " 0=0
- ; | heat \ ADIABATIC
4 BAKED POTATO ”/ )
I System 2kJ =/
v boundary [thermal s
X > energy | | 2
N o _,»_—"’

= During an adiabatic process, a systei]

exchanges no heat with its surroundings

Q (kI/s) or (kw)

5}

Q= | Qdt () g = (KJ/kg)

f . UTEC ‘
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DEFINITION: b) Work --is done by a system (on its surroundings) if the sole effect on
everything external to the system could have been the raising of a weight

Y

Pared del

cilindro \

A Posicién 1nicial
del pistén

@tsoldovieri

bar - m” = 100 kJ




DEFINITION: Work -- is done by a system (on its surroundings) if the sole effect on everything
external to the system could have been the raising of a weight

Sistema B




WORK

HEAT

Work, Heat, and the First Law

Work (w) is not a function of state.
For a cyclic process, it is possible for §6W #0

w

Heat(Q), likew, is a function of path. Not a state function

System: air inside




The Moving Boundary Work ( PV -Work)

2
In determining the integral: W = fl PdV

o Rewrte Live?l
* If the process is reversible or quasiestatic the Lﬁ;ii
relation Py -V is easy to obtain for simple process: f‘%;”/@m
[qV] v S'e‘ wé&
j\(\'\‘c‘ﬁmﬂ}o eaw_,;}ﬂﬁ)’ﬂ“‘k (o F )
W = pgv
o
i ¥ G 1: @  The area underthe processcurve (2 rapezoid)is determinedtobe:
: Wia = (Pa+P2)(Va-V2)/2=175kJ
r‘_\ e de
2 =~ 133,6°C
1 ’/ R 99,6°C
I v s |
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Which of the following equations FOR WORK can be used for any

substance, ideal gas or not? pV = cte
v Vi = PRV=cC
2 2
=1 V2
W,= | PdV= | CV'dV=PVIn| —
1 1 Vi

For an ideal gas (PV = mR/MT)

_ AS IDEP(L
L%

C.) CAs IbEAL

* RESORTE |iweAl
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Work, Heat, and the First Law_ Closed system

Let's assume AV =0

ra Qc ) 3
( -
+) s
' w(+)
—_
W )
Thomas Newcomen Q lW . &

UNIVERSIDAD DE INGENIERIA i i
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First law of thermodynamics _Closed system_ Multiple inputs
What happens if we have several inputs of heat and work?

(Qin o Qout) + (VVI o out) = AEsystem] or Q”ET_ WEF AE

J

It is not necessary to assume the convention of signs in the solution,
instead know if it is in or out:

Assume the convention of signs in the solution

Specifying the directions
of heat and work.

* Both need to know the directionality of the W and Q to know if it is in or out or positive or negative.

UTEC ‘

UNIVERSIDAD DE INGENIERIA
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EXAMPLE 6.2

10 kilograms of Refrigerant 22 contained in a piston—cylinder assembly undergoes a slow
process for which the pressure-specific volume relationship is Pv™ = constant. The initial
and final states of the refrigerant are fixed by P; = 400 kPa, T; = —5°C, and P, =
2000 kPa, T, = 70°C, respectively. Determine the work and heat transfer for the process,

each in kJ.
AU = W\LUL—U{.i): a— W

R-22
400kPa R-22
2000kPa

-5°C
70°C




State 1

State 2

TABLE A-9

(Continued)
oc m}}r kg
P

(Tt = —6.56°C)
Sat. 0.05812 | 224.24 | 247.48 0.9370
—10

I —5 0.05860 225.16' 248.60 | 0.94M

(Continued)

T ] u h 1
T omy Kikg Kikg  Kijkg K
p=12000ar = 200 MPa

(T, = 5L26°0)

sat.  Q.0MI 0.8586
D.8aT3
| 7O 0.01300 09167
. 09436
B0 0.0W57 0.96E9

P; = 4bar

P, = 20bar
T, =70°C

P‘

20bar

4bar

v; = 0.05860 m3/kg
uy = 225.16 kJ /kg

v, = 0.01300 m3/kg
u, = 255.35 kJ /kg

Atomic or Molecular Weights and Critical Properties of Selected
Elements and Compounds

0.01300

Chemical M . P 7, =P
Substance Formula (kg/kmol) (K) (bar) ¢ RT,
I Refrigerant 22 CHCIF, 86.48 369 49.8 0.267
roave t273 = 3U3 £ 364 /
i
i 1==5C
|
i
1
1
1
1
1
! »
0.05860 g 3
v (m*/kg) UTEC
UNIVERSIDAD DE INGENIERIA
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Calculating “n”

P1V11:P277§l

P, (v,\" 4 [0.01300\" L0688
— = | — > — = —— g = 1.
P, \v,) 20" \0o0s860) ~"

The work is: 2 2 Vot gt py — Py B
szdeV=[CV‘”dV=C 2 L _Rn T A% (k) V=vm
1 I —ntl I =n Ten kilograms

2000xX0.01300%x10—400x%x0.05860*10 Work is negative
W = = —372.093 kJ 9

1-1.0688 because itis a

compression

First law for closed systems (neglecting potential and kinetic energy):

AU — A-W

m(uy —uy) = Q — W > 10 x (255.35 — 225.16) = Q — (—372.093)

The heat is negative

= —-70.193 k because it is outgoing.
¢ / EC T

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




cAa~ino L
X0 />\): NV —
e —

/’Néw o 2
R . S ce
AV= Q- W, W;i {Faiiy e

Ve AP e D

%—J—r
PLLUe —Ur) = Raz - Waq -
O = Pt +Wn/v AV= Wi VV/WL + 8w Qoo
A\}f— \N\Vl— on
Qn:m{uteqq)eB?Z-O? QOO)(” \N\v\-’B\}
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In this case the values are always positive because the
orientation is given by the word “in” or “out”

UTEC ‘
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cotdo eh‘v7 Uitmds el Comamn 2. Y no e el & (o W) e oS0k, predo plocte™ b EC

Cer &me‘wcow"ﬂ’?

ANO = W\n_yu-\‘ AFQW\-- Q oot
QMET'

I dov't know 1€ 108
CPH"C"’”"“] oY ﬂo{

AV \Win X et
Qw{i‘(: ML\L'L"\MW#\NW\ \n+ oduced U‘”&L‘OU%
/7 '

4 (W v
Qe = mml,vq..%}l-ov\ AN )
ver = =F0.14 KT

We knew that it was a single Q, as it was not specified if the heat was in or out, the Qg7 sign tells us if it is in or out, in this

case it indicates that it is out. UTEC
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Que pasa si en ejercicio anterior, asumo que
conozco calor(Q,, =79.19 kJ, Q,, = 0), y que
Au = 301.9kJ si calculo un trabajo neto? Con
gue signo saldria?

ANO = QL —CQuk  FWin —Wort

—_—~—

\NNE‘TO

& TECNOLOGIA



EXAMPLE /71 71

A cylinder-piston j@nbly contains 2 kg of water. The linear spring is compressed in the initial/position, so
a pressure of 300kPa in the fluid is necessary to lift it. In the initial state the water is at 100 kPa and
occupies a volume of 0.4,5m3. The heat is transferred until the pressure reaches 5&0 kPa. It is requested:

Vi 3

a) The temperature and internal energy of the system when the pressure is 100kPa [state 1], 300kPa [state
2] and 500kPa [state 3]

b) The P — v diagram of the process [state 1, 2 and 3]
c) The work and the heat transferred during the entire process (Q;_,-3 and W;_,_,3)

4
EXTRA INFORMATION: For a volume of 2 m3 the force exerted by the spring is such that the pressure

in the fluid is 600 kPa. P
G P4 b

? E.1 [T e 7 Na=N2 >V,
o~ \I'\’\’)Vl-

heat E, 3 iva Es 4 JLPAr: 'l




Example 7.1:

The body free diagram for
the piston is:

A K(x — x,) |mg

patm

C— — ]

PA

For the equilibrium:

PA =P, A + K(x — x, )+mg
K(x —x;) mg
P=Funt— 3+

mg Kkx-x;) A

P_Patm+T+ A XA

mg KV -V1)
P=Fum+ - +—z —

m K(V1 K(V
bp, LM KVD KW

A A? A2

P=C, +C,V

Pressure is a linear
function of volume

UTEC ‘
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Solution

Assumptions:

1.The system is the water contained in the cylinder
2. Quasi-equilibrium process
3. States 1, 2 and 3 are in equilibrium

4. The spring is linear

5. Kinetic and potential energy are neglected

127

Pevedd) |[Nm?)
4900 0.5
200 0.5

—p Extv 2

Ingor mat




Solution

State 1: Defined because we know P and v.

0.5
vl=7=0.25m3/kg/?1 = 100 KYH

To define state we should check table of saturated water at 100kPa (saturation temperature
is 99.63° C) and compare the specific volume. Since: vy < v < v, the water is as a liquid-

vapor mixture inside the cylinder.

1 — | Properties of Saturated Water (Liquid-Vapor): Pressure Table
Pressure Conversions: | L JER
4 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
=10 W T I Ui ik K.
Sat. Sat. Sat. Sat. Sat. Sat. Sat Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar °C ve % 10° 0 u u, hy hyg h, 5 5, bar ©
JB¥crorsi PO IOSSUUNOroRUURNOY DEStot SRS SOOTS! NURIOI bt SO e TR =z
0.80 93.50 1.0380 2.087 391.58 | 2498.8 391.66 | 22741 | 2665.8 | 1.2329 | 7.4346 0.80
0.90 | 96.71 1.0410 1.869 405.06 | 2502.6 405.15 | 2265.7 | 2670.9 | 1.2695 | 7.3949 0.90
1.00 99.63 1.0432 1.694 417.36 | 2506.1 417.46 | 2258.0 | 2675.5 | 1.3026 | 7.3594 1.0

v—vr  0.25-1.0432 % 1073

o _ - = 0.1471
Quality: M — v 1.694—1.0432x 102

Internal energy. w=u + x;(ug — us) = 417.36 + 0.147(2506.1 — 417.36) = 724.6137 kJ /kg
UTEC ﬁ

128 UNIVE E INGEMIERIA
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Solution

State 2: Defined because we know P and v.

0.5
vy =V == 0.25 m3/kg/ Y2 = 200 ‘KK’D

To define state we should check table of saturated water at 300kPa (saturation temperature
is 133.6° C) and compare the specific volume. Since: vy < v < v, the water is as a liquid-

vapor mixture inside the cylinder.

TABLE A-3
| Properties of Saturated Water (Liquid-Vapor): Pressure Table
pressure Conversions: P (Lig por)
1 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
= 10° kPa e m?/ kg k) kg kl/ kg kifkg - K
4 sat. sat. sat. sat. sat. sat. sat. sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar oC vr % 107 vy ug g hs heg hg St 5 bar
M al 127 4 1 0e79 Falr LT EI 10 e Y nee e 1 Lar o 'MH I 2712 O 1 207 FaVoda } 2 o
I 3.00 133.6 1.0732 0.6058 561.15 2543.6 561.47 2163.8 | 2725.3 1.6718 | 6.9919 3.00 I

v—v;  0.25-1.0732x 1073

e _ - = 0.4116
Quality: 2y v, T 06058 — 1.0732 X 103

Internal energy: U, = us + x(uy — up) = 561.15 + 0.4116(2543.6 — 561.15) = 1377.1264 kJ /kg
UTEC ﬁ




Solution

State 3: Defined but we need to calculate v;, P; = 500kPa.

Analyzing the linear spring:

<

o0 K0 P(kPa) ,
K=y = 5002002 4.5 500

200

300

1.5 3
V3= = 0.75m>/kg

130



Solution

State 3: Defined because we know P and v.

To define state we should check table of saturated water at 500kPa (saturation temperature
is 151.86° C) and compare the specific volume. Since: v > v, the water is as superheated

vapor
Interpolating:

0 v u
(Continued)
P 500 0.7109 3128.4
..Mk Kikg Wikg kijkg-K 541.9528 0.750 3200.2232

p —ré-ﬂ-hahﬂﬁﬂ-ﬂl— o2
T sl880 . 600 0.8041 3299.6

Sat. | 0.3749 ) 2561.2 | 2748.7 6.8213
180 0.4045 | 2609.7 | 2812.0 6.9656
200 0.4249 | 2642.9 | 2855.4 7.0592

260 0.4646 | 2707.6 | 2939.9 | 7.2307
280 0.5034 | 2771.2 | 3022.9 | 7.3865
320 0.5416 | 2834.7 | 3105.6 | 75308 uz = 3200.22 kJ /kg

360 0.5796 | 2898.7 | 3188.4 7.6660
400 0.6773 | 2963.2 | 3271.9 7.7938
440 0.6548 | 3028.6 | 3356.0 7.9152

500 0.7109 | 3128.4 | 3483.9 | 8.0873
600 0.8041 | 3299.6 | 37017 | 8.3522
700 0.8907 | 34775 | 3925.9 | 8.5952




Solution

4P — vdiagram.

P |(xp3ad

500 -

300
1o0b T




*w, 2

P(kPa)
600

P|txp2x e

05 15 2 Vmd)
L'(:ZOO)( +zo0

: Perpe) , V()

5007 541.95°C

300} -
RLLE &

N3 A5
1oov-+190)5V

Vo l 0.5
1.5

1DOV1A+ZOOV1
0.5

lﬁ’z}oo KT S0 —2 Exg?nsiom UTEC ‘
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Solution

4+w,_,.,3? Geometrically

P |(xpad

500 -

300
4ob T -

"-.._____“_
[Was| \

v
P, + P,
Wi52-3 = Wi +Wy3 = Area = 2 2 > X (173 - 172)
300 + 500
Wioz.3 = ———— x (0.75 - 0.25) = 200K/ /kg

& TECNOLOGIA



Solution

4 First law for calculating heat and work

k
W1—>2—>3 = Wi5253M = ZOOé X Zkg = 4'00k]

Mz_Ui = Qqz 4+ Wag

— -V, = +w
AUl—>3 - Q1—>2—>3 - W1_>2_>3 Us -V R23 23

Us-va = B2y 4+ wazs

Q15253 = m(uz —uq) + Wiy 3

Q173 = 2kg x (3200.2232 — 724.6137)k] /kg + 400k]

135 UNIVERSIDAD DE INGENIERIA
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EXAMPLE 5.3: A piston—cylinder device, whose piston is resting on a set of stops,
initially contains 3 kg of air (ideal gas) at 200 kPa and 26.85 °C (statel). The mass of the
piston is such that a pressure of 400 kPa is required to just move it (state2). Heat is now
transferred to the air until its volume doubles (state 3). Determine the work done by the
air and the total heat transferred to the air during the entire process. Also show the
process on a P/kPa/-V[m?3] diagram. Use the table A-22

R = R/M =8.314/28.97 = 0.287

& TECNOLOGIA



State 1: State 2: State 3:
m =3 kg m=3kg m=3kg
P; =200 kPa P, = 400 kPa P; = P, = 400 kPa
T, = 26.85°C = 300 K V, =V, = 1.2915 m?3 Vs = 2V, = 2.5830 m3
V1 — MmRTy — 3%0.287%300 PV, 400%1.2915 y = % — 400x2.5830
Py 200 2T R 3xoz87 mR 3%0.287
V, = 1.2915 m? T, = 600 K T, = 1200 K
Chemical M
P (kPa) A Substance Formula (kg/kmol)
Acetylene C,H, 26.04
Air (equivalent) - 28.97
Ammonia NH, 17.03
400
D\bU\\W Lag s ﬂ’lI‘C”’"‘a} ( ( (.
200
_V(m®)

Vi< t.2915m”

_-\/z

Vs =25830 = 2V,
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0Dy 2 AUg 3= wm AUy Ue
Energy balance for closed systems, neglecting kinetic and potential energy Uz - 01 +U 3=V = Us-ba = 123 : )

T Wos = Waas
&1’1, + 6{7/3 = 5{113

TABLE A-22

Ideal Gas Properties of Air
T(K), h and u(k)/kg), s° (k]/kg - K)
when As = 0'

h ¢ ‘ I _ Boundary work
- : " : m(uz — ) = Qqy3 @

300.19 214.07 | 1.70203 1.3860 621.2
1277.79 933.33 | 3.17888 | 238.0 14.470

AUjz3 = Q13— Wiy

N

m(uz —uy) = Q3 — P(V3 — V1)

3 % (933.33 — 214.07) = Q,,5 — 400 X (2.5830 — 1.2915)

10,,. =2674.38 k]|

UTEC ‘
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EXAMPLE 6.3
A frictionless piston—cylinder device initially contains air at 200 kPa and 0.2 m3. At this state, a

linear spring (F « x) is touching the piston but exerts no force on it. The air is now slowly heated
to a final state of 0.5 m3 and 800 kPa. Determine (a) the total work done by the air and (b) the
heat transferred during the process. Also, show the process on a P-v diagram. Assume constant c,

at 300K.

& TECNOLOGIA



State 1: State 2:

P, = 200 kPa P, = 800 kPa
Vl =0.2 m3 Vz = 05 m3
P A
(kPa) For a quasistatic process:
800 =2 Py + P,
7| W = > x (Vy = V1)
200 + 800
W = — x (0.5 —-0.2)
200
W = 150 kJ

V(m:3)

UNIVERSIDAD DE INGEMIERTA
& TECNOLOG
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First law for closed systems, neglecting potential and kinetic energy:

Uy—Uy=Q—W
Ideal Gas Specific Heats of Sor
c, ‘ c, [ k
me,(T, =) = Q — W
200 L IFaTalks] 0715 1.401
300 1.005 0.718 1.400 _ _ _
350 Toos | o722 1398 CU (mTZ mTl) - Q W o
400 | 1.013 | 0.726 | 1.395 FV = N&T
450 1.020 | 0.733 1.391 - —_—
500 | 1.029 | 0.742 | 1.387 PV m BT =W el
P,V, PV =
2V2 11y Q w TV
v\ p T T p |~ - = oY
kR =

800 x 0.5 200x0.2
0.718 x —

0.287 0.287 ) =010

Q = 1050.6272 k]




EXAMPLE 1.2: A closed rigid tank contains a two-phase liquid-vapor mixture of Refrigerant 22 initially
at —20°C with a quality of 50.36%. Energy transfer by heat into the tank occurs until the refrigerant is at
a final pressure of 6 bar. Determine the amount of energy transfer by heat, in kJ per kg of refrigerant.

STATE 1: LV MIXTURE

Properties of Saturated Refrigerant 22 (Liquid-Vapor): Temperature Table

Pressure Conversions:
1 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
=10 kPa [ m*/kg k)/ kg k]/ kg kl/ kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
°C bar ve % 10° vy ug uy he he, hy S¢ Sy °C
—-20 ‘ 2.4534 ‘ 0.7427 0.0926 21.99 219.37 22.17 219.91 242.09 0.0908 | 0.9595 —20

T, = —20°C, x; = 50.36%
vy = vpy + 21 (Vg1 — vp1) = 0.7427 x 1073 4 0.5036(0.0926 — 0.7427 x 1073) = 0.047
Uy = Upy + x1(ug1 — up1) = 21.99 + 0.5036(219.37 — 21.99) = 121.3906 k/ /kg



EXAMPLE 1.2: A closed rigid tank contains a two-phase liquid—vapor mixture of Refrigerant 22 initially at
—20°C with a quality of 50.36%. Energy transfer by heat into the tank occurs until the refrigerant is at a
final pressure of 6 bar. Determine the amount of energy transfer by heat, in kJ per kg of refrigerant.

STATE 2: SUPERHEATED VAPOR

TABLE A-9
(Continued)
T v u h s v u h s
°C m’/Kkg kl/kg  Kk/kg  kl/kg-K m/ kg K|/ kg k)/kg kl/ kg - K

p = 5.5 bar = 0.55 MPa
(Tear = 3.08°C)

Sat. 0.04271 | 227.53 | 251.02 0.9226
5 0.04317 | 228.72 | 252.46 0.9278
10 0.04433 | 231.81 | 256.20 0.941
15  0.04547 | 234.89 | 259.90 0.9540
20 0.04658 | 237.95 | 263.57 0.9667
25  0.04768 | 241.01 | 267.23 0.9790
30 0.04875 | 244.07 | 270.88 0.9912

35 0.04982 | 24713 | 274.53 1.0031
40| 0.05086 | 250.20 | 278.17 1.0148

p = 6.0 bar = 0.60 MPa
(Tear = 5.85°0)

0.03923 | 228.44 | 251.98 | 0.9186

0.04015 | 231.05 | 255.14 0.9299
0.04122 | 234.18 | 258.91 0.9431
0.04227 | 237.29 | 262.65 | 0.9560
0.04330 | 240.39 | 266.37 | 0.9685
0.04431 | 243.49 | 270.07 | 0.9808

0.04530 | 246.58 | 273.76 | 0.9929
0.04628 ([249.68 [ 277.45 1.0048

451 0.05190 | 253.27 | 281.82 1.0264 0.04724 [1252.78 | 281.13 1.0164

P, = 6bar, v, = v; = 0.047 m3/kg, interpolating to find temperature and internal energy

T, = 43.75 °C

u, = 252.005 kJ/kg



Applying the first law for closed systems:
AU=Q—-W
U,—U; =Q—-W

Per kilogram
U —Ug =4¢q

The work is zero because there is

252.005-121.3906 =q—0 no shaft work, and the recipient

is a rigid tank (no volume change)

g = 130.6144 kJ /kg



HOMEWORK: T(°C)-v(m3/kg) DIAGRAM, ALSO DRAW THE ISOBARS (kPa)
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EXAMPLE 4.2: A closed system of mass 10 %?Jndergoes a process during W?(h)therezis
energy transfer by work from the sysfem of 14.7 kJ/kg, an elevation decrease of and an LTI
increase in velocity from 15 m/s to 30 m/s. The specific internal energy decreases by 5 kJ/kg
and the acceleration of gravity is constant at 9.8 m/s2. Determine the heat transfer for the
process, in KkJ. AE = @-W Bo= g §E)
Autatet+ Aty = R-\W Du=g-w <€)
m@(—lz'%:")

L2
v, - = m
dmly, V1) maL=m g +mw k7]

__________

! I
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X !
! system |

I
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EXAMPLE 4.2: A closed system of mass 10 kg undergoes a process during which there is
energy transfer by work from the system of 14.7 kJ/kg, an elevation decrease of 50 m, and an
increase in velocity from 15 m/s to 30 m/s. The specific internal energy decreases by 5 kJ/kg
and the acceleration of gravity is constant at 9.8 m/s2. Determine the heat transfer for the
process, in KkJ.

First law for closed systems: ( 1 kI/kg )
E,—E, =Q-W 1000 m?/s?

Atk At ARV
(KE; —KEy) + (PE; —PE)) + (U, —U) =Q—-W

1
Em(vzz —vP)+mg(z; —z) +muy —uy)) =Q —W

1
7% 10 % (302 = 15)/1000 + 10 X 9.8 X (=50)/1000 + 10 X (=5) = @ — 10 x 14.7

0 =95.475k] |







