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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
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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 solucién
COMPONENTE % 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
OBACI()N' 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_ AULA6
SEMANA 14 EVALUACION AULA : SEMANAS 1-13
SEMANA 15
SEMANA 16 FINAL

TAREAS VIRTUALES O LOS GRADESCOPE (TAREA INDIVIDAL) se abren
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.

lunes 2pm y se cierran
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What happens when the system is no longer closed, but something
Is flowing in and out of it?

Example : Automobile Engine
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First Law_Energy : Closed Vs Open systems

Energy change in the volume control can occur by:
a) Heat transfer

b) Work

c) Transport of energy due to mass flow

d) All of the above

5{;{:—_:&-’\;\/ ‘i" F'OUA Cmﬂj_wagh




Difference Between Closed and Open Systems

CONTROL SURFACE (CS)
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_ Steady state:

Conditions to analyze an open system: -

_Transient
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First Law_Control Volume @j)
<_>m = densidod kvelocidod % Ared

Thus for incompressible flow or even for compressible flow where p is uniform across 4,

m = pVieAc (kg/s)

avg

= p[%V'gAc' (kg/s)




S7 1. Control Volume First law Steady state
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Tul.)'é Iv“/l
Wt 1 Pt e
dfcv. . ( 1y, ) ( 2 ) ]( 1 kl/kg )
= m, hin‘l‘ _vin+ Zin mg, hou"’ Vou+ Zou — —W
[ dt 2 g t T 5 Vout 8 Lout Ocv. C.V IOOOmz/s

/ _ =
df%/ dt = min o mout (kg/ S) oy palanie 7T

)

In E.E conditions: [d dC Vo — [( ot 2V,2n - gZin)—‘ (hout-l- V+g Zou)}-l_ Ocv.—Wey
{

( | kI/kg )
212
1000 /s ;C*
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ENERGY BALANCE _OPEN SYSTEM

dEcy : 1y/2
eECV — ZIR (mgn (hiﬂ —I_ 2VE‘H

d?ﬁ? mm (hm‘ T IVZ gzm) i mﬂﬂf (hﬂ’ut + Vut + gzﬂuf) T QCV i WCV

)

dE~v s . .
=L = mmhm — mouthout + QCV — WCV




EXAMPLES OF STEADY-STATE PROCESSES _ REFRIGERATOR

Condenser

:\/ Expansion

A Compressor
Y/ \valve

Evaporator

:067 WU (m3/kg)U TEC ‘
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Work-Heat- First Law _ Power plant
Qu=Qin---AND Q = Q. = Q¢

T(C)4

374.15

85.94 0.6bar
IIIIIIIIIIIIIIIII 40 | !
.............. 38 QL
: ']
\N\)/ b :
L 1.0071x104-3 ! 25955
1.0034x10%-3 0.0316 v (m3/kg)

= Condenser =
S

o

n= |(Wr|-|Wp| _ IWNET]
Qx| Qx|
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E...C;.m.t).ti.Q.lp

Fresh Air Exhaust

.youtube.com/watch?v=x8DK4rM6Y90&ab _channel=Pratt%26Whitney g aS S e S

https://www.turbinesinfo.com/gas-turbines/

IIIIIIIIIIIIIIIIIIIIIII
OOOOOOOOOOO


https://www.turbinesinfo.com/gas-turbines/
https://www.youtube.com/watch?v=x8DK4rM6Y90&ab_channel=Pratt%26Whitney

Work-Heat- First Law_ Other devices

\\i/

—» Diffuser —o-

l /
o
'

Throttling

lL//

Turbine

|

Compressor
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https://www.youtube.com/watch?v=zA_19bHxEYg

Example 5.2 (compressor):

Air, modelled as an ideal gas, Is compressed at steady state from 1 bar, 300 K, to 5
bar, 500 K, with 150 kW of power input. Heat transfer occurs at a rate of 20 kW from
the air to the surrounding environment. Neglecting kinetic and potential energy effects,
determine the mass flow rate of the air, in kg/s. USAR TABLA A-22

|

|

|

| |
| .

I Air | 2
| compressor |
| |
| ==
| —
== =
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Selecting the compressor as control volume:

[

Properties of air ' :|

State 1: (Table A-22) _li_ o | 2

P, = 1bar, T; = 300K ] | compressor —H=

by = 300.19 K/ kg | | Properties of air
i " State 2: (Table A-22)
i = P, = 5bar, T, = 500K
== ¥ ch — 20 kW h, =503.02k]/kg

TABLE A-22

Ideal Gas Properties of Air

when As = (! when As =0
T h u 5" Pr Ur T h u 5" Pr U
300 214.07  1.70203 1.3860 621.2 500 [503.02 | 359.49 2.21952 8.41  170.6
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Heat to cooling
jacket

Energy balance for open systems

Steady state

0= Q — W + m[(hin R hout)]

0= Q - W +m(hin — hout)

0 =(—20) — (—150) + m(300.19 — 503.02)

m

~ —202.83

k
— 0.6409 ?‘g

dt —(0)-)+ Z i <hin 4 Z/g +}//2}i> _ Z Mgy <h0ut + 27/tg 4 %)

Compressor
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Example 4.3 (turbine): > Hi0

A small adiabatic turbine, sr@vn In figure below, is operated at part load by throttling
adiabatically a 0.25-kg/s steam supply at B5"MPaland 240°C (state 1) down to BN
Mpd (state2) before it enters the turbine, and the exhaust is at (state3). If the

turbine produces -(WT), find the exhaust temperature(fIi3) and quality (l) If
exist). 1, 2 and 3 are in stationary state. Neglect kinetic and potential energy.

d c v:/n(lm /Ll)/f/(’%

Lt




»g} I * /;/\5%::0710KVV
G4 b - o

T2

_______________

A1 . : c
Energy balance for open systems with considerations

0 &Pi:“ b sy

Tl:: 2.40°C

TABLE A-4

(Continued)

T U u h 5

p = 15.0 bar = 1.5 MPa
(T.: = 198.32°C)

260] 0.1483 | 2676.9 [ 28993 ] 6.6628

W = mu(h, |— hs3)

110 = 0.25 x (2899.3 — h3)

h. = 2459.3 kJ /kg

/- . V; . Vod
_W+2min hin+an+ 2 _zmout hout+Z tg'l' 9
\ J | }
| |
Stream 1 Stream 3
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Defining state 3 with P and h

\nm‘/)

\: /D)o /)
7 =\ y—F
10kPa = 0. 1=k (3) L =Vt

HD(‘{'VY‘C-
24593 k] kg

Ps
hs
)

Properties of Saturated Water (Liquid-Vapor): Pressure Table

Pressure Conversions:

1 bar = 0.1 MPa “mm""Specific Volume Internal Energy Enthalpy Entropy
MTKE oo LA R K/ ke ke - X,
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar ‘ °C ve X 10° Uy us U, b i i) S S, bar
0.10 ‘ 45.81 1.0102 14.674 191.82 | 24379 191.83 | 2392.8 | 2584.7 I’ 0.6493 | 8.1502 0.10
X3 = 0.9476

~ 2584.7 — 191.83

Ty = Ty, = 45.81°C

& TECNOLOGIA



HOMEWORK
T[°C]-v[m3/kg] diagram for the 3 states??

1= 15 lya( S N » BHalance eme 'l:@j'\
T1zz40'C P1=10 b4 4 ha-ha 4 —W
? _? = M-z
v h1 7 - &[—rl' , Zf /4
e ha= ¢ L
Tihe @ =
® . ® V2
3]

f\’q):’\,o KELL: J-4 oo
@ S‘LX,B: 0-94%

1, =458 'C

VA :\7F 43 C\'?/j ’\3;) 4
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Example 5.3 (compressor):

A factory generates compressed air (ideal gas) from L00TKPa, 290K (statel) by
compression to B000°KPd, 600K (state 2), after which it cools in a constant pressure

cooler to BOOK (state 3), (see figure below). Find the specific com_péressqﬁrs work (ki/kg)

and the specific heat in the cooler (kJ/kg). This is a steady-flow process since there is
no change with time at any point. The compressor is adiabati the kinetic and
potential terms can be neglected in all process. Usee TanlA AZ2

Compressor

=

Compressor section Cooler section
UTEC D&
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State 1:

P = 100kPa

T = 290K

hy = 290.16 k] /kg

TABLE A-22

Ideal Gas Properties of Air

[ PEPrFRY FRFT e )

.......

when As = 0

T h u s° i U,
290 29016 206.91 166802 | 12311 6761
| 600 607.02 43478 2.40902| 16.28  105.8

—316.86 k] /kg

Enh’lﬂ-?

ole @

State 2:
P = 1000kPa
T = 600K

h, = 607.02 kJ /kg

& TECNOLOGIA



Cooler section
EOI‘IS fanf DI‘CSSI

%= Q _%+Z(hin<hin+%g+;2é>}_Zmout\(hout+zc%g+%é>}

Stream 2 Stream 3
State 2: State 3:
P = 1000kPa Q — m(l. — l.) P = 1000kPa
T = 600K T = 300K
h, = 607.02 kJ /kg 0 hs = 300.19 kJ /kg

< = (300.19 — 607.02)
m

TABLE A-22 TABLE A-22

Ideal Gas Properties of Air Ideal Gas Properties of Air

B T ]

T(<), h and u(k)]kg), s° (k)/ kg - K) 0 cwba”?

............................................... — —306.83 k]/kg Sale ?
r h u s° Pr o |

290 29016  206.91 1.66802| 12311 6761 | T h u s°
600  607.02 43478 2.40902| 16.28 1058 | == 50035 Yo7 1-?{}2(]3‘
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EXAMPLE: POWER CYCLE

Steady-state operating data for a simple steam power plant are
provided below. Stray heat transfer and kinetic and potential
energy effects can be ignored. The cycle produces Wz = 1500
KW of power. The condenser has adiabatic external walls. For
the operational conditions in the figure, determine:

a) The heat transferred to the cooling water in the condenser

0oy iler (%o
(“2u) and the boiler (=) [ki/kg]

The power for the adiabatic turbine (%) and the adiabatic
w

pump () [kd/kg]

Mass flowrate of water (kg/s) in the cycle and the inlet

temperature (T, (s)) of cooling water (°C)

Thermal efficiency
Sketcha T (°C) -v (m3/kg) diagram for the cycle

bty

ASSUME THERE IS NO PRESSURE DROP IN BOILER AND CONDENSER

95U M{’"‘L—
e e

Ic)CMchB-(_ [, 17 lt', fonrndo e[ Heo 4t ot el aols cmmm G g do

UMIVERSIDAD DE INGENIERTA i
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Defining state 1

O
I

100 bar
480 °C
3321.4 k] /kg

=S
[l

h s
k)/kg  kl/kg  k|/kg - K

-------------------------------------------------

p = 100 bar = 10.0 MPa
(Tear = 311.06°C)

Defining state 2 and 3

P, = 0.6 bar , x2 =0.95

T, =85.94°C

h, = 359.86 + 0.95 x 2293.6
h, = 2538.78 k] /kg

v, = 0.0010331 + 0.95 x (2.732 — 0.0010331) =2.5955 m3/kg
T; =38°C, P, = P; = 0.6 bar
h; = 159.21 k] /kg (aprox a saturado)

TABLE A-3

e Properties of Saturated Water (Liquid-Vapor): Pressure Table
Pressure

1 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy
= 10" kPa | m?/kg kl/kg k)/kg
Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor
I bar | °C vp X 10° v, u; u, he higg hy
0.60 | 85.94 1.0331 2732 359.79 | 2489.6 359.86 | 2293.6 | 2653.5

a) Heat in condenser

P, = 60kPa] ,
Xy = 95%
— 1

ik

L)

,-h-éw)' Q out
-4 . —

Condenser

Ty Z3gec 7 - Pﬂj

dE/ . L
th?: Qout _W + m(hy —
0., = m(159.21 — 2538.78)

kj
= —2379.57 —
—— m kg

a) Heat in boiler

h3)

dE/
%/=Qin_W+m(h4_h1)

Q.,=m(3321.4 — 176.38)

. k
& = 3145.02 il
m kg

Defining state 4

P4_=P1 - 100ba7‘
T, = 40°C
h, = 176.38 kJ /kg

-------------------------------------------

-----------

T v x 10° u h s
°C m’/ kg k)/kg k)/ kg

p = 100 bar = 10.0 MPa
(Toar = 311.06°C)

450 10034 | 16635 | 17638 | 5686

Properties of Saturated Water (Liquid-Vapor): Temperature Table

COMVBEBIONEE | o ocoo e
P:sslﬂm MPa Specific Volume Internal Energy Enthal py
N wikg L Wik L W/kg.

Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Ligquid Evap.
°C bar vp % 107 vy Uy ug hy hyg
38 0.06632 1.0071 21.602 155.20 | 2427.4 159.21 | 24115
g Qin
[————} P = 10MPa
1| Boiler v T, = 480°C
| —
1
|
!

kot UTEC ‘
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& TECNOLOGIA



TABLE A-2 ew = @00(/ © e few= A bav — E‘wg

(Continued)

Specific Volume Internal Energy " Enthalpy
A SRR S A Jromersmessanngort LK

Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor
°C bar vf X 10° Ug us Ug hy hg hg
60 1994 1.0172 7.671 25111 | 2456.6 251.13 | 2358.5 | 2609.6

h 6 (salida agua enfriamiento)

UTEC *
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b) Power in turbine b) Power in pump

10MPa .—"'/E oh e P/,J
Turbine —b d . . . T, = 40° CPump
E Zg /@/ W + mi(hy — hy) yg = Q/— W + m(hz — hy) H_@_
= 60kPa 2 4 _
95% . & 2
s W =m(3321.4 — 2538.78) W = m(159.21 — 176.38) pr ?:;M
gl
14 k] 7% kJ
— =782.62 — —=-17.17 —
m kg m kg
c) Mass flowrate of water c) Inlet temperature of cooling water 6.@* /ﬂ’(wg: C o
—y
W =W, + W, de/ . d—Tons ="
o 2= Q= Wty (hs — ) o 61

1500 = m(782.62 — 17.17)
0 = 2379.57 X 1.9596 + 60 X (hs — 251.13)

hs = 173.4132 k] /kg
| Properties of Sz

pressure Conver™™™™

m=1.9596 kg/s

L e w Tews) = 41.3992°C
e Sat o
Temp. Liquid Evap. |
I °C by by y
et ot
45 | 18845 | 2394.8 UTEC(
D DE IERTA



d) Thermal efficiency of cycle

n _ Wnet
YT Qi

Wi /2\%) (G

n Wturb + I/i/pump
cyc — :
Qin
G Ain

_ 782.62 + (~17.17)
Meye = 3145.02

Neye = 0.2434 = 24.34%

T(°C) 1

374.15

85.94

40
38

e) T-v diagram

»

100bar

1.0071x10-3 7 ! | 25055

1.0034x10"-3 o.olslq/ \Y; (m'3/kg)

v
UTEC *
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EXAMPLE: HEAT PUMP

A heat pump and its components are shown in the figure and
warms the environment inside a house. Assuming a steady state,
the refrigerant 22 enters the compressor at -5° C and 3.5 bar and
Is compressed adiabatically to 75 °C and 14 bar. After leaving
the compressor, the refrigerant goes through an isolated
condenser and leaves at 28 °C and 14 bar. The expansion in the
valve is adiabatically to 3.5 bar. The air inside the house enters
the condenser at 293 K, 1 bar and with a volumetric flowrate of
0.42 m3/s; and leaves at 323 K and 1 bar. Ignoring the effects of
Kinetic, potential energy and assuming the air behaves as ideal
gas (M = 28.97 kg/kmol, cp = 1.005 kJ/kg.K), find:

A) The mass flowrate of air and the refrigerant (kg/s)

B) The heat flow transferred from the refrigerant to air in the
condenser (KW). Qy

C) The power required by the compressor (kW)

D) The heat transferred by the air to the refrigerant in the
evaporator (kW). Q,

E) Sketchthe T (°C) — v (m3/kg) diagram for the refrigerant

The condenser and evaporator have adiabatic external walls

To = 323K

P> = 14 bar

Ts=293K
ps =1 bar 5
o R ;_|> éH__|>p6=lbar
Vs5=042m"/s T
g B 2
p3 = 14 bar Condenser

T, = 28°C

Expansion

Compressor
valve

D<=

Da =35 bar
+4

Y

WV

4

— o <_

QL

Evaporator

T, =75°C

T,=-5°C
p1 = 3.5 bar

UMIVERSIDAD DE INGENIERIA i i
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TS 5 W@ 223 K
ps=1Dbar T'c = #rgi
g =6 = | bar
= 2 m3/s .
V5=0.42 m’/s v 3
-
L3 4 P2= 14 bar
py = 14 bar Condenser T, =75°C
13 =128°C
Ve 2 iExpansion Compressor Y.L 1
T valve T
pa = 3.5 bar ==L
'——'4 I)l - 3.5 bal‘
-
V.C. 4
<H— -
Evaporator

& TECNOLOGIA



ass flowrate of air

Ts=293K

ps=1bar SfFe====== I Te¢=323K
. —> —= Pe =1 bar
. Vs=0.42m?/s : : o
P5Vs 100 X 0.42 k ,

YT - g AN
0.4995
RTs (8.314/28.97) x 293 ][

Condenser T, =75°C
S T, = 28°C

Mass flowrate of refrigerant: energy balance in the condenser (V.C. 3)

% /5 y/ imgph, + m he| — [mphs + m hg|

0 = mglh, — h3| — my|hs — h¢]

0 = mglhy — h3| —mgucy|Ts — Tel

TABLE A-9

TABLE A-7
(Continued)

oroertios of Saturated reriee 113 1S @PPTOXIMated from
T v u h s 290 01 + 298 34 ressure Conversions: roperties of Saturated Refrige tem eratu o table
°C m/kg Wikg K/kg K/kg-K h, = i : mar:‘:;;?f:: )7 Er:ﬁ'}fc:’y P .
p = 14.0 bar = 1.40 MPa 2 - . o " " _ 0, 05 k]
(Tsat = 36.29°C) ) k] Temp. Press. Liquid Evap. Vapor 3 =~ f@280C =
70 0.02029 | 261.60 | 290.01 | 0.9703 hy = 294,175 — | °C bar hy hyg h
80 0.02125 | 268.60 | 298.34 | 0.9942 kg 28 | 11313 79.05 | 179.37 | 258.43

& TECNO LDG[A



Mass flowrate of refrigerant: energy balance in the condenser (V.C. 3)

0 = mglhy — h3] + mgcy[Ts — T

0 = 1mx[294.175 — 79.05] + 0.4995 X 1.005 X [20 — 50]

. kg
titg = 0.07001-=
b) Heat flow (kW) [Qy]
dE
;5 12?>er I =B — = Uy /4 + mglhy — hs)
57 i_> ! __{6>p6 | bar dt
Ve =040 mYs fan :
---------- 0=0Q,—0+0.07001 x [294.175 — 79.05]

= 14 bar

T;; 14 bar Condenser q 1;‘2:75°C QH = —15.0609 kW
UTEC D&

T, = 28°C
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p> =14 bar
dn=19°C

c) Power required by the compressor (kW): energy balance in V.C. 1

dE . :
TABLE A-9 —=0-W+ mR[hl . hz]
(Continued) dt

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e e e e 0=0—W +0.07001 x [249.75 — 294.175]

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

p = 3.5 bar = 0.35 MPa

(Teat = —10.39°C) .
5 0.06789 | 225.99 | 249.75 | 0.9572 W =-3.1102 kW
d) Heat transferred in the evaporator (kW): energy balance in V.C. 4 };[/V(’
o Chahe) 1 s
%: N AN S
dE +s s

QL_ W +mR[h4 — h1]

E =
0=0Q, —0+0.07001 x [79.05 — 249.75]

pa=3.5bar TI = _5°C
. 1 | Py =3.5bar
QL = 11.9507 kW £ |
“He TEC P

nnnnnnnnnnnnnnnnn
Evaporator

Xpansion
valve




HoMEV\/oN\’.
COPy =Brp = 70

['Dmpwcl)-(_ ’."J q” lt-' »{w}vl«ld!{ 422 ;lfv‘ ke Cowt c{ Gcls Corno 6”,}0__3

& TECNOLOGIA
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Control Volume_First law

Steady-State Unsteady-flow process (Transient )




UNIVERSIDAD DE INGENIERTA
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EXAMPLE 2: A 750-L rigid tank, shown in Fig., initially contains water at 250°C, 50% liquid and
50% vapor, by volume. A valve at the bottom of the tank is opened, and saturated liquid is
slowly withdrawn. Heat transfer takes place such that the temperature remains constant.
Find: The total mass m,(kg), x; y X, and the amount of heat transfer required to the state

where half the initial mass is withdrawn (kJ).




Solution:
Control Volume: Vessel

Mass Balance (transient process)

(no inlet)

my; —my =/W(Z_me

_ —_ » Integrated form
m, mq = —m,

Energy Balance (transient process)

(no electrical or any other kind of work ) (no inlet)
. Integrated form after neglecting
AUlZ — Q12 _ M%; + m%l) — Mg (he) > potential and kinetic energy

myu; —mquy = Q1 —mh,

& TECNOLOGIA



State 1: Vapor-liquid mixture at 250°C

| — (Continued)
Pressure Conversions: \.., e R
bar = 0.1 MPa Specific Volume Internal Energy Enthalpy
1 bar = 0.
—wtkPa L AL SN . KLKE, s KILKSensn]
' Sat. Sat. Sat. Sat. Sat. Sat.
Temp Press Liquid Vapor Liquid Vapor Liquid Evap. Vapor
I °C bar ve X 10° Uy ug Uy he hie he
| 250 | 3973 | 12512 | 0.05013 | 1080.4 |2602.4 | 1085.4 | 17162 | 28015 |

Total Volume = 750L = 0.750m3 (0.375m3 vapor and 0.375m3 liquid)

Liquid Mass: Vapor Mass:
_ 0.375m’ _ 9997123k Ve __ 0375m® o Pz M +mv1
M T 12512 x 103 mi/kg e T, T 005013 mi kg T T - e = v
==
Quality:
T 's S — e —— O Y Y LY

Internal Energy:

mpi+my,  299.7123+7.4806

uy = uy + x(u, —uy) = 1080.4 + 0.024351(2602.4 — 1080.4) = 1117.4622 k] /kg

k
myu, = (299.7123 + 7.4806)kg x 1117'4622k_f]g = 343 276.4539 K]

UTEC *
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State 2: Vapor-liquid mixture at 250°C, half mass withdrawn

| — (Continued)
Pressure Conversions: i, L
bar = 0.1 MPa Specific Volume Internal Energy Enthalpy

" = 0.

—wtkPa A | MTKE s i KIKE e KIIKE, o]
' Sat. Sat. Sat. Sat. Sat. Sat.

Temp Press Liquid Vapor Liquid Vapor Liquid Evap Vapor

I °C bar v X 10° Uy ug ug he R h

| 250 | 3973 12512 | 0.05013 | 1080.4 | 2602.4 | 1085.4 | 17162 | 28015

Total mass at state 2: m, = (299.7123 + 7.4806)/2 = 153.5965 kg

Specific volume at state 2:

V,  0.750m3

172=

But, using quality:

vy, = v, + x,(v, — 1) = 1.2512 X 1073 + x,(0.05013 — 1.2512 X 1073)

Internal Energy:

m,  153.5965 kg

= 0.004883 m3 /kg

$ =

—

U, = uy + %, (uy, —uy) = 1080.4 + 0.074302(2602.4 — 1080.4) = 1193.4876 k] /kg

k]

myu, = 153.5965kg X 1193.4876 — =

kg

183 315.5182 K]

x, =0.074302

UTEC *
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Enerqy Balance (Transient Process):

ure Conversions: {...

(Continued)

Pri;sl:ﬁ 0.1 MPa Specific Volume Internal Energy Enthalpy
PP ot kPa m’/ kg k)/ kg k)/ kg
' Sat. Sat. Sat. Sat. Sat. Sat.
Temp Press Liquid Vapor Liquid Vapor Liquid Evap. Vapor
°C ‘ bar vy X 10° Ug Uy Ug hi, hy
| 250 | 3973 12512 | 0.05013 | 1080.4 28015

/h\
2602.4 Qﬂ{ﬂ 1716.2
myu, —mquqy = Q12 — mQ

k
183 315.5182 k] — 343 276.4539 k] = Q,, — 153. 5965 kg x 1085. 4kg

Water leaves the vessel as
SATURATED LIQUID

A 4
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if\/LCVVl%) F1 T

EXAMPLE 2:/A 100-L rigid tank contains carbon dioxide gas at 1 MPa, 300 K. A valve is open, and
carbon dioxide escapes slowly until the tank pressure has dropped to 500 kPa. KP%H’IS point the valve
is closed. The gas remaining inside the tank may be assumed to have undergone a polytropic
expansion (Pv™ = C), with polytropic exponent n = 1.15. Find the final mass inside and the heat

transferred to the tank during the process. -_).USAR TABLA A-23

Assumptions: CO, has an ideal behaviour e Mmfv)
w ) C
no ¢ AlCLM
le ?erﬂ g
Control Volume: Tank T e N
4
A

Mass Balance (transient process):




v‘/ﬂq’
A

W
" Y1z
T
;A Z
@ me ,Te O
[co ] 115 TV = 100l
I V’\:iOOL l\ FU =¢ \ ?7\: 500 kF;\ v (Fol—l/hw’f\h’)
| Pr=1Mfa | S | , ~ _V

| Ta=300K! . | M=,
; —_— - \/‘ — ~ =

O
(((Wli Cqus 140l)

mZ —_ ml =p;{;_ me —— Integrated form

(no inlet)
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Energy Balance (transient process):

AUjp = Q12 — V%; + m%i) — me(he)

(no electrical or any  (no inlet)
other kind of work )

myu; —mquy = Q1 —Mmyh,

STATE 1 (1MPa, 300K):

Integrated form after neglecting

> potential and kinetic energy

my _ ; my kPa. m3
PV = —RT—— (1000kPa)(0.1m>) = 8.314
M kg kmol. K
4401 —=
kmol
my; = 1.764 kg

)(SOOK)
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STATE 2 (500kPa, T=?): Polytropic expansion

3

1.764kg

1.15
Plvil — P2v121 . (1000kPa)( ) = (500kPa)(vy)%15

v, = 0.1036 m3 /kg

And the specific volume at state 2 is:

V 0.1m3
vy = > 0.1036 m3/kg = —
2 2

. m, =0.965kg

Therefore, temperature at state 2 is:

0.965 k kPa.m?3
pV = 22RT, — (500kPa)(0.1m?) = & <8.314 ) (T)
M 44,01 kg kmol. K

kmol

T, = 274274 K UTEC ﬁ
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TABLE A-23

Finding internal energy and enthalpy for both states from Tables:
Ideal Gas Properties of Selected Gases

Carbon Dioxide, CO,

STATE 1 (1MPa, 300K)
U =6939 K/kmot ] N T

210.062
211.376
212.660
213.685

213.915

STATE 2 (500kPa, 274.274 K)

Interpolating from the

u, = 6209.8172 KkJ/kmol - tables

The escaping CO, can be considered at an average temperature of 274.274 + 300 =287.137 K

2

And its h can be estimated at 287.137 K:

Interpolating from the

h, = 8958.2142 kJ/kmol——— tables

UTEC *
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Finally, the energy balance:

MmyUy; — MUy = Q1 — Meh,

ﬁ"qéuﬁ J\G{
v
0.965ke (6200.82 3\ 5 KMl ke (6939 T |5 L Kmol_ ( ﬁ)x895821 K 1 kmol
7PVKs O“kmol) " 4401 kg 0T kmol | < 44.01 kg ¢z~ (M= ““kmol ~ 44.01 kg




Thanks!




