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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).
 Tengan grupos de estudio y apdyense mutuamente.

e 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.

* Enlapptdelasemana 1 estan todos los links claves para el curso.



Thermodynamics _ Evaluation

COMPONENTE %
EXAMEN PARCIAL 20
EXAMEN FINAL 30
C 50

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




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
PARC'AL 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.




OBJECTIVE

Sessmn 26: Calc




Why do we want to study the isentropic efficiency of turbines,
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ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES

_ W e /adif\'

1= T 2 = (op ) ! o

Hot reservoir, Ty

| wish as an engineer:

Condenser

-Maximum work of the turbine.

-Minimum pump work. Expansion  compregor
-Minimum work of the compressor. Evaporato
¥
Lol ) JUUYU 1
eDL Vs \ “ L. Saturated or

K ,
__/C | fei\*""‘;l ~ § . superheated vapor
' L o,

1 e

|

This happens when | have a process that is adiabatic-reversible




ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES = adiabatic + reversible

d ' : . :
— = 2 + Emisi - Z m,s, + Oy
dt 7 /1 i ¢
rate of rates of ate of
entropy entropy entropy
change transfer production
Si= S,



ISENTROPIC ErFICIENCIES OF STEADY-FLOW DEVICES (S1

| wish as an engineer:

-Pure substance ( water, misture LV).

-Maximum work of the turbine :
- Ideal gas(air)

-Minimum pump work {-Pure substance ( incompressible fluid)

-Pure substance (Vapor).

-Minimum work of the compressor { - Ideal gas ).



THE SIMPLE IDEAL RANKINE CYCLE_Heat Engine with LV substance
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THE SIMPLE IBEAL RANKINE CYCLE_Heat Engine with LV substance
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Energy balance in the turbine

Adiabatic

d . . . ?
%:/— W+ Z minhin - Z mouthout

Steady state

* Neglecting the changes in potential and kinetic energy
« Assuming steady state.

» Assuming that a process in a turbine occurs adiabatically.

o 74
W=m(h1_h2)—’a=h1_h2

[ki/s] [ kI kg ]

13



ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES_TURBINES

P, T, P, T

h A Inlet state 3 [ )
r p— Actual Ideal
w1 PR (irreversible) @: (reversible) @3
1 T T Isentropic process
wo P, ) )
s
N P ) |
P, P,
TN S [
| Actual turbine work w
| nT = - - =
{ . Isentropic turbine work — w,
Sas = 84 ;
hl o hz
The h-s diagram for the actual and Nr = F
kN

isentropic processes of an adiabatic hl - hzg ﬁ{

turbine. Ses = Sy



EXAMPLE 1.2: A steam adiabatic turbine (operating at steady state ) receives steam at a pressure of
1 MPa and a temperature of 320°C. The steam leaves the turbine at a pressure of 20 kPa. The work
output of the turbine is measured and is found to be 600 kJ/kg of steam flowing through the
turbine. Determine the isentropic efficiency of the turbine and the quality X, when we have a real
case. Neglect kinetic and potential energy.

The efficiency of the turbine is given by:

P; = 1MPa

T, = 320°C

________ e W
w, = 600Kk]/kg nturblne - W
fil ws =?K]/kg S

Turbine ﬁ
¥
Control volume:  Turbine.
Inlet state:  P;, T; known; state fixed.

Exit state: P, known.

v

Process:  Steady state.

P, = 20kPa Model: Steam tables.
T, =?7°C



To determine the turbine efficiency we calculate the work that would be done in_an
Isentropic process between the given inlet state and the final pressure.

Mass Balance:
my =m, =m

Energy Balance — steady state, neglecting potential and kinetic energy, adiabatic turbine:
P, = 1MPa

T; = 320°C
_______ [ ~ wa = 600K]/kg = (hy — hy)

- wy =7K]/kg = (hy — hyy)

Turbine =% We need two state properties for a pure substance

i._ _________________________________ i 51=SZS,P2=20kPa

P2 = ZOkPa
T,. =7°C



T v u h 5
°C m?/ kg k)/ kg kl/kg  k)/kg - K

........................... o L R

h, = 3093.9 k] /kg (Towt = 179.97°C)

571963 K /kgk |t e S
X . 3008.2 7.0465

$3093.9 | 7.1962

From steam tables:

£y {Pl = 1MPa
T, = 320°C

Turbine

pressure Cor

it "W ke X
v | boajzo 6;(.06 2;.60 23’:&.3 26';9.7 0.85520 7.95685
Eﬂéh P, = 20kPa Sys = 7.1962 K] /kgK
—"7o° —
e T,s =7°C h,s =?7K]/kg 7.1962 = 0.8320 + x,,(7.9085 — 0.8320)

Xy, = 0.8993




Enthalpy for state 2:

Pressure CONVETSIDITE: B e st st s s na e

1 bar = 0.1 MPa Enthalpy
=107 kP2 DR A
e | Lowd | e hys = 251.40 + 0.8993 X (2609.7 — 251.40)
bar ( he 1 /
0.10 45.81 19183 | 23928 hys = 2372.22 K] /kg
0.20 | 60.06 | 25140 | 23583

Energy Balance: s _ \, — p _ h, =3093.9 - 2372.22 = 721.68 k] /kg

Turbine efficiency: _w, _ 600Kk]/kg 0.8 83
urbine efficiency: = Nurbine = o = 721681/l — O 83 = 83%

Note that for the real process: Wa = h1 — hyq = 600 K] /kg

w, = 3093.9 — h, , = 600 k] /kg hyq = 2493.9 k] /kg....Also L-V mixture
Therefore, the actual quality is: o L RD= SR o
2% 7 2609.7 — 251.4
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EXAMPLE 2.3 — TURBINE T
An adiabatic turbine works with R-22 at stationary state. The inlet is at 4bar and/10°Cand the exit is at 1.5bar. If
the isentropic efficiency is 80%, find the power produced (kJ/kg), exit temperature (°C) and the entropy 9

generation (kJ/kg. K). Neglect kinetic and potential energy.

> State 2 \’%’L 5
2 .
State 1 P, =1.5bar | .37
P; = 4bar
— o —
T, = 10°C P2 = 1.5 bov
h, = 259.18 kJ /kg Fotade 25 a5 o S1=0.425 kT
sy = 0.9795 kJ /kgK “
TABLE A-9 [?
TABLE A-8
- - ; hs e Conversions: Properties of Saturated Refrigerant 22 (Liquid-Vapor): Pressure Table
) pres
o 3 . = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
Comkg Wike Wke Wikg-K e ) m/kg 0/ kg K/ kg /ke - K
p= 4.0 bar = 0.40 MPa Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
(T = —6,560(] Press. | Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor
rerrvreres rararn bar oC U X 103 v, ug Uy h[ h{g hg S5 s,
10 0.06306 ‘ 233.95 ‘ 259.18 ‘ 0.9795 150 | —32008 | 07230 | 0.1472 8.60 | 214.77 870 | 22815 | 236.86 | | 0.0366 | 0.9830




a) Defining the isentropic state “2s”:

State 2s

sure Conversions: Properties of Saturated Refrigerant 22 (Liquid-Vapor): Pressure Table P2 = 15 ba‘r‘
Pres

1 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy — —
: . e/ kg )/ kg K/ kg i)/ kg - K Sos = 51 = 09795k]/kgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Pres: Temp Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor
bar °c v x 10° v, g ug By hig he - a Quallty-
1.50 | —32.08 0.7230 0.1472 8.60 | 214.77 870 | 228.15 | 236.86 0.0366 | 0.9830

0.9795-0.0366
Xpg = 22705700300 _ ) 9963
0.9830—-0.0366

h,s = 8.70 + 0.9963 x 228.15 = 236.0058 kJ /kg

The = -22.09

Maximum Power (isentropic expansion): _ _ _
Actual Power (isentropic expansion):

w
WS:hl_hZS ntur—WS
w

ws = 259.18 — 236.0058 8= 231742

w, = 23.1742 k] /kg w = 18.5394 kJ/kg



b) Defining actual state 2, energy balance:

w = h1 — h2
TABLE A-9
Properties of Superheated Refrigerant 22V
T [ u h s
°C m3/ kg k|/ kg k)/ kg k)/kg - K

p = 1.5 bar = 0.15 MPa
(Teat = —32.08°C)

Sat. '6"111%'51"I"'z"i'zl"%ﬁ'"'ié'é'é'é """ 0.9830

—30 0.14872 | 215.85[| 238.16 || 0.9883
—25 0.15232 | 218.45([' 241.30 1.00M

c) Entropy generation:

18.5394 = 259.18 — h,

h, = 240.6406 k] /kg

State 2
P, = 1.5bar
h, = 240.6406 k] /kgK

Interpolating:
T, = —26.05°C
s, = 0.9984 kJ /kgK

0O =Sy —851

35— v lm-52) &+ R L &5 ;_9'_:6'252_—5'1 o = 0.9984 — 0.9795
A+ m

o = 0.01891 kJ/kgK
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ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES_PUMP OR COMPRESOR.

| wish as an engineer:

-Maximum-work-of the-turbine-
Mini K

-Minimum work of the compressor.

Expansion
valve

Saturated
liquid

J
'
I
I
I
I
4

Saturated vapor
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Isentropnic Efficiencies of Compressor or Pumps

h @"ip‘e‘
) > AT W, = (hs-hy) ... [KI/ke]
2 FTT T T T T 7
7 __~Actual
I e e ' s .
B ,‘/ prOEE Isentropic compressor work — w,
W ! Isentropic Ne = =
Wy process Actual compressor work w
J Pl
hfps=——"———==
| Inlet —
: state T’ h] h 25
Say = 8 s Cc =

26



EXAMPLE 4.3 —- COMPRESSOR
An adiabatic compressor at stationary state works with Ammonia. The inlet is at 1bar and -30°C and the exit is at
7 bar. If the isentropic efficiency is 70%, find the power required (kJ/kg), exit temperature (°C) and the entropy

generation (kJ/kg. K)
State 2
State 1 P, = 7bar
4 3 é P, = 1ba1; 2
T, = —30°C Ezs CL“ _gas

hy = 1406.44 k] /kg

sy = 5.8723 kJ /kgK @

TABLE A-15

TABLE A-15
. (Continued)
Prﬂperties of superheated Ammﬂn'a Vapor u“; ;;;;;;;;;;;;;; l‘ ;;;;;;;;;;;;;;;;;; ;’;‘ ;;;;;;;;;;;;;;;;; ;‘;u;“uu“uu“u; ;;;;;;;;
T v u h s Xo..mke  Kike  Kike Kk K
.. mkg  Wikg < Wkg W K/kg- K p = 7.0 bar = 0.70 MPa
p=10bar=010MPa e (T = 13.79°C)
e 2t = —33.60° 100 | 0.25205 | 1497.02 | 1673.46 || 5.8258
—30 1.1573 1290.71 I 1406.44] 5.8723 120 | 0.26709 | 1534.16 1721.12 5.9502




a) Defining the isentropic state “2s”:

State 2s
P, = 7 bar
(Continued) S2s = $1 = 58723 k] [kgK
T I u h 5
oC m>/ kg kl/ kg k)/ kg kl/kg - K P
............................... S P |nterpo|at|ng_

(T.u = 13.79°C)

h,s = 1691.2750 k] /kg

100 0.25205

1497.02 | 1673.46 | 5.8258 g2 Tpe = 107.4759 OC
120 [0.26709 | 1534.16 | 172112 | 5.9502 458725 T2s
Minimum Power (isentropic compression): Actual Power:
wWg = h1 — hZS Ncomp = m
w, = 1406.44 — 1691.2750 0.7 = —284.8350
w

ws = —284.8350 kJ /kg

w = —406.9071 kJ /kg




b) Defining actual state 2, energy balance:

w=h, — h, —406.9071 = 1406.44 — h,
h, = 1813.3471 kJ /kg
State 2
(C:ntmued) ............................................................. o P, =7 bar
°C m;_.-' kg k]_.!-'Jkg I{.]_?I{g kj/ I;, - K hz = 1813.3471 k]/kgK

p = 7.0 bar = 0.70 MPa
{Tszt = 1; 2

140 0.28193 | 157157 || 1768.92 | | 6.0688 Interpolating:
160  0.29663 | 1609.44 | 1817.08 | | 6.1826 T, =158.4498 °C
181335 s, = 6.1738 kJ /kgK
c¢) Entropy generation:
) Py g o=, —s

A —_ ; 1 - 2 & :
i_mcs 5 )*7{ + S o =6.1738 — 5.8723

38 =0 = 52-51 o = 0.3015 kJ /kgK
48




H O M EWO R K Can | do the graphic for the compressor?

Expansion
valve




ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES_PUMP OR COMPRESOR.

| wish as an engineer:

-Minimum pump work.

S e et the commpenc oo

Hot reservoir, Ty

A5

§
@3 simple ideal Rankine cy@




REVERSIBLE STEADY-FLOW WORK_single inlet-exit

(a) Reversible work relations for closed systems (b) Reversible work relations for steady-flow

W, 2 V2 V2
ws - (—)t =—J UdP"‘( 12 2)"‘8(21//52) (kl/kg)
m 1mf 1



Py=1MPa

Pump

t

P, =100 kPa

(a) Compressing

1 MPa

2
(@) 100 kPa

4

/1 Saturated liquid

1

(h)

oY

Py=1MPa

Compressor

P

P, =100 kPa

(b) Compressing
a vapor

a liquid

Since the specific volume of a gas changes considerably during a compression process,

V) = Vs 100kPa = 0.001043 m¥/kg i > : -
6T we need to know how v varies with P to perform the integration vdP =

2
(/Ué‘ Wiy = — J: vdP = —w(P, — P)

2 2
- udP=th=h1—hzs
1

W= W = —J

1

1 kI
= — (0.001043 m¥kg)[(1000 — 100) kPa]( )

1 kPa-m®
=— 094 kl/kg
P, = 100kPa| h, =2675.0kl/kg
State 1: (Table A-5)
(sat. vapor) s, = 7.3589 kl/kg-K CENGEL
P, =1 MPa
State 2: _ hyg= 3194.5kl/kg  (Table A-6)
25 71
Wy =  (2675.0—3194.5)kl/kg = — 519.5 k)/kg

Discussion Note that compressing steam in the vapor form would require
over 500 times more work than compressing it in the liquid form between

the same pressure limits.



Isentropic Efficiencies of Compressor or PUMPS

W, = (hs-hy) ... [KI/ke]

Isentropic pump work — w,

B Actual pump work w

: O«
e hl_haj<ws@w);% Bl— jmt“l%zz

35



EXAMPLE 3.3: Liquid saturated ammonia enters to an adiabatic pump at stationary state at -26°C, and
exits at a pressure of 15 bar. If the isentropic efficiency of the pump is 70%, determine the enthalpy of
the ammonia at the pump exit(kJ/kg) and the entropy generation (kJ/kg.K). Consider steady state and

neglect kinetic and potential energy. Table
Ammonia %/_. k) A=W, A e O _{q{_ﬁ)
15bar't_4 P1= 144,05 ¥p#yT2=-26°C w:lm@?. 31 " W _Q\'q)’. ha
B {m@ 26oc = G180 % ) $4= 02572 fiﬁ 5 fuble
V1 = 1.486 4340 v =2 {\’L:ﬂ@ukm, Lug, S
Y9

Ws = —fvdP = —U(PZ _Pl)
The ideal work is:

Ammonia
-26°C, 144.65kPa w, = —1.4867 x 1073 x (1500 — 144.65) = —2.015 k] /kg
l ~ | Properties of Saturated Ammonia (Li -Vapor): Temperature Table
essure Conversions: e
Specific Volume Intefhal Energy Enthalpy Entropy
m*/ kg kl/ kg ~ ki/kg kl/kg - K
Sat. Sa Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid por Liquid Vapor Liquid Evap. Vapor Liquid Vapor
______ C | bar | g Ve | U | g | he | hg | hg | s | S
3 61.86 1347.65 1409.51 0.2572 5.7100 UTEC

—26 | 14465 | (14867 ) 0.8056 | 6165 | 1292.97 |

& TECNOLOGIA




Pump efficiency: Ws

—2.015 kJ /kg
0.70 = — — W, = —2.8786 k] /kg
a

TABLE A-13

Properties of Saturated Ammonia (Liguid-Vapor): -

Energy balance for the pump, steady state: g comersions: | mOPETIES o S21UT2S
1har= 0.1 MPa Specific Volume Enthalpy
=w0tkPa B s S IO .- S
h Sat. Sat Sat
2 Press. Liquid Vapor Evap. Vapor
bar ve X 10° vy hyg he

61.86 ) 1347.65 | 1409.51

=

Wactual : - Ea ha- A 3% Kj/gﬁ

h, = 64.7386 k] /kg

UTEC ‘

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




2 = 15 bav
has 642284 K5

Propertles of Saturated Ammonla (qumd—Vapor) Temperature Table

Pressure Conversions: .
1 bar = 0.1 MPa Specmc Volume Internal Energy Enthalpy Entropy
m?/ kg kl/ kg k]/ kg kj/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
OC bar Ug X 103 ['E Uy Ug hf hfg hg Sf Sg OC
—26 1.4465 1.4867 0.8056 61.65 1292. 97 61.86 1347 65 1409 51 0. 2572 5.7100 —26
Cz_z 17390 | 1.4980 | 0.6780 79-46 | 1297.18 79-72 | 1335.36 | 1415.08 [:-328_7 56457 | —22
?
Te= h, = 64.7386 kJ /K 52
_25' %5 o C 2 " ]/ g
Iﬂ"fr])ola'éh":)
Sa= 0.2687F X

(h_lig high - h_liq low)

h_lig_low} /

ﬁ{z b ow(sa-sa) 467 =
b : ow) * (h2 -

s_1ig low) * (h2 - h_lig_low} / (h_lig_high - h_lig_low)

print(
print(

= 02699 - 025 FL

Temperatura d
Entropia de

EC D&

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA

& 0\0’]1 D K’S
‘L‘f)




H O |V| EWO R K Can | do the graphic for the pump?
Hot rese;\z:, Ty /

Isentropic
process

‘/T] =t |
Lp et
: state
Sy =81 52/ s (kT )
/ ¥y, K

ars ) 2'5\

wpump DﬂAa q\;c no \'\3’] ‘tubLg é{ CU‘MP\':IWI;}‘.} (3} C!I-F|C|L

§
Ehe simple ideal Rankine cy@ abwiy Tzs,
UTEC

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




ressure Conversions:

Properties of Saturated Ammonia (Liquid—Vapor): Temperature Table

| bar = 0.1 MPa Specific Volume Internal Energy Enthalpy
= 10' VP2 L KE eI KE SRR, . SO
Sat. Sat. Sat. Sat. Sat. Sat.
Liquid Vapor Liquid Vapor Liquid Evap. Vapor
_____ vx20t | P MM | he ) e | he ] S
1.4867 0.8056 61.65 | 1292.97 61.86 | 1347.65 | 1409.51

UTEC ‘

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




EXAMPLE 4-CYCLE

The figure provides the schematic of a heat pump using Refrigerant 134a as the working fluid, together with
steady-state data at key points. The mass flow rate of the refrigerant is 7 kg/min, and the power input to the
compressor is 5.17 kW. (a) The isentropic efficiency of the compressor (b) Determine the coefficient of
performance for the heat pump. (c) The rate of entropy generation in each equipment. (d) The rate of entropy
generation of the cycle, assuming that the condenser works at 20°C (TH) and the evaporator work at 1°C (TL). e)
T-s diagram. The valve and the compressor are adiabatic.

égom TH

3 < 2

liquid
Condenser

Py =py =9 bar
I, =60°C

Expansion W,=517kW
e Compressor
valve
Evaporator
4 JUUUUUL 1
A —
m="7kg/min
§ p1=psi=2.4bar
Qin



For the compressor:

TABLE A-12
(Continued) .
2 T L u h s
=y °C  m’lkg k)/ kg kl/kg  kl/kg-K

p = 9.0 bar = 0.90 MPa
(Teat = 35.53°C)

60 0.02609 | 269.72 [29321 [ 09897 |
-—
v hy, 82

.

WC =5.17kW
G p = 2.4 bar = 0.24 MPa
.................. ol = 53770

Energy balance: Sat. 0.08343 | 224.07 | 244.09 | 0.9222

aE . —— ; 0 0.08574 | 228.31 248.89 | 0.9399
—= Q=W+ ) tigh, = ) ritghs o 00 48 93
10 0.08993 | 236.26 | 257.84 | 0.9721

1
&

m="7kg/min 0 = =W + 7 X (hy — hy)
P1=pg4=2.4bar ' %{V olo
W _ -517 \W
by =t hy = o +293.21 -
Tl = 0.0064 °C

sl = 0.9399 kJ/ (kg K)

_ K P1= 2.4bar and h1...
ha = 2488957 kg ....superheated vapor we vl = 0.08574 m"3/kg

can know s1 ,T1,v1




a) Isentropic efficiency:

293.21 kJ/kg
0.9897 kJ/ (kg ‘K
0.02609 m"*3/kg

T2 = 60°C
9 -
e 72 =p3="9bar :; _
T, =60°C Vo =
W.=5.17 kW
S

|
m="TKkg/min
p1=ps=24bar

h1=248.8957 kJ/kg

Tl = 0.0064 °C

sl = 0.9399 kJ/ (kg K)
vl = 0.08574 m"3/kg

TABLE A-12
(Continued)

p = 9.0 bar = 0.90 MPa
(T = 35.53°C)
266.18
271.25
282.34

| 245.88
250.32
260.09

Sat. 0.02255 '
40 0.02325
50 0.02472

X...mkg Wke Wikg  Mlkg-K

0.9054

0.921?§
Dg?fi:i:)
Sys =851 = 0.9399 k] /kgK

T2s

= 45.2149 °Clh2s = 277.0333

kJ/kg

n:hl_hz =

hy — hys  248.8957 — 277.0333

248.8957 — 293.21

7 = 0.6350




TABLE A-T1

For the condenser:

QOUt
Pr=p3="9bar — — 1

; o ) T2 = 60°C
Saturated { VT 1 022hZ PP | h2 = 293.21 kJ/kg
liquid I au s2 = 0.9897 kJ/ (kg K

— WU T v2 0.02609 m"3/kg

Sat
Vapor
S;

Entropy
k] kg - K

Sat
Liquid
S¢
266.18 0.3656 | | 0.9054
wN
)

Sat.
Vapor

Enthalpy
k]/ kg
Evap
by,

166.62

1

Sat
Liquid
b
99.56

Energy balance:

Sat.
Vapor
L
245.88

Internal Energy
k)/ kg

a?,sg d 0 ¥ > y
03 o Zt?: Q —M‘l‘zmehe _Emshs
i ee Estado 3: T3=35.53 °C Q =1 x (hs — hy)

Properties of Saturated Refrigerant 134a (Liguid-Vapor): Pressure Table

h3=99.56 kJ/kg
JT 53=0.3656 kJ/kg K _— ~
H°3 1 v3=0.0008576 m~3/kg Q = go* (9956 —293.21)

Temp.
'C
5

Press.
bar

m
£
=
o
H
g
o
(]
=
2
=
o

0n= 10, = —22.5925 kW




Saturated

For the valve (isoenthalpic expansion):

3

Estado 3:
h3=99.56 kJ/kg
s3=0.3656 kJ/kg K

T3=35.53 °C

I_ _— 1

d

Energy balance:

E .
: =Q—W+zmehe—zmshs

d

hy = hs = 99.56 k] /kg

Defining state 4: we know P4=P1= 2.4 bar...mixture

= 0.2814

sq4 = 0.1710 + 0.2814 x (0.9222 — 0.1710) = 0.3824 k] /kgK

Estado 4
h4=h3=99.56 kJ/kg

x4 = 0.2814

!EX]JEIIISIDII
balve
B 99.56 — 42.95
¥ = 244.09 - 42.95
4H
TABLE A-11
pressure Conversions: .Prnperiies of Satu 'r.ited Refrigerant 13qa “l;!.iquid—\r‘apor]: Pressure Tabe
1 bar = 0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
=10" kP2 = m?/ kg K/ kg k)/ kg k) kg - K
' Sat. Sat. Sat. Sat. sat. Sat. sat. sat.
Press. Temp. Liquid Vapor Liquid Vapor Liguid Evap. Vapor Liquid Vapor
..... bar, c RN W uy hy he, PR I S
2.4 —5.37 0.7618 0.0834 42.77 224.07 42.95 20114 244,09 0.1710 0.9222

Te

0.3824 kJ/ (kg K)
-5.37 °C

s4 =
T4 =




For the evaporator:

Estado 4

h4=h3=99.56 kJ/kg

x4 = 0.2814

s4 = 0.3824 kJ/ (kg K)
T4 = -5.37 °C

hl= 248.8957 kj/kg
Tl = 0.0064 °C
sl = 0.9399 kJ/ (kg K)

Energy balance:

%:Q%+2mehe—zm5hs
Q = x (hy — hy)

7
Q = 5% (248.8957 — 99.56)

Q.= [0, = 174225 kw|




) T2 = 60°C
b) COP cop =12l _ 225925 _ 4 34699 h2 = 293.21 kJ/kg
174 5.17 s2 = 0.9897 kJ/ (kg 'K

h1=248.8957 kJ/kg

Tl = 0.0064 °C
. ) e . ) sl = 0.9399 kJ/ (kg ‘K)
c) Entropy generation (simplifying accordingly to each equipment)
. T3=35.53 °C
h3=99.56 kJ/kg
dt + z MeSe — z MmgSg + 0 $3=0.3656 kJ/kg K
Compressor:
7
G6=mX (s, —8§) > 0d = a0 % (0.9897 — 0.9399) = 5.81 x 1073 kW /K
Condenser:
—G —(—22.5925
G = Qou +m X (s3—S5,) > 0= - ) —>< (0.3656 — 0.9897) = 4.2564 x 1073 kW /K

Ty 20 + 273.15



h1=248.8957 kJ/kg

Valve: Tl = 0.0064 °C
sl = 0.9399 kJ/ (kg 'K)
d- - Th X (S4, - 53)
7 T3=35.53 °C
6 = — % (0.3824 — 0.3656) = 1.96 x 1073 kW /K h3=99.56 kJ/kg
60 $3=0.3656 kJ/kg K
Evaporator:
Q h4=h3=99.56 kJ/kg
. WYin, . _ s4 = 0.3824 kJ/ (kg K)
0 = T, +m><(51 S4) T4 = -5.37 °C

—(17 4225)
- 1+273.15 60

kw
X (0.9399 — 0.3824) = 1.4907 x 1073 — e

Rate of entropy generation of the cycle:
d-cycle = d'comp + d-cond + dvalv + d'evap
Ocycle =5.81x 1073 +4.2564 x 1073 +1.96 X 1073 + 1.4907 x 103

Geyere = 13.517 x 1073 kW /K



d) Considering the cycle as a closed system

Saturate
liquid

P2=D3 =19 bar
T,= 60°(1T'

1
Condenser :
1
. ! _
Expansion
Compressor
valve
Evaporator

1
3 =7 kg/min
p1=py= 2.4 bar
|

w'c =517TkW
<

- G 8L 4T

O = =,

—22.5925 17.4225

"=20727315 " 1+27315 " °

6 =13.517 x 1073 kW /K

- M5 Semand 11
Ciclo (usky Como m$? b omtoL )

7
% %’%J +O;rda: @
iy T Jb



e) T-s diagram

T A
(°C)

L5 A N et .

T2s = 45.2149 °c” 7
K

-5.37 [

4 P=24bar

T2 = 60°C
h?2 293.21 kJ/kg
s2 0.9897 kJ/ (kg 'K

h1=248.8957 kj/kg
Tl = 0.0064 °C
sl = 0.9399 kJ/ (kg 'K)

T3=35.53 °C
h3=99.56 kJ/kg
$3=0.3656 kJ/kg 'K

h4=h3=99.56 kJ/kg
s4 = 0.3824 kJ/ (kg K)
T4 = -5.37 °C

0.3656 0.3824 0.9399 0.9897

s (kJ/kg. K)






