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Recomendaciones generales:

Leer antes de clase y entender los conceptos o preguntar si es necesario.

*Ejercicios de clase
*Asesorias
*Ejercicios del libro resueltos y los de final de capitulo

Practicar bastante:

 Los quizzes virtuales y gradescope Usenlos para aprender de forma honesta (se puede inferir).
 Tengan 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.

e 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 solucién
COMPONENTE % 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 | SEmANAs 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

*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.




Closed system entropy balance

Seaching by application in processes in addition to cycles!!

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

2
s [ &)

entropy  entropy entropy
change transfer productior




Closed system entropy balance

)
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

g 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.

CARNOT

* Another special case is the reversible-isothermal process, /

we will see some examples (Q = TAS)




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

All paths are reversible
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Fig. Carnot cycles on the temperature—entropy diagram

. (@) Power cycle. [(b) Refrigeration or heat pump cyclel
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Closed system entropy balance —— bl
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The value of the entropy production cannot be negative. In contrast, the change in entropy of the system
may be positive, negative, or zero:

( M ntro ange of an Incompressible Substance
> () Like other properties, entropy change for a Friropy Change ofan neompressble subt
prop 'opy g
S, -S4 =0 process between two specified states can be Noter Ret s uee tebos ke o o
2 I determined without knowledge of the °
details of the process.

* Entropy Change of an Ideal Gas




How to calculate entropy?

t
t
‘- Water/Refrigerants — use tables like u and h| 7acs 4 1-A1¢ —
.
t

- |deal gas
Tds=dh-vdP
* Depends on temperature and pressure CURE 727
Ye F Vdﬂofbk The T ds relations are valid for both
5 ibl di ibl
ﬂ} - Tables A-22 and A-23 give s° for temperature and for both closed and open systems.
b2 _ _ = _ = P2
S, —Ss; =83 —5s{ —Rln—| |5, —5, =55 —5{ —Rln—
P1 4

kl/kg - K kJ/kmol - K

io) « Constant specific heat (e.g. helium, neon, or argon)—s #wis  pa- Azo

T T v
Sy — 8§ = cplnﬁ — Rln% Sy — Sy = cvln?j+ Rlnv—j
1 2

kl/kg - K kllkg - K




*Entropy Change of an Incompressible Substance

KJ/ke - K T
2. .

S — 8§ = ¢ 111? (incompressible, constant ¢)
1

consider a system consisting of liquid water initially at 77 =
300 K, p; = 2 bar undergoing a process to a final state at 75 = 323 K, p, = 1 bar.

There are two ways to evaluate the change in specific entropy in this case. The first
approach is, s; = s{(7T;) = 0.3954 KJ/kg - K and s, = s¢(75) = 0.7038 KJ/kg - K,

giving s, — s =(0.308 KJ/kg - K.
The second approach is to use the incompressible model.

That is, with ¢ = 4.18 KJ/kg - K from Table A-19, we get

T kJ ) (3231{)
s —si=cln-= =(418 1 —(0.309 KJ/kg - K
2T T, ( ke - K/ T\300K 0309 KVke - K

Comparing the values obtained for the change in specific entropy using the two
approaches considered here, we see they are in agreement. < <
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(Continued)

Temp.
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Entropy

Mk K
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Yapor

Sat.
Liquid
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Enthalpy

e

Sat.

Yapor

Sat.
Liquid

Evap.

Intemal Energy

L S

Sat,
Liquid

Sat.
Yapor

Uy

Specific Volume

kg

Sat.

Yapor

T X 107 v

Sat.
Liquid

Press.

bar

Temp.

'C

3954 185156 | 27

'

| 1325 | 24125 | 113.25 | 2437.6 | 25508
| 20932 | 24435 | 20933 | 23827 | 25021

7 | ooer | ro0s | 38774

7038 ||8.0763 | 50

1235 | 10121 | 12,092
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* For example, for two pumps that moves water from level A to level B, the one with less
entropy generation would be the most efficient and would have the least heat loses to the
surroundings and, therefore, would be the better designed and maybe it can last longer (it

also could be more expensive).




Entropy Balance for Closed Systems

net amount of
entropy transferred in
across the system
boundary during the

time interval

e
an-[(8) -

entropy  entropy entropy
change transfer production

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

* Where subscript b signals that the integrand is evaluated at the system boundary.

It is important to highlight that at the end the ¢ allows us to compare two devices, for example, we
must choose a temperature (much better constant!) that allows us to easily calculate the entropy that

accompanies heat transfer ([ S?Q)



Closed System Entropy Balance

If the temperature 7}, is constant |:{>[52 -5 ==+ 0']

where Q/T, represents the amount of entropy transferred through the portion of the
boundary at temperature 7.



Closed System Entropy Balance

If the temperature 7}, is constant S$H—=-8S==—+oc

where Q/T,, represents the amount of entropy transferred through the portion of the
boundary at temperature 7,

Closed System Entropy Rate|Balance

Similarly, the quantity Q/T; represents the time rate of entropy transfer through the

portion of the boundary whose instantancous temperature is 7;.

On a time rate basis, the closed system entropy rate balance is

das .
o 2Tt

where dS/dr is the time rate of change of entropy of the system. The term Qj/?}
represents the time rate of entropy transfer through the portion of the boundary
whose instantaneous temperature is T;. The term ¢ accounts for the time rate of
entropy production due to irreversibilities within the system (or extended-Tij)



~ At this ™
boundary the
Closed System Entropy Balance System temperature is Temperature
boundary Tr=293K variation
. — e — — —
Similarly, the quantity Q/T; represents the fime rate of entropy transfer through the | 5 I
| =
portion of the boundary whose instantaneous temperature is 7j. 60 KW !‘ | = : N
» 7 - = 160 kW A
On a time rate basis, the closed system entropy rate balance is ——
\ I — I
| - | \
|
ds [ | [ |
d ; 7 : :
Ty=300K I
. === \\
where dS/dt is the time rate of change of entropy of the system. The term Q;/T; T e e e e
represents the time rate of entropy transfer through the portion of the boundary
whose instantaneous temperature is 7;. The term ¢ accounts for the time rate of
entropy production due to irreversibilities within the system (or extended-Tj)
ds° Q VL
=—+4o0
dt 15
.0 P
a = — —
T I
b
(=12 kW) | (=12 kW) B,
- _ -3 = —_— = X W
G = —W—clx 1073 kKW/K- o (293 K) 4.1 X 10 "kWIK

The value of the entropy production rate calculated in part (a) gauges the significance of irreversibilities associated with friction and heat transfer within the gearbox. In
part (b), an additional source of irreversibility is included in the enlarged system, namely, the irreversibility associated with the heat transfer from the outer surface of the
gearbox at 7bto the surroundings at 7%. In this case, the irreversibilities within the gearbox are dominant, accounting for about 98% of the total rate of entropy production.



APPLICATIONS FOR
CLOSED SYSTEMS

28
(67 S

entropy  entropy entropy
change transfer production




EXAMPLE 1 - CLOSED SYSTEM
Two m3 of air in a rigid container is initially at 293 K, 200 kPa. The air receives 710 kJ by heat from a heat source

at 1000K. Assuming the ideal gas model with cv = 0.72 kJ/kg. K, determine for the air (a) the mass, in kg, (b) final
temperature, in K, and (c) the amount of entropy produced, in kJ/K.
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a) The air mass:

X 293

PV = mRT
200 X 2 8.314
XiZ=m2X
28.97
m = 4.757 kg
b) Energy balance for closed systems:
——T’l - 2"\/5 K
Ideal Gas Properties of Air
T h u g0 State 1:

290  290.16  206.91 1.66802 U = 209.058 7
k




'K) rea€ +ADRLA A22 Pt calcole AU Y C_,f_/b ralcolay g —2 o Vunable
b) Energy balance for closed systems: AU = Q —W

m(u; —ug) = Q
4,757 X (u, — 209.058) = 710
u, = 358.312 kJ /kg

State 2:
T, = 498.41K

i k
......................................................................... s9 =221622<L
490  492.74 352.08 2.19876 kg

500 503.02 359.49  2.21952



c) The entropy generation:

P
m(sS—sf—Rln—2>=g+a

P2
S; —S; =53 — 57 — Rln—
Py

5 . = 5 5. P2
§;—5, =57 —8§ —Rin—

P1

kJ/kg - K

kJ/kmol - K

» Constant specific heat (e.g. helium, neon, or argon)

T. 2
Sp; =85 = cpln-—z— Rln&

1 P1
kJ/kg - K

8.314 340.213 710
4.757 (2.21622 —1.67830 — 58 97ln )

o=11236kJ/K

=——+g

200 1000

T, v,
s, — 51 = cpln—+ Rln—

1 vy

kl/kg - K

?V:mﬁ\ﬂ

2

Vo

poasiep pA X A0 A
29.9F ¥~

yiooE— )

340 1A% B
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a) The air mass: PV = mRT
200 X 2 = m X 0514 X 293
~ 72897
m = 4.757 kg

b) Energy balance for closed systems:

AU=0Q—-W

mc,(T, —T;) = Q
4,757 x 0.72 x (T, —293) = 710

T, = 500.30 K



c) The entropy generation:

m(52—51)=T—0+0
T, (%) Q
m(cvlnT—1+Rlnv—1)=T—O+a
w757 (0771, 50030 8314 2) _ 710
' 4593 72897 72 ) T 1000

o =1.1225kJ/K

P2 o N N 51.. P2
S, — 85 =53 —s{ —Rln—| |5, —5§, =57 —5] —RIn—
P1 P

kl/kg - K kj/kmol - K

» Constant specific heat (e.g. helium, neon, or argon)

T 2 T v
S;— 85 = c,,ln—2 - Rln& IS, — 51 = c,,,ln—2 + Rin=2
1 P1 1 "

kJ/kg - K kl/kg - K

0}



Increase of Entropy Principle

Since all energy and mass transfers taking place are included within the boundary of the enlarged system, the
enlarged system is an isolated system. An energy balance for the isolated system reduces to:

NE = 9(—%

AEJ = 0 U up0 = S($TEMN A £ A lpede Do kES
isol —

U N Lvese EX AlsLADD
AE]gsem + AE]qr = 0 m

Processes also must satisfy the second law:

2

+ O isol

AS}isal —

AS}isal — Ois0l

A65‘15 + Ags\;w —= 1ol



EXAMPLE Entropy Generated when a Hot Block Is Dropped in a Lake

A 50-kg block of iron casting at 500 K is thrown into a large lake that is at a
temperature of 285 K. The iron block eventually reaches thermal equilibrium
with the lake water. Assuming an average specific heat of 0.45 kJ/kg-K for
the iron, determine (a) the entropy change of the iron block, (b) the entropy
change of the lake water, and (c) the entropy generated during this process.

l (
K?G_ ' '\;V\t\zx«d,(

g = AS,,., = AS + ASi

system

(a) The entropy change of the iron block can be determined from

AS. — o . 285 K
o = Sy = 81) = mey, InTE = (50 kg)(0.45 k/kg K) In 0K —12.65 kJ/K
1




Directionality of Processes




Directionality of Processes



https://cormullion.github.io/pages/2019-06-23-slackmojif/

APPLICATIONS FOR OPEN SYSTEMS
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EXAMPLE 2 - OPEN SYSTEM

An insulated heat exchanger uses air as cold fluid to condensate R-22 that flows inside tubes. If 5 kg/s or
saturated R-22 is passing at 12bar (entering as saturated vapor leaving as saturated liquid), while 60 kg/s of
air at 290 K and 1.1bar is entering to the shell. There is no pressure drop on the heat exchanger. Determine a)
the exit temperature of air [°C]. The rate of entropy generation [kW/K] considering as control volume: b) the
whole heat exchanger, c) only the tubes where the refrigerant flows and d) the shell without the tubes. The
heat exchanger works in steady state and has adiabatic external walls.USAR TABLA A22 PARA EL AIRE

(ﬁSI‘:mlf/lch No usaa_ cp cte.

l 3) Air, 60kg/s
290K, 1.1bar

2) R-22, 12bar
saturated liquid I

1) R-22, 12bar |
saturated vapor

Y.
S ¥D)e 4) Air, 60kg/s, 1.1bar

& TECNOLOGIA




| 3) Air, 60kg/s
' 17°C, 1.1bar

. 2) R-22, 12b
b) Energy balance with the whole HE as control volume S |
— |
TABLE A-22 1) R-22, 12bar )
saturated vapor 1
Ideal Gas Properties of Air |l|4)Air. 60kgs, 1.1bar
when As = 0' e Conversions: Properties of Saturated Refrigerant 22 (Liquid—Vapor): Pressure Table
Press
0 ; =o0.1 MPa Specific Volume Internal Energy Enthalpy Entropy
@ @ . (53 ) p'..“.l’“ da =10"kPa > m’/ kg k)/ kg kl/ kg k)/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Sta‘te 3 290 290.16 206'91 1‘96802 1.231 676.1 Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor
300 300.19 214.07  1.70203 1.3860 21.2 bar °C v; X 10° v u u hy h, h 5 s
6 6 2 g i - -1
305 305.22 217.67 1.71865 1.4686 596.0 12.00 | 30.25 0.8546 0.0195 80.87 | 235.48 81.90 | 177.04 | 258.94 0.3029 | 0.8864
W2 "X Sq S

State 1 and 2

d : :
ZE =/Q/—}/V/+Z"I’hihi - Zmehe
t 7 : State 4.

Interpolating (Table A22):
TABLE A-22 T, =304.6951K

Mg (hy — h3) = 1g_z5(hy — hy) MO o AR T s

o 0 _
60 x (hy —290.16) = 5 x (258.94 —81.90) | ...l i, Se S LTITOS /kgK

300 300.19 214.07 170203
5 305.22 217.67  1.71865

h, = 304.9133 k] /k
UTEC ‘

UMIVERSIDAD DE INGENIERTA
& TECNOLOGIA

= Mp_z2hy + Mghs —Mmg_zh; —Mmghy




| 3)Air,
17°C, 1.1bar

b) Entropy generation with all HE as CV

2) R-22, 12bar
saturated liquid

-—

= +Zm-s-—2m Se + 6
/% % i i°i i e e

0 = mp_3251 + MgS3 — Mp_325; = MgSy + 0

0 =mp_3,(51 — $2) +Me(s3 —54) + 0

Mp_27(S; —51) + My(sy —S3) =6

P.
mR_zz(Sz - Sl) + Tha (54(,) — Sg —R lnp_4> =0
3

8.314

I

I

I

I 1
1) R-22, 12bar
saturated vapor

4) Air, 1.1bar
@

H at. .
1.66802 Liquid Vapor
s

sf = 1.71763 k] /kgK S1__ st

= Pg
Sy — S, =55—53 — RlnE

5% (0.3029 — 0.8864) + 60 X <1.71763 — 1.66802 —

' —005909kW
o= 0. v

110\
28.97 -¢

110



_ ;‘,E
. . . . 2904304.6951 Bloz|ii3| B
c) Entropy generation with tubes with R-22 as CV, T, = T, of air = 5 = 297.347 K S[FE) it E
<3 N\ 5 B
2) R-22, 12bar ] ¥ -
saturatedM |‘__ — — = o= - é‘
eat loss from the refrigerant to air: - AR i
1)R-22,ﬁ’l-_-__ _ —— _ ol < U’;g ;‘;“
saturated vapor ‘% = g A %’
Q = mg_p,(hy — hy) o . i
d . - g SER Eg %’I
75=Q—/W+2mihi—2mehe . 0 = 5 x (81.90 — 258.94) it
: r s Yl eel 9iN
L L Q = —885.2 kW I =
sgl-5p (%
PEl = 8
ds Q+z. Z y
=— MeSe — MmyS, + 0 NIPRERE
dt T, . eve . 0°0 fg -8t g
L L ®
. U\a;ngﬁ
Q o~ a7 iz m
0=r—+mg (51 —52)+0 PR
Ty 2 gl g8

—885.2

0=597347

+ 5 x (0.8864 — 0.3029) + 6

6 = 0.05949 —~ UTEC

UMIVERSIDAD DE INGENIERIA
& TECNOLOGIA




\l 3) Air, 15kg/s
| 17°C, 1.1bar

Heat absorbed by the air:

Q = +885.2 kW

| [a) Air, 15kg/s, 1.1bar

d) Entropy generation through the shell with air, T, = T,,; = 30.25+273.15 = 303.4 K

ds _Q . . .
E=T—O+Z7’neSe—ZmoSo+0’
i [

O=—+Tha(S3—S4)+6'
To

Q . Ps\ | .
O=T—0+ma Sé’—s}f—RlnP—4 +0

0 +885.2
~ 303.4

2897 110

8.314 110 _
+ 60 X (1.66802 —1.71763 — > +o

5 = 0.05899 aiid
o=0. 7
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EXAMPLE 2.4 — OPEN SYSTEM

The heat exchanger (running in steady state) shown below is used to condense saturated propane vapor at 10bar.
The cold fluid is air entering at atmospheric pressure and 10°C and exiting at 15°C. The heat exchanger can be
considered as an adiabatic equipment since it is covered by polyurethane. If the mass flowrate of propane entering
the heat exchanger is 10 kg/min, estimate the mass flow of air required [kg/s] and the rate of entropy generation
in the heat exchanger [KW/K]. (cp_air = 1.005 kJ/kg. K)
v5¢ £ov E. bolgne Imd O bo Lowce
US{, Cr - -
l 1 - Air at 1bar, 10°C

4 - Saturated propane
liquid at 10bar

| 3- saturated propane 10 I q
Vapor at 10bar -
P e

l

2 - Air at 1bar, 15°C



Taking the heat exchanger as the C.V., the energy balance is:

%tg%—%+2mehe—2mh5
Zmehe=2m5h5

macp(TZ - Tl) = mp(hS - h4)

10
m, X 1.005 x (15— 10) = 20 X (497.9 — 166.1)

m, = 11.005 kg/s

Properties of Saturated Propane (Liquid—Vapor): Pressure Table

Pressure Conversions:
1 bar=0.1 MPa

= 10® kPa ’

Specific Volume Internal Energy Enthalpy Entropy
m?/kg kl/ kg kl/ kg kl/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Press.
°C v; X 10° v, u; Ug h; by h St Sy bar

Press.
bar g
10.00 ‘ 26.95 2.043 0.04606 164.0 451.8 166.1 331.8 497.9 0.618 1.723 10.00




Taking the heat exchanger as the C.V., the rate of entropy generation is:

s Q . . .
=—+4 ) MyS, — ) M¢S;+ 0
t Ty
O.- — g ms SS _ ; me Se I jons: [ Propane

1723 | 10.00

331.8 497.9 0.618

26.95 | 2.043 0.04606 ' 164.0[ 451.8 166.1

0 = mg(sy — 1) + My (s — $3) ' —_— —
S4 53

I

L P, .
g =myg, (cp lnT—1 - RlnP—1> + 1y, (54 — 53)

10
+— % (0.618 — 1.723)

l_
i 60

10 + 273.15 2897 1

15+ 273.15 8.314 1
0 = 11.005 x{ 1.005 X In

6 =9.432%x 1073 kW /K




Now, let’s consider the tubes through which propane flows as a CV and estlmate the entropy generation.

Energy balance: /‘\P [@
d =Q'_W+2m h _Emh \{:::_:_,_v::\
t ee 5°°S jquaat1o0ar

.10
Q=@X(1661—4979)——553kW

To find the entropy generation(tubes through which propane flows as a CV), we need to estimate an

appropriate temperature associate with the heat. Taking the average air temperature in the exchanger
(12.5°C):

— =2+Zmese —stss/a'
b &= @ ed E eeeee—————————————————————————
-3 10 (1.723 — 0.618) + 6 Ir ““““““““““““““““““““““ ;

T 125427315 60 | ° /—\i
1ot15 = Th 7 2 - Air at 1bar, 15°C

6 =9.427 x 1073 kW /K -




Now, let’s consider the shell through which air flows as a control volume and estimate the entropy generation. Energy balance:

dE . . . ) l1-Air at 1bar, 10°C
/Zt/z Q _)/& + z mehe — z mgh I —

Q — macp(TZ —T1)

)

Q = 11.005 x 1.005 x (15 — 10) = 55.3 kW |

2 - Air at 1bar, 15°C

To find the entropy generation, we need to estimate an appropriate temperature associate with the heat. Taking the propane saturation

temperature in the exchanger (26.95°C).
= — E m,S, — E meS. + o
t T() eve SYS

o= @ - (£ —vnes) X T
TA P

. s
0= & '@“ﬁrsi 45
Th

B 55.3
©26.95 + 273.15

15+273.15 8314 1\ |
~11.005 x { 1.005 X In +d

10+ 273.15 2897 1

6 =9327 x 1073 kW /K



HOMEWORK= Do the exercise using table A22 for air, use
hand s?.



Second Law — Control Volume {TRANSIENT PROCESS
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Au\,,ujn(.
Example 4, 7 "~—

An insulated 0.40-m3 piston-cylinder device initially contains 1.3 kg of air at 30°C. In
this state, the piston can move. Air at 500 kPa and 70 °C is allowed to enter the
cylinder from a supply line until the final temperature of 316 K and the volume
increases by 50%. Determine: (a) the work done [kl], (b) the amount of mass that

has entered [kg], and (c) the entropy generation [kJ/K]. Assume that the final ?(;I(;} KPa
pressure is equal to the initial one. 20°C

Assumptions 1 Kinetic and potential energy changes are negligible. 2 Air is an ideal gas with constant specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg.K and the specific heats of air at room temperature are
cp=1.005 kJ/kg K, ¢v=0.718 kJ/kg.K (Table A-20)

Mass balance for a transient process M, — M1 = M; _%e
4

Energy balance for a transient process mou, —mqUq :%— W + mihi — %he



Mass balance for a transient process M, — M1 = M; —77{3
4

Energy balance for a transient process \M,U, — MU, = Q/— W + mihi — m/he

Defining the states:

- T1=30+273.15 #K
Initial (1) = ml=1.3 #kg
V1=0.4 #m3
R = 0.287 #KJ/kg.K
pl=(ml1*R*T1) /V1i= 282.7632 #kPa

Final (2) = T2=316 #K
V2=0.4 +(0.4*(50/100)) #m3

p2=pl
m2=p2*V2/ (R*T2)=1.8707 #kg

o Ti=70+273.15 #K
Entering(i) = pi=500 #kpa
mi=m2-ml= 0.5707 kg (b)the amount of mass that has entered,



(a) The work done

m2=1.8707 #kg
cv = 0.718 #KJ/kg.K
T2=316 #K

ml=1.3 #kg
Energy balance for a transient process T1-30+273.15 K
cp=1.005 #KJ/kg.K
Ti=70+273.15 #K

MaUy —myuy = Q — W +m;h; —mgh,

L?G/T,\ L)[v T4 QCPTL'

W=-(m2*cv*T2-m1*cv*T1-mi*cp*Ti) = 55.3357 #kJ

V1=0.4 #m3
W= PCVe-N1) =56 550¢ TR kg 7 . V2=0.4 +(0.4%(50/100))=0.6 #m3
e p2=pl=282.7632 #kPa



AL
(c) The rate of entropy generation M, 52— "1 51 = g_/ i s — mgbe +6
T

G = Wy (S1-5¢) - Ma(51 -5

- e —

\/ Cms"—av\—l—e of ‘(

Tcuac lov. (M C?

T, P, 1, P T1=30+273.15 #K
0) =m2(cp1n7—Rln?J—ml{cpln?—RlnF ml=1.3 #kg

’ ’ ’ ’ p1=282.7632 #kPa
cp=1.005 #KJ/kg.K

T2=316 #K
p2=pl

o =0.1003 #kJ/K n2-1.8707 tkg

Ti=70+273.15 #K
pi=500 #kpa




ClLC(D ANTERLON

VAR ADG /T:_)

TRARE A HAER El EIER
ysan Do LA TA pra 22 Ccp, Cy



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
5.171 kW. (a) Determine the coefficient of performance for the heat pump. (b) Fherate-of-entropygenerationin-each
equipment—(c) The rate of entropy generation of the cycle [kW /K], assuming that Ty = 20 °C (temperature inside de
house) and T = 1 °C (temperature outside de house). The compressor and valve are adlabatlc

3 < 2
Saturated Pr=Pp; = O bar

Condenser

Expansion Compressor ﬁ"'!c =35.1TkW

valve p 0
Evaporator

) JUUUUUL 1
A

m =7 kg/min
g P1=pPs=2.4bar
Q]I’l



For the compressor:

TABLE A-12
(Continued)
9 T v PR s
py=p3 =Y bar mkg  Kikg | Kkg | K/kg K
_ 0 p = 9.0 bar = 0.90 MPa
T,=60°C T o 35.59%)

293.21 | 0.9897

60 0.02609 | 269.72

=

m="Tkg/min
Py =py=24bar

Energy balance:

de . . , _
EzQ—W+Zmehe—sthS

0=—-W +mx(hy—h,)

th, =27 9301
27 7/60 '

SARS

h, = 248.89 kJ kg

TABLE A-12

Properties of Superheated Refrigerant 134:

p = 2.4 bar = 0.24 MPa
{Tsal = _S-STCC]

Sat. 0.08343 | 224.07 | 244.09 | 0.9222
—10
0 0.08574 | 228.31 ‘ 248.89 || 0.9399

State 1 is superheated vapor
at 2.4bar and 0°C




For the condenser:

TABLE A-12

(Continued) Energy balance:

Pt e, ST ot SOl A~ SO . S dE
p = 9.0 bar = 0.90 MPa ° H . .
...................... (T =3553°Q) =Q-W+ E Mehe — E mghg
60 0.02609 | 269.72(| 293.21 | 0.9897 dt

Qout - éq—l' W 2

Q = m X (h3 — hy)

3 | 2
Saturated Py =p3 =9 bar

= Tondenser, =

: 7
= — X (99.56 — 293.21
0 == ( )

TABLE A-T1 y
Oy = —22.5925 kW
oressare Conversions: Properties of Saturated Refrigerant 134a (Liquid-Vapor): Pressure Table
1 bar = 0.1 MP2 Specific Volume Internal Energy Enthalpy Entropy
=10” kPa m?/ kg k)/ kg k/ kg k)/keg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor
bar °C vy X 10 v, ur ug h; hig h, s¢ Sg
9.0 | 35.53 0.8576 0.0226 98.79 245.88 | 99.56 166.62 266.18 0.3656 0.9054 a) COP

h3

_Qu 225925
COP == 5171 =

e

I~ 1o




For the valve: Energy balance:
3 dE . : . .
Saturated $— " =Q—-W+ z Mmehe — z mghg
liquid
hy, = hs =99.56 k] /kg

1y
: Defining state 4: We know P4=P1= 2.4 bar and h4
I \/ Expansion
I /\Yalve
LI

/Y S

TABLE A-T

Specific Volume Internal Energy Enthalpy Entropy
m/ kg ki/ kg k/ kg kl/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liguid Vapor Liquid Evap. Vapor Liquid Vapor
bar % vg % 10° g Uy g b he he S Sg
2.4 —5.37 0.7618 0.0834 4277 224,07 42,95 20114 244 .09 0.1710 0.9222




For the evaporator:
Energy balance:

dE . . | |
_ _Evaporator _ - E =Q-W+ 2 mehe — 2 mshs

I l
I A : ] Q=mX (hl - h4) h; =99.56 = h, ....valve.T4=-5.37C
_—— = =1

. 7
: . Q= 50 X (248.89 — 99.56)
Oin = QL

. TABLE A-12
Q, = 17.4218 kW _ ‘
Properties of Superheated Refrigerant 134
T I u h s
JC kg | Mike | Kikg  K/kg:K
p = 2.4 bar = 0.24 MPa

.......... (Mot = =537°0) o

Sat. 0.08343 | 224.07 | 244.09 | 0.9222

0 0.08574 | 228.31

—10
‘ 248.89 || 0.9399

State 1 is superheated
vapor at 2.4bar and 0°C




c) Considering the cycle as a closed system

T d Q . . .
Qou t=ZT_O+z eSe — sSs T O

————————————————————————————————

[

P> =p; =9 bar
T,=60°C

\ W_=5.1TkW
f—

Sarurale:rl
liquid

g,\

Condenser

Expansion
b Compressor

| /\ valve
| 0=
: Evaporator 20 + 273 15 1 + 273 15
i —_— 1
Ll ™ T
i A m =7 kg/min
, P1=Pg=2.4 bar

""""""" go

o =0.0135 kW /K




Homework

(b) The rate of entropy generation In each equipment
[kW /K] and the T [°C]-s [k’;—’K] diagram.
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Thanks!



