Modelizacion de procesos
termodinamicos mediante el
programa Cyclepad

Joaquin Zueco Jordan

Area de Maquinas y Motores Térmicos
UPCT

Universidad
Politécnica
de Cartagena




:L Direccion pagina web

http://www.qrg.northwestern.edu/software/cyclepad/cyclesof.htm

Software - QRG home
CvclePad Software

Traditional Installer (32-bit versions of Windows)

This file will extract into a mumber of smaller files. First into a readme and another self-extractor, then into a bunch of files, including Setup.exe, which you will run to do
actual nstallation. You may want to put it into a temporary directory prior to installation. After Sefup.exe has run, the files in the temporary directory may be deleted.

Download CvelePad v2.0 June 2001 (self-extracting archive 3.2MB)

Zip Archive for 64-bit versions of Windows

The installer above only works with 32 bit versions of Windows. For 64 bit versions, you will have to download the zip archive below. To install from the zip archive, un
it under some directory (e.g., ¢:\) and double-click cpad.exe to start the program. Important notes:

1. Please do not install it under Program Files, because Vista and Windows 7 are cranky about programs making changes there, and parts of CyclePad are likely to not v
properly if you do that.

2. The help system uses the traditional Windows help system. If you click on help menu entries that need it, a Microsoft-provided dialog will appear that will take you t
page to install the appropriate program. We are not allowed to redistibute this program by Microsoft; we apologize for the inconvenience.

Download zip archive for installing CvclePad on 64 bit machines
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Proceso de expansion politropico reversible en un sistema cerrado
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LIR -
GRS
600.0°C
100.0 kPa
2.50 m~3/kg
825.8 kJ/kg
g876.1 kJ/kg
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Substance: LIE - Jubatance:
Phase: GAS Fhasze:
T = §00.0°C T =
P = 1.200 kPa B=
v = 0.20868 m~3/kg Vo=
u = §25.8 kJ/kg u =
h = 876.1 kJ/ka h =
5 = 2.78 kl/kg¥ 5 =
m= 1.0000 kg =
V = 0.2086 m~3 Vo=
U= 625.8 kJ U=
H=2876.1 kJ H=
5 =2.78 kI/K - 3=
R
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BEGIMA ExXP1
€3 ExP1 E=5(Ech <
Modeled as: ISOTHEEMRLL -
Modeled as: not RADIABATIC
Modeled as: not ISENTREOPIC
g = 622.0 kJ/kg
m=1.0000 kg
0= 622.0 kJ
n = 1.0000
— spec-work = §22.0 kJ/kg
work = 622.0 kJ -
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Substance: LIE - Substance: AIR
Phase: =L3 r—l Phase: GAS
T = 600.0°C B T = 156.1°C
P =1,200 kPa P = 100.0 kPa
v o= 00,2086 m~3/kg v =1.23 m3/kg
u = 625.8 kJ/kg u = 307.7 kdSkg
h = 876.1 kd/kg h = 430.8 kJ/kg
3 = 2.78 kJ/kgk 3 =2.78 kd/kgK
m= 1.0000 kg m= 1.0000 kg
Vo= 0.2086 m"~3 V=1.23 m"3
U = 625.8 kJ T = 307.7T kJ
H=876.1 kJ H = 430.8 kJ
3 =2.78 kI/K - 5 =2.78 kI/K
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BEGIM1 EXP1 EMDA
3 EXP1 E=N(Eoh |
Modeled a3: not ISOTHEEMATL FS

Modeled as: ADIRBATIC |‘j
Modeled as: ISENTROPIC b

g=0 kJ/kg
m= 1.0000 kg
Q=20kJ
n=1.40

EEES) spec-work = 318.1 ki/kg

work = 318.1 kJ -
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Substance: LIE - Substance: AIR
Phase: ELS |—| Phase: GAS
T = 600.0°C N T = 108.2°C
P =1,200 kPa P = 100.0 kPa
v = 0.2086 m"3/kg v =1.09 m*3/kg
u = 625.8 kJ/kg u=273.3 kJ/kg
h =876.1 kEJ/kg h = 382.7 kd/kg
3 = 2.78 kd/kgK a = 2.66 kJ/ kgl
m=1.0000 kg m= 1.0000 kg
V =0.2086 m"3 V=1.09 m"3
U= 625.8 kJ U =273.3 kJ
H=2876.1 kJ H = 382.7 kJ
3 =2.78 kI/K i 3 = 2.686 KJ/K
B
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BEGIM1 EXP1 EMDA
€ EeL [ lbE =
Modeled as: not ISOTHEEMAL -

Modeled as: not ADIRBATIC |_|
Modeled a3: not ISENTROPIC B
g = -70.49 kJ/kg

m = 1.0000 kg
Q= -70.49 kJ
n=1.50
— spec-work = 282.0 kJ/kg
work = 282.0 kJ -




-

=]

LIE -~
GRS |‘j
218.8°C B
100.0 kPa

1.41 m~3/kg

352.7 kdfkg

493.8 kd/kg

2.92 kJ/kgK

1.0000 kg

1.41 m~3

352.7 kJ

493.8 kJ

2.92 kJ/E e

- .
EE= €9 52
Substance: LIE - Jubatance:
Phase: GALS (Hl Fhaze:
T = §00.0°C m T=
P = 1,200 kPa B =
v = 0.2086 m~3/kg V=
u = 625.8 kJ/kg u=
h = 876.1 kJ/kg h =
3 =2.78 kJ/kgE 8=
m = 1.0000 kg m =
V = 0.2086 m~3 V=
U = §25.8 kJ U=
H=876.1 kJ =
g =2.78 kI/K - 3 =
o
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BEGIMNA EXP1
€3 ExP1 == &2
Modeled as: not ISOTHEEMLL -
Modeled as: not ADIRBATIC rj
Modeled as: not ISENTEOFIC B
g = 91.04 kI kg
m=1.0000 kg
0 =091.04 kJ
n=1.30
— spec-work = 364.2 kd/kg
work = 364.2 kJ -
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Substance: LIE - Substance: AIR -
Fhase: GAS N | Phase: GAS [
T = 600.0°C B T = 50.18°C bl
P =1,200 kPa P = 37.08 kFa
v = 0.2086 m*3/kg v = 2.50 m“3/kg
u = 625.8 kEJ/kg u=231.7 kJ/kg
h = 8768.1 kEd/kg h = 324.4 kd/kg
3 = 2.78 kJ/kgH 3 = 2.78 kd/kgK
m=1.0000 kg m= 1.0000 kg
Vo= 0.2086 m"3 Vo= 2.50 m~3
T = 625.8 kJ U= 231.7 kJ
H=876.1 kJ H= 324.4 kJ
5 =2.78 KI/K i 5=2.78 kJ/K il
Igual v que
s el caso
‘.—‘—'G’ﬂ.—*—r ‘ .
g 1sotermo
51 52
BEGIMA EXPA ENDA
e ExXP1 (===
Modeled as3: not I30THEEMAL -~
Modeled as: ADIABATIC |
Modeled as: ISENTROPIC B
g=0 kJ/kg
m=1.0000 kg
R=0%
n=1.40
Emmmmm)) SPec-vork = 394.1 kifkg Se obtiene menor
work = 394.1 kJ
trabajo de expansion
que el caso isotermo
(ver grafica final)




Comparacion: Trabajo de expansion y compresion

1
Procesos politropicos = WiT 1T (Pyv; —Pyvy)

Trabajo
extra

n=1

i n=1y=1.4

Vi v, v
Expansion

Interesa que el proceso se haga
isotéermicamente




Proceso de compresion politropico reversible en un sistema cerrado
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Substance: LAIE " Substance: AIR -
Phase: GAS W Phase: GAS |‘j
T = 600.0°C B T = 600.0°C B
P = 1,200 kPa P = 100.0 kPa
v = 0.2086 m~3/kg v o= 2.50 m~3/kg
u = 6825.38 kJ/kqa u = 625.8 kJ/kg
h = 876.1 kdJ/kg h = 876.1 kd/kg
3 =2.78 kJ/kgK 3 = 3.49 kJ/kgK
m= 1.0000 kg m= 1.0000 kg
V =0,2086 m~3 Vo= 2.50 m"3
T = 625.8 kJ U = 6825.8 kJ
H=2876.1 kJ H=876.1 kJ
3 =2.78 kJ/K - 5 = 3.49 EJ/K 57
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EMDCH CMP1 BEGIMA
€3 CMP1 (=l =] &
Modeled as: ISOTHERMRAL -

Modeled as: not RADIRBATIC r‘
Modeled as: not ISENTROPIC B

g = -622.0 kJ/kg
m=1.0000 kg
Q= -622.0 kJ
n = 1.0000
r=12.00
—spec—wcr}: = —622.0 kJ/kg
work = -622.0 kJ
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Phase:
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- Substance: AIER -
I_W Phase: GAS |“
ikl i T = 156.1°C b
1,200 kPa P =100.0 kPa
0.2086 m~3/kg v =1.23 m"3/kg
825.8 kJ/kg u = 307.7 kJ/kg
876.1 kd/kg h = 430.8 kJ/kg
2.78 kJ/kgK 3 = 2.78 kJ/kgK
1.0000 kg m= 1.0000 kg
0.2086 m~3 V=1.23 m3
8625.8 kJ U= 307.7 kJ
2876.1 kJ H = 430.8 kJ
2.78 kJJE - 5 =2.78 kJ/K 5
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EMDA CMPA BEGIMNA
€3 CMPL == &2
Modeled as: not ISOTHERMAL -
Modeled as: ADIABATIC _j
Modeled as: ISENTROEIC Tl
q=0 kiI/kg
m= 1.0000 kg
0=0%kJ
n=1.40
r = 5.490
—spec—wnrk = -318.1 kJ/kg
work = -318.1 kJ
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Substance:
Phasze:

mEd=HWw>z>o 4 m
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AIR ~
GAS r
a3
1,200 kPa

0.2086 m~3/kg
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Substance:
Phase:

mEd=HOnZo < mA

LIE -
GLS |_j
108.2°C

I/ kg
T kd/ kg
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BEGINA

P

3 CMPL

Modeled as:
Modeled as:
Modeled as:

H O H.O
[
o

spec-work
work

(== 2

not ISOTHERMAL
not ADIABATIC
not ISENTROPIC
70.49 kJ/kg
1.0000 kg
70.49 kJ

1]

L0 kd/ kg
L0 kJ
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Substance:
Phasze:

mEd=HWwzTXgo < mHd

P

=== A 51 EEE
AIR - Substance: AIE -
FAS |‘j Phase: GAS |_j
600.0°C TN T = 218.8°C i
1,200 kPa P = 100.0 kPa
0.2086 m~3/kg v =1.41 m"3/kg
825.8 kJ/kg u = 352.7 kJ/kg
876.1 kJ/kg h = 4%3.8 kJ/kg
2.78 kEJ/kgK 3 = 2.92 kJ/kgkK
1.0000 kg m= 1.0000 kg
0.2086 m™3 V=1.41 m~3
625.8 kJ U= 352.7T kJ
876.1 kJ H = 493.8 kJ
2.78 KJ/K - 3 =2.92 kKJ/E &7
@—o—~L——@
52 21
EMDCA CMP1 BEGIM1
€a cvPL [=JfE] =
Modeled as: not ISOTHEEMAL -
Modeled as: not ADIRBATIC _]
Modeled a3: not ISENTROPIC B
g = -91.04 kJ/kg
m= 1.0000 kg
0 =-91.04 kJ
n=1.30
r=&.76&
— spec-work = -384.2 kI/kg
work = -3e4.2 kJ
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Substance: AIER - Subkstance: LIE -
Fhase: %AS o |: Phase: GAS (1
T =goo.0oc T = 50.18°C g
P=1,200 kPa F = 37.08 kPa
v = 0.,2086 m“3/kg w=2.50 m3/kg
u = 625.8 kJ/kg u = 231.7 kd/kg
h = 876.1 kJ/kg h = 324.4 kJ/kg
3 = 2.78 kKJ/kgK 3 = 2.78 EJ/kgK
m= 1.0000 kg m= 1.0000 kg
V = 0.2086 m3 V = 2.50 m*3
T = 6825.8 kJ T=231.7T kJ
H=876.1 kJ H= 324.4 kJ \
5=2.7T8 kI/K AL 5=2.78 kJ/K
Igual v que
' — ) E —® " el caso
52 51 1sotermo
END1 CMP1 BEGIN1
3 cvP1 = |[= | 22
Modeled as: not ISOTHEEMALL -
Modeled as: ADIRABATIC |_|
Modeled as: ISENIEOFPIC B
q=0 kI/fkg
m= 1.0000 kg
Q=0 kI
n=1.40
r =11.%938
spec-work = -394.1 kJ/kg 1
—_— vork = -334.1 & Se obtiene mayor
trabajo de compresion
. |que el caso 1sotermo

(ver grafica final)



Comparacion: Trabajo de expansion y compresion

1
Procesos politropicos = WiT 1T (Pyv; —Pyvy)

Ahorro en
consumo

n=1

n=y=1.4

>
v, Vi M
Compresion

Interesa que el proceso se haga
isotérmicamente




CONCLUSION: Trabajo de expansion y compresién

1
Procesos politropicos = WiT 1T (Pyv; —Pyvy)

Trabajo
extra

Ahorro en
consumo

n=1

e J

Vi Vv v, \2 \%
Expansion Compresion

Interesa que ambos procesos se hagan sin variacion de T
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 Open Cycle Steady-State
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(" Closed Cycle | Control Mass or
Control Volume

Open Assignment Problem
Open Library Design Open Saved Design
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Proceso de expansion reversible en un sistema abierto
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Coincide SC
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SOURCEN 351 TUR1 52 SIMKE
e o -
S (g
e st (=@ =] || eTuR == == [ R (= [ ==
Substance: AIR - Modeled as: ISOTHERMAL - Substance: LIR s
Phase: GLS |"| Modeled as: not ISENTROPIC |"| Phase: BLS l—-l
T = 800.0°C B Modeled as: not ADIABATIC bl T = GO0.0°C —
P=-_,2:: kFPa q=622.':| ]-EJ.-"]E:; P = 100.0 kPa
v = 0.2084 m"3.-"]{g Tout-3 = 15'6.1=: w = 2.50 m~3Sfko
u = &25.8 }E_J.l'rkg delta-F = —1r1|:||:| kP& 1 = &25.8 }L-J.l'rk:}
3 = 2.78 kI/kgK delta ha = -445.4 kJ/kg s = 3.49 kJ/kg¥
m-dot = 1.0000 kgfa delta-z = 0.7124 kJ kol m-dot = 1.0000 kg/3
V-dot = 0.2086 m~3/sec m-dot = 1.0000 kg/s V-dot = 2.50 m~3/3ec
U-dot = 625.8 kW h-out-3 = 430.8 ]-EJ.-'r]fg T-dot = 625.8 kW
H-dot = 876.1 kW Shaft Power = &22.0 kW H-dot = 276.1 kW
S5-dot = 2.78 ]ﬂ"?.-"[" S Q—dct = §22.0 kKW S—dpt = 2,49 ]{W.-'r[{ =
PR = 12.00
flow fraction = 1.0000[0-1]
—spec shaft-work = 622.0 kJ/kg
spec work-3 = 445.4 kJ/kg Al




Proceso de expansion reversible en un sistema abierto

EE
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S0URCET 21 TURA 52 SIME
I b g il
R L
e s (o [@][=®] || eaTur =& s2 [ (o [= ] ==
Substance: LIER - Modeled as: r HERM - Substance: AIR -
Phase: GAS ) Modeled as: Phase: GAS

T = &600.0°C Modeled as: 2 T = 156.1°C

F=1,200 kPa g=0 kd/'kg P = 100.0 kPa

v = 0.2086 m"3,-"']€g Tout-3 = 156.1°C wvo= 1.23 ]IIAS.I'rkg

u = 625.8 kJ/kg delta-P = -1,100 kPa u = 307.7 kd/kg

h = 876.1 kd/kg delta h = -445.4 kJ/kg h = 430.8 kd/kg

3 = 2.78 EJ/kgK delta hs = -445.4 kJ/kg s = 2.78 kI/kg¥
m-dot = 1.0000 kg/s delta-3 = 0 kJ/kgE m-dot = 1.0000 kg/=
V-dot = 0.208& m~3/3ec m-dot = 1.0000 ka/ls V-dot = 1.23 m~3/3=c
U-dot = &25.8 kW h-put-z3 = 430.8 kd/kg U-dot = 307.7 ¥W
H-dot = 876.1 kW Shaft Power = 445.4 kW H-dot = 430.8 kW
S-dot = 2.78 kEW/K - Q—dct = 0 kW S-dot = 2.78 ¥W/E

FR = 12.00
eta-z = 100.0%
flow fraction = 1.0000[0-1]
—spec shaft-work = 445.4 kJ/ka
spec work-3 = 445.4 kJdJkg i




Proceso de expansion reversible en un sistema abierto

W12=' VdP=' K
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Substance: AIR ®
Phase: GRS
T = 156.1°C
P =100.0 kPa
v=1.23 m"3/kq
u= 307.7 EJd/kg
h = 430.8 kJ/kg
3 = 2.78 kJ/kgK
m-dot = 1.0000 kg/a
V-dot = 1.23 m~3/3ec
U-dot = 307.7 kW
H-dot = 430.8 kW
S-dot = 2.78 kW/K

EE
Er—eo—— <
S0URCET 21 TURA
i w g
€ sl [o[=] = €3 TURL [ |2 22
Substance: LIER - Modeled as: n MRT -
Phase: GAS Modeled as: EN
T = &600.0°C Modeled as: ADIRE
P=1,200 kPa qg=0 ki/kg
v o= 0.2086 m~3/kg Tout-3 = 156.1°C
u = 625.8 kJ/kg delta-P = -1,100 kPa
h = 876.1 kd/kg delta h = -445.4 kJ/kg
3 = 2.78 EJ/kgK delta hs = -445.4 kJ/kg
m—dot = 1.0000 kg/3 delta-s = 0 kJ/kgK
V-dot = 0.2086 m~3/3ec m-dot = 1.0000 kg/fs
U-dot = 625.8 kW h-out-3 = 430.8 kdJ/kg
H-dot = 876.1 kW Shaft Power = 445.4 kW
S-dot = 2.78 KW/K - Q-dot = 0 kW
FR = 12.00
eta-3 = 100.0%
flow fraction = 1.0000[0-1]
—spec shaft-work = 445.4 kJ/ka
spec work-3 = 445.4 kJdJkg

2 qp

Vi

P
P 1

YR

(1-Y)

(n=Y)

=1

4-318.1

(T,-T))=Y " Wys0




Proceso de expansion reversible en un sistema abierto

(comparacion con expansion reversible en SC con n=1.5)

|r = rﬁﬂﬂ]r < s
SOURCET a1 TURA 32 SIMEA
e S .
e g
e si (=& =] || ¢ TuR =)= == [ 15 S = =
Substance: LIR - Modeled as: not MRT - Substance: AIR -
Fhase: GA5 ) T | Modeled as: not [ Chaze: LS |m
T = 600.0°C bl Modeled as: not bl T = 108.2°C -
P = 1,200 kPa q = -70.49 kd/kg P - 100.0 kPa
v = 0.2086 m~3/kg Tout-3 = 156.1°C v = 1.00 m 3/ kg
u= 6825.8 kd/kg delta-P = -1.100 kPa W= 273.3 kJ/kg
h = 876.1 kJ/kg delta h = -493.5 kJ/kg h = 382.7 kJ/kg
g = 2.78 kJ/kgk delta hs = -445.4 kJ/kg s = 2.66 kI/kg¥
m—dot = 1.0000 kg/s delta-3 = -0.1188 kJ/kak m-dot = 1.0000 kg/3
V-dot = 0.2086 m~3/38c m-dot = 1.0000 kg/s V-dot = 1.09 m~3/3sc
U-dot = €25.8 kW h-out-3 = 430.8 kJ/kg U-dot = 273.3 kW
H-dot = &876.1 kW Shaft Power = 423.0 kW H-dnt = 382.7 KW
S5-dot = 2.78 kW/K A g-dot = -70.49 kW S-dot = 2.66 KWK
PR = 12.00
flow fraction = 1.0000[0-1]
—spec shaft-work = 423.0 kI kg
spec work-z = 445.4 kJSka
Z (datos de expansion reversible en SC)

_n
W™ 475

o (P2V2~ Pivi) =0 Wips) = 1.5 - 282 = 423 kl/kg



Proceso de expansion reversible en un sistema abierto

(comparacion con expansion reversible en SC con n=1.3)

B
lr " rﬂﬂﬂjr < R
S0URCET a1 TURA 52 SIMKA
- . .
B I"
[ 15 (= [@ =] || eaTuRL =8| EoH | 0 s (= (&=
Sukstance: AIR - Modeled as: n BEMAT - Subatance: ATER S 0
Phase: GAS |"| Modeled as: n |" Fhase: LS l—-
T = &600.0°C bl Modeled as: n Nl T = 218.58°C -
P =1,200 kPa q= P = 100.0 kEa
v = 0.2088 m“3/kg Tout-3 = v = 1.41 m*3/kg
u = &25.8 kJ/kg delta-P = -1,100 kPa U= 352.7 kJ/kg
h =2876.1 kJ/kg delta h = -382.4 kJfkg h = 493.7 kJ/kg
3 = 2.78 kJ/kgK delta hs = -445.4 kdJ/kg 3 = 2.92 kJ/kg¥
m-dot = 1. 0 kg/s delta-3 = 0.1369 kJ/kgK m-dot = 1.0000 kg/s
V-dot = 0.2086 m"3/3ec m—dot = 1.0000 kg/s V—dot = 1.41 m~3/3ec
U-dot = 625.8 kW h-cut-3 = 430.8 kJ/kg U-dot = 352.7 kW
H-dot = 876.1 kW Shaft Power = 473.4 kW Hedot — 493.7 ¥W
S-dot = 2.78 KW/K - R-dot = 91.04 kW S-dot = 2.92 KW/E s
ER = 12.00
flow fraction = 1.0000[0-1]
—spec shaft-work = 473.4 kJ/kg
apec work-3 = 445.4 kJ/kg
(datos de expansion reversible en SC)

. n
W= a5

(l-n)( P,v,—Pv;) =n W50 = 1.3-364.2=473.4kl/kg



Proceso de compresion reversible en un sistema abierto

P

£z
o -> > { B - ==
SOURCET 31 CMP1 52 SIMEA
R Y g
e 51 == = €3 cMP1 [SE = [ B [=[=]=
Substance: IR - Modeled as: ISOTHEEMAL - Sukstance: L4IR -
Phase: GR3 M Modeled as: not ADIABATIC W Fhase: GR3 [
T = 600.0°C B Modeled as: not ISENTROPIC B T = 600.0°C B
P = 100.0 kPa Modeled as: Make Lssumption P=1,200 kPa
v = 2.50 m~3/kg q=-622.0 kJd/kg v o= 0. LDDE m~3/kg
u = 625.8 kJ/kg Tout-3 = 1,503°C u = 625.8 kJ/kg
h =876.1 kd/kg delta-F = 1,100 kPa h = &76. 1 kd/ kg
3 = 3.49 kJ/kakK delta h = 0 kJ/kg 3 = 2.78 kJ/kgK
m—dot = 1.0000 kg/s delta hs = 905.9 kJ/kg m-dot = 1.0000 kg/s
WV-dot = 2.50 m~3/3ec delta-3 = -0.7124 kJ/ koK V-dot = 0.20°E m~3/3ec
U-dot = 825.8 kW m-dot = 1.0000 ka/s T-dot = 825.8 kW
H-dot = 876.1 kW delta H=0 kJ H-dot = 876. 1 kW
S-dot = 3.49 kKW/K h-out-s = 1,782 kJ/kg S-dot = 2.78 KW/K
flow fraction = 1.0000[0-1] = Shaft Power = -622.0 kW flow fraction = 1.0000[0-1]
Q-dot = -622.0 kW
FR = 12.00
flow fraction = 1.0000[0-1]
r=12.00
— spec shaft-work = -622.0 kI kg

spec work-3

~905.9 kI/kg {——

-

\f)

KdP

1/n
P 1

- RT In -

(n=1)

Proceso isoentropico posee mayor

consumo energético

P, _

P1

Coincide SC




Proceso de compresion reversible en un sistema abierto

EE
lr == r%r == G
SOURCET a1 CMPA 32 SIMEA
L L o g
e 51 o |[=] & 23 CMPL =& =3 e sz o |[=
Substance: LIE * Modeled as: not NON-POLYTROPIC - Subatance: RIR
Fhase: GA3 (1 Modeled as: POLYTIROFIC T Fhase: GA3
T =108.2°C b Modeled as: not ISOTHERMAL e T = 6§00.0°C
P = 100.0 kPa Modeled as: not ADIABATIC B =1,200 kFa
v =1.09 m3/kg Modeled as: not ISENTROFIC v o= 0. 20"'5 "3/ kg
u=273.3 kd/kg g = 70.49 kJ/kg u = 825.8 kd/kg
h = 382.7 kd/kg Tout-3 = 502.6°C h = &74. 1 kEl kg
3 = 2.868 kJ/kgK delta-F = 1,100 kPa 3 = 2.78 kJ/kgKE
m—dot = 1.0000 kg/s delta h = 493.4 kJ/kg m—dot = 1.0000 kg/s
V-dot = 1.09 m~3/sec delta hs = 335.7 kl/kg V-dot = 0.2086 m~3/3ec
O-dot = 273.3 kW delta-3 = 0.1187 kJ/kgK U-dot = &25.8 kW
H-dot = 382.7 KW m-dot = 1.0000 kg/s H-dot = 876.1 kW
S5-dot = 2.66 KW/K delta H = 493.4 kJ S5-dot = 2.78 KW/E
flow fraction = 1.0000[0-1] h-out-3 = 778.4 kI kg flow fraction = 1.0000[0-1]
Shaft Power = -423.0 kW
R-dot = 70.49 kW
FR = 12.00
flow fraction = 1.0000[0-1]
n=1.50
r=5.,24
— apec shaft-work = -423.0 kJ/ kg
spec work-s = -395.7 kd/kg =

W= 4= ( P,v, —



Proceso de compresion reversible en un sistema abierto

(otra combinacion de datos de entrada)

£E0
[ *>— {i= < »&D
SOURCET =1 CMP1 32 SIMNK
£ i~ L
3 s === £ CMP1 e 52 (== ][ ==
Substance: LIE Modeled as: Substance: LATR
Fhase: GAS Modeled as: FPhase: GAS

T = 108.2°C Modeled as: r T = 600.0°C

P = 100.0 kPa Modeled as: » P=1,200 kPa

v =1.09 m3/kg Modeled as: r v = 0.2086 m*3/kg

u=273.3 kd/kg q= .49 kJ/k u = 625.5 kd/kg

h = 382.7 kJ/kg Tout-3 = 50; 5°C h =876.1 kJ/kg

3 = 2.66 EJ/kgK delta-P = 1,100 kPa 3 = 2.78 kJ/kgK
m-dot = 1.0000 kg/s delta h = 433.5 kJ/kg m-dot = 1.0000 kg/s
V-dot = 1.0% m~3/35ec delta hs = 395.8 kl/kg V-dot = 0.2086 m~3/3ec
U-dot = 273.3 kW delta-3 = 0.1188 kJ/kgK U-dot = 625.8 kW
H-dot = 382.7 kW m-dot = 1.0000 kg/s H-dot = 876.1 kW
S-dot = 2.66 KW/K delta H = 433.5 kJ S5-dot = 2.78 KW/K

flow fraction = 1.0000[0-1] h-out-3 = 778.3 kI kg flow fraction = 1.0000[0-1]
Isothermal Shaft Power = -271.7 kW
Shaft Power = -423.0 kW
Q-dot = 70.49 kW
PR = 12.00
eta-iscthermal = 64.23%
flow fraction = 1.0000[0-1]
r=>5.24
— spec shaft-work = -423.0 kJ/kg
spec work-3 = -395.6 kJ/kg

W= 4= ( P,v, —



Proceso de compresion reversible en un sistema abierto

o *>— [ - =
SOURCET 51 CMP1 SIMK
y - e
[ S [ ][[=] 2 3 CMPL o |[= ] 2= o 52 = (=] 52
Subatance: LIR - Modeled as: not NON-POLYTROPIC Subatance: AIR
Fhase: GAS [ Mpdeled as: POLYTIROPIC Fhase: GAS
T = 218.58°C B Modeled as: not ISOTHERMA T = 600.0°C
P = 100.0 EPa Modeled as: not ADIABATIC P =1,200 kFa
v = 1.41 m~3/ kg Modeled as: not ISENTROFIC v = 0.2086 m"3/kg
u = 352.7 kJ/kg g = -91.04 kJ/kg u = 625.8 kJ/kg
h = 493.8 kJ/kg Tout-3 727.7°C h =876.1 EJ/kg
3 = 2.92 kJ/kgK delta-F 1,100 kPa 8 = 2.78 kJ/kgK
m—dot = 1.0000 kg/s delta h 2.4 EJ/kg m—dot = 1.0000 kg/s
V-dot = 1.41 m~3/3ec delta ha 510.5 kJ/kg V-dot = 0.2086 m~3/3ec
U-dot = 352.7 kW delta-3 -0.1370 kJ/kgK U-dot = 625.8 kW
H-dot = 4593.8 kW m-dot 1.0000 kg/s H-dot = 876.1 kW
S-dot = 2.92 kKW/K delta H 82.4 kJ S-dot = 2.78 KW/K
flow fraction = 1.0000[0-1] - h-out-= 1,004 kJ/kg flow fraction = 1.0000[0-1]
Shaft Power -473.4 kW
Q-dot -591.04 kW
EFE 12.00
flow fraction 1.0000[0-1]
n 1.30
r 6.76
‘ spec shaft-work = -473.4 kd/kg
spec work-s = -510.5 kJ/kg

~n
W= qTs

(1-n)

(P,v, = Pvi)=nwpge =1.3--364.2=-473.4kJ/kg




Proceso de compresion reversible en un sistema abierto

lr < > wr L . T2

SOURCET 31 CMP1 52 SIMK
. w - "
[ B (o |[=] == 23 CMP1 =] 22 £ s2 o |[=] ==
Substance: AIR - Modeled as: not HON-FOLYTROFIC =« Substance: AIR -~
f?fse: GAS . r_| Modeled as: r_| Phase: GAS |‘j
T = 100.0°C B Modeled as: B T = 100.0°C B
P = 100.0 kPa Modeled as: 1 ADTRBATIC P=1,200 kPa
v =1.07T m"3/kg Modeled as: not ISENTROPIC v = 0.089]1 m~3/kg
u= 2&87.4 EJ/kg g = -263.8 kJ/kg u= 2a7.4 kEJ/kg
h = 374.4 kJ/kg Tout-3 = 485.8°C h=374.4 kEJ/kg
3 = 2.64 kJ/kgK delta-P = 1,100 kPa 3 =1.93 kJ/kgK
m—dot = 1.0000 kg/s3 delta h = 0 kd/kg m—dot = 1.0000 kg/s3
V-dot = 1.07 m~3/3ec delta hs = 387.1 kJ/kg V-dot = 0.08%]1 m~3/3ec
U-dot = 267.4 kW delta-3 = -0.7124 kJ/kgK U-dot = 267.4 kW
H-dot = 374.4 kW m-dot = 1.0000 kg/s H-dot = 374.4 kW
S-dot = 2.684 KW/KE delta H=0 kJ S-dot = 1.93 KW/K
flow fraction = 1.0000[0-1] i h-ocut-3 = 76l.6 kJ/kg flow fraction = 1.0000[0-1] il
Shaft Power = -265.8 kW
Q-dot = -265.8 kW
FR = 12.00
flow fraction = 1.0000[0-1]
n = 1.0000
r=12.00
‘ spec shaft-work = -265.8 kJ/kg
gpec work-3 = -387.1 kd/kg . L.
- Proceso 1soentroplco poscc mayor

consumo energético



Proceso de compresion reversible en un sistema abierto

P

£ E
Epr—o— [pr—eo—ra=
SOURCET =1 CMP1 52 SIMK
W .
(1n 5 (o |[=] =2 Y CMP1 = |[[E] 23 (10 ) (o =]
Subkstance: LIE - Modeled as: not HON-POLYTROPIC = Subkstance: AIR -
Fhase: GAS | Modeled as: POLYTROFPIC T | Fhase: GAS |
T = 100.0°C bl Modeled as: not ISOTHERMAL B T = 485.8°C bl
P =100.0 kPa Modeled as: ADIRBATIC P=1,200 kPa
v =1.07 m"3/kg Modeled as: ISENTEOPIC v o= 0.1813 m"3/kg
u = 267.4 kJ/kg a=0 kJ/kg u = 544.0 kJ/kg
h =374.4 kJ/kg Tout-3 = 485.8°C h = 768l.68 EJ/kg
3 = 2.64 kJ/kgE delta-F 1,100 kPa 5 = 2.64 kJ/kgE
m—dot = 1.0000 kg/s delta h = 387.1 kd kg m-dot = 1.0000 kg/s
V-dot = 1.07 m~3/3ec delta hs 287.1 kJ/ka V-dot = 0.1813 m~3/3ec
U-dot = 267.4 kW delta-3 = 0 kJ/kgK U-dot = 544.0 kW
H-dot = 374.4 kW m-dot = 1.0000 kafsa H-dot = 76l.6 kW
S-dot = 2.64 EW/K delta H = 387.1 kJ S-dot = 2.684 kKW/E
flow fraction = 1.0000[0-1] s h-out-3 = T8l.6 kd/ kg flow fraction = 1.0000[0-1] s
Shaft Power = -387.1 kW
Q-dot = 0 kW
PR = 12.00
eta-3 = 99.99%
flow fraction 1.0000[0-1]
n=1.40
r 5.890 .
EEN)-pec shart-work = -387.1 ki/kg Verificamos de nuevo
gpec work-s = -387.1 kd/kg - .
que se obtiene mayor

trabajo de compresion
que el caso isotermo
(ver grafica final)




Proceso de compresion reversible en un sistema abierto

EE
pr—o— r—eo—c=
SOURCET 31 CMP1 52 SINKA
g b Ll il g
[ 51 (o |[= ] == 3 CMP1 = |[[E] &= A 52 (= [=] ==
Substance: LIE - Modeled as: not NON-POLYTROFPIC - Substance: ATR -
Phase: GRS i r_| Modeled as: r_| Phase: GRS |_'
T 100.0°C B Modeled as: = 1 B T = 581.2°C B
'ﬁ{:P = 100.0 kPa Modeled as: Make Assumption P =1,200 kPa
v =1.07 m*3/kg g = 688.97 kd/kg v o= 0.2041 m~3/kg
u= 2e7.4 kJ/kg Tout-3 = 485.8°C u=6812.3 kJ/kg
h = 374.4 kJ/kg delta-F = 1,100 kFa h = 8537.2 kJfkg
3 = 2.684 kJ/kgK delta h = 482.8 kd/kg 3 = 2.768 kdJ/kgE
m—dot = 1.0000 kg/f=a delta ha = 387.1 kJ/kg m—dot = 1.0000 kg/s3
V-dot = 1.07 m~3/3ec delta-s = 0.1187 kJ/kgK V-dot = 0.2041 m~3/3ec
U-dot = 267.4 kW m—dot = 1.0000 kg/s3 U-dot = 812.3 kW
H-dot = 374.4 kW delta H = 482.8 kJ H-dot = 857.2 kW
S-dot = 2.64 KW/K h-cut-3 = 76l.6 kJ/kg S-dot = 2.76 KW/K
flow fraction = 1.0000[0-1] 1 Shaft Power = -413.5 kW flow fraction = 1.0000[0-1] il
Q-dot = 68.97 kW
PR = 12.00
flow fraction = 1.0000[0-1]
n = 1.50
r=5.24
‘ spec shaft-work = -413.8 kJ/kg
spec work-a = -387.1 kJ/kg




Proceso de compresion reversible en un sistema abierto

e

EED
I = rwr = s
SOURCE1 21 CMP1 52 SIMKA
" .
[ 51 = |[=@] == 23 CMPL = |[[E] 23 e 52 ===
Substance: AIR - Modeled as: not HON-POLYTROPIC =« Substance: AIR -
_Eﬁfse: FAS ) _j Modeled as: POLYTRCPIC r_| Fhase: GAS3 |"
T = 100.0°C B Modeled as: not ADIABATIC B T = 389.0°C B
P = 100.0 kPa Modeled as: Make Assumption P=1,200 kPa
v =1.07T m~3/kg g = -69.03 kJ/kg v = 0,1582 m~3/kg
u= 2e7.4 kJ/kg Tout-3 = 485.8°C u = 474.5 kJ/kg
h =374.4 kd/kg delta-P = 1,100 kPa h = 664.4 kJ/kg
3 = 2.684 kEJ/kgK delta h = 289.9 kJ/kg 3 = 2.50 kEJ/kgK
m—dot = 1.0000 kg/s delta hs = 387.1 kJ/kg m-dot = 1.0000 kg/s
V-dot = 1.07 m~3/3ec delta-3 = -0.1370 kJ/ kgl V-dot = 0.1582 m~3/3ec
U-dot = 267.4 kW m-dot = 1.0000 kg/s U-dot = 474.5 kW
H-dot = 374.4 kW delta H = 289.9 kJ H-dot = 664.4 kW
S-dot = 2.64 KW/K h-ocut-3 = 76l.68 kJ/kg S-dot = 2.50 KW/K
flow fraction = 1.0000[0-1] il Shaft Power = -359.0 kW flow fraction = 1.0000[0-1] il
Q-dot = -69.03 kW
FR = 12.00
flow fraction = 1.0000[0-1]
n=1.30
r=6.76
‘ spec shaft-work = -359.0 kJ/kg
spec work-3 = -387.1 kJ/kg




Comparacion: Trabajo de expansion y compresion

Procesos politropicos =

Trabajo Ahorro en
extra P, CONsSumo
Pl ........................... n=1
n=— 'Y n= y
vV vV
Expansion Compresion

Interesa que ambos procesos se hagan sin variacion de T?,
esto en la practica es verdaderamente complicado




Ciclo de refrigeracion por compresion de vapor




Ciclo de refrigeracion por compresion de vapor

z
(1 5] o= 2|y (o= ]
Subatance: REF I-12 Substance: REFRIGERANT-12 &
Fhase B Phase: SATURATED [
quality = 1.0000[0-1] T quality = 0.3611[0-1] =
T=20.64°TF T = 20.64°F
P =250.0 kPa P = 250.0 kPa
v = 0.06830 m*3/kg v = 0.0250 m3/kg
u = 167.9 ki/kg u=79.84 kJ/kg
h = 184.8 ki/kg h = 86.08 kJ/kg
g = 0.6998 kJ/kgk 3 = 0.3298 kJ/kgk
m-dot = 0.0142 kg/3 m-dot = 0.0142 kg/3
T-zat = 20.64°F T-zat = 20.64°F
B-zat = 250.0 kPa P-zat = 250.0 kPa
v-f({Tsat) = 0 m"3/kg v-f(Tsat) = 0 m*3/kg
v-g(I3at) = 0.0680 m*3/kg v-g(Tsat) = 0.0680 m"3/kg
u-f({Taat) = 30.08 kJ/kg u-f{Tsat) = 30.08 kJ/kg
u-g{Isat) = 167.9 kJ/kg u-g(Taat) = 167.9 kJ/kg
h-£({Tsat) = 30.25 kd/kg h-f(Taat) = 30.25 kJ/kg
h-g(TIsat) = 184.8 kJ/kg h-g(Tsat) = 184.8 kJ/kg
3-f(Tsat) = 0.1206 kJ/kok g-f({Taat) = 0.1206 kJ/kgk
g-g(Tsat) = 0.6998 kJ/kgk g-g(Taat) = 0.6998 kJ/kgk
V-dot = 0 m*3/3ec V-dot = 0 m*3/3ec
U-dot = 2.39 kW U-dot = 1.14 kW
H-dot = 2.63 kW H-dot = 1.23 kW
S-dot = 0.0099 kW/E S-dot = 0.0047 kW/KE
flow fraction = 1.0000[0-1] - flow fraction = 1.0000[0-1] -
4
€3 HTRL lollE]®]
Modeled ag: not ISCCHCRIC -
Modeled ag: ISCBARIC |'1
i 4
delta-F =
delta h = 98.74 kJ/kg
delta-3 = 0.3700 kJ/kgK
m-dot = 0.0142 kg/s
Q-dot = 1.41 kW

flow fraction

1.0000[0-1]

Modeled as:
Modeled as:
Modeled as3:
Modeled as:
q:

Tout-3 =
delta-P =
delta h =
delta hs =
delta-3 =
m-dot =
delta H =
h-out-3 =
Shaft Power =
Q-dot =

IR =

eta-g =

flow fraction =
I =

spec shaft-work =
3pec work-s =

s E-_ +—ip
34 THR1 53
¢ “
HTR1 @
4 CLR1
o— [—a
=i CMP1 52
& e IRl

not ISOTHERMAL #
R2L kil LA
WL

Make Assumpticn
0 kd/kg

138.9°F

1000.0 kPa
28.65 kd/kg
28.65 kd/kg

0 kJ/kgk

0.0142 ka/s
0.4082 kJ

213.5 kd/kg
-0.4082 kW

0 kW

t i

100.0%

1.0000[0-1]

4,63

-28.65 ki/kn

-28.65 kI/kg 9

(1n K&

m-dot =
T-zat =
P-zat =
v-f{T3at) =
v-g{Iaat) =
u-f{Taat) =
u-g{Isat) =
h-f{Taat) =
h-g{Tasat) =
3-f{Taat) =
3-g{Ilaat) =
V-dat =
U-dot =
H-dot =
S-dot =
flow fraction =

=133.9°F:

= 1,250 kPa

=0 m3/kg

= 85.03 kd/kg

= 86.06 k/kg

= 0.3071 kJ/kgK

r

(1 5

[elE]=

0.0142 kgfa
123.9°F

1,250 kPa

0 m*3/kg
0.0138 m*3/kg
85.03 kl/kg
189.5 kd/kg
86.06 kJ/kg
206.8 kJ/kg
0.3071 kJ/kgk
0.6794 kJ/kgl
0 m"3/3ec

W21 KW

23 W

L0044 KWK
.0000[0-1] -

=

=&
Jubatance: REFRIGERANT-12
Phage: GAS
T =133.9°F
P =1,250 kPa
v = 0.0147 m"3/kg
u=195.2 kJ/kg
h = 213.5 kd/kg
3 = (.6998 kJ/kgk
m-dot = 0.0142 kg/3
T-sat = 123.0°F
P-zat = 1,506 kPa
v-f(Tsat) = 0 m"3/kg
v-g{Taat) = 0.0138 m"3/kg
u-f(Taat) = 85.03 kJ/kg
u-g(Tsat) = 189.5 kJ/kg
h-f({Tsat) = 86.06 kJ/kg
h-g(Taat) = 206.8 kJ/kg
g-I(Taat) = 0.3071 kJ/kgk
3-g(T3at) = 0.6794 kJ/kgk
V-dot = 0 m*3/3ec
U-dot = 2.78 kW
H-dot = 3.04 kW
S-dot = 0.0099 kW/K

flow fraction = 1.0000[0-1]

1o Rl

Modeled as:
Modeled as:

q
delta-P

delta h
delta-3
m-dot
Q-dot

=@z
not ISOCHCGRIC -
Ic [l

= -127.4 kl/kg
=0 kPa

= -127.4 ki/kg

= -0,3928 kJ/kgK
= 0.0142 kg/3

= -1.B1 kW




€3 75 dagram For T Bosic Rerigevatir Saboed - Flereme refrig g Auha <¥our Mame Heve:

Temgeliie ['F
&S - T
- N,
A2 - # W _
i ] pd ) nJalel: [o&] =
e Hl, Modeled as: not HEAT-PIME  «
154} - &~ | Mndeled as: REFRIGERATOR  [7
rd Modeled as: not HEAT-ENGINE —
134 - \ COB-r = 3.45
i~ Iy COP-r-Carnot = UNENOWN
Je“ |I Tmax = 138.9°F
i - A Tmin = 20.64°F
f’ \ Pmax = 1,250 kPa
79.89 Pmin = 250.0 kPa
. max-m-dot = UNENOWN kg/a
58.66 Power in = -0.4082 kW
1 Power out = 0 kW
37.44 1 net-power = -0.4082 kW
] Q-dot in = 1.41 kW
16.21 7 Q-dot out = -1.81 kW
501 net Q-dot = -0.4082 kW
] refr capacity = 0.4000 ton
96,24 - energy cost = 1.08 US&/day

T
0.29

T T
033 038
Entropy [kJ{K]

T
0.43




Proceso no 1soentropico en el compresor

"

-

B oE® o ElEES
Substance: E i1-1 S Substance: REFRIGERINI-12 =«
Phaze: |'| Phase: SATURATED |'
quality = T quality = 0.361170-11 B
T= T = 20.64°F
B =25 P = 250.0 kPa
v = 0.0680 m*3/kg v = 0.0250 m*3/kg
u=167.9 ki/kg u="7%.8{ Kl/kg
h=184.8 kKl/kg h = 86.06 kd/kg
5 = 0.6998 kJ/kgK 3 = 0.3298 kd/kgK
m-dot = 0.0142 kg/s n-dot = 0.0142 kg/3
T-3at = 20.64°F T-38t = 20.64°F
P-zat = 250.0 kPa P-zat = 250.0 kPa
v-f({Tsat) = 0 m*3/kg v-f({Tsat) = 0 m"3/kg
v-g({Isat) = 0.0680 m*3/kg v-g(Tsat) = 0.0680 m"3/kg
u-f(Tsat) = 30.08 kJ/kg u-f(Tsat) = 30.08 kJ/kg
u-g(Tsat) = 167.9 kJ/kg u-g{Isat) = 167.9 kd/kg
h-£({Tsat) = 30.25 k/kg h-f(Tsat) = 30.25 kJ/kg
h-g({T=at) = 184.8 kd/kg h-g(Tzat) = 184.8 kd/kg
3-f(Tsat) = 0.1206 kd/kgk g-f({Taat) = 0.1206 kJ/kgk
3-g(Taat) = 0.6998 kJ/kgK g-g{Taat) = 0.6998 kJ/kgK
V-dot = 0 m*3/3ec V-dot = 0 m*3/3ec
U-dot = 2.39 kW U-dot = 1.14 kW
H-dot = 2.63 kW H-dot = 1.23 kW
S-dot = 0.0099 KN/K S-dot = 0.0047 KW/KE
flow fraction = 1.0000[0-1] = flow fraction = 1.0000[0-1] =
£
£ HTRL ===
Mndeled a3: not ISOCHORIC S

TonmATT —

Modeled ag: ISOBARIC [

q=98.74 ki/kg
delta-B = 0 kPa
delta h = 98.74 kd/kg
delta-g = 0.3700 kdJ/kgK
m-dot = 0.0142 kg/s
Q-dot = 1.41 kW
flow fracticn = 1.0000[0-1]

ANTRARATIC
Allabnl iy

not ISENTROFIC
Make Assumpticn
0 kd/ka
138.9°F

1000.0 kPa
35.82 kl/ka
28.65 kl/kg
0.0212 kJ/kgK
0.0142 kg/3
0.5103 kJ
213.5 kl/ka
-0.5103 kW

KW

Modeled aa:
Modeled as:
Modeled as:
q’:
Tout-3 =
delta-PF =
delta h =
delta hs =
delta-3 =
p-dot =
delta H
h-out-3 =
Shaft Power =
Q-dot =10
PBR=25

eta-3 = 80.00%
flow fraction = 1.0000[0-1]
r=4.39
spec shaft-work = -35.82 kJ/kg
spec work-s = -28.65 kJ/kg

e B +—ip
s4 THR1 g3
i “
HTR1 @
4 CLR1
e . 2
g1 CMP1 82
e cvpt =ikl

;
B

-

i

[ 2

B s =@l || f (= @]
Subatance: REFRIGERANT-12  » Subatance: REFRIGERANT-12
Phaze: ED 4 Phage: GRS
quality = 0[0-1] 7] T = 155.0°F
T =123.9°F P =1,250 kPa
P=1,250 kPa v = 0.0155 m*3/kg
v=0mn3/kg u=201.4 ki/kg
u=85.03 ki/kg h = 220.6 ki/kg
h = 86.06 kJ/ky 5 = 0.7210 kd/kgkK
g = 0.3071 kJ/kgK m-dot = 0.0142 kg/s
m-dot = 0.0142 kg/s T-sat = 123.9°F
T-3at = 123.9°F P-zat = 1,822 kPa
B-3at = 1,250 kPa v-i(Tsat) = 0 m"3/kg
v-f(Tsat) = 0 m"3/kg v-g{Isat) = 0.0138 m*3/kg
v-g{Tsat) = 0.0138 m"3/kg u-£{T3at) = 85.03 ki/kg
u-f(Tsat) = 85.03 kd/kg u-g(Iszat) = 18%.5 ki/kg
u-g{Tsat) = 189.5 kJ/kg h-f{Tsat) = 86.06 ki/kg
h-f(Tsat) = 86.06 kJ/kg h-g{Tsat) = 206.8 ki/kg
h-g{Tsat) = 206.8 kJ/kg g-f(Taat) = 0.3071 kJ/kgk
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g-g(Tsat) = 0.67%4 kJ/kg¥ V-dot = 0 m*3/3ec
V-dot = 0 m"3/3ec U-dot = 2.87 kW
U-dot = 1.21 kW H-dot = 3.14 kW
H-dot = 1.23 kW S-dot = 0.0103 XW/K
S-dot = 0.0044 EW/K flow fraction = 1.0000[0-1]
flow fraction = 1.0000[0-1] -
6 LR @]
Modeled aa: not ISOCHORIC &
Modeled -ag: ISCBARIC |
q=-134.6 kd/'kg m
delta-F = 0 kPa
delta h = -134.6 kd/kg
delta-3 = -0.4140 kJ/kgk
m-dot = 0.0142 kg/s
Q-dot = -1.92 kW
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122, 4 A f Tmin = 20.64°F
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7080 - ’ mex-m-dot = UNKNOWN kg/s
] Power in = -0.5103 kW
58.66 - Power cut = 0 kW
: net-power = -0.5103 kW
37.44 4 Q-dot in = 1.41 kW
1521_‘ RQ-dot out = -1.92 kW
o net Q-dot = -0.5103 kW
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] energy cost = 1.35 US&/day
-26.24
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Entropy (kJ/K): 0.70272 Temperature (°F): 237.06218

Entropy [kJ/K]
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delta-F
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m-dot
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flow fraction
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Modeled as: IS0BARIC . Phase: GAS | Phase: GA3 B
B =i ! T =8652.2 = T =1,400 K :
= 750.4 kJ/k
LN e P = 1,200 kPa P = 1,200 kPa
delta h = 750.4 ki/kg v = 0.1558 m°3/kg v = 0.3345 m~3/kg
delta-s = 0.7666 kd/kgK U= 467.4 kd/kg 4= 1,003 kd/kg
m-dot = 1.0000 ka/s h = 654.4 klfka h = 1,405 kJ/kg
Ddot = 750.4 ¥W 3 = 2.49 kJ/kgk 8 = 3.26 kJ/ka¥
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£ £ — 1 A000 0= il m-dot 00 kg/a3 m-dot = 1 a/
BN TEac iRl B RS 4 V-dot = 52 m~3/sec V-dot = 0.3345 m~3/3ec
U-dot = .4 kW O-dot = 1,003 kW
H-dot = 4 kW H-dot = 1,405 kW
S5-dot = (WK S-dot = 3.26 KN/K
flow fraction = 0-1] flow fraction = 1.0000[0-1]
5 dljgﬂt el :-%%%5;..........-1'.: > E::i;ﬂt
CMP1 31 HTR1 52 TUR1
54 CLR1 53
Lo [EIE=] | r o e s3 &=
Subatance: ATE . e CLrL === Substance: LIR »
Phase: GA E | Modeled as: not ISOCHCORIC - Phase: GAS
T--= 298 = Modeled az: ISCBARIC T T = 688.3 K =
P = 10¢ Pa g=-351.7 kd/kg T F = 100.0 kPa
v = 0.8543 m"3/kg delta-P = 0 kPa v =1.97 m~3/kg
u=213.6 kI/kg delta h = -391.7 kd/kg u = 493.3 kd/kg
h = 299.0 kJ/kg delta-3 = -0.5400 kJ/kgK h = 690.7 kd/kg
5 = 2.42 kJ/kgK m-dot = 1.0000 kg/s 3 = 3.26 kJ/kgK
m-dot = 1.0000 kg/s Q-dot = -381.7 kW i m-dot = 1.0000 kg/3
V-dot = 0.8543 m~3/3ec V-dot = 1.87 m*3/a3ec
O-dot = 213.6 kW O-dot = 493.3 kW
H-dot = 299.0 kW H-dot = 690.7 kW
S-dot = 2.42 XW/K S5-dot = 3.26 EW/K
flow fraction = 1.0000[0-1] flow fraction = 1.0000[0-1]
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o ]
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[0-1]

= -309.2 kJ/kg
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Problemas a resolver:
- Grupos de dos alumnos

- Elegir uno de los siguientes problemas:



Ciclo de refrigeracion real
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SISTEMAS DE REFRIGERACION MULTIETAPA
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Esquema de la instalacion regenerativa
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Turbina de gas con recalentamiento
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Turbina de gas con refrigeracion en la compresion
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Turbina de gas regenerativa con recalentamiento
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Turbina de gas regenerativa, con refrigeracion en la compresion y
recalentamiento intermedio
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