Ejercicio 4
Se dispone de una instalacién frigorifica de ciclo cascada con CO2 — R-717 trabajando en las
siguientes condiciones:

- Circuito CO2: T2 evap: -40°C, T2 cond: -5°C, Recal: 10K (5+5), Subenf: 5K. La potencia frigorifica
requerida es de 25 kW para el circuito de baja temperatura.

- Circuito R-717: T2 evap: -10°C, T2 cond: 40°C, Recal: OK, Subenf: 5K. La potencia frigorifica
requerida es de 50 kW para el circuito de alta temperatura + la potencia de condensacion del
circuito de CO2.

Para cada circuito, calcular:

a) El caudal mésico de refrigerante.
b) La potencia de compresion.

c¢) La potencia de condensacion.

d) El COP de cada ciclo frigorifico y el COP global del sistema en cascada.

Solucién

Al tratarse de un sistema en cascada con amoniaco inundado, es necesario analizar los dos ciclos
simples en Coolpack:

1) CIRCUITO DE CO,

CYCLE SPECIFICATION
REFRIGERANT
Te[°Cl: ATgy [K]: |Ho SGHx - RT44
TePCl:[50]  ATsc[KI:
CYCLE CAPACITY
|Coo|ing capacity G [kW] j Qg : 25 [KW] Qg : 30,35 [kKW] m : 0,09466 [kg/s] Vg:13,90 [m>ih]
COMPRESSOR PERFORMANCE
|Isenllopic etficiency 15 [-] j IEI my5: 1,000 [] W 4,878 [K\W]
COMPRESSOR HEAT LOSS
[ Heat lass tactor fg [%] ~| o] fg: 0,0 [%] T,: 454 [°C] Quoss: 0 [KW]
SUCTION LINE
|Unuselu| superheal ATy 5 [K] j (.}5|_ L 472 W] Tg: -30,0 [FC] ATgy 5. : 5,0 K]




CYCLE ANALYSIS : ONE-STAGE CYCLE
> DX EVAPORATOR

Calculate LOGIp).h-DIAGRANM
Save inputs QSGHX: 0 [kW] e
Load inputs e o Ty: 454 [°C]

7 Help Ty: 10,0 [FC] @@ a

Qc:3035KW]  Tc:-50[C]
Print Ts: -10,0[°C] Ty: 454 [°C]

Cycle Spec.

W: 4,878 [KW]

Auziliary

m: 0,09466 [Kg/s]

Qg : 25 [kKW] Te: 40,0 [°C] °
L
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TOOL C.1 | REFRIGERANT : R744 ‘ COP: 5,125 COP*: 5,222 ‘ Tcarnor: 0,784
STATE POINTS
TEMPERATURE PRESSURE ENTHALPY DENSITY
STATE POINT
[°C] [kPa] [kJ/kg] [kg/m]
-30,0 1004,5 61,4 245
454 30458 9.8 58,3
454 30458 -9.8 58,3
-10,0 30458 -330,5 9854
-10,0 30458 -330,5 9854
-40,0 1004,5 3305 |0 -
-35,0 1004,5 66,4 253
-30,0 1004,5 61,4 245
a) El caudal masico de refrigerante.
Q f 25

", = = 0,0947kg/s = 340,78kg/h

(h, — hg) (66,40 — (—330,50))



b) La potencia de compresion.

W, = m, - (hs — hy) = 0,0947 - (—9,80 — (—61,40)) = 4,88kW

c) La potencia de condensacion.
Q. = m, - (hg — hs) = 0,0947 - (7,20 — (—330,50)) = 30,36kW

d) EI COP.

|

cop = 2 512
S W, 488 7

S

a

2) CIRCUITO DE NHg

CYCLE SPECIFICATION
QUALITY OUT OF EVAPORATOR | REFRIGERANT
Te 1z [-10,0] Apg [K1:[0.0] necll ¥ RT7 ¥
TePCl:[400]  ATsc KI:[5.0] poy 1K1 :[0]
CYCLE CAPACITY
| Cacling capacity Ge kW] =] |80,36] Qg : 80,4 [KW] Qg : 98,8 [KW] m : 0,074 [Kals] Vg:111,6 [m°h]
COMPRESSOR PERFORMANCE
|Isenlropic efficiency mg [-] j IEI ms: 1,000 [] ch: 18,4 [kW]
COMPRESSOR HEAT LOSS
| Heat lass factor fg [%] - @ fg: 0,0 [%] Ta: 12,9 [°C Quoss : 0,00 [KW]
SUCTION LINE
| Unusetul superheat ATy 50 1K ~) Qg 0 W] Tg: A0,0[°C]  ATgy g : 00K
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Ta: 35,0 [°C] o

To: 40,0 [°C]

Ncipe = 4,00 []

CYCLE ANALYSIS : ONE-STAGE CYCLE
> FLOODED EVAPORATOR
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Qg : 98,8 [kKW]

Tp: 12,9 [°C]

T3: 1128 [°C]

Wep: 18,4 [KW]

mcp: 0,074 [kals]

Tg:-10,0[°C] Meyap: 0,247 [Kais]
Qe:804[KW]  Te:-10,0[°C] O
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o REFRIGERANT : R717 COP: 4,362 COP*: 4,362 ncarnor: 083
STATE POINTS
ENTHALPY DENSITY
STATE POINT TEMPERATURE PRESSURE
['C] [kPa] [kJ/kg] [kg/m"]
-10,0 2909 14341 24
112,9 1558,6 1682,6 8,8
112,9 1558,6 1682,6 8,8
35,0 1558,6 350,6 5873
10,0 290,9 3506 | @ -
10,0 290,9 133,2 651,9
-10,0 290,49 4584 | mmme-
10,0 290,9 1434,1 2.4
a) El caudal mésico de refrigerante.
Qr 80,36

Mygy =N°

- J = 4 .
(hy — he) (1434,10 — 133,20)

= 0,2471kg/s = 889,53kg/h




=ty e M) g (13320789880 sk = 266,99kg/m
m, = Mygy (hs —hy) (350,60 — 1434,10) ' g/s = 99%ka/

b) La potencia de compresion.

W, =i, - (hy — hy) = 0,0741 - (1682,60 — 1434,10) = 18,43kW

c) La potencia de condensacion.

Q. =1, (hs — hy) = 0,0741 - (1682,60 — 350,60) = 98,79kW

d) El COP de cada ciclo frigorifico y el COP global del sistema en cascada.

Qs 8036
COPNH3 = W = m = 4,36
c )
Q 25+ 50
COPcascada = ! 3,22

W, 488+1843



