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INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.
We consider a replacement of R-22 by R-507 in a chiller. The technical file of this installation

was missing; we measure as per experiment below:

Refrigerating circuit:

Measurements where taken and recorded in the table as in appendix 1. It is noticed that the
point of real discharge of the compressor is confused with isentropic discharge.
etV EOTAON

Glycol water inlet/ outlet: -15°c/-20°c

Air cooled condenser
Air inlet /outlet: 25°C/32°C

In addition, the table of the performances of the compressor is given in appendix 2.

«
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PART A: Analyse the original

Question 1
To calculate the volumetric efficiency of the compressor, the refrigerating power produced at

the evaporator, the heat rejected by the condenser, and the volume flow rate after

expansion.

(2 marks)

Question 2

—Calcutate-the effective efficiency of the compressor, its power absorbed in the above

installation, and also its thermal losses towards ambient, and the COP of the installation.

(2 marks)

Question 3

Calculate the values of KS of the evaporator and the condenser of the installation. For the
evaporator, we neglect the zone of de-superheat, and we considers that ALL the
refrigerating power is produced by the zone of evaporation. For the condenser, we consider
two zones: the first zone corresponds to the de-superheat of the vapour; the second zone is
the remainder of the total condenser capacity, start from the HP dew point, until the end of

sub cooled liquid.

. (2 marks)
PART B: Replacement by R507

It is supposed that for identical pressures of operation, the volumetric efficiency and effective
efficiency do not change from one fluid to another. Superheat and subcooled remain

constant, and the discharge of the compressor is always confused with isentropic
repression.

Question 4

For the mode -25°c/+35°c in R-507, indicate the saturated pressures.

(1 marks)

Question 5

To deduce the corresponding temperatures of saturation for R-22; using appendix 3,
calculate the new efficiencies of the compressor.

(2 marks)

FRB30303_PRODUCTION OF REFRIGERATION
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Question 6
Calculate the mass flow rate of R-507, the refrigerating power and the heat rejected at the
condenser (thermodynamic coordinates of the R507 cycle in appendix 1).

(1.5 marks)

Question 7

For the secondary fluids, we maintain constant flow rate, the exit temperature of the
evaporator and the entering temperature of the condenser. Calculate the KS values of the
evaporator and the condenser, necessary for these powers. Calculate the evaporating

temperature.

{2 marks)

Question 8

By using the value of evaporation temperature 8o50; (maintained constant) found in the
previews qije's'tibn;-'(:alculate the condensation temperature 8¢ so7 Which will be established if
the HP is not fixed any more (Note: to vary the condensation temperature by step of 1°C,

until the criterian of convergence is satisfied).

: : (2.5 marks)

Question 9
To verify the new mode of operating of the installation is ok or not(8y 507 , B« s07).

N

(1.5 marks)

Question 10
To give or calculate the followings:

a) refrigerating power

b) heat rejected by the condenser
c) absorbed power

d) CcoP

e) Volume flow rate of liquid

(2.5 marks)

Question 11
Indicate the effects for the possible modifications to bring to the installation
(1 marks)

END OF QUESTION
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Appendix 3:thermodynamic data of R-22

P sat H 4 V' H bubble H 4
2.30 -21.7 402.9 0.1033 175.0 171.7
2.40 -20.6 4034 0.0992 176.3 172.9
2.50 -19.5 403.9 0.0954 177.4 1741
2.60 -18.5 404 .4 0.0920 178.6 175.2
2.70 -17.5 404.8 0.0888 179.7 176.3
2.80 -16.5 405.2 0.0858 180.8 177.4
2.90 -15.6 405.7 0.0830 181.9 178.5

P T sat H 1 V' H bubble H 4

15.74 411 426.0 0.0158 251.0 247 1

16.13 42 1| ——426.-3—0-0154+4—252:41" 248 .4

16.54 43.1 426.5 0.0150 253.8 249.8

16.95 44.2 426.8 0.0146 2551 251.2

17.37 45.2 427.0 0.0142 256.5 252.5

~.17.80 46.2 427.2 0.0139 - 2579 2539

Enthalpy and temperature of isentropic discharge (superheat = 10K)
Temperature of evaporation (°C)

CONFIDENTIAL

Point 1 and 4 are

those of the cycle user
in the general diagram

HP (bar) -21.7 -20.6 -19.5 -18.5 -17.5 -16.5 -15.6
1574 H 454.5 453.8 453.2 452.5 4519 451.3 450.8
T 8§3.2 82.4 81.6 80.9 80.2 79.5 78.9

16.13 H 455.3 454.6 453.9 453.3 452.6 4521 451.5
. T 84.7 83.8 83.1 82.3 81.6 80.9 80.3
16.54 H 456.5 455.8 4551 454.5 453.9 453.3 452.7
T 86.1 85.2 84.5 83.7 83.0 82.3 81.7

16.95 H 457.7 457.0 456.3 455.7 4551 454.5 453.9
T 87.5 86.7 86.9 85.1 84.4 83.7 83.1

17 37 H 458.9 458.2 457.5 456.9 456.3 455.7 4551
T 88.9 88.1 87.3 86.5 85.8 85.1 84.5

178 H 458.7 457.5 456.8 456.2 455.5 4549 454.4
T 90.3 89.5 88.7 87.9 87.2 86.5 85.9

Pinbar; Tand T g5 in °C; Hin kJ/kg; S in kJ/(kg.K); vinm o kg
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Appendix 4:Thermodynamic data of R-507
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T p H vy H dew H bubble Ha
-28.0 2.31 3565.5 0.0865 3471 162.6 158.8
-27.0 2.40 356.1 0.0833 347.6 163.9 160.1
-26.0 2.50 3566.7 0.0802 348.2 165.2 161.4
-25.0 2.60 8873 0.0773 348.8 166.5 162.6
-24.0 2.70 357.9 0.0745 349.3 167.8 163.9
-23.0 2.81 358.5 0.0718 349.9 169.1 165.2
-22.0 292 359.1 0.0692 350.4 170.4 166.5
p H 4 V' " bubble H dew H bubble H 4
33.0 15.74 387.5| 0.000994 374.8 248.4 243.7
34.0 16.13 387.8] 0.000999 375.01 2500 245.3
356.0 16.54 388.21 0.001005 3753 251.6 246.8
36.0 16.95 388.6| 0.001010 375.5 263.2 248.4
37.0 17.37 388.9| 0.001016 375.7 254.8 250.0
38.0 17.80 389.3| 0.001022 3759 256.5 251.6
Enthalpy and isentropic temperature of repression (overheating aspiration = 10K)
Temperature of evaporation (°C)
Tc (°C) - | -28.0 -27.0 -26.0 -25.0 -24.0 -23.0 -22.0
33 H | 3956 395.4 395.1 394.9 394.7 394.5 3943}
T 49.8 49.6 49.4 49.2 49.0 48.8 48.7
34 H 396.1 388.9 395.6 395.4 3952 395.0 394.8
. T 50.9 50.7 50.5 50.3 50.1 49.9 49.7
35.0 H 396.6 396.4 396.2 395.9 3997 8905 395.3
T 51.9 51.7 51.5 51.4 51.2 51.0 50.8
36.0 H 397.2 396.9 396.7 396.5 396.2 396.0 395.8]
T 538.0 52.8 52.6 52.4 522 52.1 51.9
H 397.7 397.4 397.2 397.0 396.7 396.5 396.3 ]
37.0 T 541 05.9 83.7 53.5 9.3 53.1 53.0
38.0 398.2 397.9 397.7 9979 397.2 397.0 396.8
55.2 55.0 54.8 54.6 54.4 54.2 54.0

Pinbar; Tand T sy in °C; Hin kJ/kg; S in kJ/(kg.K); vin m */ kg
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