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INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.
A project consultant is designing a booster system for 2 types of freezer room at 5°C, with
cooling capacity of 300kW and freezer room at -25°C,with cooling capacity of 100Kw
The desigh completed with HP and LP circuit which have 2 single stage compressors. A
condenser with a cooling tower and maximum water temperature is 28°C. LP evaporator
supplied by thermal expansion valve and HP evaporator supplied by horizontal low pressure
bottle .Each compressor with its own oil separator and its own oil cooler is cooled by a
cooling tower.

The design as the following conditions:

Refrigerant . R404A

Superheated in the piping of suction . 5 °C

Superheated at exit of evaporatoris : 5 °C

Subcool of the liquid at exit condenser ¥ 3 °C
Question 1

To determine the range of temperature and pressure of the condensing and evaporating of
HP circuitand evaporating of LP circuit.

(15 marks)

Question 2

From appendices 1 to 4, calculate the energy performances and the annual cost of the
electric consumption of the compressors operate for 24 hours per day for 300kwW of HP
circuit and 100kW of LP circuit with a tariff of RM0.323 kWh.

From power consumption point of view, select the suitable compressor model for HP and LP
circuit and justify your answer

(15 marks)

Question 3

Draw the refrigeration schematics with dispositive of return, balancing, and separation of ail,
expansion, bottle, condenser, compressor, economizer if necessary and well placed pipes
and valves between the components. Refer to appendix 1 and 3

(10 marks)
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Question 4
By using the attached diagram, you are asked to draw the cycle and return the copy together
with the answer booklet. Hence, state the values of discharge enthalpy and temperature of
LP compressors. Assume that isentropic efficiency of compressor is 0.8 and the operating
conditions of cycles are -35/-15/+33°C

(15 marks)

Question 5

Knowing that the oil content after the separator is 120ppm and the limit of miscibility of oil in
the R404A at -15°C is 1.5%, calculate the power in kW of return or distiller of oil. The
compressors operate under the mode -15°C / 33°C, refer to appendix 1.

Hence, calculate the mass and volume flow rate for each inlet and outlet of oil rectification.

(15 marks)

Question 6
Calculate the volume flow rate of R404A supply to and return from HP and LP evaporator.
Hence, calculate the diameter of the pipings for supply to and return from HP and LP

evaporator. Refer to appendix 1 and 3, the velocity for entry evaporator is 1m/s, velocity for
return from evaporator is 15m/s.

(15 marks)

Question 7

To calculate the mass and volume flow rate of all entry and exit of economizer, based on the
power of the 2 compressors at 100% from Appendix 1

(15 marks)

END OF QUESTION
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Compressor Selection: Open Drive Screw Compressors
Input Values:

Cooling capacity kw
Refrigerant R404A

Reference temperature

Evaporating SST °C
Condensing SDT °C
Liquid subcooling (in condenser) K
Auto. subcooling

Suct. gas superheat K
Useful superheat

Operating mode Economizer

Power supply

Capacity control

Additional cooling

Max. Discharge gas temp. °C
Subcooling (after condenser) K
Output:

Compressor model OSK7471-k

Cooling capacity 168.4 kW
Cooling capacity * 164.6 kW
Evaporator capacity 1568.4 kW
Shaft power 50.1 kw
COP/EER -

COP/EER * -

Mass flow LP 4255 kg/h
Mass flow HP 4900 kg/h
Operating mode Economizer

Liquid temp.(sc) 19.54 °C
Mass flow ECO 644 kg/h
sub cooler load 237 kW
sat. ECO Temp. 9.54 °C
ECO pressure 8.09 bar(a)
Oil volume flow 1.64 m?/h
Discharge gas temp. w/o cooling 49.2 °C

*According to EN12900 (10K suction gas superheat, liquid subcooling in Economiser with 5K

temperature difference)
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btz :
BITZER Software vb 4 0 revi76 412%2014 { All data subject to change 419
Semi-hermetic Screw Compressors HS
Model HSK8551-110
Refrigerant R404A
Operating mode Economizer
Tc[°C] Te 10°C 5°C 0°C -5°C -10°C -15°C -20°C
Q Wi 298582 | 256976 | 219830 | 186844 | 157651 | 131877
P [kWi 56.4 55.2 54 52.9 52 51.2
| [A] 97.6 95.9 94.2 92.7 91.4 90.3
COP - 5.29 4.66 4.07 3.53 3.03 2.58
30 mLP {kg/h] 8232 7007 5930 4984 4155 3430
mHP [ka/h] 8290 7259 6321 5470 4701 4007
Qac [kW] 0 0 0 0 0 0
tcu [°C] 28.9 26.3 23.6 20.8 17.78 14.58
pm [bar(a)] 10.58 9.83 9.11 8.39 7.68 6.97
Qsc [kW] 2.29 9.84 15.11 18.61 20.7 21.5
Q Wi 273405 | 235046 | 200963 | 170744 | 143982 | 120288
P (kW] 68.4 67.3 66.3 65.4 64.5 63.7
| [A] 114.7 113.1 111.7 110.3 109.1 107.9
coP - 4 3.49 3.03 2.61 2.23 1.89
40 mLP [kg/h] 8076 6865 5798 4860 4036 3315
mHP [ka/h] 8607 7536 6564 5684 4886 4163
Qac kW] 0 0 0 0 0 0
tcu [°C] 34.5 31.9 29.3 26.4 23.3 19.87
pm [bar(a)] 12.27 11.48 10.67 9.85 9.01 8.17
Qsc [kW] 18.94 23.7 26.8 28.5 29 28.5
Q w1 240459 | 206454 | 176287 | 149509 | 125708 | 104506
P [kwW] 83.6 82.7 81.8 81 80.2 79.3
| Al 137.8 136.4 135 133.7 132.4 131.1
COP - 2.88 2.5 215 1.85 1.57 1.32
50 mLP Tka/h] 7791 6597 5545 4618 3803 3088
mHP [ka/h] 8823 7723 6724 5816 4989 4233
Qac kW] 0 0 0 0 0 11.81
tcu [°Cl1 41 38.5 35.8 32.7 294 25.7
pm [bar(a)] 14.56 13.65 12.71 11.73 10.71 9.66
Qsc [kW1 32.6 35.2 36.5 36.7 35.8 33.9
QW Cooling capsoity mtP [ka/h] Mass flow P
P kW] Poweer input Qac [kW] Additional eocling
| [A) Cumrent tcu ['C] Liguid temp.
Corl-] COP/EER om [bar{a)] ECO prezsure
mLP [kg/h] Mass flow LP Use [KW] zub cocler capaciny (ECO)
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BITZER Software v8.4 0 rev1078

Appendix 3

4/25/2014 / All data subject to change.

4/6

Compressor model : Semi-hermetic Reciprocating Compressors

Model selected 6F-40.2Y
Refrigerant R404A
Operating Mode Standard
Tc[°C] Te -30°C -35°C -40°C -45°C
Q w] 67757 | 52990 | 40828 | 30913
Qo*[W] | [kW] 69967 | 55036 | 42668 | 32529
P [kW] 10.32 10.13 9.67 8.95
| [A] 31.4 31.3 30.9 30.5
15 Qc[W] | [kw] 78078 | 63124 | 50494 | 39859
COP - - - - -
COP* - - - -
m [kg/h] 1400 1114 874 674
Mode Booster Booster | Booster | Booster
Q Wi 64233 | 50113 | 38487 | 29015
Qo*[W] | [kwW] 66811 52468 | 40580 | 30830
P [kW] 11.78 11.26 10.49 9.53
| [A] 32,5 32.1 31.5 30.9
-10 Qc[W] | [kW] 76017 | 61372 | 48973 | 38546
CcOP - - - - -
COP* - - - -
m [kg/h] 1380 1096 858 659
Mode Booster Booster | Booster | Booster
Q Wi 60690 | 47216 | 36125 | 27092
Qo*[W1] | [kWI1 63625 | 49870 | 38459 | 29093
P [kW] 13.12 12.29 11.27 10.12
1 [A] 33.5 32.9 32.1 31.2
-5 Qc[W1 | [kw] 73810 | 59510 | 47391 37215
CcOoP - - - = -
COP* - - - -
m [ka/h] 1359 1077 841 643
Mode Booster Booster | Booster | Booster
amw Cacling capaoity mHP [kgh) Mass flow HP
B kw) Povier input Qac [kW) Additional cocling
| (A} Current tew ["Cl Liquid wemp.
COP[-] COP/EER pm [bar{a)] ECO pressure
mLP fkg/h] Mass fiow LP Osc [KW] sub cosler capasity (ECO)
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Appendix 4
COMPRESSOR DATA
Model AMF1540
Refriferant R404A
Suction temperature : 20 °C
Sub Cooling : 0 °C
Compressor with swept
volume 180 m3/h
Operating Mode Standard
Cooling Capacity (kW)
T evaporation(0C)
Tcond(0C) -15 -20 -25 -30 -35 -40 -45 -50
-20 7418 59.82 47.78 37.77 29.53
-15 88.42 71.93 58.01 46.34 36.63 28.64
-10 104.39 85.60 69.65 56.17 44.88 35.48 27.74
-5 122.14 | 100.90 82.76 67.34 54.32 43.40 34.31 26.83
0[117.93 | 97.44 79.93 65.05 52.48 41.93 33.16 25.92
5(113.50 | 93.80 76.96 62.64 50.54 40.38 31.94 24.97
10 [ 109.09 | 90.18 74.00 60.24 48.61 38.85 30.72 24.03
15| 104.62 | 86.50 71.00 57.80 46.65 37.29 29.49 23.07
20 | 100.06 | 82.75 67.94 55.32 44.66 35.70 28.24 22.09
25| 9540 | 78.93 64.81 52.79 42.62 34.07 26.96 21.09
30| 9062 | 75.00 61.60 50.19 40.53 32.41 25.64 20.06
35| 8569 | 70.94 58.29 47.51 38.37 30.69 24.29 19.00
40 | 80.57 | 66.74 54.86 44.72 36.13 28.90 22.88 17.90
45| 75.22 | 62.34 51.27 41.81 33.79 27.04 21.41 16.75
Absorbed Power (kW)
T evaporation(0C)
Tcond(0C) -15 -20 -25 -30 -35 -40 -45 -50
-20 5.34 6.57 7.20 7.35 7.15
-15 6.21 7.72 8.53 8.80 8.65 8.19
-10 7.18 8.99 10.02 10.43 10.35 9.90 9.19
-5 823 | 10.39 11.68 12.26 12.27 11.86 11.12 10.17
0] 1192 | 13.50 14.28 14.42 14.06 13.32 12.30 11.12
5| 1549 | 16.51 16.81 16.52 15.79 14.73 13.45 12.04
10| 18.95| 19.43 19.25 18.55 17.47 16.11 14.56 12.93
15 | 22.29 | 2225 21.61 20.52 19.09 17.44 15.64 13.79
20 | 25.52 | 24.98 23.91 22.43 20.67 18.73 16.69 14.63
25| 28.65| 27.62 26.12 24.28 2220 19.98 17.70 15.44
30| 3167 | 30.18 28.27 26.07 23.68 21.19 18.69 16.24
35| 3460 | 3266 30.36 27.81 25.12 22,37 19.64 17.01
40 | 37.43 | 35.06 32.38 29.50 26.52 23.52 20.58 17.75
45| 4018 | 37.39 34.34 31.14 27.87 2463 21.48 18.48
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Liquid with saturated Vapour with saturated
P h s (J/kg v P
T(C) (bar) (kJd/kg) K) (dmalgg) (bar) h (kd/kg) | s (J/kgK) | v (dmalkg)_

-45 | 1.077 | 141.26 | 767.09 0.7670 1.039 | 339.88 1639.9 176.34
40 | 1.354 | 147.45 | 794.21 0.7762 1.310 | 342.91 1634.1 141.69
-35 | 1.684 | 153.73 | 821.00 0.7858 1.634 | 345.91 1629.0 114.94
-30 | 2.074 | 160.10 | 847.45 0.7959 2.017 | 348.86 1624.6 94.06
-25 | 2.531 | 166.56 873.57 0.8064 2.466 | 351.77 1620.6 77.59
-20 | 3.060 | 173.10 899.37 0.8176 2.989 | 354.63 1617.0 64.47
15| 3.671| 179.74 | 924.88 0.8293 3.592 | 357.42 1613.8 53.93
10| 4.371 | 186.46 | 950.12 0.8417 4284 | 360.13 1611.0 45.38
-5| 5166 | 193.25 | 975.15 0.8548 5.072 | 362.77 1608.3 38.40
0| 6.066 | 200.00 | 1000.00 0.8688 5.965 | 365.31 1605.9 32.65

5| 7.079 | 207.10 | 1024.73 0.8838 6.970 | 367.75 1603.6 27.88
10 | 8.212 | 214.16 | 1049.41 0.8999 8.097 | 370.07 1601.4 23.90
15| 9.476 | 221.34 | 1074.09 0.9174 9.354 | 372.25 1599.2 20.55
20 | 10.880 | 228.64 | 1098.87 0.9363 10.751 | 374.28 1596.9 17.71
251]12.432 | 236.11 | 1123.84 0.9571 12.297 | 376.13 1594 .4 15.30
30 | 14.145 | 243.77 | 1149.07 0.9801 14.004 | 377.77 1591.7 13.23
35| 16.028 | 251.67 | 1174.68 1.0059 15.883 | 379.15 1588.6 11.44

40 | 18.094 | 259.87 | 1200.78 1.0353 17.945 | 380.20 1584.9 9.88

45 | 20.356 | 268.45 | 1227.49 1.0692 20.204 | 380.82 1580.3 8.51

50 | 22.830 | 277.47 | 1254.92 1.1096 22.677 | 380.88 1574.3 7.29

55| 25.531 | 287.05 | 1283.22 1.1595 25.381 | 380.12 1566.5 6.20

60 | 28.481 | 297.28 | 1312.53 1.2251 28.339 | 378.15 1555.5 5.20
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