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Performance and design changes accompanying the replacing of an old
cooling fluid(R12) with one which is safe on the Ozone layer ( R134a) in
the cooling system of a small water cooler

Abstract

Due to the spreading of cooling equipments that works with old cooling
fluids(Freon) in the community,and because of the bad effects of these (Freon)in
case of their spreading on the Ozone layer and the thermal enclosure
phenomenon.It was necessary to provide theoretical and practical studies and
researches on data bases dealing with the field of possibility to replace this kind of
cooling fluids with those that is safe on the Ozone layer and thermal enclosure
phenomenon with the least possible costs.this research included a practical study to
appreciate the performance of a small water cooler(0.5 liter/hour)which submitted
to a number of parameters of design changes that were possible with the least of
costs , this were included by replacing the old cooling fluid that has bad effect on
the Ozone layer(R12)with onethat is safe on the Ozone layer(R134a).In addition to
assist the work by conducting several practical procedures on each change on the
water cooling circulation in order to reach the most precise results. The
temperature of the water that is supplied to the consumer was considered as well as
temperature of the compressor as a criterion to appreciate the water cooler
performance with recording all other changes that are possible to compare with in
the results schedule.
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((R134-R12) aull adilaldidl) cliual gall (1) ad, Jgaa

1-Thermodaynamical Prperties of R134a & R12:[3,9]

properties R134a R12
Boiling Point °C -26.45 -29.79
Freezing Point °C -108 -158
Critical Temperature°C 101 112
Critical Pressure(KPa) 4055 4113
Vaporization Latent Heat at 25 °C (KJYKg k) 212.4 165.1
Liquid Specific Heat at 25 °C (KJKg k) 1.502 0.971
Vapor Specific Heat atlatmosphere and 25°C
(KIKg K) 0.849 0.607
Ratio Cp/Cy at 1 atmosphere 111 1.14
Thermal Conductivity of Liquid at 25°C (w/m k) 0.084 0.071
'I;\?V?rr;nsl) Conductivity of Vapor atl atmosphere 0.0148 0.0096
2-Chemical & Physical Prperties of R134a &R12: [3,9]
properties R134a R12
Formula CF3-CH2F | CL2F2C
Molecular Weight 102.03 120.93
Critical Density (kg/m°) 472.4 558
Liquid Density at 25 °C (kg/m°) 1203 1311
Saturated Vapor Density (kg/m”) 5.133 6.33
Solubility inWater at
1atmospher e/25°C(%mass) 0.09 0.028
Solubility in Refrigerant at 1atmosphere/25°C(%mass) 0.019 0.009
3-Mechanical Prperties of R134a&R12: [3,9]

properties R134a R12
Viscosity of Liquid at 25°C/1atm(mPa.s) 0.21 0.22
Viscosity of Vapor at 25°C/1latm(mPa.s) 0.0107 0.0125
Surface Tension (MN/m) 7.8 8.9

L) ol 258 e shaie (B ardiiveall JaeLiall 4l i) gl (2) a8, Json

Power (W) 262
Current(A) 1.56
V oltage(volt) 220
Displacement(cm®) 9.07
Volumetric efficiency 0.5
Speed (r.p.m) 3000
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Time(min) 10 20 30 40 50 60
Water temperature(°C) 18 | 14 | 11 9 85 | 6.7
Compressor gas inlet temp(°C) 39 | 36| 30 | 27 | 23 | 195
Compressor gas outlet temp(°C) 70 | 67 | 63 | 60 | 58 | 55
Condenser gas inlet temp(°C) 69 | 66.2|623|59.1|57.2| 54
Condenser liquid outlet temp(°C) 45 | 442 | 43 | 412|395 | 37

Capillary tubeliquid inlet temp(°C) | 44.8 | 43.1 | 42.1 | 40.6 | 38.2 | 36.3

Capillary tubeliquid outlet temp(°C) | 34 | 339|334 | 329|322 | 30

Evaporator liquid inlet temp(°C) 15 | 11 | 81| 73 | 65 | 52
Evaporator gas outlet temp(°C) 34 | 31 | 285| 18 | 15 | 13
Suction side pressure(bar) 28 | 27 | 266 | 26 | 25 | 24
Condenser air outlet temp(°C) 48 | 475 | 46.2 | 456 | 44.1 | 43.3
Compressor temp(°C) 58 | 52 | 48 | 458 | 442 | 42
Fan temp(°C) 60 | 59 | 57 | 56.4 | 55.8 | 54
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Time(min) 10 | 20 | 30 | 40 | 50 | 60
Water temperature(°C) 195|135|/105| 85| 81 | 7
Compressor gas inlet temp(°C) 40 | 395| 32 | 295| 26 | 195
Compressor gas outlet temp(°C) 75 | 705| 68 | 65 | 64 | 62
Condenser gas inlet temp(°C) 58 | 63 | 645|64.1|60.2|585

Condenser liquid outlet temp(°C) 47 | 45 | 438429417 | 39
Capillary tubeliquid inlet temp(°C) | 46.8 | 44.1 | 43 | 40.6 | 39.7 | 37.3

Capillary tube liquid outlet 32 | 31.9|31.4]309/|301] 20

temp(°C)

Evaporator liquid inlet temp(°C) 157| 12 | 91 | 64 | 58 | 54
Evaporator gas outlet temp(°C) 355(325(305| 27 | 18 | 145
Suction side pressure(bar) 28 | 27 |256|252| 25 | 25
Condenser air outlet temp(°C) 495 | 475 | 46.7 | 45.8 | 45.5 | 44.3
Compressor temp(°C) 58 | 67 |645| 62 | 59 | 56

Fan temp(°C) 60 | 59 | 57 | 56.4|55.8| 54
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Time(min) 10 20 30 40 50 60
Water temperature(°C) 27 | 21 | 135| 85 | 7 6
Compressor gas inlet temp(°C) 52 | 55.6| 57 | 58 | 57.3| 57.3
Compressor gas outlet temp(°C) 82 | 905 | 96 99 | 100 | 102
Condenser gas inlet temp(°C) 80 | 865|91.3| 935|946 | 95.3
Condenser liquid outlet temp(°C) 453 | 46.6 | 459 | 45.9 | 45.9 | 46.5

Capillary tubeliquidinlet temp(°C) | 47.3 | 49.4 | 49.9 | 49.9 | 49.9 | 50.6

Capillary tubeliquid outlet temp(°C) | 126 | 14 | 14 | 14 | 14 | 143

Evaporator liquid inlet temp(°C) 33 | 53 4 4.6 4 4.6

Evaporator gas outlet temp(°C) 425 | 425 | 42 | 42 | 405 | 39.9

Suction side pressure(bar) 21119 | 21| 19 2 2

Condenser air outlet temp(°C) 483 | 50 | 50 |50.7 | 49.3| 51.3

Compressor temp(°C) 702 | 77 | 81 | 864 | 87 | 885

Fan temp(°C) 58 | 61 | 63 | 639 63.2| 63.9
1(6) pb) Jsos

ey sl Jamy AL sl Laeliall s ae (R-1348) il aley Jalal) clall o) 5 jlia) il
o 8l daglaie 8 axdtiall il g g el i) ast ae (R-1348) 2l

Time(min) 10 20 30 40 50 60
Water temperature(°C) 21 | 12 | 10 8 | 65| 6
Compressor gas inlet temp(°C) 23 | 20 | 11 8 6 3
Compressor gas outlet temp(°C) 54 | 53 | 42 | 40 | 39 | 38
Condenser gas inlet temp(°C) 52 | 51 | 40 | 39 | 38 | 36
Condenser liquid outlet temp(°C) 41 | 40 | 38 | 37 | 36 | 342

Capillary tube liquid inlet temp(°C) 38 | 38 | 37 36 | 36 | 33

Capillary tube liquid outlet temp(°C) 5 3 | 26| 22 2 1
Evaporator liquid inlet temp(°C) 3 2.8 2 1.6 1 0.5
Evaporator gas outlet temp(°C) 17 | 10 | 91 | 83 | 7.2 6
Suction side pressure(bar) 145|131 127|117 | 1.13| 1.03
Condenser air outlet temp(°C) 39 | 39 | 37 | 39 | 40 | 38
Compressor temp(°C) 36 | 43 | 41 | 40 | 38 | 38
Fan temp(°C) 46 | 52 | 51 | 51 | 52 | 50
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