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Figure 16: A screenshot of EES of the data collected using the R22 refrigerant and the fan set at 3 o’clock.

Thermodynamic properties, heat transfer, work and COP are calculated.

Figure 17: A screenshot of EES of the data collected using the R22 refrigerant and the fan set at 6 o’clock.

Thermodynamic properties, heat transfer, work and COP are calculated.



Table 7: Table including the fan speed with calculated COP and heat transfer in kW and Btu/hr for R22 at three

different fan speeds.
R22 Test #1 R22 Test #2 R22 Test #3
Fan Speed (m/s) 4.8 (+/-.1) 9.1 (+/-.2) 11.9 (+/-.3)
COP 6.0 6.9 7.4
Quvay (KW) 2.349 2.570 2.487
Q..., (Btu/hr) 8016 8769 8487

Table 8: Table with the heat transfer effectiveness of R22 using the heat transfers of the air and R22 at three

different fan speeds.

R22 12 o’clock 3 o’clock 6 o’clock
Measured Fan Speed (m/s) 4.8 (+/-.1) 9.1 (+/-.2) 11.9 (+/-.3)
Qevap. R222 (Btu/hr) 8016 8769 8487
Qevap air, measured (Btu/hr) 4737 7386 7452
Heat Transfer Effectiveness (%) 59.09 84.23 87.80




Table 9: This table includes the refrigerant temperature of R404A at the working pressure of a system running on

R134a.

Sensor Number R404 Run #1 | R404 Run #2 | R404 Run #3
ST-9 Evaporator Out Temperature (°C) -20 -17 -16
ST-10 Compressor Out Temperature (°C) 4.4 44 4.9
ST-11 Expansion Valve Out Temperature (°C) -19 -16 -15

Mass Flow Rate (L/hr) 36 39 38
Evaporator Out Pressure (bar) 2.05 2.4 2.6
Condenser Out Pressure (bar) 7 7 7.1
Expansion Valve OQut Pressure (bar) 2.1 2.6 2.7
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Figure 18: A screenshot of EES of the data collected using the R404A refrigerant and the fan set at 12 o’clock.

Thermodynamic properties, heat transfer, work and COP are calculated.
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Figure 19: A T-s diagram of the temperature and calculated entropy of R134a with the fan set at 12 o’clock.
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Figure 20: A screenshot of EES of the data collected using the R404A refrigerant and the fan set at 3 o’clock.

Thermodynamic properties, heat transfer, work and COP are calculated.
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Figure 21: A screenshot of EES of the data collected using the R404A refrigerant and the fan set at 6 o’clock.

Thermodynamic properties, heat transfer, work and COP are calculated.

Table 10: Table including the fan speed with calculated COP and heat transfer in kW and Btu/hr for R404A at three

different fan speeds.

R404A Test #1 R404A Test #2 R404A Test #3
Fan Speed (m/s) 4.8 (+/-.1) 9.1 (+-.2) 11.9 (+/-.3)
COP 5.9 6.8 7.3
Quvap (kW) 1.717 1.784 1.826
Qv (Btu/hr) 5860 6088 6229




Table 11: Table with the heat transfer effectiveness of R134a using the heat transfers of the air and R134a at three

different fan speeds.
R404A 12 o’clock 3 o’clock 6 o’clock
Measured Fan Speed (m/s) 4.8 (+/-.1) 9.1 (+/-.2) 11.9 (+/-.3)
Qevap, raoan (Btu/hr) 5860 6088 6229
Qevap air, measured (BtU/hr) 4737 7386 7452
Heat Transfer Effectiveness (%) 80.84 121.32 119.63




Chapter 6: Refrigerant Results and Comparison

Table 12: Contains calculated data for the COP, heat transfer of the refrigerant, heat transfer of the air and the heat
transfer effectiveness of R134a, R22 and R404A.

R134a R22 R404A
COP (12 o'clock) 6.2 6.0 59
COP (3 o'clock) 7.2 6.9 6.8
COP (6 o'clock) 7.7 7.4 7.3
Qevap Refrigerant (Btu/hr) (12 o'clock) 6895 8016 5860
Qevap Refrigerant (Btu/hr) (3 o'clock) 7547 8769 6088
Qevap Refrigerant (Btu/hr) (6 o'clock) 7714 8487 6229
Qair (Btu/hr) (12 o'clock) 5315 5315 5315
Qair(Btu/hr) (3 o'clock) 7386 7386 7386
Qair (Btu/hr) (6 o'clock) 7452 7452 7452
Heat Transfer Effectiveness (%)
(12 o'clock) 77.08 66.30 90.70
Heat Transfer Effectiveness (%)
(3 o'clock) 97.87 84.23 121.32
Heat Transfer Effectiveness (%)
(6 o'clock) 96.60 87.80 119.63

R134a has the highest COP at every fan speed. At the 12 o'clock position is was 0.2
higher than R22 and 0.3 higher than R404A. At the 3 o’clock position it was 0.3 higher than R22
and .4 higher than R404A. Finally, at 6 o’clock fan position it was 0.3 higher than R22 and 0.4
higher than R404A. R22 has the second best COP at all the fan speeds and R404A has the worst
COP at all the fan speeds. This TAAB system is built to run off of R134a which helps explain
why it has the best COP at all speeds. If the other refrigerants were working at pressures more
optimal to them, they’re COP would end up being better.

There are much bigger differences between the heat transfer of the different refrigerants.
R134a has the second highest heat transfer of all the three refrigerants. R22 has the highest
amount of heat transfer of the three and R404A has the lowest. For R134a and R404A as the fan

speed increases, so did the heat transfer rate. This could be due to the mass flow rate of the



refrigerant increasing as well. However R22 does not follow this trend. R22’s heat transfer rate
increased when the fan is turned from 12 o’clock to 3 o’clock but decreases when turned from 3
o’clock to 6 o ‘clock. R22 has a heat transfer rate at least 773 Btu/hr higher than the other
refrigerants tested.

The heat transfer effectiveness for R134a and R404A follow a similar pattern. The
effectiveness increases when the fan speed is increased from 12 o‘clock to 3 o’clock but again
the effectiveness decreases fan speed is increased from 3 o’clock to 6 o’clock. This could be due
to the fact that the system is not meant to run on its maximum capacity for long amounts of time.
R134a starts off with a lower effectiveness but quickly increases when the air velocity is
increased as well. R404A exceeds 100% effectiveness. This could be due to R404A not being
physically tested and not knowing what pressures the refrigerant would be under in the TAAB
Lab Air Conditioning Unit. If R404A is omitted because its effectiveness exceeds 100% R134a
would have the highest effectiveness. The system was built to run on R134a which helps explain

why it is higher than the other refrigerant, R22.



Chapter 7: Conclusions

In this report, an experimental analysis of an Edibon TAAB: Air Conditioning Lab Unit at
various fan speeds and with real and theoretical refrigerants was presented. Tests were completed
at three different fan speeds, one refrigerant was physically used and two were simulated using

EES software. The main conclusions can be summarized as the following

e R134a had a higher COP by at least 0.2 at every fan speed compared to R22 and R404A.

e R22’s heat transfer is at a minimum 773 Btu/hr higher when compared to R134a and
R404A at the three fan speeds tested.

e As the speed of the fan increases, the air velocity increases and the heat transfer rate of
the air increases.

e Percentage wise R404A has the best heat transfer effectiveness but since it was not
physically tested and exceeded 100% effectiveness R134a is considered the most

effective when it comes to heat transfer in this unit.



Chapter 8: Future Work

In this paper the COP, heat transfer of air and R134a and heat transfer effectiveness was
physically tested. These conclusions were also reached for R22 and R404A but only
theoretically. The next step to take is actually replacing the R134a with R22 or R404A and
testing how either of those refrigerants run in the TAAB air conditioning unit. Completing the
same tests with the new refrigerants can give a more accurate comparison of the COP and heat
transfers between the refrigerants. Other refrigerants besides R134a, R22, R404A could be tested
to get a wider array of comparison results allowing to reach a deeper understanding of the
refrigeration process

To help accurately repeat the testing process of my experiment an ISAT 301 type lab
manual can be created. The new lab could be much more consumer friendly than the one sent
with the unit helping for easier recreation of the experiment. The lab would involve step by step
directions to make sure all the settings are as close to the original for the most accurate
comparison results. The lab manual could also include more than just directions to recreate my
experiment. Different testing conditions, like heating instead of cooling, can also be included to

see how the heat transfer changes at various conditions.
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