Testing and analysis of retrofitting R-22 air conditioning unit

with alternatives R-407C and R-410A

Mousa M. Mohamed and Ahmed E. Hanafy

Mechanical Power Engineering Department, Faculty of Engineering, Minufiya University, Shebin El-Kom, Egypt

E-mail: mousa_4m@hotmail.com

Retrofitting R-22 air conditioning unit with alternatives R-407C and R-410A was studied
to investigate the cooling coil capacity, compressor-consumed power, condenser load, and
system coefficient of performance at the same operating conditions. Cooling coil airflow
rates of 0.1989, 0.2203 and 0.2344 m3/s, and controlled air temperatures of 25, 28 and
30 oC, were circulated to simulate the room cooling capacity. The condenser coolant
airflow rates of 0.2118, 0.2286 and 0.2345 m3/s and controlled air temperatures of 28,
30, 35 and 38 °oC were adapted to investigate the effect of various environmental
conditions. The results showed that the cooling capacity and the system performance
increased with increasing the room temperatures and airflow rates, and the increase was
significantly higher for R-22 than that for R-407C and R-410A. The cooling capacity and
system performance were systematically decreased with increasing the environmental air
temperatures for R-407C and R-410A, but the decrease was little for R-22. The cooling
capacities were decreased by 4.9 ~ 36.66 % for R-407C and 5.69 ~ 34.55 % for R-410A,
while the consumed power increased to about 6.82 % for the two alternatives compared
to R-22. Consequently, the system performance was decreased by 5.92 ~ 39.11 % for R-
407C and 6.71 ~ 36.87 % for R-410A. The condenser load decreased with increasing the
environmental temperatures by + 9.97 %. The results showed that the refrigerant R-410A
works well than R-407C, so we recommend the R-410A for retrofitting R-22 air
conditioning units.
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1. Introduction

Refrigerants ChloroFluoroCarbon (CFC),
and Hydro- ChloroFluoroCarbon (HCFC), are
widely used in the refrigeration and air condi-
tioning applications. CFCs as R-11, R-12 and
R-115 containing chlorine atoms are known to
damage the ozone layer. The HCFCs as R-22,
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R-123, R-124, R-141b and R-142b are chemi-
cally similar to CFCs with one or more hydro-
gen atoms that are less damaging to the ozone
layer. Chlorine has been identified, as the de-
structive element that reacts with ozone, O3,
to convert it to normal oxygen, O,. Refriger-
ants hydro-fluorocarbon, HFC, as R-23, R-
125, R-32, R-134a, R-143a and R-152a not
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contain any chlorine and consequently have
no ozone depletion effect [1]. Under the man-
date of the Montreal Protocol, the use of CFCs
had been phased out and the use of HCFCs
will also be phased out in a short period of
time. HFC refrigerants have recently been de-
veloped to replace the traditional CFC refriger-
ants. The non-azeotropic refrigerant mixtures,
NARM, R-407C and near-azeotropic refriger-
ant mixtures, R-410A are new alternative re-
frigerants for R-22. The composition by weight
of R-407C is (25 % R-125, 52 % R-134a, 23 %
R-32,) and of R-410A is (50 % R-32, 50 % R-
125).

For non-azeotropic refrigerant mixtures,
the composition of the saturated vapor is
slightly different from that of the saturated
liquid. This means that during evaporation
process, the vapor quality increases in the
cooling coil, and the composition of the boiling
liquid changes. This change in composition is
associated with an increase in boiling point
temperature at the given pressure. Conversely,
during condensation, the vapor quality de-
creases and there is a fall in the equilibrium
condensing temperature at constant con-
densing pressure. The saturation property ta-
bles of the non-azeotropic refrigerants are
slightly different from those for single compo-
nent, or azeotropic refrigerants. The non-
azeotropic refrigerants have two different satu-
ration pressure-temperature curves; one for
the saturated liquid, known as the Bubble
Point, and the other for the saturation vapor,
known as the Dew Point. This compares to the
one curve representing saturated liquid and
vapor for single refrigerants or true azeotropic.
In the property tables for non-azeotropic re-
frigerants, the different pressure-temperature
values for both saturated liquid and saturated
vapor are given as shown in fig. 1 [1]. The
pressure-enthalpy charts for non-azeotropic
refrigerant blends are slightly different from
those for single-component refrigerants. The
isotherms, or lines of constant temperature, in
the wet region are not parallel to lines of con-
stant pressure. In order to properly use the
alternative refrigerants of R-22, we need to
know their thermodynamic, thermo-physical
flow heat transfer properties, and the system
performance.
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Fig. 1. Saturation pressure-temperature carves for R-22
and alternatives [1].

To evaluate the alternative refrigerants,
the operating characteristics of individual
components of the refrigeration cycle should
be clarified. The heat transfer coefficient and
pressure drop for the condensation of R-134A,
flowing in a small pipe and a plate heat ex-
changer, were experimentally investigated and
the data correlated [2, 3]. An experimental in-
vestigation of retrofitting R-22 with one of
three mixtures R-407C, R-404A and R-410B
was made to investigate the overall heat
transfer coefficient on a full-scale test plant
consisting of a horizontal shell-side condenser
[4]. According to the measurements, the de-
crease in condenser overall heat transfer coef-
ficient for non-azeotropic mixture R407C was
43 ~ 70 % compared to R-22, while for the
near-azeotropic mixture R-404A was less than
15 %, but for R-410B the decrease was up to
20 %. Eleven alternatives for R-22, R-12 and
R-114 under controlled conditions for a heat
pump system was performed and tested [5].
The results showed that R-152A has the best
performance except at lowest evaporating
temperature, while R-143A was the best per-
forming alternative at the lowest evaporating
temperature. Comparative performance was
studied experimentally between R-12 and R-
413A [6]. The results indicated that using R-
413A is a good alternative for R-12 with re-
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spect to its thermodynamic and actual per-
formance, but the specific consumed power
increased by 10 %, while the system coeffi-
cient of performance decreased by 12.2 % as
compared to R-12. Theoretical performance of
three alternative refrigerants, R-22, R-134A
and R-717 compared to R-12 are conducted
[7]. It was concluded that the use of R-22 in-
creased the cooling and heating capacity by
58.8 % and 65.1 %, respectively and caused a
decrease in the system performance of 1.6 %,
while using of R-717 caused an increase in
cooling and heating capacities and the system
performance of 78.9 %, 84.1 % and 8.6 %, re-
spectively compared to R-12. On the other
hand, the study predicted that the use of R-
134A results in negligible changes in the
cooling and heating capacities, but the system
performance was decreased by about 6 %. A
car air conditioned by R-12 was retrofitted to
R-134A and the results showed better per-
formance [8]. The performance of capillary
tube in a refrigeration system for R-22 and its
alternatives, R-407C and R-410A was investi-
gated experimentally and a dimensionless cor-
relation for adiabatic capillary tubes was de-
veloped [9,10]. Performance of nineteen alter-
native refrigerant mixtures of R-22, were ex-
perimentally investigated [11]. The system
performance of all mixtures was 10.59 ~ 21.67
smaller than that of R-22. The cooling capac-
ity of R-407C was smaller than R-22 by 5 %,
and other mixtures 23.17 % larger than that
of R-22.

Retrofitting of R-22 air conditioners with
alternative refrigerants of R-407C and R-410A
at the same manufacture design and operating
conditions is not sufficiently covered in the
previous studies. Therefore, the major objec-
tive of the present study is to investigate ex-
perimentally the performance of R-22 air con-
ditioning unit with alternatives R-407C and R-
410A. The experiments were conducted at
steady state by controlling the air tempera-
tures circulating through the cooling coil to
simulate the room heat capacity at various
airflow rates. The coolant air temperatures
and airflow rates entering the condenser were
adapted to simulate the environmental condi-
tions. The effects of air room temperature and
environmental conditions on the system per-

formance and power consumption were inves-
tigated. Comparisons between cooling coil ca-
pacity, consumed power and system perform-
ance for R-22 and its alternatives of R-407C
and R-410A at the same conditions have been
aimed.

2. Experimental apparatus

The experimental apparatus is shown in
fig. 2. The apparatus consists of the main
parts of refrigeration cycle: condenser, cooling
coil, liquid receiver, expansion valve and her-
metic reciprocating compressor. All parts of
the experimental apparatus are the compo-
nents of room window type air conditioner
Carrier’s Company trademark of model No.
H24B28QABCB with cooling capacity of 22000
Btu/hr, and the specifications of the unit is
shown in table 1. The condenser and cooling
coil are reconstructed in an insulated case to
control the volume airflow rate and tempera-
tures. The electric heaters were installed in
the vicinity of airflow. The air entrance of both
condenser and cooling coil has rectangular
shape as the electric heaters, but the air exit
was round shape with diameter of 0.2 m for
condenser and 0.152 m for cooling coil to
measure the volume airflow rates. Both con-
denser and cooling coil are finned tubes heat
exchangers. The entering air temperatures to
both condenser and cooling coil were adjusted
at appointed value by using electric heaters
and voltage transformer, the potential volt on
the electric heater terminal was regulated to
get a desire temperature value. The airflow
rate was adapted by air fan with variable
speed motor. Turbine air meter was used to
measure the volume airflow rates at three
speeds for both condenser and cooling coil.
Airflow rates of 0.1989, 0.2203 and 0.2344
m?3/s, with controlled air temperatures of 25,
28 and 30 °C, were circulated through the
cooling coil to simulate the room cooling
capacity. The condenser coolant airflow rates
of 0.2118, 0.2286 and 0.2345 m3/s and con-
trolled air temperatures of 28, 30, 35 and 38
°oC were adapted to investigate the effect of
various environmental conditions. Two pres-
sure gauges were used for measuring the
refrigerant pressure in suction and delivery
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Fig. 2. Experimental apparatus and layout of components.

Table 1

The specifications of window type air conditioner as carrier’s company data table

Part No. 701497-7570-01

Model No. H24B28QABCB

Cooling capacity 22000 Btu/Hr
3-Speed fan motor
Weight: 70 kg.

240V, 12 A, pH 1, 60 Hz, BRISTOL
Rated at (26.7/19 DB/WB) and Outdoor (35 DB)
Dimensions: W = 660, D = 758, H = 450 mm.

lines. The compressor-consumed power was
estimated from the volt and current of the
power supply at each set of experiment.

The air temperatures at inlet and outlet of
the condenser and cooling coil were measured
with thermocouples type J and data acquisi-
tion system. Six thermocouples in four groups
were used to estimate the average temperature

420

at inlet and outlet of the condenser and cool-
ing coil as shown in fig. 2 and the average val-
ues were used to estimate the cooling coil ca-
pacity and condenser load. Two thermocou-
ples were used to record the refrigerant tem-
peratures of suction and delivery lines at outer
surface of the tube. All temperatures were
measured in steady state and recorded in-
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stantaneously by using a data acquisition sys-
tem. National Instrument Multifunction DAQ
Board, Lab-PC+ of 83.3 kS/s sampling rate
and LabView software version 5 were used.
The DAQ Board is managed through a
personal computer Pentium I. Chassis SCXI
1000 for instrumentation and SCXI 1100 sig-
nal conditioning modules with SCXI 1300 ter-
minal blocks were used for processing data.
The temperatures reading were recorded at a
rate of 4 loops per sec. The error in tempera-
ture measurements was within + 0.1 °C. A
computational program with LabView software
was developed to calculate the cooling capac-
ity, condenser load and the system perform-
ance instantaneously.

2.1. Data acquisition and procedures

The components of experimental appara-
tus and instrumentation were fixed and
tested. Thereafter, the refrigeration cycle was
evacuated by using vacuum pump to near
zero absolute pressure. The system was
checked after twenty-four hours to make sure
that the vacuum pressure never changed.
Then, the system was gradually charged by
about 900 grams of R-22. After the optimum
charge was passed to the refrigeration system,
it was left to operate at steady state. The steps
of evacuation and charging the system were
repeated for alternatives R-407C and R-410A.
The suction pressure obtained was about 4.8
bar £ 0.5 and the delivery pressure was 24.5 ~
27.5 bar according to the air temperatures
and flow rates passing through the condenser.
For each experiment, the compressor was
switched on and the air temperatures passing
through cooling coil and condenser were ad-
justed at a desired value by controlling the
voltage of electric heaters. The electric current
and volt of compressor power supply were re-
corded and inserted in the measuring program
to calculate the consumed power. After twenty
minutes at least, the previous parameters had
nearly attained constant values. At this mo-
ment, the data was recorded and used to es-
timate the system performance and make a
comparison between R-22 and the alternatives
R-407C and R-410A.

2.2. Data reduction

In particular, if Qe is the total heat transfer
rate between the refrigerant inside the tubes
of cooling coil and the air passing outside the
coil, the cooling capacity can be calculated
from the airside by,

Qe =meqglheqi—heaol- (1)

Indicators at inlet of both cooling coil and
condenser measured the relative humidity and
dry bulb temperature. The specific enthalpy of
air at inlet and outlet of cooling coil were esti-
mated as the procedure shown in fig. 3. The
Apparatus Dew Point, (ADP), was taken equal
to the saturation temperature of refrigerant at
the pressure measured at suction line. The
inlet air with known relative humidity and dry
bulb temperature was heated and passed
through the cooling coil. The average air temp-
eratures at inlet and outlet of cooling coil were
measured with the data acquisition system
and recorded. In this study, the thermody-
namic properties of moist air and refrigerants
were obtained by using Cool Pack software
version 1.46, [12]. The cooling capacity, Q., at
each experimental set was calculated from the
cools tool auxiliary program using Engineering
Equation Solver (EES), with knowing the hu-
midity ratio and dry bulb temperature of air at
inlet of cooling coil, and the ADP and the dry
bulb temperature at outlet of cooling coil.

The condenser coolant heat load, Q. ex-
pressed from the airside as,

Q¢ = mc.a (hc.a.o - hc.a.i) . (2)

Also, the procedure just explained above
used to calculate the specific enthalpy of air at
inlet and outlet of condenser, and the con-
denser load, Q., was obtained.

The compressor-consumed power was cal-
culated from the measured data of current
and volt of the power supply as,

Peomp =1.V.cos 0. (3)
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Where, cosfis the power factor and a value of
unity was used as the data table of the maker.
The system coefficient of performance was es-
timated from the cooling capacity and com-
pressor-consumed power as follows,

COP = Q¢ / Poomp- (4)

The above calculation procedure was re-
peated for each experiment of R-22, R-407C
and R-410A at the same operating conditions
of airflow rates and temperatures.

3. Results and discussion

The system performance in the term of
cooling capacity, compressor-consumed power
and condenser load at various airflow rates
and temperatures for R-22 and alternatives
were illustrated in fig. 4. For each set of ex-
perimental conditions, the cooling capacity
increases with increasing airflow rates for both
cooling coil and condenser, and the increases
are pronounced with the room temperatures.
The range of air temperatures inlet to the
cooling coil were set to achieve a temperature
change as shown in table 2. The measured
data showed that the difference between inlet
and outlet temperature through the cooling
coil was higher for R-22 than R-410A and R-
407C. Obviously, a systematic increase of
cooling capacity with increasing of airflow
rates and room temperatures for R-22, but a
little increase for R-407C and R-410A was ob-
served. It may be attributed to the increase in
temperature difference between liquid refriger-
ant inside tubes and air outside it and the en-
hancement of heat transfer coefficient at air-
side according to the increase of airflow

Cooling Coil

e.4.1- &

Teao
Fig. 3. Cooling and dehumidification process through cooling coil.

Table 2
Inlet and outlet air temperature through cooling coil

Te.a.i (°C) Average Te.a.o (°C) = 1.5
R-22 R-407C R-410A
25 12.65 15.75 15.55
28 13.90 15.89 15.65
30 14.85 16.82 16.55

rates. The cooling capacity decreases with in-
creasing the condenser air temperatures. The
effect of temperatures on the cooling capacity
for R-22 were small as compared to the airflow
rates, the temperatures caused a decrease in
the refrigerating effect of cooling coil. The gen-
eral trend of fig. 4 showed a decrease in the
cooling coil capacities for R-407C and R-410A
as compared to R-22.

The compressor-consumed power and con-
denser load at various airflow and tempera-
tures were illustrated in figs. 5 and 6. The
consumed power for R-407C and R-410A was
higher than that for R-22 as shown in fig. 5.
For alternatives, non-azeotropic refrigerant, R-
407C, and near azeotropic refrigerant, R-
410A, with increasing the vapor quality of ref-
rigerant during the evaporation process, the
equilibrium evaporating temperature at con-
stant pressure increases causing the increase
of superheating at exit of the cooling coil and
suction line. The condenser load decreased
with increasing the airflow temperatures for R-
22 and alternatives with the same behavior as
shown in fig. 6. The system coefficient of per-
formance was similar to the curves trend of
cooling coil capacity for R-22 and alternatives
as shown in fig. 7. It is observed that the sys-
tem coefficient of performance decreases with
increasing the airflow temperatures of con-
denser especially for R-407C and R-410A, this
may due to the decrease in cooling capacity
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Fig. 4. Cooling coil capacity for R-22 and alternatives.

Alexandria Engineering Journal, Vol. 43, No. 4, July 2004

423



M.M Mohamed, A.E. Hanafy / R-407C and R-410A

3.2 T T T
. Vea (m3/s)
Vea(mi/s) 0.1989 0.2203 0.2344
0.2118 o o [
— 0.2286 a ° 3
= 0.2345 o A +
4
\: 3.0F . a B
2 oy : ot
<3 R- 407C ¢
3 a K ] i
S s 8 .
a3 281 (R-22] ¢ i
< ]
o
O
Te.a.i =25 (°C)
2.6 1 1 1
24 28 32 36 40
Tcai ( OC)
3.2 T T T
Vea (m3fs)
Vea(m/s) 0.1989 0.2203 0.2344
0.2118 o o [
— 0.2286 a ° 3
= 0.2345 o A .
< 30l - 4
5 .
2 i ! it
a [R-407C] % % &
=)
[«5)
: g :
B 281 AP ' i -
<
o
O
Te.ai = 28 (°C)
2'6 1 1 1
24 28 32 36 40
Tcai ( OC)
3.2 T T T
. Ve.a (m3fs)
Vea(m®s) 01989 0.2203 0.2344
0.2118 o o [
— 0.2286 a ° 3
= 0.2345 o A .
< 30l g 4
5 s 1
% R- 407C 2 g 2 .
o
9 = a o
2 2 e . .
2 28F 2 b o
S * M
U A
Te.a.i =30 (°C)
2'6 1 1 1
24 28 32 36 40
T ca.i ( OC)

Consumed power (kW)

Consumed power (kW)

(WH) 1swoq bsmuznod

3.2 T T T
) Ve.a (m3/s)
Vea(mi/s) 01989 0.2203 0.2344
0.2118 o © n
0.2286 a ° .
0.2345 8 A +
30f _
a
2
i i
R- 4102 g i
4 * i
28+ |R-22] § I
Te.a.i=25(°C)
26 1 1 1
24 28 32 36 40
T cai ( OC)
3.2 T T T
. Vea (m3/s)
Vea(nP/s) 01989 0.2203 0.2344
0.2118 ° © u
0.2286 A i .
0.2345 . A +
30f g
4 A
[ |
R- 4104 8 i §
§ 8
R22| { 8
281 + . g E
Te.a.i=28(°C)
2'6 1 1 1
24 28 32 36 40
T c_.a_.i ( OC)
1591 (0C)
St S8 33 3e 10
se T . T
16'91=30(,C)
3
¥
S8r ¥ [ o T
R -1 L] " [ ]
g L B o
K- 4710V ﬁ i ' g
v
30f .
0'S3%R o v +
0'SS8e v ° .
05778 o o | ]
ACY (W5\2) 07383 0'SS03 0'S3tt
N&'9 (U;\e)
35 1 1 1

Fig. 5. Compressor-consumed power for R-22 and alternatives.
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Fig. 6. Condenser load for R-22 and alternatives.
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Fig. 7. System coefficient of performance for R-22 and alternatives.
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and increase in compressor-consumed power.

3.1. Experimental data statistical analysis

The percentage deviation ¢* of some pa-
rameter ¢, which denote the cooling capacity,

compressor-consumed power, condenser load
and system coefficient of performance of a
given refrigerant of R-407C or R-410A relative
to the same parameter of R- 22 can be ex-
pressed by the following relation,

(PJr = (P Alternative _(PR—QQ)/(”R—QQ . (5)

The standard deviation or the root mean
square deviation was employed to estimate the
relative error of ¢* as the following,

sD= |3 o )2 ©

Where, n is the total number of experimental
data.

The percentage deviation of cooling capac-
ity for R-407C and R-410A relative to R-22
was illustrated in fig. 8, which was decreased
by 4.9 ~ 36.7 % for R-407C and 5.7 ~ 34.6 %
for R-410A as compared to R-22 with root
mean square of 2.9 ~ 6.7 %. The compressor-

80 T T T
| Teaij(°C) Percentage deviation SD
6or Min. Max.  _ ]
r—o—25 -07.62 -36.66 6.71
40F---a---28 0490  -2042 426 -
***** =--30 -08.88 -2897 5.11
20 i
N I
& or |
-20+ i
40 + i
-60 | R-407C relative to R-22 i
-80 L 1 L
24 28 32 36 40

Tcai (°C)

consumed power was increased to about 6.8
% for the two alternatives compared to R-22
as shown in fig. 9. Consecutively, the system
coefficient of performance was decreased by
5.9 ~ 39.1 % for R-407C and 6.7 ~ 36.9 % for
R-410A similar to the cooling coil capacity
with root mean square of 3.6 ~ 6.2 % as
shown in fig. 10. The condenser load de-
creased with percentage deviation of — 9.9 % ~
9.5 % with root mean square of 3.4 ~ 5 % as
shown in fig. 11.

3.2. Simulation of refrigeration cycle

In refrigeration cycles, the pressure-en-
thalpy diagram was frequently used in the
analysis of vapor-compression machine. A
simple thermodynamic cycle was performed to
evaluate the cycle performance of R-22 and
alternatives of R-407C and R-410A. The re-
corded pressures in the suction and delivery
lines were used to simulate the pressure in
the evaporator and condenser. The sub-cool-
ing and superheating temperatures were as-
sumed equal to 5 °C, and the pressure drop in
suction and delivery lines assumed equal to
0.2 and 0.4 bar as shown in fig. 12. This
analysis includes isentropic compression effi-
ciency equal to 0.85. The evaporating and
condensing pressures, and other data were

80 —
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Fig. 8. Percentage deviation of cooling capacity.
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Fig. 9. Percentage deviation of compressor-consumed power.
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Fig. 10. Percentage deviation of system coefficient of performance.

specified as inputs to the cools tool auxiliary
program of Cool Pack software to estimate the
cycle performance.

COFpyc = (h1 —h4)/(hog —his) - (7)

According to the results, the cycle coeffi-
cient of performance for R-407C was smaller
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than that of R-22 by 6 %, but for R-410A was
higher than that of R-22 by 4 % as shown in
fig. 13. Also, the measured data of system
performance were illustrated in fig. 13 and
showed that the system performance for R-
410A was better than that of R-407C com-
pared to R-22. Also, all the data of system
performance were smaller than that of the
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Fig. 11. Percentage deviation of condenser load.

cycle performance by 20 ~ 35 %. A comparison
between the system performance of the pre-
sent data for R-22 and alternatives and data
in ref. [11] were illustrated in fig. 14. It was
found that the data in ref. [11] for liquid cooler
was higher than that of air condition by 20 %
for the present data.

4 1s

Fig. 12 Pressure —enthalpy diagram for simulation.
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Fig. 13. Comparison between cycle performance
for R-22 and alternatives and system.
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Fig. 14. Comparison between present data and data in ref.
[11].

4. Conclusions

An experimental study was performed to
investigate the system performance of R-22 air
conditioning unit with alternatives R-407C
and R-410A. The cooling capacity, consumed
power, condenser load, and system perform-
ance were examined at the same operating
conditions of various airflow rates and tem-
peratures. The results are summarized as the
followings:

1. The cooling capacity and the system per-
formance were increased with increasing the
airflow rates and temperatures passing
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through the cooling coil, but the increase was
significantly higher for R-22 than alternatives.
2. The cooling coil capacity and system per-
formance were systematically decreased with
increasing the environmental temperatures for
the two alternatives, but the decrease was lit-
tle for R-22.

3. The cooling capacity was decreased by 4.9
~ 36.4 % for R-407C and 5.7 ~ 34.6 % for R-
410A, while the consumed power increased to
about 6.8 % for the two alternatives as com-
pared to R-22.

4. The system performance was decreased by
5.9 ~ 39.1 % for R-407C and 6.7 ~ 36.9 % for
R-410A similar to the cooling capacity.

S. The condenser load decreased with in-
creasing the temperatures passing through
the condenser for R-22 and alternatives by —
9.9 % ~ 9.5 %.

6. For all the data of system performance
were smaller than that of the cycle perform-
ance by 20 ~ 35 %.

7. The system performance of R-410A was
better than that of R-407C compared to R-22,
so we recommend the refrigerant R-410A for
retrofitting R-22 air conditioning units.

Nomenclature
COP is the coefficient of performance,
h is the specific enthalpy J/kg,
1 is the electric current A,
m is the mass flow rate kg/s,
P is the power kW,
p is the pressure MPa,
Q is the heat transfer rate kW,
T is the temperature °C,
\% is the electric volt V,
Vi is the volume flow rate m3/s,
) is the relative humidity, and
1) is the humidity ratio kg/kga.a.
Subscript
ADP is the apparatus dew point,
a is the air,
db is the dry bulb,
c is the condenser,
comp  is the compressor,
cond is the condensate,
cyc is the cycle,
e is the evaporator,
i is the inlet,
430

sat

is the outlet,
is the saturation condition,

SD is the standard deviation,

@
¢

is the specified parameter, and
is the phase angle.
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