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ABSTRACT: Experiments have been conducted in order to make comparisons of a alterna-
tive refrigerant (R-410A) cycle characteristic with an existing refrigerant (R~22) cycle charac-
teristic in terms of cooling capacity and coefficient of performance (COP). The parameters ex-—
amined in the present work include air flow rate, indoor/outdoor air temperatures, and indoor
relative humidity. These two refrigeration cycles share all components except compressor, ac-
cumulator, oil separator, and piping connecting them. The measurements were made using an
air-enthalpy calorimeter. The experimental results show that the R-410A cycle has many ad-
vantages over indoor conditions while the R-22 cycle has better performance over outdoor
conditions.

Key words: Existing refrigerant(7] &% )]), Alternative refrigerant(t] AWy wl), Refrigeration cycle
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Table 1 Properties of R-410A and R-22

Refrigerant R-22 R-410A
Ten [TC] % 725
P, (at 7C) [barl 6.22 9.92
P, (at 46C) [bar] 177 2739
¢(at 7C) [kJ/kg] 1992 2122
¢ (at 46°C) [k]/kg] 1594 1469
vg (at 7°C) [m’/kg] 0.03796  0.02629
vy (at 46°C) [m*/kg] 0.00091  0.00106
kg (at 7C) [W/mTC] 0.00991  0.0125
ks (at 46C) [(W/mC] 007413 0.08327
#g(at 7C) [kg/ms] 11.82 12.72
s (at 46°C) [kg/ms] 1205 8874

Cg(at 7C) [kJ/kg Tl 0.771 1.175
Cy(at 467C) [k)/kgC] 1.334 2.076
ODP 0.05 0
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F5 50% 1A) ooz AFstd R-410A
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Fig. 1 Schematic diagram of refrigerant cycle.
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Conditions Refrigerant Stanfiz?rd Qutdoor drybulb | Indoor drybulb I.ndoor Indoor .re.lative
charge condition temperature temperature air flow humidity
22 Ja10A] 22 Jai0A] 22 ] 410a | 22 [a10a | 22 Ja0A] 22 | 410a
M (kg) variable 395 4.27 3.95 4.27 3.95 427 395 4271 395 427
Vo (CMM) 147 123 123 14.7 12.3 14.7 123 variable 14.7 123
Ve (rpm) 797 788 788 797 788 797 788 797 78 797 788
T,4(C) 27 27 27 variable 27 27
T.,(C) 195 19.5 19.5 - 195 -
H; (%) - - - 50 - variable
Ty (T 35 35 variable 35 35 35
T o (T) 24 24 - 24 24 24
H, (%) - - 50 - - -
o] Ayge] FaEglon Hdzevee g F & Azge g wiAsy] H3te Jduie &
Ae olgs 5P AAsA A= At 7] &7 FYxrsE 1T HEE 249 3I°Y
ok WAl W3 H4Ee ALt BE APAA9
22 AEuaiy Yol FHEFE 7+ A2de HA PeFe A&
ok AN stve ¥H4E WIAE Fe
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Table 3 Conditions for reference experiment

Rt -

Parameter Values
Qutdoor drybulb temperature (C) 35
Indoor relative humidity (%6) 50
Indoor drybulb temperature (C) 27
Indoor airflow (CMM) 8
Refrigerant charge (kg) 42355?15;125 A
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Ack @4, AT §Fo] 4E FF7)9 FFS
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Ak 2 AN JEeE HdAYd d¥9x1$
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7 R-410A A}o}E& Z7t 395kgH 4.27 kgl Al
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Fig. 2 Performance of R-22
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and R-410A cycles versus refrigerant charge.
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Table 4 Cooling capacity and COPy for R-22
and R-410A cycles

R-22 R-410A

Cooling capacity (W) 5758.3 5727.4
COPy (W/W) 3.84 41
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Fig. 3 Performance of R~22 and R-410A cycles versus outdoor drybulb temperature.
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Fig. 4 P-H lines for R-22 and R-410A cycles versus outdoor drybulb temperature.
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Fig. 5 Performance of R-22 and R-410A cycles versus indoor drybulb temperature.



+dzd W] & R-22 WEAto|E3 R-410A YFA0lE9 A5Es v 173
40 T T T T T T T T 40 T T T T T
—m— 23°C —a— 23°C
~31 _e—27°C . ~ 307 —e—27°C 7
] —a—31°C g —A— 31°C A
q“:i Zol . J § 20 J
12 [
w 1%
e e
o o
104 . 10 .
0 T T T T T T T T 0 T T T T T T T T
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
Enthalphy {kd/ka) Enthalphy {kJ/kg)
(a) R-22 (b) R-410A
Fig. 6 P-H lines for R-22 and R-410A cycles versus indoor temperature.
Al ZE Wy &F ARHE 27T o4 R-410A AlFe AUWLETF E24E $5@

2% F71ER ] dEelvt ®e, Azt 3
7vghel we} R-22 Alo|E V&9 ¢do] A
W lalA] o4& Wb R-410A Alo) 29 ¢t e
bl F AlolE RE $&7&9 ¢Ho)
W3elx] ggenz FwriEy ¢Es)9 3AF
¢ o]zt R-22 AtelZdM = Wl A ¢
R R-410A Ate]lEel A HAasA HUM &,
R-410A Atel 29 @457l dul=st F7He el
web AR ZdasA @ Aotk ol & o
2 ANREI F7H3td wEk R-410A A}l E
o HAATE d¥Hoz Frslm R-22 Ale]
o AAAFE g0l E3HE Aot o
23 AL Fig .69 Yetdleold Ay A3
F7tel W& 5 WYEAe)|Z9 P-H MEdA &
Qg 4 loh

olgidt ARz B u, R-22 Alo] & ulEly

lo,

1.8 T T T T T T
1.64 1
1.4 b
/A———/A
_ 1.2 Aﬁ/"’a *
<l _
= 1.0 & b
<]
0.8 —o—R-410A
—a—R-22
0.6 1
04 T T T T T T
8 8 10 12 14 16 18 20

Air flow {CMM)
(a) Cooling capacity ratio
Fig. 7 Performance of R-22

ref

COP-H/COP-H

e 7IdE £ e ReZ AddAr). weby,
R-410A ¥ &FAlelE9 FH7&
7V E R-22 Ale| &9l Fur|ntg

35 Al SEHstol cis HiwAdH

Table 29 “Indoor air flow” do} e A=
V& FTH9s d¥gxde Hesd SAHd
T WEAe) Y A E Fig 79 WA

R-22% 283 YEAtelE9 wWHs#o] R-
410A AlolE Rt FTdigle] wizslA wgsn
VLS & F Ut} )AL, Fig.89 P-H Ax4
A E g R, AUl FEWHSY tidtd R-
410A AtelF2 %7 &FAe Ad¥gy F7t
Zo] R-22 AlolFHY} 27| wiioltk F AHHA

3.0 T ; r T —T1.5
254 e——2 — 1.0
o
2.01 / 0.5 %
— ul
15 . 00 8
. °9
m
iol —o— —e—R-410A | .3
: —bo—, —a—R-22 '
0.5+ ; T y r T 10
8 10 12 14 16 18
Air flow (CMM)

(b) COP ratio

and R-410A cycles versus indoor air flow.



40 T T T T T T T
—s—10 CMM
—e—14 CMM |
301 _i_18CMM

Pressure (bar)
N
o
s
s

-
o
L

1

o - T T T T T T
50 100 150 200 250 300 350 400 450 500

Enthalohy (kJ/ka)
(b) R-410A

Fig. 8 P-H lines for R-22 and R-410A cycles versus indoor air flow.

174 e E - o] W .
40 T T = T T —
—s— 10 CMM
30 —eo— 14 CMM P
5 —4— 18 CMM
8
Q
5 20 e
w
w
o
101 4
-&
0 T T - T T T T T
100 150 200 250 300 350 400 450 500
Enthaiphy (kJ/ka}
(a) R-22
FHle] A$ 10CMMAIM Y dHd@4ES A3
Z @sug f43 A% deuzm o

olgj3 A ¥ Fig.8Y P-H AXoA B £
A%l R-22 Ate]E o] F27|7t 23t F71
oA FETHE I0CMMY wWe E3g9goes
utF A =7l WEolth F, 7|59 JuldH
7t x3lgdoez 21%3?}01) e} g&7)e 30t
F7tete) ATV AdAReE YA e
Roith, ol § VYL F AAdA A14d §
719 §FRolAAM 7|0 He® B 4 YTt

w

6 Al diigx Hatol cfs luwAdH

A Adiex W3 2499 ddg=x7L Table
29 “Indoor relative humidity” gl Jeit}t glo
o, dgez 4R F YFAlolEe H5Es
£ Fig. 99 Jeligic A AdEs 50%E 7

o2 AdEE7 F7Hdd wWa R-410A Atel
Wibs bz R-22 AlolE R izt

o fo |

© A¢ & & vk W, COPeHlE F A
Yol A9 2& e vehfa g% COPyr|
$ @gsEn Askst FAE 3L de
Ae 2 4 Yok A WeME Hgaq

) 49 BUSES} 2 B G310

I O

Wae Ao 44E WY, 45
52 sl Gt 9A HE Aes)
A7) et

o
re
_\2

MNPt = o B oy ey
rr o

ml
o
o
&i (B fi
10,1.

olN
N
I
rlo

o

37 7 Ala"o| 2 s gl

i)

o4

479 AN T2 $57] 9 - &7
A9 GAAE &3]l U] BUE ¢
#3128 2R Table 55 Al AFLE 9

SAPAM FHE 4HZs AsE Yz 3l

1.2 T T T T Y T 2.6 T T T T T —— 14
2.4 1.2
1.1 4 2.2 - ‘ L1.0
— O - i —-
54’24/ 220 08 9
- % 0. 1.8 v
G! 1.0 LB 8 —0—, —o— R-410A 0.6 "‘a
1S4 1.6 —A— —A—R-
o 1 = A—, —A—R-22 Los b
o ] 4 3
—o—R-410A | o 14 / m
0.9 ~a—R-22 7 © 12% —— g L Lo2 &
104 o___—_—.—a_/__i/-A 0.0
08 . T T T T 0.8 - - ——— T — 0.2

Indoor humid. (%)

(a) Cooling capacity ratio

®
<

45 50 55 60 65 70 75
Indoor humid. (%}

(b) COP ratio

Fig. 9 Performance of R-22 and R-410A cycles versus indoor relative humidity.



427 Wzl @ R-22 YFAC)E T R-410A WAl 29 Hews) v 175

Table 5 Tube-side pressure drop with varia-
tion in indoor drybulb temperature

Indoor drybulb | Evaporator (bar) | Condenser (bar)
temperature (C)| R-22 |R-410A| R-22 |R-410A
21 0.6 028 | 041 0.32
23 0.61 0.3 042 | 033
25 062 | 029 | 043 | 034
27 0.62 029 | 044 | 036
29 0.63 0.3 043 | 037
31 063 | 029 | 042 | 037
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