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Abstract As global warming in recent years has raised ever more critical concern, refrigerants with high global warming
potentials (GWP) are facing the challenge of being phased out. R410A, with a GWP of 2,088, has been widely used in
residential air-conditioning and heat pump systems. A potential substitute for R410A is R32, which has a GWP of 675.
The present study presents experimental results of an inverter heat pump system that uses R32 as an alternative refrigerant

to R410A. Drop-in tests with R32 indicated that the energy efficiency ratio of the system increased by 5.3% in cooling
standard mode, and by 4.2% in heating standard mode at the same capacity; and that the cooling and heating capacity increased
by about 12% at the same compressor operating frequency, while the annual performance factor (APF) of the system increased

by 5.3%.
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APF : Annual performance fator

Cool. : Cooling

cop : Coefficient of performance
EER : Energy efficiency ratio

Heat. : Heating

HSPF : Heat seasonal performance factor
SEER : Seasonal energy efficiency ratio
RPS : Revolutions per second

Temp. : Temperature

Std. : Standard
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Table 1 Basic property comparison(EES) e =0 K ¢ 9306 oolAYMY e et gl=
Property Unit R410A R32 e wet F7|dEAY ZRYvHE o] &3t =
Composition R32/R125 Pure fluid As AN o 54 Al="9 4L Fig. 20 U
(50/50 wt.%) ERI ATt
Molecular weight g/mol 72.6 52
Critical pressure Mpa 4.93 5.78 Indoor Outdoor
Critical temperature T 72.1 781 i b e Cooling |

Reversing Heating :
Critical density kg/m’ 489 424.1 IXHX L valve _, 7] Pressure'
Normal boiling point T -51.5 -51.7 T| Temp. |
GWP 2,088 675
Vapor density , Indoer
@10C kg/m 42.00 30.03 e E'Eg
gf;ﬂtc heat Kikg  209.9 298.9 |
Cooling effect kikg — 150.76 232.89 R
@10C 3 LK
Cooling effect per , i

KJ/m 6,332 6,994 :
Fig. 1

volume @10T
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Schematic diagram of system.
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Table 3 Uncertainty of measurement

APc=0|_- .
f
DE WE Measured quantity Uncertainty o
] measurement
Nozzle
m ; 8[:) Dry-bulb temperature +0.2°C
Ilj Wet-bulb temperature +0.2°C
(:] PP Volume flow +2.21%
- 1@ J Static pressure difference +5 Pa
Alr sampling device
Outdoor tool Indoor tool Electrical inputs +0.5%
Sending Mass +1.0%
gﬁ%f&ﬂﬂ J| Reazequsition [ ] [ power Cooling capacity +2.21%
controller — | | | meter . .
Heating capacity +1.49%
Fig. 2 Capacity measuring system.
. . | & =1 H
Table 2 Specification of system 3.2 d@ =d # &
Component Specification
Tvoe Twin rofa A= B 145 kW, W 17 kW1 R410A Q1M
W - =) - - .
b 2 B 3= W Al28lo] R32 Wl 285 Drop in
Compressor Displacement 44 cc/rev Test® A 83H= 202 31997 R410A tlH] 27 B
Motor Type  BLDC & ewv} Bushl $et 437 A aEdE A
Range 1595 RPS & ) Slske] 120CR Atk 29 AvE A
Inverter Type Sine wave control AR ke A A e 22 2 okEy] 3] A
Divriee Max input 55 kW SR 5o Ay 21 W3} o] F 5, A8 Ty 2
Efficiency 94~96% Atol 2] Fa Aol Aol AefEFo] 10 o] W37t
i & b Qe AT a5, 94 AE B o F 5871 73] &
Indoor Type 7.0 2R 12C 35% F HolHE A4k Hatate] FH55k
7
Heat Fin type Louver KSHJC 9306 o) ATI M Vo] Tpde A Eﬂ:!f] 371351
Exchanger  Size 2000x252x25.4 mm Aol wel Table 40l Lhebal 7*“1 |8 EE
z oA A7 5= 100%, 70%, 40%E S7dstalor
Face area 1.28 m _ -
o HENA 2449 219 HA5E el B A
Type g‘; OaHZR“;'fC & SR A 100%, 70%, 40%9] 5E< ZA3AT
Outdoor :
Hea; Fin type Wide Louver Table 4 System test condition of each cases
E -
xehanger Size 950X1‘344x36'4 mm Indoor Outdoor Capacity
Face area 0.5 m DB/WB  DB/WB Ratio
Type EEV Cool. std. temp.
Expansion : 0% SIG TP 9719 3524 100/70/40%
valve Nozzle size 3 mm [C]
~. Cool. L t .
Range 30~460 Pulse 00 %W P 27719 29/19  100/70/40%
Fan Type Turbo fan [C]
Indoor Heat. std. t .
Fan Motor  _Motor Type  BLDC . [sog] P 015 76 100/70/40%
Air volume 33 m'/min. Heat, defrost
eat. defros
Fan Type Axial fan C 20/15 2/1 Max
Outdoor M T BLDC [C]
Fan Motor otor Type Heat. low temp. 20/15 /-8 M
Air volume 110 m’/min. [C] o ax
27 B3 1SO/TS 1649179 the} ol ol B EE AN A 5 100%, 70%, 40% S
upet ST Ao 3 £2.21%, D £1.49% FEYS SAs o A e Al R HAA B A=
915190 A WIS Table 30] YERIL, 45719 RPSE H|Z g5dtel AW AAFA,
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W 58S 71%0A4 HAHstES Fdskgih G
Ao M EEEr Yuj7h o] Festowr e
2,500 g0 & gHgete] T AFS el

i)

4.2 Hut 2™ =Ho| ofE Ms dHlw

S 83 A3 R410A thE] I EE 100%,
70%, 40% =7 oAl Fig. 49 YEFH A7 5.3%, 4.8%,
2.9% 538l W H A 100%, 70%, 40% oA

3.50 -
=4=Cooling == Heating
3.40 -
3.30 A
o
e}
5. | /\.\\.
3.10 A
3.00 -

65% 68% 71% 74% 77% 80%
Refrigerant amount ratio

Fig. 3 COP graph of system according to refrigerant
amount ratio(R410 A : 3,400 g).
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Fig. 4 Cooling COP graph of system with standard cooling
conditions.
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Fig. 59 Yeld RAAH 4.9%, 3.8%, 3.9% -5
T AT 58 A 7EH R Yo 544 79
6&5}1 & o Agyors gy} 9l
1g 4 St
Wl S0 Qlste] Ao dulghr] &0l
SF=7] 4 RPSE R32 thH] <F 10% 4
Y ¥

W EES W i oF 15% 2 17 kwE AAst
of ZAER L I AL A W B 5D 3 A
TR e A W sHo] WojxuE 457
A A 7 3 A4 95 RPSE A S AAEA
ot s Ay o EFE 100%, 70%, 40% A A
Fig. 69 e 22 H R410A thH] 5.3%, 4.8%, 2.9%
S-eb W A2 4 Al Fig. 7, Fig. 8 ERA
AAE R410A HH] T2 12% 53t a8 3.8%
s & 5 Uk

8.00

7.00 OR410A ER32

6.00 -

<00 5.13 5.39
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Fig. 5 Cooling COP graph of system with minimun
cooling conditions.
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Fig. 6 Heating COP graph of system with standard
heating conditions.
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Fig. 7 Heating capacity ratio graph of system with
defrost and low temp. conditions.
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Fig. 8 Heating COP ratio graph of system with defrost
and low temp. conditions.
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Fig. 9 Heating capacity and power input graph of system
with defrost conditions.
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Fig. 10 Graph of SEER, HSPF and APF.
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