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273 66

24

7l & & oF
o B R-410A9F 22 7] Wl g hAARA A9 & = A=, vhEAslE @ dE 2A4E
of #3 Aolrt.

s

Al Aol AL uH

Ad-FANE B9 EE PA
]
ZS|

FAL 9 AF] g FrIxs € d HX §9e 5K e2 EAA (non-flammable) W¥v] R-410A, R-32(t]&
FozWE) 4 = W& o] gk, Al~El gfo] HolxA|aL,

)
wEpA oA Anl7h stopA ARk, R-410A9] 24 (E=
oJE] AE °]8).

) =3t 75 (GP) o] #th(2100, IPCC AR4 H]

R-32(H EF 2 2Heh) & R-410A9] utigto A At ojsgitt. R-32& ¢ 7[dAd EH=2ZA EFETH(ASHRAE +++
AN 2®S o] &A] "2L"). o] HHE3] aotwl FuH|olA] R-410A9} B]S2d ANUA a&S AFsaL, 6759 GIPE

ftlio

e, R-32% thel Aol glvk: o)zle] Y] HiE e R-410AHT @AS] £al, ozl i Y
TG R-410AK T & F otk oE Bo] ey W7 EE AF F9 J1ES olgFewn oY = wE
RS BAsts Aol Jhesith. auy, o5 AlaEle] S (capacity) B WA EEE A 4 2
O R-329] F7b @2 olAe] GIP(675)7F StolEREFe2Edd v, ddd HEHGEFeRIE Ei
gk, i) Zeate] GiPek vlald W o s ek Holnt

R-329} R-1234yf(2,3,3,3-HlEg}ZZowxad) & R-1234ze(B)(F-1,3,3,3-HEZZFTozxz )9 29
(binary) E#d=, 2 R-32, HEFZFLRZIZA(R-1234ze(E) HE R-1234yf) 2 A3 TR 39
(ternary) Hd=7F =3 djA] FAIZA  ARREAG. olHd FAS dol=, GiP7F 46691 R-32/R-
1234y£(68.9%/31.1%) 9] 291 E3F=<l R-454B, 2 GWP7} 69891 R-32/R-125/R-1234yf(67%/7%/26%) ] 3¢ E3H&
9l R-452B7} EZFHETE. o5 Al R-4100] vlE] A GIPE 2ta, 4" WE 22E AT § Jdo. 2
g}, o]59] GIP gk R-329} Hldtal, So|lE2ZFo2-2#w W] T whal449 GIPet Blu s o o
3] Ert.
wojok drk. WA, FAZE 7L FuleA sz
(retrofit) 3= W3 FAZA o]&57, & A4 E A 22 R-410A A=l AAE o] &3t A
$ AnjReo] "=F-Cl(drop-in)"C.2A o]&HE A$-, 7|E9 AAe EdA FAY AMES 7bter & A
ol7] wiell, E/do] AA ¥

18] A= Al28] AAlelA FEdvd, 7t

gA A7 e DM ARE SAFST 7 AAW, WL A HA
o AHge SFe fakaly] s Mgl PaHL Aol Askd F Atk AxPelA 8T FH 27
W 27w fA) A BRel sl Auwpren], olgk g 37 FA7 b 94 A o

A5, 8 ok kg BAel B 2 Axg 30 S8d 5 ] wiel w v,

ARz, oleldh FAle] APFHQ A&2 B duol AR de A7 e Y& v71xs 2 4 HE F
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wnop FAHoR, %7 wjE %7} R-452B Hi= R-454A9] A3 FAHSA|uE, GIPE R-329] AnvhE @y
&, R-410A%} AR A5 (8% 2 ol =

R-32 % R-454B= E T} oF /A Ed==w 7] W&ol (ASHRAE 5= 340 wt=w 7} 53 "2L"), o]
2A F2-GP Ed=s 7143 5 2L o] mghk npghAsiot

grg ol g
Boulge 1 1-tEF0 298l (R-1132a), YZFQ2HE(R-32), 2,3,3,3-HEZHZF Q2T 23 (R-1234yf), A
9oz o]atsletA (C0,, R-744), ¥, A¥Ho= 1,1,2-EEF2dl(R-1123)S ¥t ZAES AT

goma, 47 9 Ve Ag 2 e 478 vE. oed 2YES ojst B Wyl 24BA A,

v e 2dES PR o 1 EE 2 B 3 EE 4 WA % 60 TF%°] R-1132aF . frEldAl,
ol et 2AEL oF 1 B 2 BE 3 e 4 WA oF 50 FF%9] R-1132a, olAdl oF 1 EE 2 EE 3 EE 4

A oF 40 TRl R-1132a, & Bo] oF 1 i 2 H& 3 & 4 UK oF 30 %9 R-1132a8 X3},
At A=, 2 o] AL oF 1 BE 2 EE 3 EE 4 A oF 25 T%9] R-1132a, o)A 2 WA oF 20
Tl R-1132a, ol & o] 3 T 4 WA oF 20 FF%] R-1132a5 Xt vigA A=, olejd 2AEEL
E

oo RS dYgHoR oF 1 X oF 99 TR R-32 T oF 2 WX oF 98 FH%e] R-325 IRt
FE A, olHd 2AEL oF 2 X oF 95 FH%e) R-32, AW oF 3 A oF 95 FH%e] R-325 E¢3r.
durdls, B oabgo] 2AELS oF 5 WA oF 90 FH%e] R-32, AAW oF 5 A < 85 TR R-32, dE &

15 WA oF 75 5% R-

[e)
= L [e] puy i -
of ok 10 WA o 80 o) R-328 EFATH wAeAE, oY 2HEL
gl

32,

oo xRS AgHom of 1 A oF 99 T R-1234yf E= oF 2 UIX] oF 98 FF%O] R-1234yf S

ek FEstA, oled 24ES oF 2 A oF 90 FH%e] R-1234yf, <] 5 WA °F 90 FF%S] R-
=2 = L WA ofF 85 TF%e] R-1234yf, ot °F 8 WA °F 80

7
ZAEL 2F 10 A oF 75 %] R-1234yf, <A <F
o] R-1234yfE X 33T},

=
3% R-1234yf S E T} =,
10 WA oF 70 FF%] R-1234yf, <& E°1 °F 10 WA °F 65

ol

SGubA= B oabgo] MBS ok | x| ¢k 60 %9 R-1132a, oF 1 U] ¢F 99 =] R-32, Z ¢k 1 UiX
oF 99 SR R-1234yf S ¥}, o] 2AEL AFHor of 1 YA oF 50 TH%| R-1132a, <F 2 W
A ok 97 FE%e] R-32, 2 oF 2 WA oF 97 TR R-1234yfE FHA3C).

o}
gt Bkl 2AELS oF 2 X oF 60 %] R-1132a, oF 1 MIX] ¢F 97 F%o] R-32, E <k 1 YA
oF 97 T R-1234yfE ¥ 8Hstr). o]H3 2AEL2 APH o2 oF 2 WA ¢F 50 FH%e] R-1132a, °F 2 WA

oF 96 T R-32, E & 2 WA oF 96 FH%Y] R-1234yf & FHFrei).

ook

FelshAl, & e 24E2 oF 1 WA oF 40 %] R-1132a, F 5 WA oF 90 TF%] R-32, B °F 5 WA
oF 90 %] R-1234yf; T F 2 UlA F 40 %] R-1132a, <F 5 WlA °F 90 %] R-32, 2 F 5
A ok 90 F#4e] R-1234yf; EE oF 2 A o 40 F%%9] R-1132a, °F 4 WA oF 94 F%ge] R-32, L oF 4

WA oF 94 F%9] R-1234yfS E3H3ITY.

o =

gk s A=, B Eye] 2AES oF 3 A oF 20 TF%] R-1132a, °F 10 WA oF 80 F#%S] R-32 B ¢F 10
UlA) ok 75 F4e] R-1234yf; = oF 3 UlA oF 30 $2%e) R-1132a, F 10 WA oF 91 F%ge] R-32 L oF
6 WA oF 87 FF%e] R-1234y1S EF3c}.

« g

o

Ao A=, 2 ol 2AES F 5 WA 9F 20 %] R-1132a, °F 20 WX °F 70 F%%S] R-32 E ¢F 10 W]
2] ok 65 F%49] R-1234yf; EE o 4 1A ok 25 F%49] R-1132a, ok 15 1A oF 88 %2%9] R-32 2 °F 8
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@2 stegte Qele Yoz JEWAHY S A5, w, YYE WA B 2y g we wel Ul ¥
1

B oulmol 2AELS A& (zero) ¥ 33 %5 (ozone depletion potential)S 7F&IT}.

AgAow, &L Ayl 4= ¢F 650 WRE, o] °F 600 Rk, o & 5o °F 500 nwHe] GWPE zZteth. wl
A=, 2 B 28 oF 480 MWk, o] oF 450 MRk, ol& Fo] °F 400 vkl GWPE Zte=th

ddAem, & 2o 24e2 R-1132a% W gs | Fad 7HdA frelAd (hazard)& 7HAH.

7k € 20049 % Addendum 34pell wheb A1E Wb I 34 ASTM EF E-681S £33l ASHRAE T 340 what
A74E ¢ glon, 7] 39 HAA W82 g8l o8] 2 wWAA e 2Tt
QA oFEjo A, E *é%% R-1132a T3} sto] (a) © =AY 9 22 7194 sl (b)) 9 =2 Hsl 9

H] 2L
A= AAE); Be (o) H @2 EE &FX(flame velocity) 5 3fvt
7] SW F sk ool Al R-1132a3% HlaLste] & 7bdsd
d &7 23°C X 60Tl 7N WMo =,

[e=]
Vg ARAT. wEAsAE, 2w
otk 23CAA H e kg WA 60T
A7) e ewE(AH Ra) 2%); Ax FAOAY Hx S UA EE BE SE(flane speed). 7Y
A= ASHRAE-34¢l] w1l Wil whe} 24, 7] A3t 2= ASIM E659-782] ®iiel o8 500 ml 2] =
ehz Wl A9,
A AAGE A, B wge] 24Re BAqolth oF Hol, ¥ Wy 2HBE ASHRAL-3 YU A
g3t0] 60T Y ewelA Bgelth. felshlE, o -20C WX 60T Aolel Qlele] emoln B we)
248} BYor A T/1EY EHE

(<3

AR Ao, A7} ASHRAE-34
o], ¥ ) FABL FHZ FEANCEN 7IAX
A AT HEolM ARESHlel fHdEHA

1084 gs At o2 B
Aol BelHow hsatA grid, 7}
9 fAE et gl by

it
=2
10
k)
A
re
o,
<0,
pou)
o
fetl
i
e
i,
e o
=
_O‘
E

‘|—’

A AAFEAA, B U] 2YBE ASHRAE EE 34 BF PEel weh 1 EE 22N BR b e
AV, olE BAM(ER D EE 10 a/sHr we BE SR 2 okl A4 FACSF 2)E e

B MFASAE O 0K oW, Bok 09 uerasle o 5k v, moh O% gl

= 9 kA /=dd, A GIP, e &84 Sk 2 iAdE B A S &dE]
Kol o2 oA, o5 WH AT 54 d¥= sldA 9 AAe] dEy.
&

B ool ZAES A 07 R-410A9 Ao 80% o], Ho]%= R-410A¢] Z o] 85%0]4¢l Hu Y¥# < 7t
Aok, v AE, 2 2o 2482 R-410A9] 3&94 90% ©1, & E°] R-410A9] A< <F 95% WA <F
130%%1 F3 ¥ g5 7Rk

A AAFEo Y, B wyo] FAE] Alo]lF a&([AF5 AlG(COP: Coefficient of Performance)]-> R-410A<]
ok 7% olul, o) R-410A°] 5% ojulelt}. wpgAS A=, AFlE &S R-410A9 F53AY e 1HT 4
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-3 HE(VLE; vapour-liquid equilibrium)<, #oA Hu=z X33tz e &3 [0rbey, H., & Sandler,
S. (1998), Modeling Vapor-Liquid Equilibria: Cubic Equations of State and their Mixing Rules,
Cambridge: Cambridge University Press]ol 7]&%¥ #}9} Zo] Wong % Sandlere] &3 23 A3% Peng-
Robinson el WAAE AbRste] A¥AdS yehdllth. old 3¢9 498ty mdd Jn) E3t=9 VLEE 24
Hol= o AoA(F3A[Shiflett, M., & Sandler, S. (1998), Modeling Fluorocarbon Vapor-Liquid
Equilibria using the Wong-Sandler Model, Fluid Phase Equilibria, 145-162], #¢o] Hx= ¥3g) 2 &
FEANA FE F 7t 2319 A 2% ol AV EFEC] VLEE EEHsh= dl AdojA (Ed[Valtz, A.,
Coquelet, C., & Richon, D. (2007), Vapor-liquid equilibrium data for the hexafluoroethane + carbon
dioxide system at temperatures from 253 to 297K and pressures up to 6.5MPa, Fluid Phase Equilibria,
179-185], ol #x= x3g) HeH o= AHgHol grh. Wong-Sandler RS HEZE oA 4Fe] 2 oA
of melS e g shetv|E (parameter)oll Ao, k= sebn|E ] 3|7]o] AHRHE HY HelHE
sk d AHEE ARG O £ 2k 3 A EFE VLEE AR 45 ThestA it o= 1
HE el digk 7] 4F AtelE Aol F780l Adsitt.

o] Zdo| A, Wong-Sandler &% % o] NRIL(non-random two-liquid) =23} 7| ALEFHo] NH Ao Ab+H

%]
dxE dehigich. #Aa4E SV AgsA Uehlrl s, 7t Ede 733wl e Peng-Robinson
Aol s HE Mathias 3 Copeman®] 25k @A AHEshAE 7434

Wong-Sandler/NRTL X2 45 2t-& stebn|El=, R-1132a¢k C0,, R-32 % R-1234yfo] 291 EFdEo] dig 5]

Az HPol AE ZAHo| FALUY. AlSH A SAHY X W= R-1132a/C0, ¥ R-1132a/R-32 £F=9]
A% -55 WA +10°C, R-1132a/R-1234yf &322 HA$ -40 WA +40CE thdstgct. o5 =& 9 R1234yf
o} R-32 ¥ (0,9 29 E3Ed gt dolHv AA-FA BEF A& o] &3l AU

38 dlolg 7} w3k R-329F (C0,2] VLEO] thsf(&& [Rivollet, F., Chapoy, C., Coquelet, C., & Richon, D.

(2004), Vapor-liquid equilibrium data for the carbon dioxide (CO2) + difluoromethane (R32) system at
temperatures form 283.12 to 343.25 K and pressures up to 7.46 MPa, Fluid Phase Equilibria, 95-101], £
Yol Hx2 FT9)(F3[Adams RA, Stein FP. (1971), Vapor-Liquid Equilibria for Carbon Dioxide-
difluoromethane System, Journal of Chemical Engineering Data, 1146-149.], ¥<{lo] Hz= ¥33) = R-
1234yf 2} C0,9] VLES] w3 (i=3 [Juntarachat, N. et al. (2014), Experimental measurements and correlation

of vapor-liquid equilibrium and critical data for the C0,4R1234yf and C0,+R1234ze(E) binary mixtures,

International Journal of Refrigeration, 141-152], ¥ Fx=2 x3lg) o|&rlsg o, Jetug 3|7
o] &= 3},

AtolE REHHE, AHRIS A (Low)-GWP oAl o 7} T2 as8e] oz Atel ey wjE=]~=2RY A £
AES o] &3ste] . Abed 215 87 #lo Aledint:

x 1

I 1: R-1132a/R-32/R-124yf 3 Y A| 28] RS )3 Alo] &

2P A Ate| & =4 R410A
Hd 57 2= °C 37.8
Hd 7 2= °C 4.4
5% 7] ¥ Zr(subcooling) K 5.6
7] 74 K 5.6
7] 49 At Bar 0.00
2 #4943 Bar 0.00
+57] &+ Ast Bar 0.00
SE7] F0 14 K 0.00
S A E 23] § & (isentropic efficiency) 70.0%

98y wdo] A AHE AFst=A AEsr] A, A ®ES NIST REFPROP9.1 Z 2188 o] £3}¢]
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AEHolAg oz HluwE F3FTE. Mexichem F3t BHlS o]ojr ALg3}o]

23 REFPROP | MEXICHEM
CcopP 4.8 4.8

5] 85 kJ/m® {5999 5996

Rkl 25 25

dEF7 HE 2L °C 66.6 69.3

T BT 4= Bar 9.2 93

=57 T4 4 Bar 22.9 22.9

T BT 2= °C 44 4.4

S| ZEol = (of K 0.1 0.1

=57 2ol = (2l K 0.1 0.1

R-32 2 R-454B9] Aol w3t v AA

99 olgalel FaAsT. 1 ARE 3] E 3o JEIR

X3

¥ 3: R-410A o] A4 <Q] R-32 2@ R-454B &) I A A% =2 do]g

2 g @9 |[R410A R32 R-454B
4% Al5=(COP) 4.85 4.89 5.06
53 Y7t 8% kJ/m®  |5996 6490 5823
W& 2% € 69.3 88.6 74.9
+&7) &8 bar 22.9 235 21.1
7 4 bar 93 9.4 8.6
&= 245 251 2.46
SF7] FEol= K 0.2 0.0 1.4
] Fgol= K 0.1 0.0 1.5
7] WiH] COP 100%  101%  104%
7] div] 85 100%  108%  97%
7l W& 2% &) 0 19.4 5.7
GWP 2100 675 466
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