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Selection of Ozone-Safe, Nonazeotropic
Refrigerant Mixtures for Capacity
Modulation in Residential Heat Pumps

E.A. Vineyard, P.E.

ABSTRACT

Many combinations of refrigerants have been tested
in an effort to improve the efficiency of residential heat
pumps. Up to this point, there has been no systematic
approach for determining which fluid pairs have the
greatest potential for improving heat pump performance.
The primary purpose of this work was to perform a com-
prehensive screening of refrigerant pairs which, through
a shift in composition, could improve the performance of
heat pump systems by modulating their capacity fo bet-
ter follow a buiiding load. Secondary goais were to select
a mixture with (1) a gliding temperature difference that
matches that of the heat transfer fluid in both heat ex-
changers and (2) a higher capacity relative to R22 at low
outdoor temperatures. The number of pure components
was pared on the basis of boiling point, stability, ozone
depletion potential, and toxicity. Pairs were then assem-
bled from the pure components using the temperature
glide (the constant-pressure temperature change that the
fluid undergoes in the two-phase region as it passes
through the heat exchanger) and the coefficient of perfor-
mance to datermine those pairs with the highest potan-
tial. The conclusions ware that mixtures of R32/R124,
R32/R142h, A143a/R124, R143a/R142b, and A143a/C318
were the best candidates for accomplishing the project
goals. Although the mixtures were tallored for residential
heat pumps with an emphasis on capacity modulation,
the screening process could be used for other refrigera-
tion applications as well,

INTRODUCTION

In heat pump systems, nonazectropic refrigerant
mixtures (NARMs) are purported to have several advan-
tages over pure refrigerants. Among these advantages are
improved coefficient of performance (COP), capacity
control, and increased capacity at low ambient tempera-
tures. Each of these advantages has been proven indi-
vidually in previous research efforts. For eample, improve-
mantsin COP have been achieved for an air-conditioning
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application by matching the temperature glide of the mix-
ture to that of the heat transfer fiuid in both heat exchangers
(Mulroy et al. 1988). In addition, a Japanese company has
developed a mathod for accomplishing capacity control
in which it reports a 15% increass, relative to R22, in the
heating capacity and energy efficiency with a mixture of
R22/R13B1 (Malsunaga et al. 1288).

The goal of a future test program isto utilize capacity
control and matching of the temperature glides in both
heat exchangers to improve the COP. In the attempt to
incorporate these performance impravements concur-
rently, atradecff had to be made betweean them, since both
are a function of the bailing point differential of the pure
components. For example, 1o achieve a large shift'in
capacity, it Is necessary 10 select pure components with
bolling points as far apart as possible, However, the
ternperature glide of the mixture increases as the bolling
point differential increases: Based on pravious research
(Radermacher 1986), as the temperature glide exceeds
30°F (16.7° C), efficiency gains begin to decrease. Since
a large shift in capacity would result in exceading a 30%
(16.7°C) ternperature glide, we chose to limit the amount of
capacity control in favor of better matching of the
temperature glides in the heat exchangers,

METHODOLOGY

Several criteria were considerad in the process of
selecting the pure compounds that would make up the
components of a NARM. These criteria can be broken
down Into two groups, "hard” criteria, which are charac-
teristics that cannat be compromised and would eliminate
a refrigerant from consideration, and “soft" critaria, which
are items that may be used as a basis for elimination but
can be changed or relaxed to allow for including refrig-
erants that are needed 1o fill in a gap for a capacity or
bolling point of interest. Examples of hard criteria are
(1) teicity, (2) instability, and (3) czone depletion potential
Soft griteria include: (1) lammakbility, (2) bailing point, and
(3) commercial availability. In the initial evaluation, flam-
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Table 1

In IP Units
Refrigerant olecu Bolling Pt. Freezing Pt. Temperature Volume
Chemical M lar . ” Pressure
Number Name Formula  Weight “r'"*l‘ﬂ]ﬁ| ("F) (°F) (psia) (ft/1b)
T4 Haliurm He 4.00 - 452,10 Mona = 450.30 332 0.2311
T2p Hydragen (pars) H; 202  -42320 - 43480 — 400.30 187.50 0.5007
702n  Hydrogen (nom.) Hs 202 -42300 -43480 - 388.00 180,80 0.5320
720 Nean Mg £0.18 = 410,80 = 415.50 = 3T8.70 483,10 0.0332
T2B  Nitragen Ny 28, = 32040 - 346.00 — 23240 4682.90 0.0508
2o Alr - a7 317,80 - - 232 40 547.40 00488
740 Argon Ar 3885 - 30260 - 30870 - 188,10 T10.40 0.0258
Taz Oxygen o 32.00 - 287.30 - 361.80 - 181.10 73600 0.0375
80  Methane CH, 16.40 —258.70 = 296.00 - 116,50 673.10 0.0820
14 Tetrafleorcmethans CF, aam = 18830 - 299.00 - &0.20 543.00 0.0256
1180 Ethyiena CH; = CH, 28,05 - 154,70 - 272.00 48.80 T42.20 0.0700
Ta48  Nitrous Oxide NO 44,02 = 12810 - 152.00 ar. 10 1048.00 0.0355
170 Ethane CH3CH, 20,07 - 127.85 — 297.00 90.00 709 B0 00830
503  F23/A13 40.1/50,.9% — a87.50 - 127,60 — 67.10 B07.00 0.0358
11328 Vinylidene Flouride CHj, = CF; 8404 - 117.40 - 85,50 £46.80 00384
23 Trifluoromathane CHFy F0.02 - 115.70 - 247.00 7810 701.40 .03
13 Chigrotrifluaromethans CCiF; 104 .47 - 114,80 - 284.00 83 80 561.00 00277
118  Hewalluoroethane CF3CF, 138.01 - 108.30 - 75.80 480.00 QL0267
744 Carban Diaxide GO, 44 - 109.20 - §8.90 87.90 1070.00 0.03a2
41 Maethyl Fluoride CH4F 34.03 = 10810 — 112.30 852.00 0.0582
1114 Tetrafluorosthana CF; = CFy 100,00 - 10530 - 224 50 8190
1141 Vinyl Fluoride CHz = CHF 46.05 ~ 98.00 - 130.50 760.00 0.0501
- Sulhur Hexafluotide SFy 146,05 - B2BO — 114.00 545.50 0.0218
—  Bisirifluoromethyf) ethar CF40OCF, 154,02 - 7420
1381 Bromatrifiuoromethane CBrFy 14883 - 71,85 - 270,00 152.80 575.00 0.0215
504 R32/A115 48.2/51 Bk == 79.20 = 71.00 - 151.50 6590.50 0.0324
32 Methylene Fluande CH,F, 52,00 - 6090 -— 1ra.12 742° D.0403"
1123 Trifluoroethens CF; = CHF 82.00 - 59.80 - 10B.40
125 Pantaflucmethans CHF,CFy 120.03 - 5530 — 154" 400° o.0zo6"
1270 Propylane CH, = CHCH; 4208 - 5388 - 301.00 197.20 B70.30 0.0720
143a Trilluorowlhane CH4CF, 84,04 = 53.70 — 163.58 545 37 [l ie)
502 R22/R115 4B B/51 2% - 111.63 - 48.80 - 178.80 £91.00 0.0288
200  Propane CHyCH,CH,4 44,10 ~ 4373 - 30580 206.30 617.40 0.0728
22 Chiorodifluoromethane CHCIF, 86 48 - 4136 - 256.00 204 .80 721.80 00305
116 Chloropentafiucrosthane CCIF,CF, 154,48 - 3B.40 - 158.00 175.90 457 B0 0.0261
218 Octaflusropropane CFyCFoCFy 18800 - 13820 - 297.4p 161 380" 0.0282*
161 Fluorosthane CHyCH,F 4800 - 3500
- Pentafluarodimethyl ether CHF,0CF, 136.03 = 31.00
500 R12/R1582a 73.8/26 2% - 8831 - 2B.30 - 254.00 22180 €41.90 0.0323
€270  Cyclopropans CHLCHCH, 42.00 - 2830
T Ammonia NH; 17.03 - 28.00 - 10780 271.40 1657 0.0680
C216  Perflucrocyclopropane CF,CF,CF, 150.00 - 2470
12 Dichiorodifluoromethane CCI;F; 120.83 - 2162 - 25200 23380 506.90 0.0287
805 R12/R31 78.0/22.0% - 103.43 - 21,29 - 24400 £868.00 0.0298
1216 Perluompropena CFp =CFCFy 15000 -2020 - 248.20
1132 1.2-Diflucrosthene CHF = CHF 64.00 - 18.40
1113 Chbrmrﬂ&:mm'lam CCIF = CF; 116,47 - 18.20 - 22240 589,50 0.0291
13a 1112 tetralluorosthars CH;FOF, 102.00 - 1570 = 149,80 214.00 588.80 0.0313
152a  1,1-Difluorcetharie CHF,CH, 66.05 = 13.00 - 178:60 23630 652,00 0.0438
-— Dirnettnd sther CHyOCH, 46,07 = 12.68 = 22270 263 80 7175 0.0580
40  Mathyl Chioride CHCl 50.48 ~11.80 - 14400 288,60 888.70 0.0454
11312  1-Chioro-1fiuoroethane CCIF = CH; BO.45 = 11.20 - 27220
1261ya  2-Fluoropropens CHLCF = OH; 60,00 = 11,20
- Trifluaromethyimeti ethar CFaOCH, 100.04 - 11,20
— ‘IHIhmrum&thyl GF;CEF;CF, 204.03 - 884
pentafiuoroethyl ethar

* Indicates properties that are csicudated or estimated
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In
Refrigerant Chemical Molecular Boiling Pt Freezing Pt. Temperature Pressure
Number Name Formula i) (psia) ft/1b)
11581 Bromopentafiuarosthane CBIF,CF; 200,00 - 7.80
1295z 1,1.143-peniafluoropropsng CF,CH =CF, 13200 - B.BO - 24340
134 1,1,2, 2 Tetralluoioethane CHF ;CHF 102.00 - 380 2ar a487" 0.0336"
1122 1-Chiora-2, 2-difluomathens CHCl = CFy aB.45 - 122 - 217.30 260 60
227ea 1,11,2333- OF,CHFCFy 17000 - 0.40
Heptafluoropropans
12434 1.0 Wrifluropropeng CFyCH = CH; 86,00 - 040
245ch  1.1,2.2-Penta CFCFsCH; 13400 0.10
fupropropana
227ca 1112233 CF4CF;CHF;  170.00 1.40
Heplafluctopropane
2281 Bromodfiuoromethane CHBF; 136.80 5.00
1140  Chiorcathene CHCI = CH; 6250 7.00
506 Ra1/A114 55.1/44 8% — 93.69 9,680 - 288.00 7489.00 o.0ee’
124 2-Chloro-1.1,1.2- CHCIFCF, 13648 10.40 — 204.30 514° 0.0297"
tetrafiuonoethandg
600a  Isobutane CiHu 5843 10,88 - 25550 275,00 520.10 00725
124a 1Chiore11,2.2- CHF,CCIF; 136,48 13.60 - 26010 539.50 0.0287
wrafiucroathans
764  Sultur Dioaide S0u 6407 14.00 - 103.90 31550 1143.00 0,306
1420 Chiorodifiuorosthane CH4COIF; 100.50 14,40 - 204,00 278.B0 508.00 | 0,0368
—  Trifuorometny-1.2,2.2; OF,OCHFCF;  1868.04 15.08
tetrafluorosthyl ether
28tea 2-Fluorcpropana CH3CHFCHy 62.00 15.10 - 208.00
h Criorolluoromathans CH,CIF EB.50 15.60 - ama* aie* Q0378
830  Mathylaming CHyNH; 31.06 19.90 - 13450 314.40 1082.00 -
caté  Octafluorocyclobutans CiFa 200.04 21.50 - 4250 23960 403,80 0.0258
31.10  Perflucrobutans GF,GFICFZEFS 23800 23.00
11228 1-Chloro-t,2- CCIF = CHF 98.50 23.00
diflucroafhens
1281 Bromochlorodifiuorg- CBCIF, 165.40 24.80
methans
Hafy  1-Chioro-2-fluoroethens CHCi = CHF 80.50 24 B0
2g1la HFluoropropans cHchchHg 62.00 2750
2i7ba  2-Chloroperfivoropropans CF5CCIFCFy 204,50 28.00
217ca  1-Cnloropediuoroprapang CCIF,CF,CFy 20450 28.40
11381 Bromotrifiuorosthing CBiF = CF3 160.80 | 28.40
236ta 11,1333 Hex CF4CH;CF 152.00 7o
fluoopropansg
600 Butane CuHa 58,13 3140 - 2730 305.60 550.70 0.0702
ogdet 11,2 2Tsraflucropropans CHF;CF;CH; 116.00 32.00
o36ch 1.1.1.2.2.3 CF4CFCHoF 152.00 34,20
Hmalhsoropropane
—  Bis{difluoromethyl) ether CHF,OCHF; 11804 a5.60
114a  1,1-Dichloratet CCIFCFy 170.94 37.40 - 88,80 283,70 479.20 0.0276
114 1.2-Dichiorolatraflucroathans CCIE;CCIF, 170,84 3850 13700 294.30 473,00 0.0275
4081 Bromomethane CHayBr 85,00 38 50
143 17, 2Tnfuoroethans CHF;CH,F 84,04 41.00 Je* 543 o.oam”
Ci1316  Hewsfluorocyclobutans CyFy 162.00 4190 - 76.00 16016
—  Trfluoromathyt CF4OCH,CFy  168.05 42,01
2 2 2urifucroethyl elher
oagea 111283 CFsCHFCHF; 15200 4280
Hexalluaropropana
112281 1-Bromo-2.2- CHBr=CF; 14280 4280
dittunrosthens
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trigera Molecular Boiling Pt. Freezing Pt. Temperature . Vol
Ao nt ng Pressure ume
Number Name anu- Weight (°F) {*F) {*F) (psia) (b))

2316 Perfluorabutadiens CFy=CFCF=CF; 18200 43.00
1332  Chlorotrifluarosthane CHLCICF, 118,50 44 .40 - 157.90 316" 657" 0.0323*
2721 1,1-Diflucropropane CHF,CH,CHy  80.00 4640

21 Dichlorofiuoromethane CHCILF 10292 47.80 - 21.00 353.30 750,00 0.0307

—  2,2-Dimethylpropans (CH3),C 72.00 49.10

238ca  1,1,2233 CHF,CF,CHF, 15200 50.00
Hexafluompropans

1131 -Chioro-2iuarsathens CHCI = CHF B045 - 50.00

217caB1 1-Bromoperiucropropans CBiF,CF,CFy 248190 53.60

160  Ethylchioride CH4CH,CI 64.52 54.32 = 21680 368.00 TE4.40 0.0485
214cb 1,113 %arachioro- CCLCF,COF, 25380 57,60 -~ 135,00

2.2 33 tetraflucropronane - :

151a  1-Chioro-1-luproethans CHCIFCH, B2 45 61,00

631 Ethyl Amina CHZCH NH, 45.08 €1.88 - 113,00 361.40 815.60 —

133 1-Chioro1.2 2trillucroethane  CHCIFCHF, t1B.50 62.60
3181 Bromofiucromathane CHBrF 11298 6350 - 37580
1112a  1.1-Dichiorodiflucrosthylens CClL = CF; 13300 68620
m2  1.2-Dichiorodiflucroethylans CCIF=CCF 13300 7070

11 Trchioroflupomethans CCyLF 13738 . 7487 - 16R.00 388.40 38 50 0.0269
1282 = Dibromatiuoromethans CBisF; 209,80 76,10 — 221.80 388.80
G317 Chloroheptafiuorocyciobutans C,CiF, 216,50 7810 :

133aB1  1-Bromo-2,2,2-trifluoroethane CH;BICF; 16290 7880 - 13720
1418 Parflusrocyclopentena CaFy 15200  BDGO :

123 Dichlorotrfiusrosthane CHCLCF, | 18291 81,70 - 3e3* 523" 0.0268"
1232 1,2-Dichlomtrifiutrosthane COIF,CHCIF,  152.81 B2 40 i
123 f T-Dac.hh-o-l 2 zﬂfhnm CCLFCHF, 15291 —

- ehar  CHF,OCH,F 10004 8618

152 1.2.DMflusroethans EFHZCFH, 66,05 87.20
611 Methy| Formate HCOOCH, 6005 8920 - 14600 41720 870.00 0.0458
1416 . 1.1-Dichioro-1-Ausroathans COLFCH, 11690 8880 :

— . Triluoromethyl-1,1,2.2- CF;0CF,CHF, 166.04 8320

tetrafluoroathy| ather ;

610 Ethyl Ether CaHeOCHy 7412 9430 - 17730 38120 523.00 0 0607

142 1:Chioro-2,2-diflucroethane CHCICHF, 10050 8520
142a  1-Chioro-1,2-diflusroethane CHCIFCH.F  100.50 -

121 1.2 Dichiorofluomethene COF=CHCI 11490 8520 )

218  Dichlorshesafluoropropane CyCiaFy 220.83 96.24 - 18370 356.00 390,50 0.0278

- Difluarameathyl-1,1-difluorasthyl CHF3OCF,CHy .132.06 97.70

ethar

40 Methylene Chigride CH;Cly 8493 10440 - 142.00 458 60 B82.00 -
2181 Bromochiorfiuoramathans CHBrCIF 14735 10040 - 175.00
1132 1.1, Trichiorotrifiuomathane CCLCF, 187.40 11439 57.20 . i
11482 1. 2-Dibromatetraliuoroethane CBrF,CBrF, 25880 11550 - 186.90 41810 .

1320 1.2-Dichioro1t-dilvorosthane  CCIF,CH,C1 13500 1 15.70 .

113 Tichlorotrifiugecathans COLFCCIF, 18739 11763 - 31,00 417.40 489 90 0.0278
11530  Dishioroathylens CHCI = CHCI BE.95 118.00 - 58,00 470.00 - T85.00 - -
12381  1-Bromo-1-chioro- CHBrCICF, 19735 12240 y

2.2.21rfluorosthare _
225da, 1,2-Dichlor- CCIF,CHCICF; 202 90 122.70
1,133 3-pentafiuoropropane

1MB1  Bromoedichloratiuaromethane CBrCi,F 181.80 12560

151 1-Chlore-lustoathana CHCICH;F 8245 12780 .
123a81 1-Bromo-2-chioro- CBE,CHOF  1687.35 122131

1,12 rilucroethane
B Flusromethylchlorstiuormethyl CH.FOCHOIF 11649  131.54

ather
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Critical Properties
Relrigerant Chemical Molecular Bolling P1. Freezing Pt. Temperature Prosaure Volume
Number Name Formula Weight (*F) (°F) ( (k)
1808 1, 1-Dichlgroethans GHELCH; gEas 13460
14281  1-Brome-2 2-difluorosthana CH,BICHF2 14480 13510
13z 1,2Dichioro-1,2-difluorosthane CHCIFCHCIF 13500 13730
1323 1.1-Dichlore-2.2-diflucroethane CHGILCHF 13500  137.30
1aze  1.1-Dichiore-1,2-difluorosthand CCI,FCH,F 135.00 -
cate  Dichiorohexaflucrocyciobutane G4CloFg pazen 13810
20 Chiorolorm CHCly 11950 14310
316nbb 2.2-Dichioropertiuorobutane CFyCCIF- o7000 14540 - 9040
' CEIFCFy
_  gis(i.1Mriftuoroethyl) sther CF4CHR0CH,CF s 16208  147.20
2iB2 Dibromafiucromethane CHBrgF 191.80 148.00 79.70
Table 1
In SI Units
Critical Properties
nt Chemical Molecular Boiling PL. Freezing Pt. Temperature Pressure Volume
Number Name Formula weight __ (°C) (*c) (kPa) (M?/Kg)
704 Helum He 400 - 26884 NONE -~ 26704 2pa08 0,01443
702p  Hydrogen (parsl Ha 202 - 252m9 -25833 - 24017 129281 003182
702n  Hydrogen (narm.) Hy ap2 -g£5278 2 -25833 - 2308.94 1315.57 0.03321
720  Meon Ne 2018 - 246068 - 24881 - 298,72 330082 0.00207
726  Ntrogen M 28,01 _ 19578 - 21000 - 14689 3308 55 0.00318
729 Air - spa7r - 19433 - _ 14688 377432 0,00305
740 Argon AT aggs - 18589 - 180.28 = 12228 4898.21 0.00187
732 Owxygen Oy 000 - 18294 - 21878 - 118,39 508093 0,00234
50  Methane CH. 1840 - 16150 - 18222 - B2ED  4B4102 0.00618
14 Tealuoromethans GFs gagl - 12784 -18383 - 4587 374308 0.00160
1150  Ethylene CHs = CHp o808 - 10372 - 16888 9.33 BI1TAT D.00437
7448 Nitrous Oxide 4O 44.02 —@@sn - 10222 38 50 7225.96 0.00222
{70  Eihane CH;CH3 007 -8881 - 18278 az22 4894.07 000518
5o3  R2A/A1340.1/50.9% - B7.50 - BB.ET - 19.50 418526 0.00204
1132a  Vinylidene Flouride CH, = CF; 64 04 - 83.00 = 29.72 4459 69 0.00240
23 Trfluoromethans CHF; 70,02 - g208 - 15500 25.61 4836.15 0.00194
13  Chioretrifioromethans CCIF,, 104 47 —B144 = 18100 28 B3 ARER.10 0.00173
116  Hesafluorosthane CFiCF3 136.01 = 780 24,33 3308 60 0.00167
744  Carbon Dioxide coy 44,01 - 7844 - B6.61 31.06 7377.65 0.00214
41 Methyl Fluoride CH4F 34,03 - 7628 44 61 EB74.54 0.00363
1114 Teraluoroethens CFs = CFy 10000 -7628 - 142.50 3328 0.00 0,00000
1141 Vimyl Fluoride CH, = CHF 4605 - f222 5472 524020 0.00313
—  Sultur Hexafluoride SFy 146.05 - B3.7B 45 58 37Et.22 0.00136
= Bisitrifiucromethyl) ether CFy0CF, 154.02 - 59.00
1381  Bromatriffucromathane CBIF; 14893 - G775 - 16778 67.00 3064 62 0.00134
504  RIZR11548.2/51.8% - 79.20 - 5722 - 66,39 476100 0.00202
92 Methylens Fluotide CH,F;2 gapp - 518 78.40
1122 Trifluoroathens CF; = CHF g2.00 - 51.00 - 78.00
125  Pontaffuoroethane CHF4CFy 120.03 - 4B.50 Ba* 3834" 0.00226*
1270 Propylene CH, = CHGH, 4200 -4170 - 185.00 a1.78 4621.72 0.00448
t43a  Trifluorosthane CHyCF3 f4.04 - 4761 - 73.10 3760.33 0.00230
50z R2ZRI1GABEE1.2%W - 11163 ~ 4544 — B2.17 407494 0.001748
ga0  Propane CH4CHCHs 44.10 - 4207 - 187867 96 63 4256 87 0,00454
22  Chicrodifiuoromethans CHGIFy g648 - 4076 - 16000 86.00 467750 0.00180

+ |ndicates properios i are caloulated or estimated



Table 1 élcnnﬂnuad]
In 51 Units
Molecular Boiling P1. Freezing Pt. Temperature Pressure Volume
rant Chemical A
it Masms Formula  Welght () (O) (C) . tPa (MK
115  Chloropentafiucrosthane CCIFCFy 154.48 3811 = 108.11 78.84 315515 0.00163
218 Oclaliuoropropans CFCF,CFy 188.00 - 38.00 - 183.00 72r 2688" 0.00163*
161  Fluorosthane CHyCH;F 4800 -37.22
- Pentafiuorodimethyl ethear CHF.OCF, 136,03 - 3500
500 R12/R152a 73.6/26 2% — 86.31 - 33.60 = 168.80 108.50 442580 000202
€270 Cyclopropane CH-CH,CH, 4200 - 3350
717 Ammonia NHy 1703 - 3333 - 77.72 13300
C2168  Perluorocyclopropane CF,CF,CF 5 15000 - 3150
12 Dicholorodlugromethane CCIF, 12083 -2079 15778 11200 411563 0.00179
505 A12/R31 78.0/22.0% - 103.43 - 29,61 - 117,78 472097 0.00166
1216  Perfluoropropens CF; = CFCF; 150.00 = 28.00 = 156,22
1132 1.2-Diftuorosthena CHF = CHF 64.00 - 2500
1113 Chiorotrifiuoroethyiena CCIF = CF, 116.47 - 27.68 105,78 4064 60 0.00182
134a 111 2-etraflucroathans CHaFCFy 102.00 = PBE.50 = 101.00 101,11 ADEE BT 000195
162a 1 1-Difluoroethane CHF:CH4 66.05 - 2500 - 117.00 113.50 440554 0.00274
— Ciimethyl athar CHy0CH, 46,07 - 24.82 - 141,50 12880 53p1.20 0.00271
40 Mathiyl Chioride CHE 50.49 - 422 —Br.78 14311 6679.19 0.00283
1131a  1-Chioro1lusroethens CCIF = CHj B0.45 - 24.00 = 168.00
12681ya  2-Fluoropropens CH3CF = CH; 60.00 - 24.00
—  Trtluoromethylmethyl ether CF,0CH; 100,04 - 24.00
—  Tiflugromathyl-
partafluaroethyl sthier CF30CF,CF, 20408 - 2330
11681 Bromopentafluoroethans CBrF,CF4 200.00 - 22.00
1225z 1,133 pentafiucropropane CFyCH = CF, 132.00 = 21.00 = 153.00
134 19,2 2Tevraliuormethans CHF;CHF; 102.00 = 1872 114" 430" 0.00210"
1122 1-Chloro-2,2-diffuoroathena CHCI = CF, 96.45 - 18.46 = 138,50 127.00
227sa 1112333
Heptalluoropropana CF3CHFCF, 170,00 - 18.00
1243# 1. Trilluoropropena CF3CH = CH, 86.00 - 18.00
245ch  1.1.1.2 2-Pentafiucropropane CF3CFaCH, 134.00 - 17,72
227ea 1112235 CF3CFCHF, 170.00 = 17.00
Heptalluoropropane
2281 Brmodifiuoromethane CHErF, 13080 |« — 15,00
1140 Chiorosthene CHC! = CH, 6250 - 1389 :
508 R31M11455,1/44 8% - B3.69 - 12.44 14222 516438 0.00185
124 2Chilers11,1.2- CHCIFCF, 136.48 - 12.00 145.72 544 0.00185"
tetralluoroethane
800a lsobutane CiHyg 8813 - 11.73 -15872 13500 3648.14 0.00453
124a  1-Chioro1,1,2.2- CHF,CCIF, 136.48 - 10.22 126.72 aT1985 000174
tetraflucroethans
TE4  Suifur Duoxide 80, 64.07 - 10,00 - T8.90 157.50 TBAE0.99 0.00191
142b  Chiorodifiucroathana CH5CCIF, 100,50 - 9.78 - 131.11 1ar.11 4123.21 0.00230
— Tfuoromaeathyl- CFyOCHFCF5 186,04 - 840
1.2,2 2-tetrafivoroathy ether
2Blea  2-Flusropropans CHyCHFCH, 62.00 - 838 - 133,33
3 Chigrofluaromethsne EH4CiF 88.50 =81
B30  Methylamine CH3NH2 a1.08 - 8.72 — B2-50 156.89 746039
C3e  Octafuomeyciobutane C,Fg 200.04 - 583 - 41,39 11533 2782 .82 0.00161
3110 Perfluorabutane CFCF,CF,CFy  238.00 - 5,00
11222  1-Chiore, 2-difluomethens CCIF = CHF 8850 ~ 500
1281 Bromochlorodifiuoromethane CBICIF, 16540 - 4.00
131  +Chicro-2lucroethens CHOI = CHF B0.50 - 4,00
281fa  1-Ruoropropane CH,FCHLCH; 62.00 - 280
217ba  2-Chloroperfiuoropropans CFCCIFCF, 204.50 - 222
217ca  1-Chioroperivoropropane CCIF,CF,CF 5 204.50 - 200
11381 Bromatnfiuorosthene CBiF = CF; 160.40 - 200




Table 1 &Guﬂﬁnuldl
in S| Units

/| Critical Properties
- Chemical Molecutar Boiling Pt. Freezing P1. Temperature Pressure Volume
Number Name Formula ::“) *C) (*C) (kPa) (MY/Kg)
sggta  1.1,1333-Hexafluoropropana CFaCH;CFy 152.00 S
g00  Butane CiHio 58 13 _oso -138B0 15200 a7a7.08 000438
a720a  2.2-Diffuctopropang CHCF,CHy BG.00 - 028
ss4eb 1,22 etraflucropropans CHF,CFiCHy 11600 0.00
sdgch 11,1223 Healluoropropane CF4CF;CHaF 152.00 1.22
_  Bisidfuoromethyl) ethet CHF0CHF; 11804 2.00
114a  1,-Dichiorotetrafiuoroethana CCIFCF, 170.54 3.00 - 5681 14538 4304.08 0.00172
114 1,2- chhlurﬂﬂlrdluﬂmdh&ne CCiF,CCIF, 170.94 3.8 - B3.B9 145,72 326133 0.00172
4081 Emmﬁuﬂﬂm CHaBr 85.00 < 1)
143 1.1,27%rMuorosthana CHF,CHoF 84.04 5,00 158" a741" 0,00238"
C1316 Hexafluorocyclobutens C4Fs 162 00 550 — 60.00 71.20
—  Triuoromethyk CF,OCHCFy 169.06 5.56
2.2 24rifluorcethyl ether
23682 | 1,1,123.F CF,CHFCHF; 15200 6.00
Hexalfuoiopropans
112281 1~Hmm2.2»drl’n.|=urmﬂ1ana CHBr = CFg 142.90 .00
2316 Perfurobutadiend CF, = CFCF = C-
Fz 162.00 6.11
133a  Chiorotrifiuorogthane CH,CICFy 118.50 §89 - - 10550
a72fn  1.1-Diflugropropans CHFCHEH; B0.00 B.00
71  Dichlorofiyoromethans CHECIF 10282 8.78 - 13500 17850 517125 p.00182
_  2,2Dimethylpropane (CH3)C 72.00 9.50
og6ca 112233 Heafluoropropans COHF,CFCHFy 162,00 10.00
1131 1-Chiano-2-Hugrosthene CHCH = CHF 8045 10.00
517caBi 1-Bromoperfluoropropane CBIF,CF,CFy 24880 12.00
160  Ethyichloride CH,CHO B4.52 12.40 _y3s2s  187.22 s27054 000303
214ch 1 1,13 Tatrachloro- CG;CF-_-C‘C'IFE 253,80 14.22 - 9278 ;
2,2 33 etrafiuoropropa
151a  1-Chioro-tfluorosthane CHCIFCH: a2 45 1611
g3t Ethyl Amine CH3CHNH 45,08 16.60 -gps6 18300 5823.56
133 1-Chioro-1,2,2-riflunrosthane CHCIFCHFg 118.50 17.00
3181 Bromoflugromethans CH,BF 11280 17,60 191,00
1112a  1,1-Dichioroditiuoroettiylens CCly = CF; 133,00 18.00
112 12 Dighkoroditfusrosthylens CCIF = CCIF 133.00 21.60 !
11 Tichiarotiuoromethans CClyF yar.as gas2 -1 198.00 440835 '0.00180
1282 Dibromofiusromethans CBroFy 208.80 24.50 = 141.00 18822
c317  Chioroheptabuorocytiobutane C4CiFy 218.50 26 61
133aB1  1-Bromo-2:2 2-riflucroethana CHLBICF, 16290  '26.00 - §4.00
C1418 Parfluorocyclopentene CsFa 152,00 27.00
123 Dichlorotrifluoroathans CHCI,CF 5 15291 2781
1233 ' 1.2-Dichlorotrifluorosthans CCIF,CHOIF, 18281 28.00
123 1,)-Dichioro”
1,2 2rifiuoroethane CCI,FCHF; 152.91
- Dﬂunru-muw‘lﬂwrmmh'ﬂ
ethar GHF,0CH,F 10004  30.10
162 1,2-Diflucrcethane CFH,CFHy £6.05 30,67
11 Mathyl Formats HCOOTH, B0.05 31.78 - 58.89 214.00 5994 65 000287
141b  1.1-Dichloro1fiuoroethane CClFCH, 116.80 32,00
- Trifluaromethyl-
11,22 tetrafiuorosthyl ether CFyOCF,CHFy 18604 34.00
§10  Ethyl Ether CyHgOC:Hs T892 34,61 _ 11628 19400 sg06.08 000378
142 1Chiom-2 2-diiuoroathane CH,CICHF; 100.50 as.1
142a 1-Chiore-1 2-diluoroethane CHCIFCHgF 10050
" 1.2-Dichlorofluorcathane CCiF = CHCI 114,80 asn
216  Dichinrohexalluoropropane C4ChFe 22083 3568 - 12539 18000 275455 000174
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'ﬁhlu'léﬁnminund}
In

I Units
Critical Properties
Refrigerant Chemical Molecular Boiling Pt. Freezing Pt. Pressure Valume
Number Name Formula Weight (*C) {°c) {*C) (kPa) (M/Kg)
= Diftuaromethyl- i
1i-difiuoroethyl ethar CHF;0CF,CH, 132.08 36 50
30  Mathylene Chiarice CH,Ciy B84.93 4022 - 9667 23700 BOA1 39
2181  Bromochiorolluoromathans CHBrCIF 147.35 38,00 - 115.00
113a 1,1, -Trichlorotrifluaroethane COLCF, 187.40 4577 14.00
11482 12Dibomotatrafiuorosthane  CBIF,CB(F, 258.80 4p.39 - 110.50 214.50
132b 1.2—Dir:ﬂm'n-].1—dlhrmuemanﬂ CCIF;EH,CI 135.00 46.50
113 Thehlomtriluorosthane CCI,FCCIFy 187,30 47.57 - 3500 21411 3377.686 0.00174
1130 [Kchlorosthyiane CHEl = CHCI 96.95 4778 - 50.00 243,33 5481.53
12381 1-Bromo-1-chiono:
2.2 2-rifluoroethane CHBrCICF, 167,38 50.22
-225da  1.2-Dichlors-
1133 3-pentalluoropropans CCIF,CHCICF, 202,50 5039
1181 Bromedichlorofisoromethans CBrCi,F 181.80 52.00
181 1-Chipro-1fucrosthana CH,CICH.F 82.45 5322
123a81 1-Bromo-2-chlomn-
1.1 2-triflvoroethans - CBiF,CHOIF 187.35
— Fluoromethylchiorofiuar.
miethyl ethar CHaFOCHCIF 116.48 5530
1508 1,1-Dichlorosthans CHCI.CH3 96,96 §7.00 -
14281 !-Bmﬁn-az-ﬂmmrnmnne CH,BrCHF, 144,80 £7.28
132 1.2Dichioro1 2-dilucroethane  CHCIFCHCIF 135.00 5850
132a  1.1-Dichloro-2 2-difluoroethane CHOI,CHE, 135,00 5850
132c.  1.1-Dichlore-difluoresthans CCLFCH,F 135.00
C316  Dichlorohexafiuorocycio:
butane C,CliFg 23200  58.50
20 . Chlorolorm CHCI3 119.50 61,72
J1Bnbb 2.2.Dichigroperfiuorobutane CFyCOIF 270.90 63.00 - 68.00
CCIFCF,
— Bl Writluorosthyl) ether  CFyCH,0CH,CF,  182.08 84.00
2182  Dibromolioromathane CHBeF 191.80 65.00 26.50

mabillity was included in the hard criteria category. It was
Iater changed to & soft criterion to allow more refrigerants
to be evaluated, _

Once a compound was determined to be stiitable for
further analysis on the basis of the hard and soft criteria, its
performance was evaluated using computer models to
determine capacity and COP at the DOE standard rating
conditions for an air-source heat pump. These perfor-
mance estimates were then used in conjuniction with
estimates for the temperature glide of the mixtures to deter-
mine which refrigerant pairs exhibited the greatest poten-
tial for accomplishing the goals of the project.

In assessing the results, the specific application,
residential heat pumps, greatly influenced which com-
pounds were selected. In addition, the list could be
impacted by disagreement on the criteria for gliminating
refrigerants. For instance, a manufacturer may feel that
problems, such astoxicity, could be dealt with, and there-
fore should not be a basis for elimination. For these
reasons, we have listed all the compounds that were

4

evaluated (Table 1) to allow additions or deletions based on
personal preference. y
The list of potential components (Table 1) was com-
piled from several sources that included vendors, re-
searchers, and trade organizations such as the American
Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE 1985: Bivens. nd.; Braker and
Mossman 1971; Reid et al. 1977). Most of the combinations
and structural isomers obtained from substituting chiorine
and fluorine on methane, ethane, and propane are
included. Property values were obtained from chemical
handbooks, tables, and vendor contacts. The resultant liet
iIs quite comprehensive in that it contains relatively new
chemical compounds as well as some in various stages
of development,
_ Asseen.inTable 1, there is insuflicient critical property
data to determine performance for many of the com-
pounds, Following the initial evaluation, a few gaps were

‘discovered where critical properties were needed for

refrigerants with a high probability for good performance



based on their normal boiling point and heal capacity.
Using approximation procedures (Reid etal, 1977), itwas
possible to estimate critical properties and determing
relative COP and capacity.

From the list of refrigerants in Table 1, a graph was con-
structed (Figure 1) that cantains refrigerants inthe boiling
point range (see paragraph regarding soft criteria) with an
indication of the level of available property information. In
the graph, Level 1 indicates a large amount of available
information while level 4 indicates very little. One can see
from the graph that there is insufficient property informa-
tion for many of the refrigerants and that very few prospects
have all the desirable characteristics.

Hard Criteria

Toxicity was a primary concern in eliminating several
of the refrigerants from consideration. It was decided that
toxic refrigerants would be difficult to manufacture due to
strict Ervironmental Protection Agency regulations. Also,
toxicity would pose a significant risk to heat pump manu-
facturers in regard to liability for both the homeowner and
for assembly-line workers involved in the manufacturing
Process.

Instability was anather characteristic that efiminated
compounds from the list of potential components, Any
compound that exhibited the possibility of reacting with
itself or with any of the materials used in heat pumps, such
as copper, aluminum, or steel, was undesirable and was
theretore eliminated from further consideration. For exam-
ple, methyl chloride cannot be used with alurminum in
any form because explosive reactions result from the com-
bination. Any compound that could react with compressor
lubricating oll was removed from the list. Also, some
compounds are known to polymerize (U nsaturated
compounds), and their use could result in coatings on
the inside tube surfaces that impede heat transier All
compounds known to exhibit this characteristic were
discarded.

The signing of the Montreal agreement (Cox 1988),
which limits the international production of chlorofluorc-
carbons (CFCs), led us o add ozone depletion potential to
our list of hard criteria. The swift reaction of the research
community in reaching an agreement 10 significantly
reduce emission levels indicates a definite movement
away from the use of refrigerants that are fully halogenated.
All compounds that are fully halogenated and contain
chiorine or bromine were deleted from our list of potertial
refrigerants. We did include those compounds that contain
a hydrogen atom in the structure and would therefore
braak down in the lower atmosphere.

Soft Criteria

Seven refrigerants remained after the initial evaluation
process wascompleted. The remaining refrigerants were
R125, R22, R218, R134a, A124, R124a, and C318. o allow
tor the inclusion of maore refrigerants in this study, the re-
quirements for deleting refrigerants were reassessed o see
i the criteria could be relaxed. The decision was made to
allow flammability to be changed from a hard to a soft
criterion for two reasons. Flammable refigerants would not
introduce a fisk to the homeowner that is not already a part

EH  FLAMMABLE E ymaTane

A& UMKNOWH 771 POOR PERFOAMANCE
B ozONE DEPLETING (=] oOOD PROSFECT
B CONTANS OZ0ME DEPLETER =1 roxe

[ ETvHERS

Figure 1 Refrigerant charactenstics chart

ol the present environment. For instance, natural gas is
already used for water heating, space heating, and cook:
ing. Second, a nonflammable mixture can be obtained by
mmixing a flammable compound with 2 nonflammable com-
pound, thus reducing the risk of fire or explosion.

The refrigeration capacity of a heat pump is a strang
function of the boiling point of the refrigerant circulating in
the system. Compounds with similar boiling paints will pro-
duce similar capacities in the same compressor Basedon
this information, selection of a range of boiling points was
possible using estimates of the bullding load as a function
of outdoor termperature and capacities of common refrig-
erants. Based on capacities of R114 for the low-capacity
refrigerant and R13 for the high-capacity refnigerant, &
range of boiling points from app roximately 50°F (10°C) 1o
— 1159 (—81.7°C) was selected.

For this study, commercial availability of a refrigerant
was defined to be any refrigerant that either was presently
available frorm a major vendor or one that, depending on
market demand, could be synthesized at a reasonable
cost. Manufacturers stated that the high cost of producing
small quantities of relatively unknown compoeunds could
be reduced if enough interest warranted research into
more efficient methods of synthesis. In this contexl,
availability is more a justification for including some “aotic”
refrigarants than a basis for elimination.

Performance

As a final step, the relative performance of the
refrigerants was determined using two models o calculate
the COP and the capacity at the DOE standard rating con-
ditions of 47°F (B3°C), 17°F (—83°C) heating, and 82°F
(27.8°C), 95°F (350°C) cooling. A national laboratory’s heat
pump model (Fischer and Rice 1981), whichis a precise
modelthatincludes the losses associated with the equip-
ment in its calculational procedure, did not allow an
analysis of many of the refrigerants due tathe form inwhich



the thermodynamic and thermophysical data had to be
entered. Therelore it was necessary to use an additional
maodel to abtain as much information as possible about the
performance of the remaining refrigerants. The CYCLESA
model (McLinden, n.d.), which performs an ideal cycle
analysis assuming an isentropic compressor efficiency and
log mean temperature ditference for the heat exchangers,
made it possible to analyze a larger number of refrigerants,
although at a lower level of complexity. Since more
refrigerants could be analyzed using the CYCLESA madel,
it was selecled as the basis for determining relative perfor-
mance. The national laboratory’s mode! was used as a
cross-reference and for establishing comprassor and heat
exchanger efficiencies for the CYCLESA model, Following
is a brief description of each mode! and the main assump-
tions that were used in perfarming the analyses.

The national laboratary's heat pump model was
developed to predict the steady-state heating and cooling
performance of residential heat pumps. The model is
based on physical principles and generalized correlations
to avoid empirical equations derived from manufacturers'
performance data. This approach allows maore flexibility in
studying various design configurations for their related
performance tradeoffs. For this study, all necessary inputs
ta the model regarding hardware, such as physical dimen-
sions of the heat exchangers, fan efficiencies, and com-
pressor map data, were based on a high-efficiency heat
pump presently in production by a major manufacturer
Other parameters, such as compressor inlet and exit
refrigerant conditions, were specified based on standard
practice.

The CYCLESA model performs an itleal cycle analysis
using the Carnahan-Starling-DeSantis equation of state to
calculate refrigerant properties. Coefficients for this equa-
tion were obtained from saturated vapor pressure, vapor
density, and liquid density data for compounds of interest.
The advantages of using this model are that it is simple to

TABLE 2

run and can be used to obtain performance predictions for
fluids that do not have necessary thermodynamic and
thermophiysical property data to use in more sophisticated
perlormance models. The main inputs to this model, other
than the property data, are the log mean temperature
difference for both heat exchangers and compressor
isentropic efficiency. Input parameters were initially varied
over a reasonable range to approximate the perormance
values for R22 data obtained from the other heatpump
model. The same values for isentropic compressor effi-
clency and log mean temperature difference were then
used for all the refrigerants.

The results of computer simulation runs with the
CYCLESA model are shown in Table 2. Al refrigerants of
interest, with the exception of R218, R124a, and R143,
could be analyzed using one or both models. The results
show that most of the pure components have COPs com-
parable to those of R22. Only R125 and C318 have COPs
that are significantly lower (10% or greater). Data in the
table indicate that some of the mixtures could result in
capacity shifts of upto 4:1 in cooling and 3:1 in heating by
changing the composition from one pure component to
the ather

Temperature Glide

Once theoretical performance of the pure refrigerants
was known, it became necessary to estimate the
lemperature glide of the mixtures to determing which mix-
tures would best match the temperature glides occurring
In the condenser and evaporator heat transfer fluids. By
use of property data subroutines (McLinden, nd.), the
temperature glide was determined for a variety of 50/50
weight percent compounds at a pressure equivalent to ar
average of the evaporator and condenser saturation
pressures (approximately 160 psia (1102 kpa)). Knowing

the boiling point differential of the compounds, it was

possible to construct a plot (Figure 2) for estimating the

COP AND CAPACITY DATA - CYCLE PROGRAM MODEL
HﬂﬁwanuthWTmPrwm

95 F, Cooling 82 F, Cooling 47 F, Heating 17 F, Heating
Capacity Capacity Capacity Capacity
Refrigerant COP  (Btu/hr) COP (Btu/hr) COP (Btu/hr) COP  (Btu/hr)
R32 2.6 58,180 3.0 69,270 a.1 52,880 2.4 28,000
R125 20 30,720 24 39450 26 31560 2.1 17,150
R143a 23 38,500 2.7 47,390 28 36,070 23 18,080
R22 286 34,320 3.0 40,440 3.0 32,930 2.4 16,050
R218 - = - = = = - -
R134a 2.5 22,080 29 26,630 29 20,230 23 8,230
R152a 2.7 21,880 3.1 25610 3.0 18,500 25 9,050
R124 2.4 11,650 2.8 14,200 28 9,530 23 4,260
R124a - - - - - - - -
R142b 2.6 12,430 3.0 14550 3.0 10840 24 4,890
C318 2.2 8,240 26 11,690 2.6 8,480 2.1 3,710
R143 - - - - - - -
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DIFFERENCE IN NORMAL BOILING POINTS (7).
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temperature glide of compounds that could not be run in
the CYCLESA subroutines due to the unavailability of data.

RESULTS

Fram the data in Figure 2, it was possible lo construct
A matrix (Table 3), that shows the tem rieratum glide for
50/50 weight percent mixtures of 12 preferred refrigerants.
The shaded portion of the matrix consists of those mixtures
haumg the rost potential for matching the temperature
glide in the heat exchangers. A plot (Figure 3) was then
made fromthe data in Table 2 with an estimated buiiding
load line superimpased on the plot. The bullding load line
was estimated for an 1800 #2 ranch house in an average

climate, with minimum insulation (as defined by H,uu!rstirl:_g 5

and Urban Development guidelines), The results show
only mixtures containing R32 or R143a would have an in-
creased capacity, relative to R22, at low ambient
temperatures, Looking at the implications for cooling, and

assuming selection of either of these two pure compo- "
nents, we see that R143a has only a slight capaclty,
increase over that of R22, while R32 is much higher in

capacity and could be used only at compositions lower

than 100%. For the high boiling companent, the best™

cholces would be R142b, R124, or C318. However, R1425

or R124 would be preferred over C318, because it has <

lower theoretical performance

It can be seen by coupling the results of Figure 3 with
those of Table 3, that the best mixtures would be R32/R124,
A32/R142b, R143a/R124, R143a/R142b, and R143a/C318.

We recognize that every one of these mixturescontains at
least one flammable component. Itis possible to choose * -
a mixture with no flammable components; however, it

would compromise the goals of the project by reducing the
amount of capacity control and by eliminating the capacity
increase at low outdoor temperatures. In ranking these
mixtures, R32/R124 and R143af R124 would probably

Mcmtlmm:
s 8 8 &8 &8 8 2

TABLE 3
Mixture Components and Related Temperature Glides
for 50/50 Weight Percent Compositions

32/3/3 /a4 |88 44|
125/3 |3 |4 6 6 40
143al3 /4 5 5 38
22/3 4 4

218 slalzlirly
'13¢333335 i
1522|333 |4 |8
124/ 3[3 |3 |4
124al3 3 | 4
142b| 3 4
c318|3
143

some first, based on the probability of being able to choose
compositions that are nonflammable. Next would come
R32/A142b and R143a/R142b, based on the fact that a
nonflammable mixture is not possible. R143a/C318 would
be last, based on the low COP for C318.

FUTURE WORK

In previous research efforts, several mixtures were
investigated for improving the performance of refrigeration
equipment (Herrmann 1985). Most of those mixtures,
shown in Table 4, do not satisfy the requiremenits that have
been stipulated for this study. The majority were eliminated
because one of the components exhibited potential ozone
depletion characteristics. The others, such as R14/R23,
have boiling point temperatures oulside the range of
consideration for this study. The only mixtures that were
found to be of some interest in our study, R22/R124 and
R22/R142b, had not been experimentally tested. Since no
experimental work has been performed on any of the
. preferred mixtures, an experimantal test program is
"planned o verify the potential benefits of the ozone-sale
NARMSs that were selected in this stucly.
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Figure 3 Refrigerant capacity vs. outdoor femperature




TABLE 4
Mixtures Experimentally or Theoretically Evaluated

The pure components and mixturas of various com
positions will be tested in the experimental apparatus
shown in Figure 4. The test rig is equipped with a vanable
speed compressor to allow lor testing at different
capacities to determine optimum compressor perfor-
mance lor each mixture. The inlel conditions at the
evaparator and condensar will be controlled automatically
to maintain the temperature and flow rate at the required
setpoints. A dedicated gas chromatograph will be used 1o
monitor the real-time composition of the circulating charge

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations
apply only lor the requiraments that were stipulated in this
sludy, i.e,, residential heal pumps, capacity control, in-
creased capacity at low ambient temperature, and match-
ing of the temperature glides in the heat exchangers

* Mixtures of R32/R124, R32/R142b, R143a/R124,
R143a/R142b, and R143a/C318 are the most promising
candidates for this application

» Flammability ts a key criterion in sereening/selecting the
pure compounds ol a suitable mixture. The degree of
flammability and the risks need to be evaluated lor the
specific application

+ |t iz possible to choose a mixture with no flammable com-
ponent, but not without substantial compromises in
capacity control or low temperature capacity
charactenistics

» |nsufficlednt property data are available for sorme com-
pounds that have excellent potential as one componernt
of a NARM

* Mo published experimental data were found for ozone-
safe mixtures.
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Figure 4 NARM test apparatus

* Only a small numbear of mixtures gualify as good can
didates for COP enhancement,

* Expenmental testing should be performed o verify the
extent of capacity contral and COP improvement tha
can be achieved with an ozone-sale NARM,

Many of the identified mixture compaonents should alsc
be researched as potential pure refrigerant or “naar
azecirope’ substitutes for ozone-depleting CFCs (ag

R32, R125 and R143a for R502 or R143 for R114)
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