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Abstract

The Global Warming Potential (GWP) of hydrofluorocarbons (HFCs) is usually higher, which can’t
meet the current requirements of the refrigerant environmental protection, so finding new alter-
native refrigerant is imminent. As the new type of refrigerant, R290/R600a is gradually being
concerned. In this paper, the thermal physical properties of the new type of environmentally
friendly refrigerant mixture R290/R600a and its refrigeration properties were summarized. It
was also compared with the commonly used refrigerant R134a, and it revealed that R290/R600a
had the potential to replace R134a.
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BT EEME FH M HFCsHIR FIGWPE E, ANRFE LRI HIAFIFR R EESR, FRFAUERBAFSEAE
JERE. R290/R600afE A B RHIA FIZRBE AMTRE, RXFEEMR T IREHA7IR290/R600at)
PR HIATRIR, 35 BHiT%AKR134ad 7 0P L8, 9 TR290/R600a 5 & R134af
.
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1. 5|

PUAE, SRR AT GRS, (H HH Y SR (00 P55 1) Rt B Rk 5| A AT DG o il¥A 2 s &
A58 FH P U 0 L SRR T 542 R R A BRAR B . S0 (CFCs) FI A S R (HCFCs) B T A2 T #E
1% H (ODP)FI A BR AR IR I E (GWP) B, MR RE)Z, P EREBPMEEYR, i (GRRURE0E
Fo) FUINEIKHFH, SAEFKIEEIEER; miE e RY-2% & (HFCs) % ODP h%E, H
GWP i, KEMAHTIR AR =N, O RGeS FIhR=SUE, IEZE R IR 1]
2014 ERREINT F-gas AT THEIT[2], M 2020 4E2, %51 GWP KT~ 2500 ) HFCs FH T/ F il A HL4H
Wiy #2022 4, %51k GWP KT 150 ) HFCs T FH AN AL . 22 0L B A 45l 5 GWP
TIRAER, X 3Aa0b 23 B —Fh FHHT B B A I3 77

e F R A F A TT R KA R (HFOS) fill ¥4 71 €15 R1234yf Fil R1234ze(E)%E 47 A N & B A%
HFCs [t — A1 73] [4] [5] [6] [7]- HFOs f¥] ODP 3%, GWP < 1, K57 kw464 (0.029 £F),
ASHRAE ¥ 34k A2L, J& 55 T A4 7). {H [RI HFOs HAT —Sufi s, BAA7 2R FR A F /N, COP 8K,
W ZRHUN, k& &5, 1 H HFOs [ FAAE L RIEIE, HATEIS: HFOs FR 41174 734k E 41K A ]
HiE T B RRY[8]. 734k, HFOs MILIEA TR — A RE FL 5 mvETE HFCs W R, £ EAH 55
A5 COP Fifilye EAH R 2K, ok 75 20 J5 S B v R AT cade A6 9] [10] [11] [12]. [AIUE,
[ P45 LA HFOs 1R B ARHIA IR B4R HFCs, B4 8 S liA s, MK,

B2 I (HCs) ) ODP %, GWP WA, o7, Aok, #svem B i HoRIE .
WAEE, EHRGE. BT HEA RIGFRM R BRIE R, Kk HCs R IR &1 BAa WK I1E A
BARHIA T J1[13] [14] [15]. — L% FH 1) HCs Hil¥4 5515 R134a [ FURAS fAURTH Rk s a0+ 1 FrR .

Table 1. The normal pressure boiling point and critical state point of HCs and R134a [16]

F 1. BEHR HCs 5 R134a (UEESSMIEF RS S[16]
AT 3 I W EIC I SR T/ 'C Il 5% /1 Po/MPa
R134a -26.1 101.1 4.06
R170 —88.6 32.2 4.87
R290 —42.1 96.7 4.25
R600 -0.60 152.0 3.80
R600a -11.7 134.7 3.64
R1270 -47.7 92.4 4.66
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M 1T LB Y, B B HCs (0 R290. R600a. R600 %) 5 R134a [IHIHEME R AIEL, (H-— ik
SEWE R R290/R600a (JfiE Ly 50/50, 40/60, 55/45)AEEIH S R134a HHEMLIRER, H
R290/R600a (Jii & Lt >y 55/45) 5 R134a (AR i 4 [16], FA B4 R134a (193 /). 4305t R290/R600a
TR A 44 79 ) & P e A ) P AT Tk AT N2, B B ER AR HIIVA IR B AR SR R R i

2. R290/R600a RI#AM1ERRT
2.1. AIERERTER

ARPIE R, HCs A 9 il v 7 I B — MR SREE LS S0 Z e, IXM15 HCs el B AR 2, R
BEF T/NRLHIA RGUAnKAE . AR D . #5206 R290/R600a FRVETERIYA R G, s N B HEAT rl R M
W7, iR E R R %A TE N . R290 5 R600a (I#ABAFEWIZR 2 fis. HR4E EN-378 Axifk,

TR (L) BEAT AT RAARA R e K TSR R A TSR (A7) 3R AT 15
M, =25xLFL:?® xhx A% (1)

K, Mupa AR T VP R FEVER, kg LFL, AR TR, ko/m®: A NI, m% h A%EE
FIEEEE, m. fBRE 4%t R290/R600a (i &tk 50/50) 78 vE & A 150 g, ¥4 & /¥ 1.8 m, R290/R600a ()
BARIREE T FR A 0.041 kg/m®, T 53 1] ¥ e /N TET AR K 3.26 mP,

M# 2 ATRLE Y, R290. R600a MK HIR G MAKe B RIRZRIAK, BREeTEREIE) . XF T nf A4
AL, AT AR A 2 AR R R BRI, B LA TARIEAE A HCs 1R N UKAE 25 PR v 700 1 22 4 1k
LB TH S AT B R AR R, AR 7 R (L) AT DASE I R A VA 71 K A i I R

22. ZtHEERARENHR

4T 845 3] R290/R600a VR A 5 L BT, e A/E o B B AR RIS H T-Hve = R girh, W75 gk
37 R290/R600a I /1 2RASTTHE, T EARHDIRAS J7 R R AHIRASE A, 16757593 R290/R600a ) —JuAH
HAEHRE ST eiREWR, & HFRE T FEZ PR GFELL R vdW IR &I, PROARE T FER 1 B A

i I
_ RT a(T)

“V-b V(V+b)+b(V-b) @
a(T)=04572431c. R;IZ a(T) 3
b=0.07780 ¢ @
a(T)=[1+k(1-12%)] ®)

Table 2. The combustion characteristicsof R290 and R600a [18]
# 2. R290 5 R600a ByAKEHFIE[18]

A7 Iy T LFL (kg/m®) UFL (kg/m®)
R290 44.10 0.038 0.171
R600a 58.12 0.043 0.202
R290/R600a (50/50) 50.13 0.041 0.187
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k = 0.34746 +1.54220 — 0.269920)° (6)
T
T =— 7
T ™

Hep, ToNRFRE, K PoNIRA LT, kPa; o MG T .
N TAE PR ITREEH F —oniR GV, N vdW REEN, aF:

2 2

a=) > XXa )
i=1 j=1

a; =(1-k;)a*a}®,i=1,2; j=12 O
2

b=>xb (10)

Hep, kg Ao EAEH REL K =k ki =k; =05

X FX b 7 BURAS T R R R AT, oA AR R AL Ky B AR B A S R U,
133 ky B 777% 3 il SR IVE AR . [ N AN 22730 R290/R600a — JoAH ELAE I SR E kAT T IR AAIT
Jt. E AP Akasaka ZE[19]4 V7. R290/R600a 1R A TF ) PR + vdW JrFEREAY, & H e/ — kA B b
BRSNS ki BEATARAL, 193] R290/R600a 1) — oAl BLAEH R % ky = —0.01116, itz ky A H R = nT
DA B — R AR, RS E R, xR 2 0.83%, BAREFMEAE.

BAMGSE [20]32 FfAT g 1 T HCHC ool & L AR AR R4k it E A, W

-PO'-S _PO_.5
kij:(w11— o) ]k[“’T ka, i< | (11)

c,j ci

i Ai1iE AT I IR A RS Sl i Ky A ERES, AR RN, RIS . XN RS A
R290/R600a — JGiR# T J5 FIFA 1 24 M R FR it T P HE AR AR

DA b 235 30 5 S 56 A B TS 21 R290/R600a 1) — oAl BAE FH A& %L, AR¥E — oot BAEH R0 H
PR RS FEM vdW TR & 3E AT A3 3] R290/R600a ) PVT L), Xk AT LLE i 3 6 75 vE 145 3
R290/R600a [Fi5: A #tk, A R290/R600a 1 A AL & AR A ISR A 1 BLIS FLmt Ak 4 -

3. R290/R600a #l|#4 &4 iRk 3 3t

HAr, ERHIA TS B2 9, Ik IRIAKEH R134a fERHIA 7], HHT R134a 1) GWP
Bm, AFEIRIIER, £%F R290/R600a V& HilVA I B A4 . VKAEH Y R134a, [E 4k 3 ik
177 KREISLIOHEFT . WIS [21]%F R290/R600a (Jii & Ay 90/10) VR A i1l 4 71 N F R 78 & A #E LLE AR
R134a #E4T 7 SLIG W LRI IS 4. 45 R W], R290/R600a i B fr 25 AR il ¥ E: Al COP {f bt R134a 437
751 48.3%A11 2.4%; R290/R600a 1 #¢ 7871t A 93.75%16.25%, LI i Th#E L R134a ik 27.5%. Mohanraj
Z:[22]%F R290/R600a [ 76 5% vk #6 o 8 48 R134a #HAT 17 SL3GHF 78 . skitdh, 4hfi1bL HCM (R290/R600a
JRE N 45.2/54.8) A A (78 1E BAE W F 3t 55 R134a 1 LLA I BEATPERE 0 M . I SCIG 53] 7 LR 45
W 1) 77 HCM [FUKAR L 7eiE R134a MIREFEMR, HESIRJZK 8.5~13.4 K, COP 1H 1 3.25%~3.6%, A8[F]
iR HCM 5 R134a /) COP S R Wi 1 Fian; 2) JEME KN 5 m i COP kB & AME, BMEK
[E5 COP ZIHHIR A 2 Fzw: 3) Z& KA IRERET N 3K; 4) HCM 5iFi il M AH A AR 4T

HbFER, Lee Z£[16]% R290/R600a (Jii & Lt /y 55/45)H1 R134a 73 I FE A F HIUKAE T, S2b i 98 &k
I, R290/R600a [ 78iE /& R134a [f1—F, (HEAENKEZEL A R134a 1K~ 500 mm. 54, H
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Figure 1. The relationship diagram of R134a for HCM and COP
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Figure 2. Relationship between capillary length and COP
2. EMEKES COP ZE/XRE

F R290/R600a (1) T/E/E /1Lt R134a /&, #ikGE Jttl R134a 3%, {H1578H R134a MUK HIRERELL R E
R290/R600a {175 12.3%, & 135 A 28.8% . Yu Z5E[ 15K = Fi AN ) i & EL 9 HCs #1l¥47, HC1 (R290/R600a
JFi & Eb Y 65/35). HC2 (R290/R600a Jiii £ Lty 50/50) HC3 (R290/R600a Jii £ Lty 0/100) %35 8 VELE R134a
FRAPIOKFE, fE AR ERIE LT, (5 H HC ZEH1WA I L R134a (1 vKAE ¥R B AN REAE &1 s %% R134a.
HC1. HC2. HC3 MBI K~ 2.77m. 5.05m. 5.34m M 56m, ABMENKES, TE
1) HC KA #RRE FHAE R134a MukFE. DL B BT TR Y], R290/R600a ()& Mty PEREAR L T
R134a, H R290/R600a ¥\ R134a AMYIA LRI HAAZF &, #ERed: 55k, AFEFEH R290/R600a 58
4R LFEVE T R134a VKA R B4 R134a, (H 75 EEH R A B 38 B4 1K .

R436A /& HH R290/R600a 1 [ Jii &+ LUy 54/46 V&5 111 i 18T B4 R SR il 74 711, RA36A L R134a 15 fiE 20%,
MmEERHRTIERES R134a 1T, BrRAX R134a il RS LA H, HAET R436A &k, Mehdi
ZE[23]%F R436A 1EH R134a HIE AR ¥ 71 B FHTE S FH VKA AT T 880 i A AT 120 514 RA36A FaiEAE
HFC ZRIE4E LA HC K IE4ibLrF, U4 BRI, 78 HFC ZRIE4EHLH, R436A KIfH:7eiEE N 609, 1M
HARXF R134a 15, ERFREERD T 14%; 78 HC XE4EHLH, R436A [MifERiE&E N 509, 7iE
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BT 14.6%. 755, Mehdi Z5[24]18% R436A 78iE T 238 L K HIUKAEF, SLI045REH, 5 R134a
FHEE, VKA OTT IR IS (R EL I 13%, BRI REFEAH N MK 5.3%, 28R #HIRIRZFEAC 3.5°C, TEWI
R 11.8%, X MASE B T RA36A N HIE X UK+ b R134a PEAE I

WAL A S LPG 4% R290/R600/R600a f4 5t & bt Ay 30/55/15 2/, AT LAE H LPG & H HCs i’
AL ERBRIRIER: 518 7 AN R, B RA T2 ASEH A LPG /R B ARHIA 77 S H T % H
UKFEH, WAAVFZ 5K LPG 7y T X HUKAE AT HEREN 5258 . Mohamed 5[25]%f LPG 1A EAR
R134a )3 F7EZ FUKAE AT T RES A K H 200 0BT 45536, LPG 1) COP fA Eb R134a %4 10%, ‘K
FHRCRAR 5%, 1 H A AR KA H1E . Fatouh Z5[26]% LPG 783 T 283 L IIvkAR 1, I 5 R134a 1Rk
RELUELEE ORI, 4 LPG 7R N 609, BAHEK N S mEy, RIMHEMIERE, S5 R134a MLLEL, 7VE
60 g LPG MIHF IR R4 bl . st & FE R 2 AT 5 1] 73 01l P IS 3.8%. 5.5%. 51%. 4.3%7F1 14.3%.
ML ESEEE /BT aT LG H, & A% LPG Rk &, SUREMEEMNKE, MmEfS LPG MkEELL R134a
PR, T H LPG SRIE, IM&EE, SR MARML, BIIRIR B A 1E s B B AR A R 1 .

4. BAtbHIQ RGP HIN A

R290/R600a [ T R HTEAAE . VKFESE AR A R, AL H 0 L a e A H A R 5
o, AT . Jose ZE[27]H R290/R600a YE A il ¥4 7l . FH T 2875 mt i s R Gi b, JRHT T HEREVE
Hro SEIRFEH, 24 R290 5 30%~50%Hf, R290/R600a (I H 1k A e A FRAR, 54 N 2R MER 2873 W4
A L I8 0 2875 E 4 2074 1) COP B, i 4 B2 AK 1 1 B2 b A 50% 0, R 4tf) COP {5 =i »
(7 B 3 P2 v A R . 2 W45 [28] LA R290/R600a (J5it & Lt 50/50) fif il ¥4 71 I FH 7 it 5t Uit ¥ 2R R v,
SR HIERY, ZARGH COP i, AR B A BRI AL St it 28 3UR 4 =X A 8 75 56%,
45%H1 77.7%. UbAh, ik R290/R600a 7yt H &AW IEH H, Hr B, R290/R600a [ H £
HEAH AR TR COP SEMGIA B AL FIIFIA RE50 A 7.8%~13.3%A1 10.2%~17.1%, E4EHL
()48 Ll gy 7.4%~12.3% [29]. RTLAEH, 3T LEFEVF 2 2238 1R H0E R290/R600a M. H 7E H A il ¥4 & 4t
dnvs S A R SRR B U RGP AT RIS, 3 M — A B2 15 B R290/R600a 1F 4y & Al ¥4 7 v
iz, I REALT VO, X R VE AR R ZE

I SIS V12 55T R290/R600a TR & il ¥ 7P e A B AR SR 56 i 72 [30] [31] [32] [33]. MIXELHH Fi
ATLAE H, R290/R600a 1E A A A A IRIFI#IME, EEERRIERER, HRRER, S0P
PERHFSE, IR HRA R290/R600a 1F 7 1 5 ARl VA AR L1 4

5. REESRE

HAT, SERAREES HE ™ E, HFCs fE AR GWP HilAF, # B AR R kil 5 . R290/R600a
S P BRI A A, MTIIRE T A LA B, R290/R600a FL A R AITERE, ANE 2 HI1ARE ik 2
IMRACRAR T R134a, 1M H R 70T BAHE B M B 238, R290/R600a &t 1] b E #: 7/ R134a 1)
FRKFE RS H . [Fitk R290/R600a A MR K HIME N R134a B AR .

PWIPET T2 B AR FHE T AR (G ZE, B ATXT- R290. R600a . T Jii #V L o 78 © 22
FH A, {HXTF R290/R600a TRA VA I AW VAT SR Bl = A ZE 50, R290/R600a #5 EAE N HT B &
RANAF, FLTE BT PVT S5, B oo EAEFH RS BRI 7, XA RE
R B ARHIA TSR A T FE AR

Sy 5 1 52 R290/R600a 1 il ¥4 751 — KRB , X 1k 7€ #5 R290/R600a H e 7813 7E /N R Gt .
7E R290/R600a I A\ — & FIBEHBA I LA R AE A R Gurh se ik B TH e TR EERE ST
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BTN AR B RIEIRSCE5E 1, EXBoTa R T, arae JA A AR TE R r B
AR . FEIR SO SRR OB 2] IR PRXE R BReRs ,  #RE (R 22 A2 T # B N 1. AER K451
BIRGORRO g, EIRIHA IS B pt TR Z 7 SR 5B, U ER FUB IR R SR 32
—ABREERZIN, A MR BT TR FR S AR, TR R IR AT 10 SIS SSORT SOt At A 3R
KR SR A TE . FEIL, FRIA iR T A B 3R 0 22 AT 2 foe 20 ) IR A

R, Pt ZRAR S 5| A ALA H 1L 3, WER BT IR 2235 I FUSCR 1R A M3 B,
FoR L FE AT IR I IR A G, &t BRI MP AMF S, AERS R EE a7
WTIRZAH MRS, AR SCRHERRCRIEE 5 I R b S AR R 1 35 B!
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