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Abstract Five pairs of binary blend refrigerants with small temperature glides are proposed to be used in medium-high temperature cas-
cade heat pumps according to the results of theoretical comparative studies, including thermophysical properties, cycle performance, envi-
ronmental impact, and flammability of several potential working fluids under the refrigerants developing criterion. While R161/R1234yf
and R161/R290 are found to be suitable to the sub-system of the low-temperature heating cycle, R152a/RE170, R152a/R1243zf, and
R245fa/R1234zeZ. are practical in the high-temperature heating cycle sub-system. Compared to the common cascade heat pump running
with refrigerants R22 + R134a, it is discovered that blend refrigerants that consist of R161/R1234yf + R152a/RE170 or R161/R290 +
R152a/RE170 possess optimal comprehensive performances. These blend refrigerants have the highest coefficient of performance ( COP) of
1. 58, under hypothetical working conditions for producing hot water at 80 °C. Special attention should be paid to their flammability.
When using R245fa/R1234zeZ in the sub-system of high-temperature heating cycle, both the high pressure and flammability risk can be
reduced significantly. In addition, the condensing temperature of system can be as high as 120 °C (about 2. 1 MPa in pressure) , and it
would be better if using the compressor with a large working volume.
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Fig. 1 Theoretical model of two stage cascade heat pump
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Fig.2 Saturated temperature-pressure curves of 12 refrigerants
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Tab. 1 Available binary refrigerants for medium-high temperature type heat pump
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Fig. 6 Theoretical cycle performances of binary refrigerants

4.3 EEXRARRZSBEINERE

FERTIR TOUF % Lo T 82 X i e 41
IR G 1 Y 2 & U RS COP A #4
R 7 i, RSO Y 6 R A #ilve Y
. TEI I R TR A, Ho MXT F1 MX4 5 i
—Af% BB I R G BT 5 A R A PR i, i L
MX1 Fll MX4 f§ COP 1 It R22 + R134a K & &2
13% , &80 H 4 i B RE S L A0

1% R RN RV BRI T AR IR X B AR
RGAE IR PE W 52 w2 AR 2 RS e T AR TR E
(12.5~62.5 C #2525 C, HoAh T 20 [F] Firid )
A T MXT1 i MX4 19 E B I R G0



$£39%5 F5H
2018 ££10 A

ERTEEXHNTEARNEGHIRF M

Vol. 39, No. 5
October, 2018

COP, 25418 8 frs, AP MX1 H1 MX4 )&
S AME RGN COP YIPlE 78 kKB BERS TAERE R
REARI TH 5, 10 H MX4 9 COP A B &, ff 51 2 7E
KRV G TARIR R SISO T .

W COPZ Lt
20. BT R HGEZ

NN
RLIR.

NN

T R22+
R134a

7 EEX AR ILEIRERE
Fig.7 Theoretical cycle performances of cascade heat pump
1.60

1.55¢

COP

1.40+

1.35— : : : : : y
10 20 30 40 50 60 70
AR R BT/ C
B8 EEXMER COP 5EXERX L RB[ILIEREXR
Fig. 8 Impact of working temperature of evaporator-

condenser on COP of cascade heat pumps

5 AIBAME

VAR, TV 00 B PTBR PR (R e 2 B A, R
Sl T RS PR PR LTI, R 2037 — A B 1 v 751 24 .
AR, ARG Wy A A VE AT A 2 LY Le
Chatelier 22 =CRAR S .

LS S S
FLmix - FLI ¥ ¥ <2)

L, FL,

Kref,, W5y | R IR MR B FL,, RN FL, 535
SRE Y B 53 i B EAR TR T FRAE (B T #E b
FRAE) .

ARSCW T 1 4l A 7 AL 0 nT Rk A BR
BRI L1100 TORAE S (2) T TR A 9 A T R A BR
PRBR BE A, W&l 9 B, R161/R290 fY l 4ok R
/N (BT T R i /. R245fa S AN AT 4R
PEHIA ), AT R245fa/R1234zeZ 955 7] 8% ( A2L) ;
M350 3 ALIRA PR IBA R XURS: P JEAS AH 2, I A

HAERIAY) (A2 28) RTRETER K

20f
2 |— ] _
w16 =
2 R
mX S| | (@)
=e|E _ _[Blgls @k
= =g AR
S B EIREIREEEEE
& 2|2 Sl
& 4 L] ]
0

9 AT RHREH IR FIEBIFRIREE

Fig. 9 Flammability limits of pure and blend refrigearants
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