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Abstract

In this paper, a high and low temperature test equipment was built to study the performance
comparison of R404A with or without a regenerative cycle. On this basis, the new refrigerant
R448A refrigeration cycle was studied. The variation characteristics of the charge volume on the
evaporating temperature, cooling capacity, COP and other system performance parameters are
analyzed. The results show that at the evaporation temperature of —-25°C, the COP of the R404A
refrigeration cycle with regenerator is increased by 25.19% compared with the cycle without re-
generator; the COP of the R448A cycle is increased by 3.72% than that of the R404A cycle. With the
increase of the charge, the evaporation temperature gradually increases, while the cooling capac-
ity and COP showed a trend of first increasing and then decreasing. When the charge volume is
240 g and the ambient temperature is 20°C, the difference in cooling capacity between the R448A
refrigeration system and the R404A refrigeration system is the largest, with a value of 123.61 W.
When the ambient temperature rises from 15°C to 25°C, the average drop in COP of the R448A re-
frigeration cycle is 11.96%, and the average drop in COP of the R404A refrigeration cycle is
25.84%, indicating that the high temperature stability of the R448A refrigeration system is better
than that of the R404A refrigeration system.
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Figure 1. Schematic diagram of the experimental system
1. LWARGREE

Figure 2. Experimental system test bench
2. ZHARGNRE

DOI: 10.12677/mos.2021.103066 660 R ()


https://doi.org/10.12677/mos.2021.103066

JFI5E 2%

RRHISH
i |

B ERAR E ........... Lz &m 7
| |

iR HL

Figure 3. Structure diagram of double-pipe regenerator
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Table 1. Compressor parameters

* 1 EHENESH

B i R
SHLER 27.43 mm
AT 0.62 in

FEAFHL L 1
FE i 3600 rpm
R TAER 9.35 cc
JEAEALI IS AR 2.02m*h

2.3. RA04A F1 R448A B RXTEE

A T 5 RA04AA F1 RA4ASA [FIFRALME i N 2 . HIRTIIEERETT &1, #8457 R448A 1
ODP N 0, % R404A L, GWP 73 RIEK T 67.7%.
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Table 2. Basic properties of experimental working fluid
2. KT RAVERMR

TR R404A R448A
Yo (& E 4 ) R125/134a/143a (44/52/4) R32, R125, R134a,R1234yf, R1234ze (26/26/21/20/7)
ODP 0 0
GWP 3943 1273
T #2/C 0.75 6.18
Il LR C 71.968 83.656
Il 5 J3/MPa 3.723 4.495
R kg-m 3 486.7 477.25
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Figure 4. Pressure enthalpy diagram with or without regenerator performance comparison

B 4. BREABF MR ERE

ARG A T RESELUIEE 3 Fin . AR BRRIGF S HiZ47 8 h, R4 E bRk BUR IS A e A SR IR E A
15°C. 20°CHl1 25°C T, R404A Fl1 RA4ABA Hill A PG4 = F AR TE—20°C AR E Tl N4ERE 1 h, T
HHH PR E, WE S5 s, HE S ATLLEH, EMEEEE N 15°C. 20°C A1 25°C, R448A il A 1EHA

H H PR & LL R404A HIAIEIA R H TR & B> T 3.99%. 4.75%F1 4.74%.
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Table 3. Performance parameters with or without regenerator

3. AREARMLESH

TERES ML FMEIEAYEAN [EIEAYEEEN
SURLITAE 0
FAT 5 |V B (kJ/kg) 99.33
R T/ (KI/kg) 33.48
cop 258

Figure 5. Diagram of average daily power consumption of R448A and R404A cycles
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Figure 6. R448A system and R404A system pressure enthalpy diagram
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Table 4. Point pressure enthalpy value of R404A and R448A cycle parameters
= 4. RA04A F1 RA4BA TEIR S HUEEIR1E

R404A R448A
ZHORA ZHORAS
JE S3IMPa 18 (kI/kg) JE F1IMPa 18 (kd/kg)
0 0.257 352.88 0 0.273 403.48
1 0.257 362.49 r 1.384 445.52
2 1.260 396.45 2 1.384 430.9
3 1.260 376.75 3 1.384 413.68
4 1.260 236.54 4 1.384 241.27
5 1.260 226.93 5 1.384 229.55
6 0.257 226.93 6 0.273 22955

Table 5. R404A refrigeration cycle and R448A refrigeration cycle parameter table
= 5. RA04A HATRINFN R448A HIS TR S ¥R

TERES L R404A R448A
A REIC 6.35 7.59
B VA i (k/kg) 125.95 162.21
AT IR IR Thi(kIlkg) 33.96 42.04
CoP 3.71 3.86
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Figure 7. The influence of refrigerant charge on evaporating temperature
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HIA R G2 R IR E N —-30.73°C T+ E-21.20°C, 1fi RA48A #i¥4 R 4L 7% K iim E —28.15°C 7t = 2
—20.87°C; IELRSE N 20°CHY, RA04A il RGN 728 K I M —32.18°C J+ 5 £11-22.87°C, 1l R448A il
B RS8R N-29.99°C F+ =1 $1]-20.36°C s MAEZI N 15°CHE, RA04A Hill ¥4 F Gt (1 25 K i B
-33.14°CHHmF|-24.29°C, [ RA48A 14 RSt 78 K i FE N —-32.01°C FH 1= $1-23.38°C . ill ¥4 7 M 220 g
F] 230 g if, RA48A [ ZK i LI IR RAOAA AHLLELKR, &R RA4BA AL ZE A & L R404A (1)
AL RARIA &

BEE 7eiE R OR, 28RN, DRI 78 R B B 2 T vy o 28 R T Tl o PR B R P 1) TR 4 K
KB R Y R AR TR MFE T, MERSRES &, ABIEIE R, ZKRIE b
Z K.

4.2. FEEXHISERNEM

MIRBTILE N 15°C . 20°C A 25°C, AT 7E v B HlA RS i [ 8 fis. 43RBT N 25°C,
VA FRVE B M 220 g 35K F) 250 g IF, RA04A Hilli4 R G174 & M 591.33 W 521 914.40 W, 171 J5 ik
/NF 677.53 W, ] RA48A HiI¥A KRG HIHIA M 765.48 W Tt 2] 1021.62 W, SR J51/NE] 962.94 W, 24
e RN 230g I, R4A04A HIHIAEROK, S~ 914.40 W, M7eiEE N 240 g i), RA448A (A ER K,
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Figure 8. The change graph of the influence of refrigerant charge on refrigeration capacity
E 8. #AFFTEXNHILERHMTILE

HH I 8 W%N, A BB AR R AN 2 e S RN S, X TR N R A R
B, RENTEREND, FEIRMERVDN, GBI, MEREERIGM, REMFEIAWIE K,
RAHNAFIE. LA RN, (328K 0E SRR IR, M 3ekitem. (HME RN
—BHR, BT AREENT A REZEA N, B BRHEATIR SRR GRS, W TAERSNE
RO ANTIAR, J0H] T A S — D3N, DR A B RO .

t & 8 IR mI A H ik R 220 g #EhnE] 230 g B, RA48A (1l Sl 7, JEARIREE: 1M
RA04A I 2= AE 220 g B4 N%] 240 g i, HA=ZH B, H R448A EFMIMEE KT RA04A IR .
EA] G 3 AR R R 74 R, RA4BA 75 BT /b (1) VA 741 o
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4.3. FEEEX COP BIF M

MR E N 15°CL 20°C A1 25°C, HIAFIFeiEEXT COP FIsmund 9 fia. HE W &1, COP [fi%
AR 2N S sE K E RN . IEHRE N 25°C, ARz E M 220 g #OKF| 250 g i,
R404A il R 4[] COP M 2.53 K% 3.23, TiJaik/NE] 2.66, R4A48A Hil¥4 R4S COP M 2.79 3 K F|
3.36, TM/Ei/NE 3.32. & AR EAIIENN, RA0AA Hll AR R RAABA Hill VA IGHA I B A 5 L il ¥4 5 A B
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Figure 9. COP changes with filling volume
9. COP BEFE /X 2T ILE

HE 9 BT AN, MFeiEEN 230 g B, FAEGIEEEM 15°C A5 25°CHE, R448A #iA1EH COP F#(K
T 12.86%, i RA04A A FEIR COP F# T 29.34%. [Hitt, 7Em KRR A 03B T N, FR55E
JEXT RAABA il R EIA I FEHEEE /N T RA0AA HIFATEIS, W] RA4BA RGHIFENEIL T RA0AA %, I H.
TEfmrilm LOL T RA4BA RGHA HEAFIIHIA S, BEIfE.
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1) MZE R AN-25°C, SN EIEE, RA04A 74 RG> BRI 1 5.93°C, COP $&5 1 25.19%.

2) MZERIPEN-25C, 5 RA04A FHLL, R4A48A HillA RG W FEN N 1.87°C, FAL i &l 3G N
7 36.71kd/kg, COP 2% 1 3.72%.

3) ¥4 5. COP #Bkifi 5 7uyF & AI3G N 2 BA L N5 8N a4 . 7E e ik & 240 g, SR8 E 20°C
F, R448A il RG-S RA0AA Hil¥% RG T4 & 2 H &K, (AN 123.61W.

4) IR 15°CH 2 25°CH, R448A Hill A EIA 1) COP [#IET-34 11.96%, 1M RA04A il 41
FR[1) COP FEIEF-35120 25.84%, i R448A 4 RATERE AR E HEL T RA04A R4, FF HAESR Lol T
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