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Abstract

Refrigeration technology plays an important role in various fields of today’s society, such as food
refrigeration, air conditioning refrigeration, etc. Refrigeration technology usually requires certain
refrigeration equipment to implement, and high-speed centrifugal refrigeration is a typical mod-
ern refrigeration equipment. Computational fluid dynamics simulations were performed to com-
pare the performance and internal flow fields of working fluids from R-134a refrigerant to mixed
refrigerant R-513A and hydrofluoroolefin refrigerant (HFO) R-1234yf at different loads. The dif-
ference in performance before and after refrigerant replacement was predicted using refrigerant
properties from the National Institute of Standards and Technology (NIST) database, as well as
compressor speed and mass flow rate at different partial loads, using a single-stage 280RT mag-
netic float centrifugal refrigerant compressor. The compressor operating conditions were based
on the condensing and evaporating temperatures of the same refrigeration cycle, with the same
cooling capacity as the target, to compare the performance differences of different refrigerants. In
this study, computational fluid dynamics (CFD) software was used for flow field simulation, and
the results showed that after direct refrigerant replacement of the centrifugal refrigerant com-
pressor, the full-load efficiency of R-1234yf impeller decreased by 13.5% and R-513A full-load ef-
ficiency decreased by 10.0% compared to R-134a, while the differences of full-load efficiency of
refrigerants and part-load efficiency of the three refrigerants were smaller than the full-load effi-
ciency.
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1. 518

“RRIAVE” SRR FE K 2030 SEAT, " EAMBRATHSAN G, IA B 2 5 1B D BEAR. “rpAn”
Fedh Al A B NS — e I 18] A 22 B R A2 R = RO B, AR @ I A G P I A
WRERARSF A0, IR B S AR AR, S AR AR [1]. T REIRBR O B
B, SRR R R R (R0, CRAM BN R E A%, Kk, THEERSA
IKHLRT Dy Gy e W R BV KL, X R KL B e 3% COP fH, A& =S
PEERAD BRR IPLV fH. TEXEAINT RS R ARG R Bk, 1R m Rl A it
AR, LR RGNS RIBARRT, SCHL 1 AR e85 #0008 R v K HLAL . HEShaR (R JE,
et N5 B IRANEIEA:,  CLge O 4 [ Je A A Bl 5 o A P YRR3R A, L PR [ B XA
RIS R ERRR T, IR R AhRE, FHSEHL “BRp AT A CprikiE” H bRy E
H AR e i) 4 —[2] [3]-

1987 R (SRARFRIRUGE 1) BRI CFCs A AR #ESAA M2 M A, H AT HFC Hilv4 77
FEVR K BNV I 51, (R A ERAZIR IR REAEL U ik 1300, it LARE A JRBR SR KI5 B X iz i
/b B BRHI[4] [5]. R513A 8¢ R1234yf. R1234ze fill /4 74 HE /I ML s, By ODP (A THFEHE RE(H)
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B T%, 1 GWP (&ERASRRIEAEE) N 573, /NT 10 (UM T 1), JEHE A B 1R R134a #1457 XHFAR
MR, B34 A A PRI 1 TAE AR 2 SR 2 5 M IR AR SR A (A0 R4 LI 56 . R G0 T8 e ) A A% #uip
PRI A AR S5 I B o BERAENLITRC T S, B [R] B A 710G A R AN &, 7T AR AN E
M PHRAE RS R, WOl s, I, AT E BV RE, DMEE RS E . A,
T B A R 4 7 AT 2 [ R 8CR AR AR AR SO R EE 25 [6] 0 BT K 2 B4 KA E S oy S i X R g AT
43 BT B0 (0 3 T R TN AE A5 )2 K WIS AT T TC N E B . A FRUAT Mb 1 30 2 Bl A4 R (ko
R TR T AT RIRR AT SR . S AT ML R R BN AL TAT I ATk, R
S AE G Tl XEATE AR R B E T RAEMEZAT, ARSI, EZENATI
WA RN TR EIHESN[7] [8]

B ORI LA B2 5 U T RIS SR EE, RS T INalRe e i SR R 7168, AT
RE RS HIE ST T EORIEEHRS ER, FAEHRAEEE R N m 21k, Bt AR R A
SRS 7 AT SR A 1Y) R-134a il FEEATARAN, FH s i 0 O 278 75 e i LA T S0 P R
o, FHR UL R S S g B TR, ME AT PEREIAE. SRS, FH R-1234yf 74 75F1 R-513A filli%
FUE e TAEBGHAT AT Lo AT, R0 BB e 174 751 J5 250 U 4 LA PR RE AN P35 22 46 [9] [10].

2. REBE5F®%
2.1. BEEORELEH

R B O RN L T AR G B O R G HUA B AR L B S 8 B LRI 2 = R SR A
I B A5 AR A A s ), O TR IGV B 56 PR T S R AR A B R, oG8 TSSO
JEARHLTAE VG Bl NS5k 5 1] 6

Z IR RS KBRS PRERT R 1), EMESUEHEET, B0 AKENR COoP
SFENE, BT ERRAKENL 10000 L, A RA KPR T Wi, FR RS E A5 REBUk
MOHEAT, =i B0 R AN T 3% 2 SR R 0 B R 172 i [12] [13]e AR SO H TSRS [l il A7) T e i
FEAENLIMERETION , AF 56 G — S8 S B s T TR 4, R EES A DU BAIE : 1) ANHIX; 2) MR X
3) FHEKX; 4) #FEIX,

Table 1. Ice water cooling energy efficiency classification standard unit
F 1. akIK MR HI2 BEIRIEE 57 Kb

A BEIR R R 2 bt

VKK HLZH 7Y PR BIE A e 7 PERE RH(COP)

3% 2% 1%
<528 kW 4.45 4.80 5.15

. =528 kW

g 8}
AR <1758 KW 4.90 5.30 5.70
=1758 kW 5.50 5.90 6.35
KA R

<528 kW 5.00 5.40 5.80

o =528 kW
B <1055 kW 5.55 5.95 6.40
=1055 kW 6.10 6.60 7.10
AR AR 2.79 3.00 3.20
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Figure 1. Impeller

Bl M

213 FEKX

¥ EXALE A ALY S 2% (Vaned Diffuser) 2 53[5 #%(Vaneless Diffuser), 3B hfE LKk | it
R A R B RE, FAR N IR, ASCEH MM RS, BB R T i Sy — [ e 5 A
MEIE LA, AT LR 5 R 36 45k

214, IRERX

WA Dh B AT B R X BRI G, Bk SR O, FFEd R PSSRk rshae
N E J18E
2.2. #1457

T CERFIRBCE Y FEMFMEIE LIRS T R134a HIA TG, A7 WA E 2 46 ) 4 7 14 1
ELi 7 =R AT M, 22908 R-134a. R-1234yf. [ R-513A #l¥A5], 7 EAIETE PR %
P e AR, RS - B R RIL, R513A E4iid B A2/ T R-134a 5 R-1234yf 2 ).
2.3. EHE5BRRAE

[ #MA KB R K £ 2% AHRI Standard5501/590 5%, 551/591 brifk, Hobs 61 30IR4& %4 100%- 75%.
50%5 25%, FEAKHE {8 A A B & kT RE R HAURE 08 0.01. 042, 0.45 K% 0.12, i&Eid
TGP A R, ATR IS FAE 75% 51305 50% Fak tEfE R %L, e/ Wos s 63 T AR
HEME. [EHHNZ% CNS12375 WK ENVLBERONNE, LUHEMEREZE T 70 3 I ThR R E .

24. IWREFHEE
B S % 280RT HLE B O IHIAFIA KA IPLV SZ5 (1 & T S & R &5, A2 A 7kl
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FINKIRE KR e, A A KA AR EE /KR B2 SRt i FEFRE, TSR AL i B
A, RN D SHER DR R S, AR RGN B, DL E B L Ak R, O
i AT (R

1) KEFSHI .

2) BV A I Dy ' 4 B T

3) Mtk .

4) BRI SR A RUE SRR 2 PR,

Table 2. Simulation boundary conditions and parameter setting
F 2 BUIBARFHESSHIRE

TAEA 5 R-134a #1747
IPLV %% 100% 75% 50% 25%
UNEE 305 HIEI(C) 6.6 6.8 7.0 7.0
JE F1/(kPa) 366 368 371 371
tH F AT i B i 100% 70% 44% 22%
40 Bl s 100% 86% 72% 69%

3. &R5Ve
3.1. R134a FEAa¥ BRI 5 SCLe EE %F

R-134a #l¥ IR IPLV TOUFRIPERE LA T i, S R HONE B ILAC S, 4R B
HATRSHETRIN & TOLRER R, 5 SEI0 R ZE AR T 4%, Wl&l 2 pos.

— R L
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Figure 2. Simulation compression ratio compared with the experimental results
2. B S LU ELE LS
RRAPL R 50 B Th 22 5 S v K ML Th R 1% 3 pros, W 2R auginmae R, Kz R JEE
FEAEHURETI AU /KL 2RI T AR A5, SO0V /KL H D 2 BRASADL 7s 1) FR 4R UG AN 25
FERR, AR Bk BRI eI 2% (A 32 AR 41 %) 22 5 ke 451 2K 45
3.2. EZRHLER ZHIRFINBERBERER

SRR A 4 Fras, wT LRI, 7R th B8R AE T R-134a HillWA 7 R 4a ML S % AR, R-1234yf
FIVA TR =, T A SR HE R-513A #1747 5 R-1234yf A FIAHE T R-134a HI¥A 5, A 1W0IE N &
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., ff R134a A FIHAE AT R-513A fili4 515 R-1234yf Hili4 72 8], FEIEL A&t b, N
IEAREN S CLERE, X R-513A /A7) R-1234yf Hil/A I F VA%, Wl RERZM R R b, (HSEPRxt 5 5H
(R MR P AR /N, RS TN, Bl b 1%, FARRLE TR IR, DA B ot i ke
S 35020 = G S 7 el A e R 9= S o O
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Figure 3. Comparison of simulated compressor shaft power and experimental chiller electrical power
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Figure 4. Ratio comparison chart
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Figure 5. The isentropic efficiency comparison chart
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VA FILE RIS ISR R N B, W AH2E 13.5%, 17 R-513A SRR NG T Wi 2 18], 5 R-134a
FHEC R P2 10.0%, T7E &R0 ak THL T, =FblA R SEmseEE +afan, JUHAE 75% 5385 50%
FER TR, SRR S mT 89%, 1F 25% M Tl N, SMAcE KT 82%.

IEAENUETh RN 6 Fras, AIABL, TRZEHLAE T R1234yf Hil4 I # ] R-134a HlAFIAUHFEE 2 1)
AT, HFEFRRAET R-1234yf 2 FIFEAH R 28 K il BN RS 2280 R-134a Hilv8 7/, e R
AT, R-1234yf FRE R LKA R ER R, Wi 50t 7 B FETE 2 iR EHES R ), IF Izl
FBEAE 5 O SR TR SN .
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Figure 6. Shaft power comparison chart

B 6. HHThRELEE

COP LbAan &l 7 v %n, AR T8 R134a 174 7] COP, 1§ ] R-1234yf 4 77L& 141 4L COP
Pyt g R-134a A 5K, TMifH A R-513A fill/A71f¥) COP WAL H Rk v 57 s ), LIRS 2 B4 5
TEA R FERI RS ZE AN ], R-1234yf §il74 I 2R K 22800, A HAEAR A RE 70 T 75 B2 I TR &
AR S A 5 BT 75 A4k D n,  COP (MM %, #k COP Lbik I 2 AT 5 i oy L A B AR I o ATt 34
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Figure 7. Shaft power comparison chart

B 7. HHThEREEEE

i [ R-134a fRAR BAT =Rl A 0, BEi IPLV, T R-1234yf (1) IPLV MY EAR, i8id COP
Eb i ] DATII 21 iZ 45 5 . DA R-134a 74 7 F3% 3 COP 5 IPLV AFEHE, & HIA5FIRHHE COP
5 IPLV b, RO sl b 2, COP i), 518 H R-134a ¥4I LL, 1 H R-513A il /4715 R-1234yf
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HIA TR 2, COP 23 MIFEM% 14% 5 23%, ilid IPLV IiALit4, R-513A ff) IPLV 5 R-134a [ IPLV 2R
HIHA 4%, R-1234yf (17 IPLV 5 R-134a [ IPLV ZRE4FIKZE 6%, o & HIAFITE R0 3806 B
FERI T RE

3.3. EE4EHLER & HR T NBUER LR IA D4

TR A R T, SR B (shroud) A ) S Al oy A, AT R I B TR ) S A AR Ll 1
ik, FCJRRF R E T R-1234yf ()T i SR 580, im0 R 00 R e a7 A, L AR
E I 1T PHZE (chock) st Bk A= FHLZE I TAE X3, SEURBNHRIG M, [FIRAHECT R-134a #4757, R513A il
ARIAE T R-1234yf Hil74 715 R-134a HlA A2 MG 22, B R-513A HilvA 71 BT 5 I S 2 1 B4
TR AR 2 R, SR R R IE D BRI T DR VA 711 22 5 BT i B PR R AR, LR T iR
HIERE e, R R R 5 e AT R SR i [14] [15] [16]. EIBR_EA W2 Bk g, B A1)
WY R HbR, BRIRR AR IR AL S, T EME R R R E S, RS H 2030 4 57 SLIURHEBUA
W11 2060 =SB R E E B AR HXZ57 R BRI A 20, Tollkr= 57875 Ae i 7 T 1)
I F By 4] A

4, g5ig

XIS T R-134a. R-1234yf Al R-513A 7E IPLV 444 NI o8 i R 4518 5 R-134a
A FIAE I U 24 R A EL, R-1234yf H1¥A AT R-513A HlAFI SRR e R T 13.5%, R-513A
HlV TR R T 10.0%. 7F 75%- 50%FH 25% 1358 7 4 26140 T, R-134a 747 . R-1234yf il ¥4 75 A1 R-513A
HA TSR B AR AR, PRI 54 A B 25 COP AHEL, FFMIAFIN IPLV 2 %R/, £ IPLV
FAT R, R-1234yf #1174 77 8 /7 LU B = T R-134a il ¥4 711 2.0%~8.3%, R-513A ffill ¥ 711 s 71 LLAE 75%~25%
fiufef I b R-134a il 5l =2 2.5%, 7R3 i fer b R-134a 174 711 2.0%.
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