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CE:l Z& T 2 TR D 2 A RIRA W Td % HFC32/CF3I 2 (8 HFO1123/CFs1 DRl A#1T - 7=, %5 &
LML, WREASR E BIZ 50/50 mass% M OY 50/50 mol% D 2 4l TH 5,
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Tit 57 ROFERE A 157=, RIRE RO PVT HEE OWERE K% Fig.2-1 X WV Fig.2-2 ® PT ##X EIZR L,
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REFPROP 10.0 75 DOFHHEH B E £ TITaR Lz, Fig.2-3 X V. Fig2-1 & Fig.2-2 LRI, SE&E
EDIRAEMIT HFC32 12 L TWA Z b ng,
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Fig. 2-1 PVT property measurements of Fig. 2-2  PVT property measurements of

HFC32/CF3l [50/50 mass%].

HFC32/CFsl [50/50 mol%].
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Fig. 2-4 PVT property measurements of
HFC1123/CFsl [50/50 mass%].
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Fig. 2-5 PVT property measurements of HFO1123/
CFI [50/50 mol%].
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Fig. 2-6 Deviation plots of the present VLE property data versus estimated values by the REFPROP 10.0 software
program (including the equation of state for CF3I by Akasaka'). e,m; This work (bubble and dew point pressures), —,
----; modified Peng-Robinson equation of state (Right figures).
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Fig. 2-7 Deviation plots of the present bubble-point pressures from the Akasaka and Lemmon model (calculated using
the REFPROP 10.0 software program) for HFC32/HFO1123/HFO1234yf ternary mixtures. [Left figure] @, (Xr32, Xr1234yf,
Xr1123) = (0.335, 0.331, 0.334); ®, (Xra2, Xr1234yf, Xr1123) = (0.197, 0.304, 0.499); <, (Xraz, Xr123ayf, Xr1123) = (0.198, 0.400,
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0.402); ----, values from the REFPROP 10.0 original model ; [Right figure] e, data at 30 °C (x'ri234yr + X'r1123 = 1 when
, data at 40 °C (xr32 = 0.20); O, data at 55 °C (xr32 = 0.20); m, data at 30 °C (xr32 = 0.32);

xr32 = 0.20),

(xr32 = 0.32); O, data at 55 °C (xr32 = 0.32).
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CF:l OFE RN 2R ERIEICL Y 230 K~350 K O#iPHCHIE L7z, Fig. 2-10 1% CFsl Hik &
HFO1123/ CFsl O R HIERE R TH 5, Fig. 2-10(a) F DR “EHILD T >R /LE Duan 5 3 OHIEE
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—HTHEIEDD EE, REFESOHEN % [mN/m]& T 41X, CFl @ Parachor fEIX 170 TH -7~
IRAWEEOSE X, A3FHE & fafnZ& D E /L4532 x [mol mol '] & y [mol mol )7 &, IR TTHITE 5,

o= {Z[P J(A'% =", )}4 (2-2)
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O RIVTRT, ERRIE van der Waals B OITEI TH 5, MV EHR T/R3 REFPROP10.0 OfEIE,
RE /T A= PBRAESNTW Wb, #ERSNTZRERT A =X THREINZMETH D5, HEMIT
WTIOFL DA $H REFPROP 10.0 DHERAE L W LS ICEVMEEZ R T, ZOZER IR TL
F o TRy, WELEREENINOIX, BERIBEN SKIZESWZ EREZ 5,
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Fig. 2-10 Surface tension of CFsl and its blend. (a) surface tension of CFsl. (b) surface tension of HFO1123/CFsl
at compositions of 27/73 mass% and 48/52 mass%.
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Fig. 2-11 Relative deviation of the measured speed of sound data from the equation of state by McLinden and Akasaka
for R1336mzz(Z) embedded in REFPROP 10.0. The left figure shows temperature dependence of the deviation

and the right figure shows pressure dependence of the deviation.
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from calculated values with the conventional equation of state.
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Fig. 2-14 Deviations in experimental densities of the HFC125/CF3l = 50/50mass% mixture
from the mixture model employing the tentative equation of state for CF;l.
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(T HIRA /8T A— X DKL EIT) FPETH D,

2.1.7 @EMMEEDAERUVETILE
CFsl e OXEFE R OBURERDORITE 2, THENH T LEE L O E & MR INEE 2

X 0AT- 70, BIEIRE R OENSMIE. N1 313.15K~393.15K & T 0.5 MPa~4.0 MPa &£ C
& LT, CFslJEMGHREE ORIE#5 5 % Fig. 2-15 (Zor$, KA #tdiTE ch v . BiIiRE Tbd
Lo WEMIZENEICZay FLTEY, MFDORCADOFEBIIARAT e =7 NN THFE L IREE
77 F 2 % i L?i#?ﬁﬁﬂﬂﬁ EJFUFE (Extended Corresponding States, ECS) £ 7 /LT X 2 HimFtH
fETH %, FH > —/1& L TREFPROP10.0 #F|H L7z, Fig.2-15 XV, ECS ET /LIZ LD KiED
FHEETREE A EERICHBE L TH Y, TOMEITHEMED SHRERNS DD, ZOER TN
<, HBERIZA—ZOFETORELY BFRHBEBERENSONLI LOLEEZ LD,

CFsl JEAR IR BVRE R ORERE R % Fig. 2-16 1237, RIHPHEEITEVRERTH Y | MR E T
b, 7oy PBLOERIIMEOL A ERETH D, Fig.2-16 LV | WMz EROFHFM (ECS
V) IXRESEEORIEMD 10%REE NI &ENHER TE, ECS ETNVDOFHE T A —XEIEIC

D, MEMBOHRMEZEDILIVLEND D,

A A A A A A A A 5:
240 4 CF,l 3 | CFy
¢ NPy .- A IMPy '
Liquid) ® NPy X e . (Lgud A 15MP ;;,:. L
® VP r = 4 P 1P
- * MNPy - s y TN 250
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Fig. 2-15 Viscosity data of CFsl. Fig. 2-16 Thermal conductivity data of CF;l.



2.2 HFO RAEZECREAMERVEHR HF0 RAEDGEFIEETE

2.2.1 FTL— FREARBRN O EF 4 ETE

fli 2 D HFO BBz OWT, 7 b— hAESHARR N O EEf & OIS BMn @ R O Rt RHE 2 98~ %
ZEERERE L, AP HFO1234yf/HFC32 1RGO EEHE X IS EMSERORIE & & bz, AR
Wi & U CORADEE S5 B—mE CRl OBMRERZJE Lz, S 612, 7 b— FRBZZHEN
DOWERENRFEZ B BT 57201z, 7 b— MEHEBR O # BB L= 7 7 U VITF X M7 v
a UEAERR L., WMENRHEZBIZET 5 & L biT, MUNEIC X 284 REOWEZFEhE LT,

Fig. 2-17 \ZE &% 50 kg m? s [Z351F 5 HFO1234yf / HFC32 [78/22 mass %] iAW (R454C) @
WERRZ AT, KPR L — S OB MR ER TH Y | Bl 4V 7 1 ThbH, £7-. Fig.
2-17 (a) & O Fig. 2-17 (b) 1L EIVEEE &K OB EMRER TH 5, Fig. 2-17 £V, EEEEMRESRIT
HFC32 b E < . HFO1234yf K TN R454C DIATH Y | IBAE WO BMAER I IMM B OBRZER LV
INENWZ PR TE D, . BREBMRERIZBWTH HFC32 OfEN K S & < . HFO1234yf & R454C
DERERIIFRETH L Z ENRPH LN o T,

CF3l D EEHG & O FE Mz R O E G B %4 Fig. 2-18 (2779, Fig.2-18 (a) K& U\ Fig. 2-18 (b)ixZ=nZh
Feits M OZRFEIBIRITI81T D 7 b— b RBHALR DUt B T P BVRZER OPER R Z R LT D, 72858,
EHREOVTORERRICBN TS, 74V 7 4 OEINIEOVEMEERIT EFR L TND 2 ERERTE 5,

oF w R3Z frant « R3Z back
: « R1234yf Front  « R1234yf Back
o R ® R454C Front i RA54C Back
.::
> e | 1
=
_; . ' . . . .
? -
g &
. . -
. AW SRS g
L
Bveo ’ ‘ 5 L e s e
. . L] ° ° = o+ a L] ]
- 4 . ] - - .
f 2 L]
A
1] 2 0.8 1
Wapor quality (xl
(a) Condensation (b) Evaporation

Fig. 2-17 Cross-sectional average of heat transfer coefficient of HFC32, HFO1234yf and HFO1234yf/HFC32 mixture.

T L T.*20,7 %
0 hg/mvs . G204 kg/m's

(a) Condensation (b) Evaporation

Fig. 2-18 Cross-sectional average of heat transfer coefficient of CF3l.
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TEHEHA D OFBZERT 2 BT, HziCAHES 372 mm O 7 L— hRETHERFIE & 1Rk L,
BIA OFKE S 186 mm Ol & DR A REO R 2 i L7-, Fig.2-19 (37 7 V V7 L — N ABxL
HERiis ch 5,

Fig. 2-20 IXfFEMLIAIC FC-72 Z2 2 & & O MFYNEIC K DR LR A RROJER R TH S,
ML, BA RRIFHEL P77 AV T OBEKIZHED EF L THD ZERMHRTE D, £, MKOE
WA DORA FREFTEDNGE L @ MERICH D2, KR (G=10kgm? s, K27 4V 7 ¢ &I
WTIE, BIBEORA RROFZLWMETRAALND, ZHUIHADORBOMEMNREKFIcEs2 b0
B2 b,

T — 1 T T T T
L A AA .
08t et ot
Stopvalve T | & T4 L&
S 06 4 a * M §
372 5 O 4 :
2 . 1
04 © ° 1 o smallG=10
"E ’ * smallG=25
I - 1 e small G=50
0.2F ° 4 1 4 bigG=10
| a4 4 big G=25
o, |~ bigG=s0
0 02 04 06 038 1
87, FEX()
Fig. 2-19 Measurement example of void fraction Fig. 2-20 Void fraction in the plate heat exchanger

in a plate heat exchanger.

2.2.2 REZAEANDGEREEETE

KV -Z FLE N C O EENE - WIS EVnZ K OO 21T > 7o, RBRICIIAR - 721 L7zik
FEER L — 7 % T KT AR 0.82 mm OFETERGIEEE 2 3 5K FERFELILENTO 2 RGN
I HFC32/CFsl D¥Ef « BhlsEMriER s L WENBREZHE L, RFEZILEILIE TNV %> MC
E0BHED D WM S L, B EIIEGR R 2 W THIE L7z, AR4MFEEIL HFC32 1T CFl &/
BRI L7 2 B IRG I HFC32/CFl ORI 2 I FE M L7z, o —fFlE LT, Fig2-21 2,
HFC32/CFsl (97/3mass%) DEHEEMAIESR o 218 0 (1x0)l2xt L ORT, KIFFIZiE, ZivE TICiHm%
17> 7= HFO1234yf, HFC32/HFO1234yf [30/70mass%] &% ) R455A DEHFEEMRER % iR D 7= IR,

N —— A 2 syt
Multiport tube = Cavaliini et al. correlation with BG
D-,=082 mm o r .
G =200 kgm*s § Bl apsnss s pane 3 0%
20 b ‘% 0 _O—Q_LO_G—O—U—OO—'
_ 2 [FGi23y O e
¥ v HFC32+H¥O1234yf -
E 15 & R455A .5 ]
; 1 L 1 n 1 1 "
X3
e 2 T ¥ T X T T
3 e Jige et al comelation with BG
-10F @ =
(o] a o e o -
£ s I e A0
g L = o et b0 o Toa ola ||
- . §
I R . ™  AE -20%
foed 4 a a &
OV O ¥ ov v v v T 2| HFC32:CFJd . . .
o VT a 06 08 1 0 02 04 06 08 1
1-x [] 1-x H
Fig.2-21 Condensation heat transfer Fig.2-22 Comparison of measured and
coefficients inside multiport tube predicted heat transfer coefficients.
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HFC32/HFO1234yf TR RASSA VTR 77 A RAVKE <, FEILFREICELR LT HFO1234yf L D H KW
BURERZ /R LTZ, AEHE L7z HFC32/CFI (XIRE 77 A KAV E < RSP PEIC IR 3 2 BV BE
DR T/ E W2, BAF R MaE R 2~ LTz, Fig.2-22 121X, HFC32/CFsI O FEERE & Bell-Ghaly?
D FETIRG M BEICIEEE U 72 BEEBMRER O PRI SO L Dbl 2 7m 3, KKV | L ALE N O BB
(REERO TR OTEBRIEZL30%RE TTHTE LI Ehbrol,

2.2.3 AERNOERYF T

ARRERERD TS A 7 VA LT EE 2 AV AR N TOEERE - UhIEEVEE &K OVE K OFF
Mi&1T -7, FBRICIE, FME 6.02 mm OIBEE % iz, RERGIEEICIE, HFC32 & HFO1234ze(E). &
W2 D 2 BB WA =, BB IX 200 kgm?2s! & 300 kgm2s™!, fF0iEEE 1 X287 5268 C 10 °C,
A JEBR T 40 °C & 72 DRI TRIE 1T - 72,

D —F] & LT, Fig.2-23 (2, HFC32/HFO1234ze(E)EEHm i D1 J1 8 5 M OB 23R 0 Jl E it S %
R, T O SR O C, HFC32, HFO1234ze(E) B &K THIME % 7~ L TV %, HFC32/ HFO1234z¢(E)
DOEFBRERIEL, TS EROMEORICINE - TH Y ., HFC32 OFEAHENT 512 L7=23 > TIERWME 2 7~
7, F72 HFC32, HFO1234ze(E)HARDHEMITIFEA S PO THIfEE B —H L TW5,

Fig. 2-24 I[ZIXW YV £ 0.3 & 0.7 OFBE OEefa 2R #E#R % HFC32 OFESRALAM IR L TRT, K
D7 vy MIEHERMEEROFEREICK L, /b ZFEPIc L0 NI T EE R LT\ 5, Fig. 2-24
£ 0 IRA G HFC32/HFO1234ze(B) D BEMFEMRER 1T, Hi— i HFC32 & O HFO1234ze(E)Z T
AR WEVRERZ R L TR Y, HFC32 OFFERMELL 0.2 fHL TR BIRVMELZ R L TW5D, ZiUEIE
WIHEIC L > TIEBMEREDIR T AT 579 Th D, F72. Silver-Bell-Ghaly i iE * & Mz 72510 & 20
ATCTELSTPRITE D Z Lol

—"4_' 6 T T T T T T T T T 10 T T T T
E | ST, R32/R1234ze(E),G = 200 kgm s | 1 - ST, R32/R1234z¢(E)
S 5F (Tgew *+ Toun)/2 =40 °C, q = 10 KW m- 1 — gl G=200kgm s i
= | Heraguchi et al. (1994) | Single: v (Tdew * Thup)/2 = 40 °C
—R3 !
N 4F - - - - R1234z¢(E) A R1234zeE) H
< Mixture (mass %) € 6
< I R32/R1234ze(E): |1
o 3 © 10/90 ; L
< o 20/80 =,
- ® 40/60 s 4
g - ® 60/40 >
S (@)
e | ) .
5 1 O O Measured data
n Haraguchi et al. (1994) |
8 ! R | | | with SB|G correction
o 0 ! ! . ! . ! ey . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

1-x[] Mass fraction of R32 [-]
Fig. 2-23 Relation between frictional pressure . .
Fig. 2-24 Relation between heat transfer
drop and (1—x). . . ) )
coefficients and circulation fraction of HFC32.

2.2. 4 KFEAENOEESF ST

CFl O ¥R BR AT RERE %2 B 2720 EFOREEIT -T2, BIEFIEE LTI, EEfiast
BRICHW S 7 —VIE 15 R E O @K ERIRBI L IE 2 BSIC Z o L bkl L, 382 X 2 IERJE
ZATWHIE L7z, BIERE% Fig. 2-25 1287, MERTE L UORER O EEZ ZNETNEALB L OIRALT
ZTNZHoRT, RERTOBEIERRZE T £ 1.5kPa FLE TH > 7203, BMER ORIEAFEIL+0.2kPa LIN & Kig
WZE L,

MREZAIT ST EE 2 VT, CRIIZEIT D KEFiE OB BB iZER R 21T o 7o, BRI
FAFNIERE 20°C, BEENEEGHIFE 2K, 4K, BL V5K Th 5, BafEE% Fig. 2-26 1ORT, Ko i ko
EHRITENENERERLOX L FOXL VAN LEHBEMETHY . 7oy MIFEH L TWDHN—1T
MEHBROBRAIVEH L7 — " —Th 5, EEERITEEmBMEE OB L BYRERITET
LTW5, ZAUFBEmEAHE O LY | BEVERTORENIEL 72572720 Th v | FEfEEMsE
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BT D Th D, 0. ERERIIX AL FORXNSEH L-HEME BWAHEBEEZRLT
Wb, Lo Ta6) DIREEFFEXOBFE ) 12 CTH%E SN CRl OREFBEAXOZYENFE Sz, Lo
L7255, CFl OBMRESR EREEIZ OV TIRKM TH D728, KM IR 21T 5,

T T T T T T T T T ' ' ' '
| © Before calibration 6 ak — o T, =20°C|
© After calibration o
= 1 2 -
= i o J IE
RN - W - S-S - S-S '
o 08 o e & g 8 ° & E 2+ i
v [ o
o o ° ° S
o’ qL o 3 8¢5 ° 4 ©
° I
_ , ] , ] , ] , ] , 1 . . . B ——
% 02 04 06 08 1 1 5 10
Measurement pressure [MPa] Tsat - Twan [K]
Fig. 2-25 Calibration of pressure transducer. Fig. 2-26 Comparison of experimental results

and theoretical values.
225 BBAT—EAR—XDEE

AKFEETHONTFEL OEDEET — %, REEEZHY L T D8R B EIE T RET — 4,
N OGS TRE SN MOMITEE DIEET — X ZINE L, BEfEEMRER, AR L OENE L
BT AT — X EHARINCE L O, RESCHINENFIHTEX 7T —F RX—ADIHKRERD AT L%
S22 HIE LT, 2020 FFENDRET — X RX—ZADER &t LTz, 4 v ¥ —F > b ETH)
VBT DIRET — # R_R— 2V 2T L OEROEFLIA L 2020 4FE 25 Sz, 2021 FE 1L, BT —
HR—= AV AT AOWE &R G L7 E R T — X 0oEET o yny = MDD,

Fig. 2227 135ET — X X—ZAD kv 7 _X— Fig. 228 132 —Y 7 v FORIETH 5, Guest IX
HECHIE THRERTE DL LI o TH Y, EWIOBREIZEITIICHE > TH bW e b ERIUE L
fToTWD, User 37 —# DX U rm— RHERZALTEBY | BIEIIAT e 27 FORBREZ R L
TW5D, FFRTIFERHMEL T, v AT AOMERFE BT — X OFR Ak L TIT2 25 L 9123 25
Thbd, 7—FD7 v 70— RNEIT =X ONFEZMHR LN Lt R EXTITOLENSH H72H, DB
Manager [Z[R7E L T %, SystemAdmin IR TOHEREZAF L, VAT LOFEHEE 2175, 2—PFNRT
AT LT AT 5 & Fig 2227 RERRSI, BROBRLHZ ZIEE L eE\T — ¥ DR EITO 2 &
NTE D, BEITHENOEE, K38, JEIBREROT =X 2F 0N T — X NEEZEDTEBY . REZIL
BT L— PRI B T BT —# BIERIUE L CTF — 4 2EMT 2 TETH 5.

Fig. 2-29 [JMeBAT — X DBINR—V ENE LT — X OBMETH 5, BUE 202241 HEK) FTI,
22 FEEAD BB DUNT 12470 JOT —H 396 D7 7 A W/ TRERS VTN D, AREVT — & IR~
— TR, UBIE, EEME, WTEACMRME (BT —%) OBPIUIINZ, FOX—Y O TFHO ZoDFREHN
T, WEROBEINTE S, EMORITMAELR X OV ASHRAE FH 5235 SN IRE WL 28I 5
TeODOERTHY | EEOBBEZFRHIRIR TX 5, AUORITIEAGEDORIWE %R IRT D7D DE
Thh, RGO EZSODREBIEERBETHENTE D,

Fig. 2-30 (ARET — Z O Ffi| Z2o=~d, Fig. 2-30 (a) 1%, FEx OBBEC O\ THBEEAVMRER O X ¥
T DM R RS LD TH D, ZOFRTIEERFMEZREELTELT, 2 TCOTF—X 2FKR
SHTWAHN, BIFEE T L IZ U RILOERER LD T, ZNENDEIEOBYRERNED X 51245y
i LTWD0N N5, WEECEEVE ORE, BElE, MEEREORMZRE LR RLARETH
%, Fig. 2-30 (b) 1%, WX E% 0.4~0.6 OFICHIR L T, WEAMSZEROBGRICKT 2 0M &2 RR S
wiplITH D,
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l HeatTransfer DB fyTR—D

l Data Search

Fig. 2-27 Top page of heat transfer database.

I 1) Select Heat Transter Type
SRR - B - BT B ZARIR ODEIR
g GaE, BE AR DR

l2'l Select Substance(s)

2.1) Pure/Predefined Mixture 2.2) Substances for Mixtures

Substance Sutezance

Nams Ballng Condensanca A Noame Roding Condensation Adi
Ri1224p8(0) Y123

K128 L)

1234yt Rizaayt

12 3dzeit) Rikda

RS Kia1h

LAR LT ey 1Y

A—HF7hHUrDIEE
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GE: 7Rz IoMETRISERMEEREE)
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v ETOHER

Fig. 2-28 Class of user account.

Data Summary

Data Type Counts
HT Data 12470
Uploaded Files 96
Substances 22

BRAEFTIT220 A D12470R D
TRERL, TRURERE R

(a) Selection of heat transfer data.

(b) Data summary in the system.

Fig. 2-29  Data search page and summary of data stored in the system.

EAROAEICOVWTHEEMEER D
HEEITHT S0 MERTLI=6

2
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. ) ] .

(a) Boiling heat transfer coefficients. (b) Variation of heat transfer coefficient with heat flux.

Fig. 2-30 Examples of data display.
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2.3 HFO RAEZELRAMERVEHR HFO RAED E— R Y TH AV JLIEEEFHE

2.3.1 E— bR TH A IWEREEDE A ZRERHT

HFC32+HFC125+CF;1 SRR AR BEIZ I T BEEIREE 25 °C. ZRFRIRE-3 °C, 7838 asH MimEE 3 K,
Gt PR HEE 0 K TEI)FRIRNT 21T o 72, AT R %4 Fig. 2-31 127”77, Fig. 2-31 (a). (b). (c) &%
(AIEZALEFL RAL0A (2% 5 COP L, RA10A (2K T HIKFERE ). GWP B L UZER IR IT HIRE T
0 CTdD, COP LT E DFLARIZITH RA10A E[RIZEFRE THY  AFERE /1 H0IT R32 BRD eh idi <FFIZ CFsl
DOEIEIENTHIZEIR T4 5, £/2. GWP IE R125 O GWP 2IEFITE 2D, R125 OEE BN H1F
ERMEIZHIMNU , 2R 3BT DIRE T 0L CFl OFEIE NI DI1EE E<72D,

RIZZIBHDRE &Y HFC32+HFC125+CF31 SR IEG 0 Al plc 2 #5372, Fig. 2-32 (2 COP s 0.98,
(RFEAESILEDY 1, GWP 2% 500, IR0 SK DA A= = ATEXZ2RT, ZTOHT COP Huad 1 B,
(RFERE /I LE2Y 1 LA, GWP 23 500 DL T, R 302 SK DL FOEigE RO DL, K OFRER 72D,
L7=735T GWP 7% 500 UL F D HFC32+HFC125+CFs1 SR IEA VA 100 Bkl i R VIR N & 72 B,

R125

1.00,

1.00 0.95
0.98 /\
CF3l R32 CF3l R32
(a) COP ratio to R410A (b) Volumetric capacity ratio to R410A
R125 R125
1K
3K
5K
10K
500
300
100
CF3I R32 CF3lI R32
(c) GWP (d) Temperature glide of evapolation

Fig. 2-31  Result of thermodynamics analysis.

R125

CF3l 0.95 R32

Fig. 2-32  Optimum composition of HFC32+HFC125+CF3;I (GWP<500).
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2.3.2 E— bR TY A 5 )L OEERRIETE
TR /2 31 D IEMRA MO R 2 0295 Z L 2 HAIZ, 0OCLL T OZAFRIREIZIS T
B EBRIHIETE D L ) ICFERIEE 2 00E L7z, Table2-1 (ICFEBRSEM 2R, MEGBIERER CHEM S
5 BEAFA I RA0AA, CO,. HFC32, K TN HFO1234yf @ 3 FRAMIRA VI RA55A 12OV T EBR A 9206 L
7oo MRREET) 1.0 kKW DIGEITOWT, 3 DOARIEIRRERIMIZIH T 2 A7 A COP DIk % Fig.2-33
T, BRI EEREE CH D | ERILE OFIE rTRE R ®iHN T RE R 2 2 b S ¥, RIERE
ISR LTI, RA04A [FFEHHE 0.7~0.8 kg DOFIPH T AT L COP 3 b < 72 5 DITH LT, R455A
O ITRE R THEEIT 0.7kg L0 LD 72 ERbhodz, JIE L7-#FPHIZBW T, A7 A COP (%
R455A £ U & R404A D05 E, Lo L, FEBREEE OHAR DS RAS5A IZ13E Tlden & b 5729,
ZENZENORBECET LTl 72 v AT Li%EH 21T Z20E, A% L~V DV AT A COP Z K TE 5 AlHE
MR 5, R38BT D) EMEOIE T & EHERE % Fig. 2-34 28T, %€ L7CIRESM CElizT 5
Yrtr. R455A 13 RA04A IZHARTIENHARE < HERES @V, HEFHENZ VT ETE RO
H-HIREE A EH-3 572, RAS5A OLAITRE EZ X HITHIE L TIEIA/ NS 22D £ 9 725 T
IRCENIE, VAT LCOP2UNETELEEDND,

Table 2-1 Experimental conditions
Cooling capacity Degree of
Condenser side Evaporator side K superheat
[kw]
[K]
Condition 1 10C — 0C
Condition 2 30C — 35C 7C — -3C 0.8to1.4 4+1
Condition 3 4C — -6C
e R404A Cond.1 A R404A Cond.2 = R404A Cond.3 50 85
R455A Cond.1 A R455A Cond.2 ®  R455A Cond.3 4.9
32 4.8 80
: N ° ° —a7 ® R404A o e R404A
. ° o L R455A % 75 R455A
3.0 246 o
© Q
—_ 4.5 €70
=238 N £ 8
N A 244 . 3
S WAL 4 R 4 265 o ®
2.6 a 4.3 © °
€ A ° <
8 A 4.2 . & 6o o~
2.4 oy . n °
n n - L = 4.1 °
" " 4.0 b 55
2.2 . ~ 06 07 08 09 06 07 08 09
Refrigerant charge [kg] Refrigerant charge [kg]
2‘0016 017 0:8 0:9 (a) Pressure ratio (b) Discharge temperature

Refrigerant charge [kg]

Fig.2-34 Pressure ratio and discharge temperature
at 1.0 kW in condition 3

Fig.2-33 Comparison of the system COP at 1.0 kW
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3. EBEWMHEXZFDEY

3.1 #m

TAMARBIE A B AT B 8A8121F, LM GWP 7217 T2 <, Mo FEIRMEREN T+ R X K EE
KFD—>Thd. Tk, HEsOFEEEIMREIC L > T R X —EIFEO CO HEHIC & 2 HERIRE (L5
BRRESNEINOTHD. 207, LERAOFMMATAFY - AEICHATELEHELLETO
PERERTAM T 1E-OMEREREA Y — VO BR%E, AU SWomBERIEO Zhi < EEN T 5.

Z T, AWFFEBIFE TIE, 1K GWP WA 8 A U 7= rh/ NI O v i 22 i as O MERE 2 FE R L ~UL
IZBWTE T CE 2 FEZMELL, TEROFHMMNTHIA EREY —/L & UTIEH M ATREZR g
W7oy h 74+ =L LTHOYIal—arY—LE LTREBETAIZLEAZHEIELTNAS.

3.2 HBEWME

FREAMZENRT 57201, 2018 FFEE LY THEREMAT BARMTZERESE |, THERERHM AT ZEBASE ), T2
Rab—Z =R ZDOEM] O3HEBEOMF ML EML T\, kit7rn =7 MEO BRYIE,
WA 2 3N U 7oA SR MR RE 2 2GR & SRR 5 0 & B IRl T X 2 HIN 2% 752 L Th
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Fig.3.2-1 Image of the whole project
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HEATo T2, 2020 4FEE1E, 2019 4FEE DLV A A R ST, ZERAmIBEOMRNT & FIHE & §° 2 BAcH
25, JEMERE, AR OHIRET L 2REET 510 OME 21T o 72, 2021 L, 2020 45 F TITHEEE
SNTHEE T N OME RS O 2 Y MRGECW R 21T 5 & 41T, Mt L T = L—HX —DR%
EiTol-. 22T, AMEEOLRERRNIL, UTOLEB) THD.

O VEREMEAT BRI BR %
RAWEL B IRG IR OT A ZADET ) T DR
- SR BRI E A o 7o AR A REROFHH
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@ VERERHMm BT IE BR %
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PERERRATHERRAF R BIRE CIT, AL BT AR IR0 7 A ADEF Y ¥ 7 54T 5Tl
B AT A, B, TERN, BESRTHD. 2001 I, BUSRE, TR, WEROTS
NDUEEFT S L HAT, 2020 EREICBIEE L7 LI SRR % 6 > TR A REROFBAAT- 72, L
FICEMIZ TR 5.
3.3.1 B

BARIEDBMEER O TRRICIE, +ABED b ORRA T 6 R0, EER S ROHBEDT
B R T 5 £ ) WSS 5. BABEORAITIE, WAD/T A—4, BCRERBIORS, it
{72 B AL A EMEE IS T < B b, CFD ICHLAATe B 13 5. % = CEBRIC R OMES 5

4 2 A IA D — AT B E MLI- A 1T > TN DL 2021 4EJE T - T-BAS s e 7 L O B I DN
TLLTFICEE®m T 5.

T NS EBGSHRERTE N, BE DN 7 BICHBSETHNTZ T 4 v L— TR S, D
BLENZTALDR], RN 7 47— MNlZEiD. BRI 2 L—2—X, Wi, 71 &
B, BROERTHER SN DEB KOWEBEIO ST 1 kot 7 e —F 2179 5. Fig3.3.1-1 1
T g AT EBUE B ER O M 225l & pTicER SN2 br— R Y a— AR

BT T VOBFEIZI N T, BRI OIIR T A —%, R, BiEET L, BIOEE
T7a—F LTI RAPEEE, BEINLFEE LD, BEOERE, EOEX, EEOM
@, 74 vDREE, 74 OfReE, BRHEEO S F X EHENRT A—4 % Fig33.12 ITR7.
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\é—\ (et refrigerant inlet

split/merge | O Ve iy P b,
E o, \ [P
N0 s
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air inlet > O 2 ey, P, 0,

\ Frrana Ollaillolll..lllllll.l!.l.ll.llt..lllllll..'l.ll.lt.ltl..:
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[/] O refrigerant inlet
\
! |
5 tube bend
refrigerant outlet « & ube ben

Fig.3.3.1-1 Finned-tube heat exchanger and its unitary segment for analysis
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Fig.3.3.1-2 Heat exchanger dimensional parameters

7)) Bl R B TR

WIEEIRRIE, 7T MO Z 7 A T THLAMT 77 /T ENTESH. ZOHTFOSE
T, 77733y hU—JORBITHY, HEBOEBZRERL TS, V77 FERLETZ Yy VDE
v FTHY, THEIIAZETHY, =y DIFTEAMDY 7 Thh. E5I12, AIMY T ZIZITEFA T
BNTTEROXT NS, = v DI d HTEENSBIOTHRA~DOEED RN D 5. WA & ik
THE, MEIIEATHY, BEROERIZT Yy P THD. BEOHIZIADLGHAOETEESN
D70, WERIIIAR 7 7L TV 5.

BT 7XBBATHI TR SN, =y DIl 1 TEESNS. ZOKFHRIIL, ZoORETEAS
NEFIN TS, BE—FEBETH (TTAM) 1L, WEREENOEE M OB Z Ll 5 72 dl0E
HaEns., = ) w7 21 OTIESREE THY, §jIISREE ICERSNEE ThDH. TTAM
DEFZOMEIZRDO LEEY .

ej=1, tube j is connected and downstream to tube i
eij=-1, tube;is connected and upstream to tube i
eij=0, tube j is not connected to tube i

TTAM (%, BEE D+ -1 DA Z D2 L2k, FEOBEREO ANNBE & H DR, 4
B, BLOATHAZBINT 2D TES. = MU v 7 20711 OEFENRWEAIE, B
BB N SN TWRNWI L EZR LTS, LERST, -1 ORWVITICHIET HEE 131 Ly MiD
EThsb. Mz, MBI 25 ERWTIETHRH 5. A0S, 2 DLLEO Bl s O
TABDPRIEL TWAD. ZHUE, T2 98U ED-1 b b~ R v 7 R KM END. —J7, D7l
EH 200+ HFRFOITHNTIX, 7 —REEOWIICHFISNDE I EEBEHRLTWS. ZhbD~ b
Uy 2z Y ORI %, Table3.3.1-1 IZF & O TRT.

Table3.3.1-1 TTAM element identification

Index Value Indication
=0 Outlet tube
Row count of (+1) 51 Split
=0 Inlet tube
Row count of (-1) 51 Merge

Fig.3.3.1-3 12, BB DOFEE & LU Y T D EE—BCE BRI TA 2 i 2 7o LRI O 6 & 7R T,
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§ Connected tubes Row | Row
§ | . count | count
| 1| 2|3 ‘ 4| 5|6 |7 l 'l ¢ [ D
’ 5 1 0 0 0 0 0 1 0 0 0 1
1 .
2 0 0 | 0 ) [ I 0 |
Y 6 =l
2 3 ] I { -1 [ 0 0 0 | |
O 7 4 0 ) | 0 1] 0 0 0 1 0
3
3 0 ) [}] 0 ) 1 0 0 0 1
Os
4 O 6 I i 0 0 | 0 0 [} |
7 0 | 0 0 0 ( 0 | | 1
5 0 ] ] 0 4] 0 | 0 1 0
(a) (b)

Fig.3.3.1-3 Illustration of (a) refrigerant circuitry and (b) its corresponding tube-tube adjacency matrix

1) BEerY) 7

B HAEREIIE OFCFIRBLO THAAIY, HE, =X —, BLOEBEORGFOSHTIZENT,
KEENT hr— VR a— AL RRINAEEZEDET IV 77 a—FIEKFEL TS, 2
DOHFETIE, Bl I 2L —32 3 VZOWTKRORES LT-

L. 7 ¢ U SRS AR X EFIREICH 5.

2. EH T RN F— LA ET X —DFEWNNIT S bTnET5.

3R U Z— R RCIHEBMREITRAE L N0 LT 5.

4. ) — TR BRI LT 5.

5. Bl E O mIIRE I NN D ET 5.

) AR oo 3R 5 R

ABUEICHE S =L — L EEREO FRENIIKRO LB

Q = mr(hr,out - hr,in) (3.3.1-1)
APiotar = APy + AR, + AF, (3.3.1-2)
ZIT, RIEDBETE, BE, NEE, BLXOEHOHEOGFTHY, KOIHIIET I ENTE
5.
I\ [G?
AP, = f<5i> (Zp) (3.3.1-3)
1 1
mg:cﬁ( - ) (3.3.1-4)
pr,out pr,in
AP, = p,glsing (3.3.1-5)

TARE R OFTRITIE IR T BER 7 7 m — T ME ] S 4L, BRI B0 70 AH B B AR 23
RSN D. BRROSLE, BEEREEAHET 27027 7 VU 2MEREH s 2.

) 2RISR R

ZESM O EREE & R X —DFFEAL, BEORBEICEEIND. Bk A2 NOFTAZERD
BRLz U2 LY=L, WHEEREDOH O 7 A FORHZER LR L THDLR, FITEKRDOE
BLT U LE—DRAEML, TEEOH &7 AL MIAD.

WA ERERL DG E,
Mai = Mgiq (3.3.1-6)
hai = hgi-1 (3.3.1-7)
TREWRDOSGE,
ma,(i,j),in = O'S(ma,(i—l,j),out + ma,(i—l,j+1),out) (3.3.1-8)
hai = hgi-1 (3.3.1-9)
ZERIERE T OFETIE, BEHEOALNZE S, @URMERERERAEH 5.
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) i L 22RO OEMRE
2 SO OBRERT, X3 1 BLOROXEZHEH L THESTX 5.
Q = ma(ha,in - ha,out) (331'10)

. T, — T,
Q=UAT,-T,) = (3.3.1-11)

2=2 U&7 A FOBIREL R IX, WEA, FEE B, 7oV v, BIOZESKMOEBLO AT
HY, WOLHIZFBEND.

a.A; wkl(D,+D;) A, A, aa(Ab + anf)
WA DB R oo r 1%, HFR O Dittus-Boelter H 2R a i L CEHE & 573, Shah &
Cavallinietal |2 X » TIEEINF-MHBREZERHDH. L, THRENERBBIONEHEL Y — LD FTO
THRICER S D, ERMEBMEERI «a DY) MBIBRIE, BUE, 7 4 oK, BIUOEED
FlEIC K& <IKFFET 2. WHIEEOZDICH T EEHFIC Lo CEXHEINTMHERXEF L HI12E-T
R INTFBEXRT HBERBROEES, 7 1 A& EECHRER OB KBMEER R 2 R ET D 7201
FHENS.

R= (3.3.1-12)
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3.3.2 [EERF

AW TIE, ERFROBERRT E LT, BERNEOMINZEE T EOLE &, RIS EIC
DOWTHGEREH A 21T 9. Fig.3.3.2.1 IZGE2 OGS, Fig.3.3.2.1 IZ5E2I M O5E OIFiE s DX % 7R
T BIER T, WIERADICBWTERIKE 72> TOWABIERIERICTHEAL, FEANMEF LR H
BOEIZET D, 2282 EIL, ZOENKTOMEET, ZORENFIZZEDENTKT 5
BRIREETHDHZ L LTS, DFEV ZOWE, ESIDMET L TWEZDESDEFENZET S LA
DIZERPIEE Y, “HRE oo TRV E ZEET 5. —JF, BRI LT, AD &R UEMERO £
FROEAE BB T DMNDOZ &L LTS, EBEOFILUL, b 5eae Vb se Il o Ppy 7
NERSTVWDHZENTFRIEND. DF 0, ERPBIAT DAED, TRV OLAICERNHET S
MELY S, KTV LEICSH D, ZNLMEDOLMERNET 52 & T, TOWBELR L LTOM
FRIRIZOW Tk 92 2 & 12720, IEZERICRIT DIEB G OO T-O O BEE /ARG 6D &5
ZbiLh.

EERICL D
——p  EEOEL

AD BE \\

&Y KQ i
J_ 11\

vl

i ° ‘ ° \ ° ) ° [ ¢
o Se e T A S IET
EE[ (%1 288% —H0TEB) B () 8% AR TEB)

Fig.3.3.2-1 Flow characteristics in expansion valve

AT THWZHELE T L& Fig3322 DET VK E & HICLL FIORT. BEERE, © VX —#17,
Ly huEilEEE 2T, BREmOLA LRI OBAE DKV TOES, o Z Y, ik
WP EHEMNT 5. BRIFVEOLE, DF VI TR HAIIEEA D ORETOBE, itk
nEEHNLEDOLE LT

ERFET IV HRRE
m = piglindin = PeicAc = Pourliguedont
N IFNF—FFR
AR —h Uin" uc? Ugyyt
Pin Ay Uin i \ hm+T:hE+T:haut+ 7
FIvroE-—-fE
Pc A ug  Pe Pe e\ l)ﬁ
P \Pn/ \Ti
|
&Y SR |
P Ao . RLTEH(—HTEE | RLETHCEETER)
|
d:lln lzh [ i < ﬂll[ I e = 1 |;J-“’|||—IHL'.|
".--=|m iv—r‘—' ' ! I_[ FIRTE P
n Fin Pim - :
| P ( J ( ) : 1‘|1 (Hf'nj

Fig.3.3.2-2 Expansion valve model
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LBV TEH L2 RBRT — 21X, WEEE E CICBE LERT — 2122 T, AEE L
DFEBRT — & 2 BfG L. BRI, EiRrEE, MOoES, ADBEGHEZR S, FE—iiEss
PEIC -2 55088 % FERAIZII T, ARIOFER TIImEIT3z & LT R410A ZHW, —FOFFIZB N
TR32 LD HIT o 72, BRI O J1—it &M 2 & % Fig.3.3.2-3 IZR"7.

[E#EtE o BB
BEITRDY, KOACGE | A w0k D SR~ DR
HEETL, BEAAD L e AN AR
Eh%z@BEICKE
| X mes
l i
Kby,
BEEL
ZAVAVA
Ca
Fig.3.3.2-3 Experimental apparatus
Table.3.3.2-1 Experiment conditions
Inlet pressure MPa 3.0 (Tsat:49°C)
Qutlet pressure MPa 1.0-28 (Tsat:7-46°C)
Valve ocpening % 11
Refrigerant R4104

AWFZETIEL, ANAET) - B (R410A) - WGHIE, BRELZEE L, MAEDE2ZE S RFo ks
W TOREFHEC DWW THIEEZTT > T D, Fig.3.3.2-4 [ZARERR THW ZIEES OJE —iit B4,
Fig.3.3.2-5 (2582 (R0 #4 —FECilil) (23D A0 - &0 - WA DES155046, Fig3.3.2-6 1258
IR (B0 A WFECEIE) (2R A A0 - KO - O OE)53A6, Fig3.3.2-7 (ZH ATkt
THANO - ROER « A TOESOBR, Fig332-8 [ZHOENE AL - &V ER « H O TOREDR
%, Fig3.32-9 (CHBESHEAD - K E - B0 TOBEEOBMER, Fig3.3.2-10 I CHAESEAD - KD
e 0 OFEOBIRE R T

Fig.3.32-4 6, ANOEHODENZENRKEL 25 EREBNHEIMLTWNDZ ERNgn5. 2FED, K
WFZEIZRB DT AL ENNXEE 2O T, HOESOE FIHEWVEERBENIEM L TWD Z ERnn5b.
FLART—=ZITBNT, ESZEOHEIMEVVERERESHENL TWD2, EHENRD DR L VK722
STERFEEREDD L TWDOR 005, ZIUTEERENMEL 725 ffHTicB W a — 7 8%
DAL THWDAREMERH D EEZLND.

Fig.3.3.2-5 & Fig3.3.2-6 (ZDOWTC, S22 (K0 #%4 “FICilid) &2 IE Pl (R0 EMaRMm <
W) IZOWVWTET Y hr ELENORBRIZONWTRL TS, B2 (Y4 M TmiE) o
BEDOENDAL VKOOI NIHATES LY KL 2D Z ER b -T2, Zhix, AOMNBIRA
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U 7o R BEDN I SRR AR TR D SRR A L ABRISIE S 4, i aEicm 9 & S ICERmfEOmIE &
HICENEENRZ S 2 ENEZBND. £72 Figl.3.2-7 DRI EHr (10 HA2 A i) oms
IRV ESED N OEA LD HEVME L 2D OB D> T2, ZHUIAL LK D EE TOWRIZEHB D
THESTFICIRETH Y, FBEZLZE LR VWEIRE LD EEILND.

Fig3.3.2-8 205, HIOJENDMEVREE TITSE 2l (R0 %4 FEcilmil) &eade il (Ko Hxe
AR CHliE) OJEIZITH 0.6MPa DZENAE T TV D0, HEAEDREWGA TIHENINEVVEE 725
NSNS, LLEXY, AR THWEEIER O EBEOBRRITEE M (R0 EA A TERE) &
SERIEVA (BRV AR TililE) OMICHFET D EE 265, F72 Fig3.3.2-9 OIRESATIZDONT
LIREDZ ENEZDEEZLND.

Fig.3.3.2-10 206, SERIEFH (R0 H 2 #FE Tilil) OELGAII ALY i E CEEZRNAE Lk
WD, RV EEEIIANEE LR UMEE 25, EHOEDO BRI, 2eFM (B HE
FECIEIE) OBEF LA L TW ZERn05D.

Fig.3.3.2-11 225, SEAYAE (R0 %2 ZFHCllil) OA O 0 EiEIIeeIEE il (Y 54 ik
TH) OLAEORKYEFIEL Y bFICKREVEE 2D 2 Ennholz. FMOEND EFITH
VY, SET (RV A A TCEE) bsEedE M (R A Cllil) 13OV & e D 2 L3y
Mo T,

Al
o

30 35 40 45 50
Mass flow rate  kg/h

Fig.3.3.2-4 Pressure-flow characteristics
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Fig.3.3.2-5 P-h diagram in equilibrium condition ~ Fig.3.3.2-6 P-h diagram in non-equilibrium condition
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Fig.3.3.2-7 Relationship between outlet pressure and pressure distribution
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Fig.3.3.2-8 Relationship between outlet pressure and temperature distribution
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Fig.3.3.2-9  Relationship between outlet pressure and density distribution
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Velocity m/s

100

80

40

20

-O-uin
-C-uout
-X=uc (Non-equilibrium)

uc (Equilibrium)

0.9 14

Qutlet pressure

19
MPa

Fig.3.3.2-10 Relationship between outlet pressure and velocity distribution
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3.3.3 [Efatk
JEREREIE, VAT L E LTCONTEIT ) LUV THE, WV ERRER Tl IOoREND Z &R
2. LinL, #fi7e v AT AR AT O BICIE, TEMEHN TOIRRSSEVORSZ, o2, Bilto
FIABBIGEIZOWT O BRI R Th L. AFEITe—2 V[ EfE#aE dRIC, vYIab—vay
TV EAES T2, Fig3.3.3-1, Fig.3.3.3-2, Fig.3.3.3-3 12, &4 & LIZJEMEt, JE=E0HETT L,
PR DOIIRET V&2~ T

BAQ

D7

#ﬂb

f
‘s@&iu

=S D2 4
ERAM

Discharge Suction

Fig.3.3.3-1 Rotary compressor

Discharge chamber
Discharge Port 1
Discharge side o i Suction side
________ _ v 4 Ll gtp 1 "
‘ I ng H!-:."P Hl.rp .
Mii i el Myo Fgo

gas

Fig.3.3.3-2 Compression chamber model Fig.3.3.3-3  Leakage model

JERE R OBRZACIC L 0 A C D05, B U7 AEB =R ORI, mi & BEm ks L OVEETH & OIREL
ZFRE LT IRBfRAz BN,

7)) FEARES
Gas dMgu, . ; : o :
Energy Balance dt = Mg-i hy-i - (Mypuf + Mg.rw)hg.o +W - QQW o= le
Mass Balance dMg M M M
Tdr e g.0 arp
Lubricant AMeu
Energy Balance —d;—l = Myihy;— (Myo + M) hyo + Qg
dM,

Mass Balance
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Fig.3.3.3-4 Leakage in each gap, heat transfer with compression wall

30

Rotation angle 8 (DEiGil
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Fig.3.3.4-2 The flow pattern change along to the vapor inlet quality change
(R32, T=25 C, G=250 kg/m?2s)
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Fig.3.3.4-3 The charateristics of capacitance distribution of the low quality region
(R32, T=25 °C, G=100 kg/m?s)

WL EIZ K> THIE SN ERBEONMZRL, SO — 7 RN —D2D5EITLE LIz iiE# v
— 7 RO EOSGEII AR TRZERREN TH D Z L2 ERT 5. HERRMODMIT IV X
NEATHZEICLY, EOWHEREDNHENICZE L TS I ENHERTE L.

AWFFE T SN2 IE B A B OB ER BT o —1 3 EER A~ DI SRR N 720,
TRENERE D /N SR ZARITRE ~ DB/ NSV, Tia R, AR CIid&iait, AREd, &OBRIRE
A BRERIENT O 72D ORFIWEFER L LTREL, 6 OMEMERIZ OV T Figd344 O L5
C—a BREEEMH L. £, RO DIREREXEZZE LRWEE € —a BfF (b)) b HboET
~LTz.

1.0+ T T T T T T T T

. ey Yo
094 B | 4
- | }‘
0484 ) <y LB |
.
074 et (AT -
A AL NN A
P 1
« 064 | f ) -
o '-, / .~
o Bt ol
Pty 1
-
=
J
g oo T
(%)
034 \ o | ol A -
.
02— i 3 4
w— S ratfied tiow \ 2
01 Random bubbly “-:wj
g — Al low
= = -Linear refation
0.0 —rT

 SOAS0L T T T T T
00 01 02 03 04 05 06 07 08 08 10

Void fraction {-)

Fig.3.3.3-4 The C — a realtion curve for each representive flow pattern from FEM analysis

34



BACHINTIE, LR ORBIER O MG R & GIRERMT o8 Sz € —a BRERAL, RO
Eq.3.3.4-1,Eq.3.3.4-2 D L O ICHEREEIIGT M EREZE BT LN TE 5.

a _ Countp, « Countg, P, (3.3.4-1)
S Count,y, serf Count,y, M e
(x —x15) (x74 — x)
i = ——a 3.3.4-2
@inem (xga — x15) ann (Xpa — x15) st ( )

Fig.3.3.4-5 |2, AWFFE TR SN MIETFEDNEA SNEFHEREILEOR A FREUERE, MUNEIC
F 0 [RIEHIE SR A RRRAERE R, MIETESEA SR RHEREIEORA RRHERE RO
30F TR LTz,

.........................

(a) () ()
Fig.3.3.4-5 Comparison between the QCV method-derived void fraction results and those
obtained via the capacitance method with proposed and linear calibration;
(a) R32, T = 25 °C, G = 100 kg/m?2s
(b) R32, T = 25 °C, G = 250 kg/m?2s
(c) R32, T = 25 °C, G = 400 kg/m?s

AA RRAEIZHRT 2B SN ETENEH S -3 EREE & RUNEOREMEOBEL, i)
FEA & 12 Table.3.3.4-1 (12 F & D TR

Table.3.3.4-1 The summary of calibration result of capacitance method of each flow pattern

E R
Non-Calibration Ealibrated Non-Calibration Calibrated
Slug 30.4% 7.8% 0.287 0.966
Intermittent 25.33% 2.24% -0.198 0.986
Stratified  9.02% 0.63% 0.499 0.997
Annular 4.54% 1.36% -1.307 0.776
All 19.53% 2.99% 0.711 0.994
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KRR S, FEBEAWEEORMEZ A LT 5D, RASAC ITHERE A 10y AT A~DHEM Zat LT\ 5
EpEThH Y, $ﬁnfE%&ﬁééﬁﬁﬁi%wwﬁﬁmimt@K%%Kﬂkﬁ@%ﬁ&%%ﬁ?%
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Table.3.3.4-2  Various correlations for void fraction prediction

Correlation
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Chisholm w=|14 (1 - x) & - <1 _ &)
Pg
1 -0.321
Yashar a = (1 + o + X“)
‘ [
: 1—x |
Smith a= 1+( )( )K+(1—K)
T
Us 0.25
Steiner a= W , Co=1+0.12(1 - x), Uy, = 118(1 %) [go(p, — ,Dg)]
1— 2/3171
Zivi = [+ () (B) ]
x P
1— -1
Homogeneous a, = [1 + < x) <'D_g>]
x Py
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BI50Is LU Yashar OFHBIR A BRUN21E & A & OFHBIAM R ATREZLRAZEREPHN C© R32 OARA FEE2 T
WFRETH D Z LNy 72723, Steiner OFHREX E L H > TWND Z LN g 5.
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Fig.3.3.4-7 R454C void fraction measurement and comparison with correaltions
FRBEDORA FRRERERE 6 DOMHMBAAXDENEZEREM L TEL DD L Table3 343 DLEBY TH
5. FREOHAD LS ICHEBEDORA FREZTT HITHIc>TUE, RdERMEENIIHAEICR R Z L
Doy mnd . F£io, i@ LT Steiner OFHBHZUIARRI ARV EREZF D, AT SN D Z & 2
L7z.

Table.3.3.4-2 The void fraction prediction error of various correlations

Error (%)
Refrigerant Correlation All Low RMSE R?
quality range quality range
Chisholm 7.8 124 0.042 0.96
Yashar 15.1 22.7 0.081 0.87
R32 Smith 7.9 115 0.042 0.96
Steiner 7.0 10.0 0.039 0.96
Zivi 94 14.3 0.049 0.94
Homogeneous 234 33.1 0.135 0.62
Chisholm 3.8 4.7 0.028 0.98
Yashar 7.1 9.1 0.045 0.97
Smith 3.6 45 0.028 0.98
R454C .
Steiner 4.7 6.2 0.032 0.99
Zivi 11.7 17.5 0.100 0.95
Homogeneous 147 15.6 0.079 0.97
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Uy =2 (3.3.4-4)
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Fig.3.3.4-8  The comaprison C, and Uy, of Steiner correlation with the experimental result

39



Steiner D & EERMEDOTNOJIA L LT, BEJRAEZN—RCKNEELEL-Z ERFTONS. EET
DEFEE, WRENZHIRIFEDR S D DT, Co < 1EBET HMENRR. £ T, X Ex = 10K, =1
ERDE OB TREME L., £72, NV 7 MEHEUmE, BEFEOKIOEEIZER L-XoFIzk
S>TW%. ERREOKEHREIL, Harmathy XV #HE SN TWD L 51, [IBORE S, BREBEL
T, BHEHIOHEIVANEVEL Z LR TED. 2720, AERICBWTIE, #AORBITRICE
W5 2, KIS O REI I IS T & AR,
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X =4 > L (3.3.4-82)
x4+ 1

Xep = ’AZ (3.3.4-8b)

Table.3.3.4-3 (, and U, of each flow pattern for the proposed correlation

Flow pattern Co Ugm
Slug flow 1.2 0
u 0.67
Stratified flow 1.03 0.1434 <—g> Re™ 013y, |
My x=1
p -0.04 u 1.48
Annular flow 0.8845 <—g> Re®0* 0.0417 (—g) Re 'We%%y,|
193 Hr x=1
Single-phase 1 0

Fig.3.3.4-9 |Z Steiner DAHB, FERIE K OADIFED AR BB & H SN T2Co K DU gy & —FEITR
L7z, CoMeOUym Tk LT Steiner DFHBIAL D FBRLITVMEZ PHITE 2 2 L 2R T, ZHIE M
OB 2R A LD KSR 2 L 2 KT 5.
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Table.3.3.4-4 The void fraction prediction error of the proposed correlation

Error (%)
Refrigerant  Correlation All Low RMSE R2
quality quality
range range

This 5.5 7.8 0.034 0.98

R32 research
Steiner 7.0 10.0 0.039 0.96
This 4.5 5.1 0.031 0.99

R454C research
Steiner 4.7 6.2 0.032 0.99
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Fig.3.3.4-11  The target system of the refrigerant charge amount prediction simulation
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Fig.3.3.4-12  The result of the refrigerant charge amount prediction simulation

AU R KRERELZ RE D EE 035 DL FOKE X EEE TORA RRPRINERST-
WTHDH. KHRA RRMERIC L D& &R A RRUEHE & DOfd75% Table.3.3-5 [Z~7.

Table.3.3.4-5 The optimal mass charge amount prediction according to the various correlations

Optimal mass Void fraction

charge amount (kg) prediction error (%)
Chisholm 0.53 7.8
Yashar 0.53 15.1
Smith 0.51 7.9
Steiner 0.55 7.0
Zivi 0.53 9.4
homogeneous 0.45 23.4

ERINT 6 DORA REMEXD ) 6, BIROFE FE KR UMK & FEE TR BIRVIREL RO Z &
D3RS L7z Steiner OFHBIZD S OFERNERTHEBEICHK DITVMEZ R L TND Z E PR T 5.
LrL, T XTOMBEXNEEOERFTEE L 1IN0 RE2EWERL, TR~ REMEREL &
U%ﬁﬁﬁ FHEE T L OMENMETHDH 2 L EERT D.

I THEBT DI, TGS AT AORVE OFEN EMNETHD L L, BEINT 6 DOR
A RFEFEAXNFERE LR R LT HI L THDH. HAEICBIT HHEEICLDRA RO F
WE L3R D, EMAEOYE, WEHORERFRED G, Eq.3.3.4-9 (275 L72 Slip ratio(S)23 il & 12k
NRTEHL, ZHICHEOWFR—EEETORA FRITEREDOGAICHATEL 2D, LER-T, i
COP DI=DICEREN A FRIEEN LA T2 L1272 5.
_Ug_ p(l—a)x
w pg(l—x)a

LovL, 1EAHEL ﬂ#éf%h#ﬂm&%®ﬁ%ﬁiﬁT+A HE SN TR, BRCNEso#EE

W72 RS, A REOWPEICB T DB EERICR D EofranTingd. LaL, AIFERIZE VTR

SNIHER BRI ®i9ﬁ%L%%i%l FEALHLT, ZTHETEM LIDENEICBT DR
A FRRJE &2 %?éﬁ%ﬁ%%%mm% ICHEETDHTFETHD.

(3.3.4-9)

43



3.4 THEBEEMERRMTIAZURASR

ZRRIRIB T A FN T R RE & LU BT 2 72 0121F, TR FNOBEIZ B W TRIEICR ST
FEER 6 U O — P72 ot THERE 25T R & TH D, TOIRENIMEE 72> TWRW. Z D720,
A LI MREZE R L) R E2 T 52 LN FREL e CLE 9. £ 2T, AHI%ETIL,
PEREREMM 7152 M L9 5 & & b, EElRtEfEL b IE rTRE 72 ST n0 72 ATl & & B 7= (2 BA%E L,
R FIE DGR RRET A 2 E AR LTV A,

2018 FFJEFETORE L LTI, BSHIED 7 ¢ VRO RE LR T EE N Lz, £72, FHl%E
BB L CiE, FHE L 0 & A L COHEER HESCRHI EE E O & D RMRET 21T o 72

2019 FEED I & LTI, o 72 Bt is 2 st R vl e e it B2 Mesr L, HA L, FolfbatsH
DEBLATRER Z & 2R Ui, MmO @R BEMRIT N /i Th 5. £, FHlZEEIL 2018 FFEIC
FREHTE T, 2019 4F 12 A3 L, 2020 4 3 HIZWmOMAZTE T, 2020 459 A58 L72. 2021 4F
FE VA O G MERRGE & 3 E A o 7o T — X OB & i L7

2021 FEDO R A LT IZFER 5.

3.4.1 HIEBMMERESTAEF AR

BAEMEOBRZERO FHRITIE, +RKEEOLONRR YT 60w, FEERNPDBWRED
FRIREERT D L2 BERND D, IREGBEOEAITIE, R0/ T7 A =4, FHIHEREIOGE,
JRETRI 72 IR BE AV B BVRIEIZZINT L 728, CFD ICHLAIATeMBEN B D, #F Z CTEBRIIZFITOW
P2 FE T 5N EMRIAL— AL T DD A EIT> TN D,

2020 FFFEDHIZETIL, MELRIE O FHIRBLO —FRIMEORMBE &, EALAITRR IR O EE & 52
BRIREtE 2 iR 2 72 O O BEE RO ERUIZE D FLA T, 2021 O T, ET VO EIZH
DHLATE., EREEIFILULTOEBY THS.

- FHERNCIEMERE CHEAT R ATRE R B & RN 2 72 O OFFILEL T L ) X LD ERAL

- FERFE RIS T 5TV ORRGIE

- I FE S FE R ERRAR OBAZHEN I T DM BRI R OB LA T 57200 I F I ERK

GWP Bl Ly I ab—3 gy
FEA LI ICRRR T 5.

7)) X F S E BB MEREIZ T D A EE 0 B

ETNEMH L CIEIERMABOBENEEZ S I 2L — 5L, SFIEREEEDOHREIZVMNIZ
HECTH LN 5. Figld4l-1 IZREOHIZ7RT. ET VI, 52 b8 X Oum S,
Bz 5N EMEENREB L ONRIREN - HHEENCHAEDENT, A4 27 /L COP 2EHTX 5.
Fig.3.4.1-2 %, 78%%T 8 kW O NERERAENKT D 5 DOREKHLRGBEIZHONWTHELNERE F &
Wi=bDTHD. R32 & R4A10A 78 1.5 [HIFE T, R454C 723 2 [AIE T, R134a & R404A 7 3 [ Tl D
PEEEZ T D Z L 2R LT D,

920 020 #3o .0f0
05 Q Qoo Ooé ‘o‘o
o'-ml-lo OO air inket O O O air Inlet Oo o :lrmlet’ O O
=202 =908 =302 =%02
o L0 ® _ O : O~ 0
= 10 — o =101 =0
O.a0 ® _O O4Q QL0
=D 0 = [ O = e =L0
030 ToZ9 Teg0o Togo
O-_O,O QOO Qé@ .O-O
62 0 L0 050 ol
@ Oss O O O O O O
1.5-circuits 2-circuits 3-circuits 4-circuits

Fig.3.4.1-1 Reference circuits (Domanski et al., 2005)
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Fig.3.4.1-7 Initialization step 1 (example with 9 tubes)
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Fig.3.3.1.8 Initialization step 2 (example with 9 tubes)
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Table 3.4.1-1 Evaporator and condenser operating conditions

Evaporator operating conditions

Air inlet temperature 26 °C
Air inlet pressure 101.325 kPa
Air outlet temperature 18 °C

Refrigerant degree of superheat 5K
Capacity 2,4,6,8,10 kW

Other operating conditions

Condenser temperature 45 oC
Condenser degree of subcooling 5K
Compressor isentropic efficiency  0.65
Electric motor efficiency 0.85

10
O
O
O

air inlet

041

OO0O0O0O0O0O0
O0O0OO0OO0OO0OO0OO0OO0OO0

ONORCRONONONONONONONONC)

Oss

Fig.3.4.1-11 Evaporator configuration

Table 3.4.1-2 Setting of the optimization search
Genetic thermal path generator parameters

Population size 500
Number of generations 100
Mutation probability 0.05
Crossover probability 0.8

T) HE{bLORER

T TR, EERIERER IOV T, Table 3.4.1-2 IR TR EICHE - TIAT L7oRER A8~ % . Domanski
5O 1.5 AR OFE (2005) (Fig.3.4.1-1) Z#Estg s UCEHT 5. ffbofRE, ~—2
T A VREIEICKTT D COP Dk FEIZH LT Fig.3.4.1-12 127859, COP BF L kFEEN, B4 T A ME
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Fig.3.4.1-15 Comparison of baseline and optimized circuitry of R32 at 8 kW

51



Fig.3.4.1-16 1%, AT ZER EmIEDIRE, B I OBMREREK EJENHERKZZNETIR LTINS,

26 ¢
— Optimized (R32) - --Optimized (Air)
o4 — Baseline (R32) - - -Baseline (Air)
2 WA
' r X ‘,"
£ 20 | W :
¢ 4 AL N yof
E LA ¢
£ 18 | Z / ,'
a ¥ f [/
g ',' J /
= 16 / 'fl [
/ [/
[ /
. J
— s 1 —
i% : —t e ;
| 4 7 10 13 16 19 22 25
Refrigerant Flow Path
4 A HTC (optimized) | >
— ptimiz
3o ‘ o} u.|
s ~HTC (baseline)
6 --DP (optimized) | 3
= - <P (baseline) s..
Q'S 25 &
%2 s
= 1 4 -
>4 F° ) &
- Z
= c
o F
= 3 1.5 9
= 3
pan -}
= =t
Q2 | :
— =
\ 4 )
| \ \ 0.5
0 0

1 4 7 10 13 16 19 22 25
Refrigerant Flow Path

Fig.3.4.1-16 Comparison of baseline and optimized air and refrigerant temperatures, and transfer coefficient and
pressure drop of R32 at 8 kW
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Fig.3.4.1-17 Representation of the parallel branches and split location of optimized circuitries of R410A for
different cooling capacities
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Fig.3.4.2-5 Overall plan view and elevation view of the performance evaluation equipment
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Table3.4.2-2 Test results of COP by compressor rotation speed fixed
CEPCO WASEDA University
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Fig.3.4.2-11 Partial load cooling performance test (29°C, 50%)
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Table3.4.2-3 Test results of COP by compressor rotation speed Non-fixed

WASEDA
Partial load performance test CEPCO University
Without Emulator | With Emulator | Without Emulator
cooling (29°C, 50%) 3.84 5.12 5.22
cooling (35°C, 50%) 3.20 4.15 4.00
heating (7°C, 50%) 3.73 4.43 4.04
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3.4.3 MeETHEEZFE > =REHT — 2 DEIF

T) V=LA ab—F 2ot HREORE SR

A IEIBR%E U7 MR T, @EHOHEOKE S ZHEMICE(LTE S, 22T, BYoZEiizE
MThHLIMEORE INE(LLIEGEORBRA TN L. RBRIIE, BFOREEEZ A2 A R
2021 AERLED R2 WDy r—V 27 a L 4B (Ritbhty A7) RV,

Fig.3.4.3-1 IZHEDORKE S 22 LS WTI56 OZEgi OEEZ, Figl3.4.3-2 ICHEORE S 2£ IS
HHEO COP oy, 72k, ZOMBIIEMREHEOEREE, mE, SMKILE 35°C THyAm R4
LSRG EORBRTH S.

ZORBROKER, g HhELE (FFIEEREE) L5581, MEOREIEZLZTH COP X
ZAL U720y, ZEaiiénsdkmipndEes GFEHEiRRE) L2581, HEORE SRAMICE - T
ERIZ COP LT 2 Z Loz,

60 1©
- )

Partial load ratio (%)

40 4 -

35 -+

1, f‘J"‘|COP 5.5o| ?~——-

|
{
I 1
!,

304 117, 1] BliK

75 147 300

room volume (i)

A 4

Fig.3.4.3-1 Result of room volume change test

60



Ccop

30 35 40 50 55 60

PLR %

Fig.3.4.3-2 Result of of COP by room volume change test

A) N—DLTT ar~DK GWP B Ko v 71 iR

PERERFMEE & & > T, R22 HEDO /N — AT 2 2K GWP B TH 5 R290 & R454C 2 ZNZEiL
Fry 7oA UGB A 320 L7z, BBRICIE, & D ZBET 20 FRREM ] STz B 4100 2001 50
Jo— LT 2 2 2kW B Z 2. BRBRICER L ClE, EAME, BNEOBGHSE &2 i L2, BR=
[ZE%[E L7-. Fig3.4.3-3 IZHBROE O TEZ/RT.

Indoor unit Outdoor unit

Fig.3.4.3-3 Appearance of testing machine

a)akBR S

Table3.4.3-1~Table 3.4.3-2 |ZJEHEMEAIHREL 2 [E & U 72 3R 5514, Table3.4.3-3~Table 3.4.3-4 |Z)+
Mt [aliin g 2 [ L7e W ChE L 7-aBR S 2”89, 723, R290, R454C O Ku v 74 R B O
JEAERS RS A [ E U723 BRICEE LT, 2021 4R X R22 i C O JEAERKIRIERE 2 & HH T H i
L7z

61



Table3.4.3-1 Test conditions with fixed compressor speed (cooling)

Test Indoor temp. °C Outdoor temp. °C Partial load Ratio
Dry / Wet Dry / Wet %
Standard cpolmg full 35/ 24 100
capacity test

Standard cpolmg half 35/ 24 50
capacity test 27 /19

Low temperature cooling 29/19 50

half capacity test
Low temperature cooling 29 /19 25

minimum capacity test

Table3.4.3-2 Test conditions with fixed compressor speed (heating)

Test Indoor temp. °C Outdoor temp. °C Partial load Ratio
Dry / Wet Dry / Wet %
Standard heatlng full 776 100
capacity test

Standard heating half

capacity test 716 50
. 20/15
Standard heating

S : 716 25

minimum capacity test
Standard heating 271 100

extended capacity test

Table3.4.3-3 Test conditions with non-fixed compressor speed (cooling)

Test Indoor temp. °C Outdoor temp. °C Partial load Ratio
Dry / Wet Dry / Wet %
35/24 100
Partial load performance 35/24 50
27119
test 29/19 50
29/19 25
Table3.4.3-4 Test conditions with non-fixed compressor speed (heating)
Test Indoor temp. °C Outdoor temp. °C Partial load Ratio
Dry / Wet Dry / Wet %
716 100
Partial load performance 716 50
20/15
test 716 25
2/1 100
b) B G R
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JEAERSIRI R LS A 5 E L7238k & B8 LeWEBRZ i 32 &, 100% A OGa1E, EE, FEHE
EEH COPICRE 2ERIT2ND, 50%AM TIlE, FEEEOHNEELD L COP N FNLRERLE
oo, ok, 2022 X, BB A RR2 ML ADLE R EZ T T HZ L E LTS,
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Outdoor heat Table. 3.5.2-1 Specifications
exchanger Compressor

X Expansion Parameters Unit Value

valve Cooling capacity kW 2.5

Compressor rotational
speed ps 40.7
Indoor f:
Indoor heat Power 0T w 20
exchanger Outdoor fan W 40

Accumulator

Fig. 3.5.2-5 Objective air-conditioner for simulation
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Fig. 3.5.2-6  Simulation results of system with R454C
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Fig.3.5.3-1 Relationship between annual performance simulator and LCCP simulator

Table3.5.3-1  LCCP calculation conditions
V—2 iz
JIS
AEER  |C9126:2013
FREBIC
JIS
BEER |C9126:2013
fTEEBICEEN
REEET  |6RF~245F
=. IIR LCCP#1
LCCPEER o5 o iotm
IIR LCCP#-
LCCP RSA(2HEH
BINSX—HE ((FEIEEET]
SL4)
S HEHE CHESEL
FEHEBENE 2YIal—9 K
Y
BmEE  |50kg
AEFTEE  |0.6kg
ERSEREN 2.2k W
CO2#kHZE |0.47 kgCO2e/kWh

(1) R466A OELERFD CO2 JEHDIERNF N2> 72D T, RAI0A DT —X & i

B5E  HETORREE I 2L — g VR
HEE &R 846kWh, EREEY COP 5.88
M ERE KT 4983kWh

Table3.5.3-2  CO2 emission factors
CO; emission factor
Country kgCO,e/kWh
India 0.962
U.S.A 0.497
Singapore 0.418
France 0.069
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Fig.3.5.3-2  LCCP evaluation results of air conditioners using various refrigerants in each city
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Fig.3.8-1 Overall schematic diagram of the mixed refrigerant heat transfer performance test system

73



Fig.3.8-2 1%, A% THHF L7- R32 & R1234yf DIRA R ZZ S ¥ 1256 O 7 — VLB MR ER O L

L DOEE+C,

|deal

18 ~ 22 KW-m™
10 ~ 12 kW-m™

R 1234yf
and
R 32

Fig3.8-3 11, HiF 51T & - TS S N sl e EME R O B L DR Th 5.

- L] RS-

~ Teat =25°C ‘__g

o 10

_E [

z

a ]

g

0 02 0.4 06 08 1

Mass fraction of R 32 [-]

Fig.3.8-2 Results of pool nucleate boiling experiments obtained at this project
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Fig.3.8-3 Forced convection heat transfer obtained by Jige et al.
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Fig.3.8-4 Molar fraction and heat transfer coefficient
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Fig.3.8-5 Phase change heat transfer database for pure refrigerant only
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Fig.3.8-6 Some predictions (N=200) of boiling heat transfer coefficient
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