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{—

.

(1a) Thermodynamic
Property
Measurements

Critical Parameters
Vapor pressures
Saturated densities
PvT Properties
Vapor-liquid equilibrium
Specific heat

Speed of sound

(1b) Transport
Property
Measurements
Thermal conductivity
Viscosity

Surface tension

Requirements of

Next Generation Refrigerants

(1) No ODP, (2) Low GWP,

(3) No Toxicity, (4) No Flammaubility,
(9) High Performance, (6) Low Cost

Additional measurements,
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(Evaluation of heat transfer
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(9) Proposal of expecting
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Next Generation Refrigerants

Fig.2.1-1 Scheme for new refrigerant search and evaluation.
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Fig.2.1-2 Research network for the evaluation of next generation refrigerants.
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Fig.2.2-5 PVTx data for HFO1234yf/HFC32 system. Fig.2.2-6 PVT data for HFO1224yd(Z).
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Fig.2.2-7 Surface tension data of HFO1336mzz(E). Fig.2.2-8 Surface tension data of R455A.
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TEBERFTIE, o7 2BMEEZFH L2 EECHENE L, IEEFMMEZFH L 72%ET
BURHERPEEZIT> TWVD. PRk 3 04FEE L, HFO1234fy 2 PO HIER R L L TWHRAHED
HEomEOWE L EBEOKE, MIEMREOREERRR 24T 7. £72, HFO 5% & O HCFO
RO EMEE RN EOBIR B MICET 5 XMFAEZIT o 7. Table 2.2-1 [IREAKR ST
Bobbo & 2% O GWP HIEE DB M ICHET A2 HAEMEORE LW LIZbDOTH Y, #h
FER OBRERICE T 2 XERo K & RERE 2R, FAEITRXBRIR SN 2018 4 3 AEF
TOLDOTHDLN, K GWP HBICET2BMMERNEIIAEABRTHY, TOB LR IRESR
DRIV ONRENT WS, Table 2.2-2 X Bobbo H OFHE®R, Tl CESLCEHBEESHE R LY
THREINTEHEROCBAEEROWEICEHT IXMEZE LD DO TH D, &SGR
DA, EEHEOLORESCKE, PEZREOMREEDORBENTHLOIL TS, Table 2.2-1 |23 3 1
LT EBEMOBBREENRRD N TWVDN, FEEMOBENELS, MEEE L EI R TV
W, RBRICIEAAL TRV, HFO & HFC E ORAWIEDO R ESBRE RO ERME L VWL
ONHEIN TS,

Table 2.2-1 Review by Bobbo et al.?

(a) Viscosity (b) Thermal conductivity
ASHRAE Number of | Temperature Pressure Number of Temperature Pressure
designation references (K) (MPa) references (K) (MPa)
R1234yf 7(2) 243-365 0.11-30.0 | 1 242-344 0.2-23
R1234ze(E) | 4(1) 243-373 0.07-30.0 | 2 203-407 0.05-23
R1234ze(Z) | 2(2) [2(2)] 283-440 0.18-3.00 | 1(1) [1(1)] 283-353 -
R1233zd(E) | 1(0) 270-380 0.10-1.35 - - -

Number of references: Total(conference), [ ]:Authors’ reports

Table 2.2-2 Recent measurements which are not included in Bobbo et al. (by December 2018).

(a) Viscosity (b) Thermal conductivity

ASHRAE Number of Temperature Pressure Number of | Temperature Pressure
designation | references (K) (MPa) references (K) (MPa)
R1234ze(z) | 1(1) [1(1)] 313-455 0.5-4.0 1(1) [1(1)] 313-452 0.2-4.2
R1233zd(E) | 2(1) [2(1)] 314-474 1.0-4.1 1(0) [1(0)] 313-474 0.15-4.1
R1336mzz(Z) | 3(2) [2(1)] 314-475 0.5-4.1 3(2) [3(2)] 314-496 0.1-4.0
R1224yd(Z) | 1(1) [1(1)] 303-475 1.0-4.0 1(1) [1(1)] 317-453 0.2-4.0
HFE356mmz | 1(1) [1(1)] 313-475 0.5-4.0 1(1) [1(D)] 319-462 0.18-4.0
RE347mcc 1(1) - - - - -

Number of references:

10

Total(conference), [ ]:Authors’ reports
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7varyThdb., ZTOEHRMBENEK KK MK Cititd FCT2 OB BlE 21T - 7-.
Fig.2.3-2 [ LA MOWMEMBIEGEE R OBEBGMATICLIVELONTEARA FESHAO —Hl 273, B
BERLY, HBEORARBODOLD 7L — FEMIZEZL OEKARTHEN, R4 FRLEL 2o T
WHZ NG,

0.37 049 035 0.25
0.39 052 0.31 0.19
0.38 058 03 0.2
0.2 052 0.32 0.22
0.35 052 031 031

0.36 0.56 043 03 0.21
0.33 0.5 035 0.22 0.14

0.33 0.43 038 0.16 0.13

(a) Flow observation. (b) Estivated void fraction.
Fig.2.3-1 Transparent channel. Fig.2.3-2 Two phase flow behavior
G =10 kg/(m? s) and x = 0.1.

Fig.2.3-3 ICAAMBVREZERMEHOT A s v arvzrt. REOTa v FTRLULEMMET
KE2SORELEZWPE L, BARK, RimiRE R OBRER Z R M L7z, Fig.2.3-4 1% 7 i 2
EROWWEF THD. RFTAGERIIT L — bW M E M TR 2o TE Y, EEVE P RFFiT12
BERKEPENL TS, AL TWVWDLTL—FDZENEFNTELRERIZETOEVWVARELND.
F7o, BEREIZ Nusselt OBGRME LV W EEZ RT LR DD

B R g A
— % o | T8kg/m™s| & hgoqy

— [ 3kem- ! 2 [Te i =34.01°C| * hpacy
E mi;;ﬂiéﬁgﬁné & P | E ]D_}f:'u_gs _hm-ﬁ]_
= j ? [ L i
ES-__I.‘*“!_- ES—: ll__
Y | - i
L ¢ v v ] A N
0 20 40 60 0 20 40 60
distance[mm)] distance[mm]
Fig.2.3-3 Test section (a) G=10 kg/(m?-s), x=0.92. (b) G=50 kg/(m?-s), x=0.92.
for local heat transfer. Fig.2.3-4 Horizontal variation of condensation heat transfer coefficient.
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Rk 3 O4E L, it B L 4 572012, HFO1234yf O R ¥ % FL& N D EEf « b I Uz 1 =R )
WENBRKOFMEITo 2. REBEEAE L, KNDEZOOSmMm OBHOMMER KK 2HE T 5%
FEL£ALETHY, ToWmEEK OMEE%Z Fig.2.3-5 & O Table 2.3-1 ([273¢ . EEMiinBVFZBR 0 35
ARRIEZILEA2ETHOHBAY vy 7y MCEVHAIL, iR vV %2 F v CEGE R %2 HlE
L. £7-, WBEAEROLEASIIRELAED LT bk e —% % v THFE @ BE R & 1k
THIE L, & AE 2 6 BGR K 2 R D 7o . BEff1x BLVE B3 s FniiE B2 40 °C, & & £ 50~400 kgm-
2571, ZAPR A 5~10 KWm2 O i T, Wi {s BV I BRI A Fnif & 15 °C, B & & 50~400 kgm2s?,
B R 5~20 KWm2 D #iH THEM L7-. £7-, HFC32 1T W T, BEERE RO K2 ST 2
— XL L, B SALERE ONENBREREZRE L.

Rk 3 OFEE OO —H# L LT, Fig.2.3-6 ([ZE & HE 400 kgm2st To HFO1234yf KO
HFC32 @ il BVR R O EMH 2R~ . HFO1234yf R TN HFC32 L b IC 7 AV T 4 D RIZE b
RVWBVRERII KL, MO ERNLLN, 274V T 4 09EHETRIAT U MK DE
REROK TN A LN, Fiz, HFO1234yf OB R #E S |X HFC32 |2t L T ) T 60%F2 B K
fif &~ L=,

30 T T T T T T T T T
*
L WF
Fig.2.3-5 Cross-section of the test tube. =
5]
510t
Table 2.3-1 Details of test multiport tube. oy
Number of channels 12 o PR ST S T N R
Tube width 16 mm 2 iz e _ e o ;
Tube thickness 1.5 mm Hmi X
Hydraulic diameter 0.82 mm Fig.2.3-6 Boiling heat transfer coefficients

of HFO1234yf and HFC32.

3) AERND AT

Ry K5 T3 CIEAREAM N s 2 v, 42 6 mm o O EE A E N 2 i 5 K GWP @
O BAR FERFME & JE DR A FEM L TV DL Rk 3 0 4EE X HCFO1224yd(Z) D #EAl % 17 -
7o REBRICE, SMANEN 521 mm, 74 E S 027 mm, 7 4 360, A Uivf 18 B, g
JERFE 2,62 OB AR HEE 2 FH Wiz, fafiiiE 10 C (£ 77 0.085MPa 240 %), B HK
10KWmM2ZDEED S & E 21T - 720 T, Fig.2.3-7 X Fig.2.3-8 ~Z T, BnER K NFE
NBEROWER R Z "7 . HCFOL1224yd(Z)D AR EE N FE L IRWo o, RBREEOHIKN L, &
B E 100 kgm2st THIE &2 17, 200 kgm2st THIE & #v7- HFC32 K& 8 HFO1123/HFC32
(40/60mass%) 5 — X L W & 1T - 7= . HCFO01224yd(Z) ® 7% % #{x 2 =R 1L, HFC32 %
HFO1123/HFC32 (40/60mass%) (2t L TR W EZ R 9 . Z id, HCFO1224yd(Z) D ik Bz %
ROKBWEAN /NSO THD EHBEINDIN, TRLOLOERRMEIRESIN TV RN,
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FEREWEN RV, —J, HCFO1224yd(Z)IZHE &R ENMEWICH AL LT, homiE L v &
WHEITHREROEZ AT, THIEFEAKJBENES, ABEEXIBD THWEO Thd EHEIND.

20 ‘ T

HTC, a[kWmiK"!)
=] ]
S

LA

R32 ¢
<" —— Thome et al.
| R1123R32 /@ measured data
|| (40/60 mass%a) | ——Kondou et al.

1| (Toutt T )2 = 10 °C, 200 kgm 351 10 kWm-2

& measured data

[ Te=107T. 100 kgnrs?, 10 EWnr
HCFO1224vd(Z) @

. | | | | % @
0 02 0.4 0.6 0.8 1
Vapor quality, x [-]
Fig.2.3-7 Heat transfer coefficients of HCFO1224yd(Z) flow during evaporation process.
,_.15 T T T T 7 = =
- H (Tt +Teew)2 = 10 T, 200kgm L 10 kWm-2
=] L B R12 _' & measured data
ﬁ L i | — Bzba(2013)
= il Ru123R32 |
N 10} *.°.}mmmwo§%%m
& [ Tear=10 T, 100 kgm -3s-L 10 KWm-2
8‘. r . 1| HCFO1224vd(Z) @
8 5|
[
E L
F
&
1 1 1 L 1 L
0 02 04 0.6 0.8 1
Vapor quality, x [-]

Fig.2.3-8 Pressure drop of HCFO1224yd(Z) flow during evaporation process.
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UM PEZERFZTIE, WUNKRZLVEN B REELBH L, FIBAEEMOBENEZITHIC
b2y, EEOEEMEZHRT L7201, BEFGAE TH 25 R134a # H W T IFIiR E 20°C, 30°C
KN A40°C I BT DBREROREZIT - -, HEEMEOMRIL, RBRE R L& | E s B BV E 2

OHBXPLEHLAEMEELEKT S22 & TiTHo 2.
RKOERLI0%E R LR TH Y,

WEOREEEDHER ST,

10 : ——— .

+ ® Experimental result H

— [ Theoretical HTC i

v L T Theoretical HTC+10%) |
S I i Theoretical HTC-10%

0 Saturation Temp. = 20°C
1

10

10°
Tsat'Tw [K]

Saturation temp. 20 °C

=
o
T

PR B

HTC [kW-m2.KY]

10°

LI T LI T

* Experimental result
Theoretical HTC
----- Theoretical HTC+10%
----- Theoretical HTC-10%

T T 111

107

Tsat'Tw [K]

Saturation temp. 30 °C
Fig.2.3-9 Compare experimental results with theoretical HTC.
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2.4 HFO ZRAKZESOCESABRAUERRHFORREDOE—FRY TH 4 2 LHEEESEE
) E—=FrRYTHASOIILEEREHEDORNDZNEN

JUMPEERZ T, BAEGE O AT 5 72012, HFO01234yf/HFC32/CO, RiIEA G EIZB W
T, EEHEIRE R VR EIRE A E ST, BIIFRMAT 21T o 7o BEAEIRE R OV IRE 2 21k
SHDHET, RELBIIRHLTH A 7 AEENELT D L 2R L. Fig.2.4-1 |2 7838 IE %
-3°C, #AVE 3K, @& E 0K 2B W T, EEMEIRE 2 20°C, 30°C, 40°C & A b & ¥ 7-itHEH#ER
(COP(R410A b)) & m T . BMIBRE N LR T2 610, COPUN1ZMA U 7 REML T
WAHZ ERbND., 2F0, HHAKFICADLDETEMELRORENLETH DH.

R1234yf R32 R1234yf R1234yf
Tcond=20°C Tcond=30°C Tcond=40°C

Fig.2.4-1 Thermodynamic analysis result of HFO1234yf/HFC32/CO,.

2) E—bFRYTHA IO EERMEEM

TUINKRZFZHEF v > N A TIX, GWPIS0 L F 2 & —F v & L kg KON = iRA &
DWNWT, E— MR T A7 VOMELZERMICHEML 2. EBRICHWEZGEITX, k0BRSS
i HFO1234yf/HFC32 (E & 78%/22%), M O =y iEA Wi HFO1234yf/HFC32/CO, (H &t
72%122%/6%) TodH 5. B, MEOSMIBRESRMEO S & THEBRZ FEH L, R4I0A, R32 KU HEHE
Lo R D T IREG M RO LR A AT o 72

o Heating ] Optimum charge amount ; Heating2 Optimum charge amount Cooling Optimum charge amount
ol o g ] 6.50 1 5.5f
o o oD oy B9
—_ 2 o g —_ W > e 5 o & Y O O 4
o B.5f . 1 = 6 7 ™ o oSt 2 e O o
2 o o * 2 N o = P
& o o * Y @ £ P
g st ~ L * ] Esst 2 Sy A o
A, N O A, B, i
o) o o) () A
O 750 FAN O 5t 10 4
@ R410A # Ril0A
2 5o o § ped f
7t a7 - /5 o b 4.5- [0 HFC32/HFO1234yf(42/58 %o, B SE HFC3ZHFO1234y{42/58mass%;
D O T2 Ssmasste) Z O IO A1 ) 350 RCIROLI T )
65 & J-EFca‘E-}Eq1§34§%§2"7§$‘:;§§‘ ) ) 4 ‘A HFF”””?1234“'&22"7‘8"“55%“) ) ‘ & HFCIHHFOLI 4y R22/T8mass%)
7714 16 18 2 22 24 26 138 14 16 18 2 22 24 26 28 312 14 16 18 2 22 24 26

Oconn[kW] OconnlkW] OrvalkW]

Fig.2.4-2 Compare COP of zeotropic mixture refrigerants of HFC32/HFO1234yf with that of
existing refrigerant.
(Heating 1: Heating load water15°C— 9°C, Cooling load water 20°C—30°C,
Heating 2: Heating load water15°C— 9°C, Cooling load water 20°C—40°C,
Cooling: Heating load water20°C— 10°C, Cooling load water 30°C—45°C).

EBREMFICT X o T, Ty IRA M HFO1234yf/HFC32 @ COP % R410A L A% LL ETH Y,
R32 ® COP L [AIfEE D COP R HELNLIEH L H L &N o7c. Lo L, HFO1234yf O 3§
ZE T HFE COPRNIRTT L. —FH, ZlAaRAGWEICOWNTIE, =ZAMEMHE > THGHAR
YA 7 NERROFEM Z 1T > 7. & L T, GWP150 L FZ &#hk L, 7>, R410A & [A%ELL Ed COP
GOSN DAEIZ DWW TER LR oA % B (HFO1234yf/HFC32/C0O,=72/22/6) & COP
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X, SRR IRA @B (HFO1234yf/HFC32=178/22) @ COP LA E-IE FTREIS Z ERH LN E 72

o7z,

2 & Xk

2-1) Lemmon, E.W., Huber, M.L., McLinden, M.O., NIST Standard Reference Database 23: Reference Fluid
Thermodynamic and Transport Properties - REFPROP Ver. 9.1, National Institute of Standards and
Technology, Boulder, CO, USA.2013

2-2) Lemmon, E.W., Bell, I.H., Huber, M.L., McLinden, M.O., NIST Standard Reference Database 23: Reference
Fluid Thermodynamic and Transport Properties-REFPROP, Version 10.0, National Institute of Standards and
Technology, Standard Reference Data Program, Gaithersburg, 2018.

2-3) Joback K. G., and Reid R. C., “Estimation of pure-component properties from group-contributions,” Chem.
Eng. Commun. 57, 233, (1987).

2-4) Rihani D. N., and Doraiswamy L. K., "Estimation of heat capacity of organic compounds from group
contributions,” Ind. Eng. Chem. Fundam. 4, 17, (1965).

2-5) Bobbo, et al. “Low GWP halocarbon refrigerants: A review of thermophysical properties, Int. J. Refrig., 90,
181 (2018).
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Fig.3.3-1 Schematic of the high-side scroll compressor
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Fig.3.3-2 Preliminary experimental equipment
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Fig.3.3-3 Experimental result
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Fig.3.4-1 Conceptual diagram of evaluation device

Fig.3.4-2 Appearance of prototype machine
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(The case where outdoor unit room and indoor unit room are stacked up and down in two

Fig.3.4-3 Outline drawing of evaluation device examined
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(The case where outdoor unit room and indoor unit room are arranged in parallel)
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Fig.3.4-4 Outline drawing of evaluation device examined
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Fig.3.5-1 Simple GUI
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Table 3.6-1 Research progress plans and results
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