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22T, (233) NTRLEEBGHEEE — PR TH A 70D COPIZEW
T.T3=T2 & ¥52&, V) —H A4 71D COPIZ—HKTHEITTHD, T7&
bbH,

lim —— - (2.3.4)
i TllnE 1—D
1_ X T2
T2—X

ERRAMNEEAT S, (2.3.4) RKOEDHSROEHR,

T11nE

lim X
x—T2 T2_ X

ZRDDH, ZTORFEx=T2IZBWVWT, B3 7+&H 0I5 008 TH5D,
FTIZT, rEHXNLVOER (DR o1& LD LB SIS Bl 2 8N L R BRAE
RO D HIE) o T,

T2 T
Tiln =~ oy T T

lim X = 1lim —2 = lim —=—
x->T2 Tor—X x=>T2 —] x=>T2 ¥ T, (2.3.5)

(2.3.5) X6 T3=T2 iZHBW T, FEHGMHEEY A 7LD COP X, WL —
YA 70D COPIC—HT DI LMNFEHTE T,

—Ji. (2.3.3) UT/R L7z COP IZ. i BV oD I B 73 Bt 7 2 (R oD i A /L
J=F A7 vEHIE, BHTE 13T TH D,
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fa s MBS A 7 VBT 5 @i B O E 7 T2-T3 2 n %453 L. & i 2R
DIURLE D

i
Tor Loty - LT (T2 Ty -\T3+%(Tz—T3)
n

EbnfloOW AN ) =Y A I NVEEZDH, i FHDOY A 7LD COP % COPi
ET 5 & RIREJRN T1 720D T,

Tot ' (T2=Ts)
COPi = n

. (2.3.6)
T+ L (Ta=Ts)-T
n

nfHOYA 7 NVEERKOMAEEZ QEL . HMAx DA 7 VOMBAESL Qn TWVWT
NHELWEL, SHI1I2, AV AT IVDIAEENLE 2 HEFEE Wi &35
L nf OV A 7LD COP I,

Q Q 1
COP = — — 2.3.7
o R (2.3.7)
3 n n “~ COPi
COPi
i
Ts+—(T2-T3)—-T1
L ly L 1y i “Llyi- iTl (2.3.8)
COP n™=COPL ™= ¢ ety "7 v lmomy
n n
n—oo & LT,
1 1< T
 im=SJ-
cop ~ Hmy 2

Ts4L (T2=Ts)
n

31



T2

1 Tl 'I'1 1 Tlln?
:II_ dx = x— ln{T3+(T2—T3)x =1- 3

0 T34+ (T2-T3)X T2-Ts . T-.-T;

(2.3.9) Et@z??a@ %*}J@ “_=” liﬁ%%@i%%@%@ﬁ%éo

(2.3.9)

(2.3.9)

AE (2.33) RERUTHO ., SHERBJAOEE DN B 5 BIRE O W v 7 —H

A TN RERBEY A 7 L0 COP ZEHTHZENTEXT,

(2.3.3) Rix, FEBMARICE S PR T 5, £o, SROZ LB 6 (FH)

TAENHASE LT X 22212817 58 2 -3 2N Al i & A
AWARY har—FE o TEH, BV EDBRBRICR DD T,

K

AR
(2.3.3) X

DCOP ERUCICRD, Whv ) —H A7)V, BERBEES A 7L, BESEKIC

LB A 7 VICHOWNWT I I TE231ICELDTEL,

32



£231 HREHEEBEYAOILOFEED (ELHEAHIL/ —)

1
AT Q23 Q41 COP| = o
1— <
Q2
WA ) A I !
WA v — ) _ ~ -
(EBFR I & o5 Fsr) T2(S2=85) | Tu(S2=53) FII
2
1
QWM £ oL ) LET Y
(FEB R IC & & ) e e T
T.-T3
1
PARSKUE OG5 BB Y o1 7 v T, | 7
g 2 — 3 ¢ Al E Rl Cp(T2-Ts) | CpTiln— Tiln—
(Cp (EHE) : —iE) Ts |- Ts
T2-Ts
1
PARSKUE OG5 BB Y o1 7 v T, | —— 5
e 2 — 3 AT EAEA Cv(T2-T3) | CvTiln— Tiln—
(Cv (B : —E) Ts | Ts
T2-Ts
KA DR G HEET 1 7 v 1
B2 3 AR Y o — A i T T
(C'=Cyv(n- & )(n-1)(E U k11— F LB : i C'(T.-T3) | C Tlln_l_3 1 Tlln?;
n IRV be =74 k1 EE=Cp/Cv) T T.-Ts

2. 4 BEABICIDIHKREZE—LRUTHA )LD LR COP DR

AEiCiE, B TR LEZEAEY 1 7 0o COoP (2.3.3) ioxk L, G
L BBEDRNY A 7LD COP B EDRREICR D PRETT D,

BEtT 2% A 7 vid, Fxv b CEM, B (WA, S be EERE,
AFEOAME - AHERDPOHERLINDHEMARY A 7 L& L, Bifid KO3 H
BICBIDECFRA U MREESE 0CE Lic, T72bb, B WH) flic
DNTIE, WEHOIREIIKADRELRTE L, 512, 6 (W) &
IZBWT, WL AKDIRBEZEN 0OCIZRAENBAET HERMEE LI, —F,
AN T, AARIBE L ARRELZRCE L, 7ok, JEM - kiR
FET s hr B b E L TBVERIIRY, LMEOEFLET2Z & T, %4
W2 B W T EFRO COP # /it LT,
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WO W PEME & L T REFPROP Ver. 7.0 W= ¥ A 7 VR T 0 /5 L%
PR L, tRZITo 7, B, EEOBEIZEWTS, BEEOY 1 7 v LT
HZ LT, 23HICEMLAEEBY A7 L0 COPIZRY L3 TFHI LNT
LN, TTIHE., BINOEBEEZBE L, 4 SO - EENO LD
YA TNV ONTHRFZITo72Z L 2T L THEL,

2. 4. 1 JRAEBEHIZEIFT S LR COP O 5T
HEEANBARDEZER TES TR, FEMe— PR TRGHEICEL, BE
Btk & LT, JRA4050 Z il & L TW %, JRA4050 Tix, & — FAR T REDVE
REREA O E M S F % |
SRR (FREK IR ER) @ 16,712°C, #a/KIRE : 17°C, #REGIRE : 65°C
FEDTNDE)ZZT AT ZORMGICB T 2EMMBBED EIRCOP %KD 5,
B UAKIEEICE L X EERIEE D 16°C & Lz, G HBERY A 71 (2.3.3)
KLIZTB W T, Ti1=16+273.15[K]. T2=65+273.15[K]. T3=17+273.15[K]& L7-Z
LD,

BEbad g & T 2R EICONWTIE, 7 o RETEE LT, R22, R134a, R407C,
R410A, R32, HA®WEER L LT, CO,. Isobutane, Propane. Propylene @& it
9FIH & LT,

BB A 7 VR OFKBEED COP OFElifE R 42X 2.4.1 1ZRT, 8% A H
YA 7LD COPI2.9 IZxt L, 9FIEHOMBEDOH T, CO A 11.5 Lix b EVWHE
7o TWD, RAIDA 2R 7R VRN Rl —RrRomEEE, WwWin
H8FEETH D, RAIA TR 9.1 Th D, Kz, BEY A 7 L ZERV
T, EOEFIREO S WHELEEIEIC R L7e, R407C ZFRVNT, B IR E 2 &0
T &, COP T oo TWNWDHB Z R0 D, T, RA0TC N IEIL IR A 4 B
ThOABHFORERAT A RORELEXONND, 3EFTIZ, EHEEOERR
BEZBWIEIRLTEL,

Isobutane : 134.7°C, R134a : 101.1°C, Propane : 96.7°C.

R22 : 96.1°C., Propylene : 91.1°C, R407C : 86.2°C,

R32 : 78.1°C, R410A : 71.3°C. CO,: 31.0C
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12

COP

10

X241 KAEDLER COP (JRA EHEH)

24212, COy & R410A @ T-s MM Z/RT, KIZIZ, MEABELELL
ToHARY A 7 LD T-s BRI S OFFE L 72,

CO, TIXERAIRED 30C LIRS, mEMPBENEREL D, 2D,
BefE O N e <, BV A 7L NI R, COPREL D, 2k, B
YA 7 0E CO, A 270D COP DAL, BERFEOHHAREE TH Y BT
LW EDDWEN—ETIERWNWI &, £72, WREBRIZK T 2 REOKE
MR O 2 FEIRIZ 72 637, AL L 725720 ARIREEM O E 2N —E 2725
RWEDDR DD ENBAELDLBLDTH D,

—Ji. R410A Tlix, BMIRENH D70, WEA—EOREN L THEN, &
A7 NDRRTe LA AN —IZiEL 2D COP MEL 2D, KIZITRLTW
RV ORI BERE RS B D72 COx IR COP BEL 725, 7283,
R410A OEE | EEMEER L 25 b OO, BRI HEPT W EECIEE T 5 72
D, MO T D W EEICx LT COP @< o Tn b,
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Z#EFE TIIX 2.4.3 120X, 242X L7 T-hi#RM 2R L CEB <, Mok
KOMBFRH GO Lz, MIZRT L1, KEBHOBLZHOEY FRA
MEEZZ 0CE L., REIEELZ 16CL LIEBETE2ITo 7=,

80 —— .80 — 1

O |——C0, COP=115 O |——R410A COP=9.1

— |- Ideal Cycle 4 — |- Ideal Cycle . /|-

L60r S L 60 A A

2 | = . i

= i < d i

5 | 5 - i
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£ i = e i

= ] = ' |
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Entropy [kJ/kgK]

(a) CO, 1 2L

2.4.2

— 30 T T T T T — 80
S COP=11.5 o
e High Side Pres. 10.5 [MPa] o 5}
2 60 S| =
5 =
& 2.
5 :
= 40} 4 = 40
20 . 20
/Low Side Pressure 5.21 [MP.’:‘l]
V./ Saturation Temp. 16 [°C]I 4
200 300 400 500
Enthalpy [kJ/kg]
(a) CO, 1L
2.4.3
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0 1 1 1 i
1.0 1.2 14 16 1.8
Entrolpy [kJ/kgK]

(b) R410A H 1 7 )L

CO, & R410A @ T-s #2E (JRA B FH)

T T T T T
High Side Pres. 3.62 [MPa]
Saturation Temp. 57.4 [ 0(j]/R4 1 OA\
/7

4 -\

Tl
/ Low Side Pres. 1.29 [MPa] !

/ Saturation Temp. 16 [°C] !
V 1 I 1 I ,

200 300 400
Enthalpy [kl/kg]

(b) R410A Y1 2 L

CO, & R410A @ T-h #2E (JRA ©HEH)
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2. 4. 2 REEZHIZBEITAHLRE COP ML

UL E. JRA DEMFMETORGEO EIR COP Z RO 72, (KIEMEIR CTH 5
SZORE S m IR B RS T 2R AIRE (KR &R EHRE X FH0H0
BiEMIc k> TELT D, £ T, KRIT, FREEMEE2ZLS LA 0K G
O LR COP kO 5, it L-miEiX, CO,. R410A, R407C, R22, Propane,
R134a, Isobutane ® 7 fEiHTH 5,

(1) BREHIZE+TH&E

IR B E (BAIGR BE. ZRRIRE) LfKEEZZnEh,
-20C/5C, 7C/10C, 24C722%C
D3IFMEEL, SHLICENENOLRMBICE W THRIGIRE % |
85°C. 65°C., 45C

ELTEHED COP R, fiRZfaBiIREmREICK 2,44~ 2.4.9 27,
COP D i i & BRARY o 7 /WK D AHAME DO E 28 LTz, W DRMEIC
BWTH CO,DCOPRHEHEmS Lo TS,
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(2) BEMEKEHIZE T H&E

BEHHEe— PR TOERES, EBOY 2T A TIE., IFBM L OMREDET
FRHEND, 2056, BB ARLIEAG R A2 XD 40°CREE O HIRIZ 2 - 72K
%t—bﬁyffﬁwﬁé%ﬁéﬁgﬁéuéo%:T\ﬁﬁm%ﬁﬁﬁﬁm

BEARFMEFALUE L, MARKREZTWNTALPIRED 40CE L, MEHREE
85C. MUN65C & LMtz ir» 7,

R AERGIRERICN 2.4.10~X 2.4.13 277,
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2411 VK 2.4.13 OFEKED HF N300 LT WA, SiERB KSR I W
TH., CO, D FFR COP 23 b Y A 7 L OEIZIE < . Ko, BAJFIEJE 2
BWESICIE., IZITHEHEY A4 7 NV DORRERICI D RN D,

3) F&&H

b ESNLHEHAN TSI 2L A T, BmEo LR COP z 3l L 7=
TR, CO, DI BEWVCOP ZZERTELRT V¥ NV ZFFoTWLIWMEETH D
ZERHOEMNI R0 T,

et L=ttt BHIEY A 7LD COPITHT 5 CO D COP O LA
RbREWGEAE (X 2.4.11 OBJFIRE 24°COgE, BEY A 7 LD COP IZxt
T 5 0968) b/ VEA (K2.4.9 OBPRE 24 CoO%A ., BHET A
J MZxETH COP Dt : 0.767) O T-s #RIXIZ X 2.4.14 KLY 2.4.15 1ZRT,
ik, MAEZ COBIEDL A LR CIC LZEBY A 7 00 T-s #IX G HFEE L
77

2414 OFEMETIE, T-s MENDLHATHL R L H I, ZIFEBY 1 7 1
ERICH AT ANFERTETNWDL I N0 D, ZUTk L, K 2.4.15 D5
T, BEGMBAOER BB —ENO N TITh TnsZ e, KO, v b
B AR O R B Y BAR IS 722 0 ARIR A O 2L IR AT e o T 2 &
Wk, A A 7 A0 T R TLES TSI ERATENS,
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2414 BESASILIZHT S 2415 BEYSASIILIZHT S
COPDEENTZRIRENFZED COPDEMNTZREL/NSWNIGEED
T-s #% B (kb : 0.968) T-s #% B (kb : 0.767)
(VR 24°C. %8 7K 40°C. #55% 85°C) (VR 24°C . #87K 22°C . #8i5% 45°C)

2. 5

il

ARETIX, HEHEHBEAE — MR T A 708 2D COPEMH LT D L
EHIT, A DFMFICENWT, BFREBECHELDOLRWEE N — R 7 A
VD COP & RO FIBY A 7 VOE & EIT 72, CO A 7 L DRHHRIT,
MG MEEY A 7V OHRICHKBIILS, CO FREM e —F AT A 7LD
EBERE LT, bENTZART UYL E2HALTNWDZ LB LT LT,
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D FIEZ, AL, BEHCOE— R FH A 7 L ORRFAM— FHim%
L OFHl & R BARIE — . B AW IRZEM ¥ 25 L8, Vol.18, No.3, pp.15-21,
2001
2) W2, faBH e — bR T A 7 VICET 22N ESE — it A
7NV ONE D COP DEF M & A mED LR COP DRl — . 1+ R g i
WFFE R & M06002, 2006
3) N2, MG MEM e — bR T A 7 L ROZE ORAEEE (COP) DE
& 5 mBED EIRCOPD Al H AR =¥ =am LB, Vol.74, No.738,
pp.255-260, 2008
4) M. Saikawa and S. Koyama, Thermodynamic Analysis of Vapor Compression Heat
Pump Cycle for Tap Water Heating and Development of CO, Heat Pump Water
Heater for Residential Use, Applied Thermal Engineering, Vol.106, pp.1236-1243,
2016
5) NIST Standard Reference Database 23 : NIST REFPROP DATABASE Version 7.0
6) IRAHLK : JRA 4050:2007R FHEEM bt — MR 7RG, BABHZEFT T ES
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B3E COfmbE— FRUTH A VILOSETM & HFHIBIE

3. 1 #E

ARETIE, HINOFEBRAREMELZBE L, EREEDRCE SRR 24 R E L
TCO, e — bR T A7 NVORNR EOREERIET 5, k5%, &A%
. JEMERE. T2 — T (BEfEgR) . WIER (S o X VERIE) D7 D H
YA I LEL, BEDEDICR2ICOVWTHRE L, V2

3. 2 HKRMLUFEHEHICHITLHEFTME

ZITIE. ETRENATHELEICEBVWTEOREORBRENE LN DD
DA EIT o T2, RfE - ERER 321 BIOK 32,1187, 321 1F%5F
i COMERMEL/BRZ EH 321 IZELAHO CO, DR R%E T-h fRXIZR L
7=

BET SR & LT, maticks i 248, . B o RER R KURE .,
WMAKIBEZRE L, EEHAEIEEIT 65C, AREEIINTIEE EDOEE 10C
E L7z, WIEEMNRIIFER ECTHEbN D =T a2 LMK EZ 2512 0.6 &
L7z,

CO, DA, Rk D Z & < &R CIREE 2 #EH IR N L EZ KIZEH 2 5
N, BT E TR, LERS TH A — T (RGBS HRIHICEBIT 5 CO,
HOBLOKAOORE S 22 TRITIE, BN E W) DI Tl
<L BB O/ NS HIRE A O RET DMLERD D, MG D
/NS MR E ZE 1T, BAKSHABRINER & CO Mk A DD 2 A T4 L, Ak
HCEmEs 5sCE L (K3.2.15H),

—J7. R22IZHOWVW T, AFBIRESCHEEM 2 REIXF U & Loy, B
X 70C—E & Lz, BMIREN 70C LV IELS TH 65CHRBIZTEEE E XD
D, AEIORE TIX, BfEEIX, GGIERE 77 X 5CERE LT, B,
FERE AR COMMBMAEIZ DN TIE, KADIRE L DZEN SCICRDEE L, L
RS T, BEmHE L LT, AW 55C, RIS 49°C, BEHI43C LD,

REFMEREND, CO, TIHAMSFMHITBNTH 3.8 LWV I HE W COP B LT
Wb, £, BFEEHLE L R221Tx L 15%LL E&E W COP AL TS, CO,
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T, BREVE EBITIREMNMET L, — G, K MAINTREN EF LT
T2 BHFOIREZIC L D=y b r EOHMB VRN A 7 VRERTE |
BWRIRPGELN TS

FNIE CO, DR EE) 2 HFRE LTz, AP B HASR (2 36 1T 2 e /NS HA 1L JEE 72
ERETHE, TOREEIIRDEDICEHIEENINPRES, ZOES LD KW
GE IR/ ARLBIREEZNRELV /NS, FLm0BERICIEIRELIR D,
EEEORF TIE, ZOMERREMITAD X ICENEEZ T K LFE DL
BTHD, K322 4WEKMLEHRMIITIIT D85 B HAZR N O B ik
Mazmrd, ZTOMNG ., AT i ERE SN E S 25 D0ail] T
Do JENBERWE 65CHRGIEIAFRETH D,

I

=321 AEEFHLER

Winter Middle  Summer

Ambient Air Temperature : Tair [°C] 7 16 24
Water Temperature : Twi [°C] 10 16 22
Hot Water Temperature : Two [°C] 65 65 65
Evaporating Temperature : Teva [°C] -3 6 14
Evaporator Superheat : A Tsup [°C] 5 5 5
Compressor Isentropic Efficiency : 7 c 0.6 0.6 0.6
Minimum Temp. Difference of Gas Cooler (Condenser): /A Tmin [°C] 5 5 5
Working Fluid Gas Cooler (Condenser) Outlet Temp. : Tgco [°C] 15 21 27
Expansion Isenthalp Isenthalp Isenthalp
Condensing Temperature of R22 [°C] 70 70 70
Calculated COP of CO, Cycle (13 i86) (? i26) (?1'75)
High Side Pres. of CO, Cycle : Ph [MPa] 9.2 9.7 10.2
3.3 3.6 4.1

Calculated COP of R22 Cycle (100) (100) (100)

* Winter: Dec.-Mar., Middle: Others, Summer: June-Sep.
* (): Relative value at R22=100
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Jod, RNBAZHIRE ST, AAVRHBABORE SICEHEREL 5 2 D5 EER N
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Th b,

RICKBRETH L0, TGO RE SRMEWBEFICERT D,
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FVEBRIZELS 20D, CO, DBHABBEREIZIE > T, LVEEED/PHS VKL
DEZHNRETE 572D, COPDETb/hENnEEZXLND, COE— AR
YTV ATNVOBEERFEDO DO TH D,

BT, WEETH DN, EALKMEOBEE 5C T COP : 3.79 (2% L, @EL
JE73 0°CC COP (% 3.80, 10°CT3.82 Th oo, #HAE LN TITIZE A L
RV, MBAENRRKREL D e, MEENPFE—OBEITITEMEORED
B, LIeRoT, RABZHMIBEZNFEL ThUEmEEINTELS TE
W, ZHIRERMEE D ORI E S ST, ., WEVE O K E W IR B O TERE T
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CLThsd, 1L, ARBIBEZ20~0CICEbS®T, £, MAKREIXAS
fFE&H 10C & Lz,

47



(1) COP
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3 EORBERE /B LN TWD Z Lix, FEICHET 2, KIIE@E/ oL
HOFFL L7z, ABIBENMIWEJEMOIENHIRLS o TWDE Z EBGND,
ARFEMLE-3CR L O-20C I8 DG EAZHAZN OB R X 2 (X 3.3.2 (2R
T, ZORNPLERBIRE E&EEREIOBREBHETE 5, ZARIEENMEWIZ
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T CO, TIEIEFITEBE NN LR D, R22DEELET & CO, DX
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L. COy T 2~4 L - BMLEL b/ Sy,
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JEMERE 2 EN D W EIE+ 0 dH 2 b D BN D,
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Bk, COeE—bFRCTHA 7 NVDORMICEL, RR2EZZBFICLTHRF LT
X7, 22T, RELMFICEH LT A FLTERL,

33.612, K331 TRLESGMHD S b, ARBIRELZ-100CL LG E OKG
B HAER N OB HARR X % 7R3 INEVRE 701 SkW & L7z, 2L E TOMRE Ci,
R22 OEEMEIRFE 1L 70°C & L7223, XD B EEMEIRE A 60°CTH 65°CHa 75 23 7l fE
ThHhV . COP LE L RDLAREMENDH D Z NN D, 1272 L, 60°CEEfE D4
BB AE ) MENH Y ARG DO T RPUETH D, ZDkd, 4
F DR F CIRERIRE L RBIEE 7S X 5CEREL, Lok oia, ik
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MY REWZD (KM3.33), WAEMDRN —HRELTZ 0.6 LVEK 2D
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(a) 10~20% R @ WA E G B 5,
(b)) IKIEET) - @EJENELELS, TOELES KX WREM TS0V,
(c) RFEAED S ERE & KX\,
(d) BAEEYTZY OMBGENIZRED 5 WTENUL ETH S,
(e) MZIR®E DIERFEMNIEF T/ SV, DO IRATR O BRI b/ &0,
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b
() BIRBECEWARIRE, H50IEKE WR/NEZHIBEZE (RG]
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(2) MG D /IR EZZZ RO D A NV DOEERETIBIRE D,
78 EORE A FE S T D,

COy A 7 T HERIZBR W EE TR T 2 - OMERHCEE T 2L ERNH D

WZENPENZ L TLEROFEE b b a a7 NI TE L E A

LTW5, SEOFEMRREIERE - FHHC L, COIdfaEmM e — MR 7D FEE
BERE LTHETHDL Z RPN ST,

2 & Xk

D FINEZ., BmARE, RRJINEE., SFFEMNES, CO e — MR T A 7 v
DR & 28y - FIENIC BT D, B R F T SRR W98004,
1999

2) FIEZ., BAREE., HEHACOt— MR TV A 7 O RTM— RS
ROFHM & Fritde — . B ARmWZE P25 . Vol.18, No.3, pp.15-21,
2001
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AKETIE, ZESHEZZ—7 > T CO b — bR TGO M2 B 5
L. IEHOBRTE & 2 OMREFM 21T > o RICOVW Tk~ 5, D7
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4. 2 HEROBELRAFEORZE

1999 4 2 HIZHEEN CO, b — MR U I faGEO 1 21 L. B - FEE
BB LT ABRE R OMEZHE L. 22Kl S THEREIFOK R,
PHEE 24TV, & BIC S B O EEME AR 2 SR IO Z0A 3R 2 4 0 SR L
7o LARE, SRAEHEOMZE, R ORMEZRRD,

4. 2. 1 HEEOBME
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DR T, AR DOY A 7 VAR 4.2.112, BB AZK 4221277,

RS EERE  ERER

(AR

—> #RiFEK

<« kK

BEFABRF

X 421 =EHAEBOY AV ILERK

54



HREEBXE;EE
(R %t 1A 7R
7 - b&ABHIE)

(ZREIE.
74070b $1-7" )

£ 2 BAAYN- )V IE H#E 4

422 ZREAFEHROBE (FEMHIBHZEEN : 45kW, KEE : 80X35%100cm)

4. 2. 2 HFEHFEXORE
AR TIE, EREINZ2 ISR ERE R O 2 ik~ 5,

(1 Y49

AR o Xk 9 1CBREMIE, B A 7 VICKIBR DR A2 T b0 Th D, 1
AR AERE I, B A B, SR T O OB A RRE L2,
THEERD 72 TH, A ZNVEZHEEL TCHPRD Z ENHERTE D, &k
AREHE I, I BERR TS Lc, KO BERR N T, KUK L IRIEDR 2 BET S
DLRIED CO X0 MO BENKE WV, Tk, M, KRS BE
D TIZIEI, SN O ARE O TN DT/ S RRINS . T
AL L b, WA EMRERAMASR OGS > TV D, o, KD CO,
H. —HZORDGEMEERAMASTEAT D,

(2) EHEi

JEREREIC DWW T, CO, DA, 7 A 1 —R 2 L EE S E 2N K 5 /e
D KT - EEETHROBWEMBEZ - ICHETILERS D,

B DR A M, BEARK & NEIRAVIE L (JEHE = M COEB SR 23K £
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~RND) OFEZFRIEKET 22 ThY ., Z0kowil, EMEOMEZE
B8 MoR#EbEX o7, ZO/ME, 1 FREK T, EMRERR 3.0cm’ O
AT VIR T v — VJERERE (B Th ooy, B EERE TR, MR
BRI O 7= 012, FiE% 3.3em’ 12 L CHXHAIC BRI 2 K< 35 & &
BT, EMEHOMEZ 7 VI L0 BWRERO/NS WS LB AR 7 1 —
JVIERERE (HER) Z BRI L7-, REAICHISE L EMRE o/ 8l % X 4.2.3 R T,
JE A 4 DR & 1T AR R O JE N B EREE AN T O T D KOs TED
WA B CIEAES T — 2 2 AT IMEIC R > TWD, 207D, JEMEAD
(EAMEFA R TIEZRW) 2BV T, mkid 2 AR T HlREM &1L < 7
Do o T, BRIV | ZKFE TOMWENE 2 K5 ITHl# 3 2 X313 7 <,
ABHmOBRIITORBLPEEND,

X423 HBRHAFEOEMREEDINE
(MBE=LEMABKRR Y O— )LEMEHE. EMESRHE 3.3cm’. B EE : ~9000rpm)

(3) HWBHERMIEF

KA AR 1T EME I & I AT, B m RICEERKRE 2R LTVD,

1 5BV Tix, R2 Z2FAL-e— ARV TRGHETERAILTY
Do EEXEZRA LA, COy Tk, R22 &L TIEBIBEA & 46 15K
ODEAZBIREENDES L, ZEEXTE, RERAEESKE L 2D 70E
REDNEE SN, WE TEHEMITE <22, FEOHRBRICEWTHREARNZE &
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T I T, CO, DR EAN L, /NMREETKEZNRE IMBATE 5L HE
DG RAZ DV THRES » FF 21TV REEAERE T, & i T CO, 75 8
DR E A KWL ONE 7 M7 L— A B S LD B g &
PHFE Lz, X424 6% LIciaGR e ONBlZ R,

K424 RERAFEHROKZAIBIFOHE LERE
HKEAERIZEWTKIIKBOKXKHIZCADTERX 714 7T L—FRZHRN. CO,
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T. CNZFISOKRFERALTLS,

(4) il
oM, RR2ETLEHIN TWAE 7 40T v FTFa—T7NDEIHEEE., AT

v D 400 FRE DO EFRIFESR., BEHoORKEIEER &4 5% L 725K 0 Bk
ELAPFARTHELEDIZ, KERE COENHRIEBOT-OICEHE Z KOLD Y
DI DR DL BEIT- 72,

4. 3 HIEHORERTMAEEMERL

4. 3. 1 HEHOKAERTMESE
ARIEHOREBIT, EARMICHSMORBREGRIZ L0 Ei L7z, X 43.1 &)
B JEL IR oD M I 2 R, R I, ARER S (ORI EE . AKGEZKIRLEE) 12 & 59
E— MR T ORBRGEM (BROEE - BE - &, BARKORE - i) 2%
ETE, REMZBE THEFRFTE 5, EIROREIIL, =R OIMEN - InHIGET) T
AR SkW REE, ZEXOBERET, -15C~30CRETH D,
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ARFBREE O ERER A RRE L. ERAM GRE., WA, &) LHAKR
ARE LT, skl 2 Eh Lz, "B, UBEELOLI22TORBRIZE N T,
R[MEINL, ST 207 — X 2 53F 2, RIS O R E BGE K
1.7m/s (272 % X 9 IR E L7,

— . ARUEBINE, HIEEERIC FEI CEBE 2D Z L2 LD, TEMERE S
CIIRFBEEZRE L, RRET o7, £72. KOWEITHEGEERFTEOHE
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EIC B\ Ik, TEB LM, KFIOREEZ T By — 2 BE 5 (UM 1 mm)
T, WEE, BERER., AEKE CENETNGE L, 2. (FEEAED
JENE, RIEFHOT Y —WE BRI TRHIL ., EHNE ., EMEA >
N—=B DA T VXN — A —% THE LT,

INLOMBMLH/LNZHET — 2%, 7 —% 1 H— (B E % & HR2000)
ko Ry aricfEsh, B, RfESNTZ, 7—20OY 7T 7 b— |
F2RIC—ETH D, FRERD LY KT T 705 ER & HEr S =545
BEDOT —2 2 FHMEE LT, RIEBOMEREMEIT 72, 7 —Z FHHLA%E
FEAIICBE L Tl IECEBORRT — ¥ 2t rd 720, 22 CiEHIET
Do B, RBRT—ZOSWIChHz o> T, (EBBROMMEGRIX, BRI
PROPATH Ver. 9.1 C47 5 72, 1 5k {EMD 4. REFPROP Ver. 6.1 % 7z,

RAEHE O BT, W AKO MR & INBRE 2206 HE S5 a0 M) & JEHE
WA v R—=F AN TEIS T2 fli%Z COP LEF#K L, i Lz, R ST P ok
F. B oA COP Okt R 31 0.1 R (GG 95%) Thoto, 2B,
Wi AR e O IMEREJIZ B L Tik, KM 55 6N 2 IS 2 . /EB) SRR A
CHLRENAIRTHD, MARZREZBETL L, MIEOTNEBEE LV /SR
DDWEYE T D, LAER AL EERKE RIZIHB VT, WH DT 94%~98%F2 Ji
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®432 HAFEHKOBRF

mEAE | AEA BINERIEHE TR —XBEXJIS0.75 K. —XEZE Ilmm)
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4. 3. 2 HEHOPERL

432121 5RAEHS X OREREEORBRE R L T-s K LR34, # Bk
FEiE, SR 8°C. HXHREE 50%. #a/K 8°C. KEIRE 65 COL MWLM T,
WRE 1% 3.5kW BRE & L7,

20 BRI TR, EMFFO T-s SO AR K E <, WrEJEE 2=
B ELTWDZ ENghd, MIBVERLELEMREA o N—Z A THI- 1=
HCERT HIEMBORAEDRERD D & 1 SRMEHD 0.46 1245 L HKaAE
BTIiX 057 EFTmELTWAD,

7o, ACHEHE CIXRE A HS CO D DIRERH YKL > T D 2
EWIND, K 433 ITRHRGEHSGNORE T vr 7 4 VOB ERT 0N, 2
DEINE BB SN K 51, ki EE TIX CO, A DIREN K< AKAR
EDIRMEEN /NI WD, CO, DMBRE DT LA EZME > TREZMEATE T
WBZENGND, 1 5REKTIE, COHA - KADTOREEN19CH H
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EERE OBRIERICE VB SN TS,
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2.

F433 —SAFHOKARGERFR (Z0 1)

HBERO7MILA

199902191619.WRD
16:25:00 (7 -4 5 189) ~16:34:58 (488) @ 10 43y, 300 fH DT — % O

JETFZ

AIEEDEIR/NS A —4

JEAEREEIEAEL © 5100 rpm, =BAME~ 7 B : 1000 rpm,
FaKAR > 7S - 0rpm () THaK), MEZERFRBREE : 100 27 v 7

3. HMEREHEHBRER

COP=2.06 (JEAEHEA > "—& NJ) (We.nv.i) &%) GEEAKMNEAEET)  3.63 kW)

® P:3.00 (Ts=-5.51) @ P:9.13
T:2.2 T: 110.0
h: 445.9 h: 526.5
® P:3.16 s: 1.920 @ P:8.83
(Ts=-3.61) ]
3l T: 102.2
= h: 518.1
V=Y 7- ANz
RIS e GBI
Tai: 8.0 . S
RHa,i: I We,inv,i: 1.76 L 5| Tw,i: 11.0
Tao: —-- I . We,inv,0: Tw,0: 65.8
RHa,o0: -—- «———| Vw:0.95
Va.o: --- AR
Woinv,i: --- {><I Wp,inv.i: ---
Wf,inv,0: --- Wp.inv.0: —
@ P:3.30 (Ts=-2.0)
P: 8.
T: 1.8 ( Ps =3.65, hv=430.5, h1=204.4) ® T 2052
h: 280.1 h: 280.1
G: 584
FL75 1 PJEJJ(MPa), T:HRE(C), hizvivt” (kl/kg), s:xvbet” (kI/kg K), G: B &I E(kg/h),

WS AJI(KW), RH: FHAHEE (%), V: AR &
T arZ8R, wik, e ERERE, C=AMET 7, poKE V77 inviAyn =4, it A0, o: i A

(Vmin(7K), m3/h(ZEX))
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F433 —SAFHOKARGERFR (£02)

4. EEHEYOHE, BIBEOE—FNFUR
UTORETIE, 3. BPORAETHEFIET 2 BHO—1),

(D)EHE D BT EAEMERNEE n ad

BRO L WEBM 2B EMEOS S, TEfE#EH = %L hlad 1%, EfEEAO= baE
CJEREREH DR D B 2K%# (REFPROP) %~ Tk 5, hl,ad=495.4 (T1,ad=88.3),

n ad=(hl,ad—h6)+ (h1 —h6)=(495.4—445.9)+ (526.5—445.9)=0.61

Q)EMBHED A V/IN—FFhE ninv
1 inv=Wc,inv,0+— Wc,inv,i
7272 L, AEIOREBRTIEFHHIL T,

QEMBDRAIRILT—FEnhe (EMBE—FZANDS EAEICEHLOIZIRILTE—DEIE)
AEIOFHHITIE, 4 o "—2H0 (=EMEEE—2 A0) OBZFHHIL TWRNOT, JIZ
A U= ninv & 095 LIET D &

n he=G X (h1 —h6) = (We,inv,i X 0.95 X 3600)=58.4 X (526.5—445.9)(1.76 X 0.95 X 3600)=0.78

(HEFERDEBEBNE 1, adt
n adt=G X (h1l,ad —h6)-+(Wc,inv,0 X3600)= 7 ad X n he=0.61X0.78=0.48
(BN, Weinv,o ZFHII LTV, (3)T We,inv,0=0.95 X We,inv,i & LT\ 5,)

O)EMEHDILETIE »all
n all= 7 inv X 7 adt=0.95X0.48=0.46

(O)AEMABDHIINS VR (S INEABINEINER 1 go)
n ge= KM Z Lo 7o BRI 23 it U 7= B &
— [(Tw,0— Tw,i) X Vw X 60-860] = [(h2—h3) X G<-3600]
—[(65.8—11.0) X 0.95 X 60+860] +[(518.1—280.1) X 58.4-3600]=0.94

(7)ARBESRAIRDOE O XN INBBENIZESH DEIE ne.os
n e.0s=(h1 —h2)+(h1 —h3)=(526.5—518.1)=(526.5—280.1)=0.034

R)VEFKB/DHENT VR
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& 434 ERFAFROHABRGREMR (ZD1)

1. RABREREI71IILE

QWR207 (200012081330.CSV)
16:48:00 ~ 16:51:00 ® 3 53, 90 fH DT — % OF¥E

2. HAIERDOEITRNTA—4
JET P AR
JERMERE A HR2 - 3120 rpm, EAME T 7 »EEREL ¢ 0 rpm,
KRR 7 EERE - 0 rpm (JETFRRE OR > 7 THIK), BERERBHE : 95 27 v 7

3. NEEHLEHBRER

COP=3.40 (JEMEREA o _"—% ANT) (Weinv,i) FEYE) GRRE/KINEVRET) « 3.48 kW)

® P:3.31 (Ts=-1.9) D P:9.61
I];: ;433 s T:97.5
@ P: 3.36 S:. L ! E/‘Tﬁ*}% h: 805.6
(Ts=-1.36)
T: 3.9 ~
h:743.5 \ o
YR i 7y B BT S
. We,inv,i:1.02
Tai: 8.0 I . .
RHa,i: 48 R We,inv,0: L 5| Tw,i:7.9
Tao: 3.5 —> 5 Tw,0: 65.2
RHa,o0: 68 «————| Vw:0.87
Va.o: -—- R
Wi inv,i: - > Wp,inv,i:
Wi, inv,0: --- Wp,inv,0: ---
P: 9.45
@ P:3.33 (Ts=-2.0) @ P:9.48 ° T-10.9
T: -1.9 ( Ps =3.32, hv=733.9, h1=498.0) T: 10.8 b 523.0
h: 522.6 h: 522.6 i
G: 45.2

FL5 : PJESI(MPa), THREE(C), hixvivt” (kl/kg), s:zvhet” (kl/kg K), G: B &k & (kg/h),
WL ATI(KW), RH: FHRHBE (%), V: KL E (/min(ZK), m3/h(ZER)
IRF: a: 28R, wioK, cJEREHE, fEIMET 7Y, pkE V77 inviqyn =4, A0, o: 1
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& 434 BRFAFROHABRGREMR (Z02)

4. [THEREEY DE, BRBIBOE—FNNT R
LT omarcid, 3. RPN TRETFICRHET 2 (HO—1),

(D)EHE D BT EAEMERNEE n ad

BRO L WEBM 2B EMEOS S, TEfE#EH = %L hlad 1%, EfEEAO= baE
CJEREREH DR D ) B2K5%#F (PROPATH) % {#H -~ TkE %, hl,ad=790.1 (T1,ad=87.5),

n ad=(hl,ad—h6)+ (h1—h6)=(790.1 —743.5)+(805.6—743.5)=0.75

Q)EMBHED A V/IN—FFhE ninv
1 inv=Wc¢,inv,0+ Wc,inv,i=0.95
B u‘ﬁ“y‘&ww»—f — X PZ4000 (2 LV, A =X A0 - HODFEEJEL TV
DT =X T —IZEGA A TR, & 2 CT.PZ4000 DFeAH YD T — X 2B E12095 & LT,

QEBEDAIRILX—%IFE nhe (EMEEE—FAADS EAEICEHL I RILE—DEIS)
A UR—=HhHE ninv & 095 EIRETDH L.
n he=G X (h1 —h6)=(We,inv,i X 0.95 X 3600)=45.2 X (805.6 — 743.5)+(1.02 X 0.95 X 3600)=0.80

(HEFERDEBEBNE 1, adt
n adt=G X (h1l,ad —h6)-+(Wc,inv,0 X3600)= 7 ad X 1 he=0.75X0.80=0.60
(We,inv,0 IZ. (3) T Wc,inv,0=0.95X We,inv,i & LT\ 5,)

) EfEHEDIRETNE 1 all
n all= 7 inv X 7 adt=0.95X0.60=0.57

(O)AEMABDHIINS VR (S INEABINEINER 1 go)
n ge= KM Z Lo 7o BRI 23 it U 7= B &
— [(Tw,0— Tw,i) X Vw X 60-860] = [(h1 —h2) X G<-3600]
—[(65.2—7.9) X 0.87 X 60 860] < [(805.6— 523.0) X 45.2 -3600] =0.98

()N BESSFIRDOEORNMBRENIZEHOH HE|E ne.os
TR BEESS I EUA L7z,

R)VEXKB/DBNT VA nev (BSKANFAERENKE O, SET—4)
nev=mRAINZIM - -RE-ZRHKE LI-R=E
AR, (h5—h4) X G+3600=(743.5—522.6) X45.2+3600=2.77
ZESAMNE, TR EHHRHBE NS T XNV EERD TEEAETH L, =2.86
nev=2.77+2.86=0.97
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4. 4 HRAEHOBFHEELEZER
AREI T, ERERICE L., £FHSMHET®
TR L AT LA OEERHIE T ES I OWT

ZREAM L 72 AR &

~

)

r;{;

4. 4. 1 RBEHEHICHTHMHEE - 14T

# 441 CRBSEMGERT, EME 3 o0WBICHT., ThERE, L.
R, B E Lo, ANVKUREE . W I, AR AR O R A IR o 3 [ S 2
Thd, ZHid, ZEOEIRS ., REKHHFE CEEBESINDIZEEZBELLLD
Thd, KiRIZTKRIEE OHBEAXNOROTEL AWM CEH Lz, BGIREIZ
DNTIEL, @MRE LGICREE L & D 65C L BRIRKERI A D 85C D 2 FlHH,
F 7o, EMEE IR RS L. 3000, 4000, 5000rpm & L7=, LEDOSEHE —EE L,
FRtE (18 &) W TlERHELZEISE, RBRE2ITo72, 0k, Wik
FHELZZSED MG - KGIRE S BICET 20, BERET—E
RO X DI, WM AKOREZ BENHIE L7, sUBREEHME AIEIX, EAMIZ 431
HTRLEFELERERLTH D,

HBRMITEBNT, WiErHELE{LIED L, AT NVNOKZEROET], iR
EHEL, fiRe LTCOPRHMGRRNBENT D, iE L, TOFMIT, K
HTHRRHZ L e L, RETIEALRMFITEWT, COP MK & 7o ks
DT —HZDHRTHONWTHRET D,

F441 RRAGHOHABREYE

Z i O T 15 5 4 (JE #a 44 B #x % rpm: 3000,4000,5000)

= E (°C) xR E (%) [#RKEE(C) WZRE(C)
XH#(2 B~3 A) 4.6 59.4% 8.3 65. 85
h RS #A(4,5,10,11 B) 13.8 73.1% 15.9 65. 85
EHi6 A~9 A) 22.5 81.0% 23.2 65. 85

X BEBELHESZ B PM23:00~AM7:00 BSOS ET—42%FEH,

(ZZFZ12AMS3A. EEF6 A9 A FHEBTEYADT—2EF L)
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BRIITEB VT COP g K & 7R o T2k IF B IR 1T % COP D & xf i
LIBHE S 2 K 4.4.1-(a), -(D)ITENZEHART,

COP 2OV TIE, ARIBENE T E, FERGIRENMENZE, B 2o
TWb, £, RMGIREN 65COLE. WTNOFHIFMgE, EMEREEEIC R
WTH COPIEBLLENELNATEY, FIZ, XHERMFITBNTH, 32L01)
E COP DM S AL TWD (EHMEHEEIHE4 3000rpm) , 85°CHA %5 T, 2.8 Hif%
D COP 2345 BTN 2 A3 | JEAE BRI HR 50 i S D 1E W 2 K D COP D 1%
65 CHt DA TR T/ I,

— 7. RGOV T, EMEEERE S ST E 2B 2 &
FE, RELBRoTWVDLIN, MGBREICLD2EZZTIZEAE RN, EW]EMET32
~5.2kW, FRHEIHIT 3.6~6.1kW., HEH T 4.0~6.8kW DIHGRESI & 7> TN 5D,

441 IR LERMRZEUBE L O L L. COP IZOWTIHMRGIRED, W
REIC DWW T EMB R O R BER RE WL F R D,
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I I I I I
29
5t |
O 4L i
3 - —
2 - -
i Comp. 3000 [rpm] |
| L® Hot Water 65C] - -~ Comp. 4000 [rpm]_|
| A Hot Water 85[0(:] —-— Comp. 5000 [rpm] 4
0 1 1 1 1 1
0 5 10 15 20 25 30
Heat Source Air Temperature [ °C]
4.4.1-(a) HEHTOERERK COP
g 8 I I I I I
ﬁl 7 B /._/‘u n
‘? 6 .4’-4;25 7]
Q _/‘é- _‘=—_E
§ 5_ B //:::;5a"" ]
E 4 i g}a/ ]
eNn
g 3F —
S HL Comp. 3000 [rpm]_
= B Hot Water 65C]  ~ =~ Comp. 4000 [rpm]
1 A Hot Water 85[°C] —-— Comp. 5000 [rpm] ]|
O | | | | |
0 5 10 15 20 25 30
Heat Source Air Temperature [ C]
44.1-(b) COP®XRITH T HMEEEN (K 4.4.1-(a)[Zx )
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4. 4. 2 EEFHEHAEIIETIEE

AIETIE, FRBREFICRE N T, WRAREL LS RED S H, COP
IR RIZIR S TERER DB 2R Ulc, RETIE, BIE TR LIZRBRO O b &
JE #4615 50 3000rpm, #E ST E 65°C DRBRFE R AFIC & 0 . BAEME O Kk &
BRI T IEIC O WTELRT S,

442 [ZRBROOHE ORI BHE & RO BEMR L RS, MR
BT | fEdl IC ARG HE ) Qw . E A 1 > /X — & A J) Winv.i, COP(=Qw+ Winv.i) |
JEAEH T 7] Phy B X OB S B H#38% CO, O K A DR E 22 ATge &R LT,

BERFBE A LiF T & (RF A< &) JEMBE M HE Ph MK T3 2,
TRk JEMEBEA T Winvi 2ME T L, fEEET Qw b T 92 1A 23 3t 4
B2, COPIZZDOMEDKTDOHRNDEWTIRE DD, KH COP 23 KNI
RAOMERHENFET DI ENb0sd, 2L, AR L7k E O &
N TIEZ COP DEALIZA 72\,

4.0 . . . 20
[~ g
S S| sess
2 S wog S | MESRRE : 46(°C) R, LMRWEY)
8§ 3.0F =" B 3 1152 | #KkEE:83[C] (ER. 2HFH)
= 5 | #BERE 65
= . — g FE M EIERE - 3000 [rpm]
2 <
g 2.0 V vev x v 110 ¢ | 28 -
Bﬁ * % O Qw : fAiFH H[kW]
5 x O | A Winvi: EfE#A >/ —45 AAKW]
1.0 -—4A % i O COP : B#EREL : Qw/Winv.i
0 aa 4 4 > V¥ Ph: [EfEtMt I I [MPa]
N * ATgc : #iHE3 CO, HOKADREZE[C)
0 1

1 1 0
70 80 90 100 110
fEaRFBEEE [step]

442 HEBEHOMEICSLIETHREFHEEOZE

443 121F, ARBRICBWT, WEREZ R LK - 72545 (B 80step) . COP
MR ETR D56 (BAEE 88step) . bW HEA (BIE 100step) DA EAL
HAZRN D COy EAKDIBE T 17 4 V&R LT, MelhiEE ., sishixhs o<
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b5, P, WERER LK 25T, EMELEHE Ph AEL 225 (%
JERRDINL D) T2, G E#HLE: CO i« KA DIREZEATge /&<, #
GEVZ R NIZ BT D COy & KD F/NEAAZHUR 72 ATmin (TR &V, ik
A< &L Ph MRS 2D (FEMRPED) 720, ATge W REL< 72D, ATmin
T/hEL o TWD, £72. ATge & ATmin AF CEREDEIC/R 722 AT
COP TR RIZZ2 > TW 5, 7o, JEMBEO R IX, Ph O T & IR TS
L7, WRIFRBAEE DS 100step T 85SCRE LR BIEI Lo TWVD, S HIT,
BB gt CO, B« KN HR 25 A Tge 1ZREE SR OB EITIFIZ M L T K&
{7po T35,

0 1 3 4 o 1 2 3 4 0 1 2 3 4

2 3
BimHE N kW] ¥BimE N kW] HEH A kW]
a) fEZsRFFBEE 80 step b) &5k 5 BHE 88 step c) FEZsRFRBEE 100 step

X 443 HEHAXBBAOEETOT 4L (K442 EXRE)

UL EofEm & o &tk CoRBAE RN D, BIGEALHE CO D - KADIR
EENATge N DHREMITD L) ICHERHEZRAEG T2 2 & ©, RIEHD
A FTRE7ZR 2 Ly o Te, B 20X, A CIEMERE IR 50T, AR S5 RE ) 23 0 22
EENDHLAITITATge 2/ & <0 MEFEDOHIK 2> B e 5 H R RO ) %
MATWGEIZIEL, ATge # K&, £72, COP K TH#ls L7 WAL,
ATge Z U2 EIZ T HIZ KW,

WEOTY 2 Cld, ABHFOBBEN -T2 D X ) IR OB E %
BLTWDEN, ARIOKBEETIE, FOMBLEELMT 1 7 VRO EHRIR
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FEYE e K& D WX 22 ®PH NI 2 2 72 D121, G AR BRERN OIRE 7 1
Ty hr— AT LI ERNEETHY, RIGAZHE COHD - kAN
REAEATge Z WY RMEICHIET 52 LIk s TINRAFRICR D Z & B350
ST, B RNy ZBHIE D T2 OZEFEIMEEHIEICBE L TIX, AEO YA
N DGE WO AT A TEMEE— 2 2 BEITHMHMIE L > TnDH7D,
FEALMEET W EEZOND,

B, METRLEXK 44109 b0—S1%, X442, 443 1R LT —H
DL, WIERFBEN 88 AT v T DT —X Th s (COP BH{K), M 4.4.1 0%,
FRERORBEMICEBNT, 6 AU EOERBE CREBEEIToZBEND
RRERDCOPDT =X %R LIZHbDTHD,

4. 4. 3 EASEBEREICHIT SR

ARIE TR, BA&RUERICE L, 3B R C 28 AT 82 72 e © AR W A SR B o
oA KRR ORBRE R L £ &5, RBREGE TIX, &m T-15COAKSE
FaEs 2N T& e, 2L, BAKIRFICIE, BUROA T 5 Kkv—7 (R
ER TN S NG KR EZRKIBE E CHALAERICHRIELIL—T) O
FetE b, FBAKIBREORENRAREIZR D720, Fa/KANXFEEE O KEIRE TO
B LT E R0,

KAA2ITHBRRM LR EZ T T AR L LTI -15C.-10C D 2 FEHH,
BHRE S 65CE 85C, EMMEIIREUIIEATIERR THL L EEEL T
5000rpm & L7z, 7=, HBAKIEEIX OCERETH D, RITIX, WEMRHEZH
HiLTCOPZRRKICLIEMEEZ R LT,

-10°C DAVKRME T, COP X 2.3 (65CHads. fadsre /s 3.5kW), 2.1 (85°CHa
% AaiHe]) 3.6kW) . -15COHNKEME T, COP 1L 2.2 (65CHs. frizhE )
3.5kW). 2.0 (85CH#i¥r. #BHRESN 3.6kW) BN D=, EIEMNBERICRD
CO, DENT-FMEN S | KR THXIED SCIR T L TH ., COP IXE I LK
K brnZ &, £, KGRETAD L, BETHE LITF72EE0FR, A
GRIDRKRELSRoTWDLZ EB N5,

WHRENS WA, YA 7 VOBREMOEN B REL LY, ZRICHEST
JEMER O HIEE L m< b, RIS E D ImBUCfEbilsd CO, D= ¥ L7
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FREL 2D, — 7, EMHEEEKIE - ETHDZE ARBELRRLCTH Y,
REM (A DIEAEEEOWRGIRE CIZIERLCTHL Z b, HmiEo
BEREIIRGEENSELS RoTHLENEE/NSL bRy, Z0), KRGk
EREWHERREABRELS 25T NS,

4.4.4 IZIFANVKIR-15C - 65CRE DGV HGNIRE 70 7 4 V% |
4.4.5 IZIIAKIE-15C - 85CHG0 7T a7 4 ViR d, BVRHIREZD /NI
FERMBN BB I N TWDLZ EDB DD,

B, BAKIRRBROLD, JEMEARE <, EREORAENEIT 0.5 FE
ERLS o TS (R 4.4.2), BEHAER S BEICAL, SEMEL TS &m2hE
DIEMEHEBRFE NS ZORETH 5,
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F442 RBAFHOENTE

FHOHBRGER

-

o

o P

~

] |
)

SEZT—AID QR1801 QR1901 QR2001 QR2101

1= (°C) -10.1 -10.0 -14.9 -15.0

EBE (%) 57.6 471 50.0 50.0
8K (°C) 8.6 8.7 8.6 8.7

iz (C) 64.8 85.9 64.7 84.1
K= (L/mi 0.902 0.675 0.823 0.643
Td 111.2 131.3 113.8 135.3

JRE(°C) Tgout 15.8 16.9 16.4 14.0
Tein -17.3 -17.2 -20.1 -20.2
Teout -17.7 -17.6 -20.5 -20.6

Ts -18.0 -17.9 -20.8 -20.8

Pd 8.80 10.42 8.56 10.20
EAMPa ) Pgout 8.57 10.22 8.35 10.03

Ps 2.10 2.10 1.90 1.90

AR E (ke/h) 447 434 40.4 38.7
#8538 Qw (kW) 3.53 3.63 3.22 3.38
[EfERE1 VN =4 AT (kW) 1.538 1.770 1.490 1.703
COP 2.30 2.05 2.16 1.98

AT(°C) (Tgout—#57K) 7.2 8.2 7.8 5.4
B S %) 0.52 0.50 0.51 0.49

[EHEERENE=FERIRE X A EHRESE - EBEgA /N —32A N
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AR ANDEETOT 0L

X,
w

b

Capac ity kW
75

[GIR2001

T T T T T T T T T T L
R I O A =
Coaom Boeoaoaoa ~
Lo Lo N
A e R B R o
Lo Lo N 3
1 1 1 1 1 1 1 1 1 0
NG L bR S
e 3 Sigpoyes otarbennn] mg @
m " oo 8
: : e 4 o0 oo £ A
se b dedyed o =
bor N Y b d % =
IR IR = ]
BT e A e IO T - L
Lo i S N
& I N = 0 3 o 8 = U
A T et e Sl Yl o ol F ..-_:-m.--.muu. - .w@ _mﬁ
= TS
b S Vol
o E o
[ oo
Yo g O
o X —
9
e ~—
T
: <t
o <
a2 <
X

BB

~

R ER
%-15°C. 85°C#4i%. T —74 ID : QR2101)

N=|
/A n

5=
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4. 4. 4 MHERERTEHICEIT SR

ARETHE., e— MR T7ROBEGHICET D HERERFMITE T D RERIE
BORBMEREZE L O D, MREERREME LT, FFEH M| &AW ERGE R
PERRRET STV D F B R CORRIT, BEIRE 16°C - EKIRE 12°C (48
XL 64%) OHHIBICI T 2 EMKES - WEED, LAM&ERGEGEEIL, &
ERIEEE 7°C - MERIEFE 6°C (FHXHREE 87%) « #57K 9CITR T D ik AR
BT OGRS - HWEENTH D, KMEROGE | FEE LI ToEKGE
1% 4.5kW & L, AR OKBTGIRE L 85C. fMERETIIE 4.5kW & L7z,

KA ICRBEM EER 2R, RiT, WERKHEZFH LT COP &Kk
LR TH D, FFEWSEM T COP X 3.5, AMEIRMEE ST COP X 2.8
A CRSY (W - b 4.4.6 \TITHFE VR RMECTOMGBLIIBNIRE v 7 4
V% 447 ITIZAMEEBBERIETO T 0 7 4 VEIRT, e DS R
IR EWVA5kW OFT —Z Th L0 AL CO 0 - /K AR EEZ ATgce
EARG AR IR NI BT D COy & KD/ HRIRE A Tmin O W
I0CLL T OBZHPEB I TND,
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®443 BRBRAFHOMRRTIEHICE T IHRER

-~

= P

~

K

] |
/

SHERT—AID QR2401 QR2302
E3Gs FEH X HA

= (°C) 16.1 7.0
B (%) 63.1 86.9
8K (°C) 17.0 9.1
#5:% (°C) 65.0 84.9
K= (L/mi 1.373 0.873
Td 88.7 112.3

RE(°C) Tgout 23.3 16.5
Tein 5.4 -0.6

Teout 7.0 -0.1

Ts 6.8 0.4

Pd 10.22 11.78
EAMPa ) Pgout 9.89 11.54

Ps 3.96 3.39
AR E (ke/h) 72.6 61.3
[E fE# Bl ER 2 (rpm 3800 4000
#8588 Qw (kW) 458 461
EHEEA N =B A A (kW) 1.316 2.667
COP 3.48 2.77
AT(°C) (Tgout—$57K) 6.3 7.5
[EHERER A TN E®) 0.59 0.54

ERRAADE= A REERE < B RLS - LR N AR
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35

25

4

Capacity kW

AR ANDEETOT 0L

£
(T—4% ID : QR2401)

AERICHE TS

Capacity kW

BITHRAXTBRBRNOEETOT4L

1‘.%%(:
(¥—4% ID : QR2302)

78

o

)
'
'
1
|
AR AR AT A AL A A
1
1
|
!
i
1
|
|
E A oy R P e e P

LR2401

a0
g0
70
60
30
20
10

MRRRTEY (FF19)

LIR2302

MReRTEH (£H)

4.4.6

4.4.7



4. 5 HBRAFEHOEEFEHHERDFME
ARHEITIE, 441 HOMREZHKIZ, RERIEEOER ¥ COP ZiHld %,
fi Rz & 4.5.1 1T, FHHOMBEGAMIEIBEC (kM EITENEERE - 4
TR F—HHE) OLE—F2NLHEME L, FlICER 2 EE&ERIE#RO T —
AL, JEAEREFEEREL 3000rpm, FRGIRE 65COEMETH Y . kb COP O FE W
ZMThHd, ThE, E— MRUTEHAGDE CHATIHGY V7 ORKRE
2300 vy hridpl, MELLAMZ ZOEERFHETHA LD TH D,
AR IEBORBR TIZ, TEI AL LTEREA v RN—ZANDOREEZEL
TWLN, BEEOI AT ATIE, R DR T 7 v B L OHRAKR 7O /)
WK END, 2T, INHLDEALEZE LTt — MR T AT ALELT
® COP (A7 L COP) Talfli L7z, 2217 7 v LK R T OB )ITGE L
T3OWRETHY, ARETIT30W & Lz, &7, £FH OV 27T A COP
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HIZECdH 54 COP3 LL E&ER LT,

&451 ERAFHROFRFHOMRTMBER

ZHA T HA 28 £/

1,23,128 | 4510118 | 6,78,9A8
=m(°C) 4.6 13.8 225 -
BT (%) 59 73 81 -
#HAKEECC) 8.3 15.9 23.2 -
#HZmECC) 65 -
T—23ID QR505 QR607 QR1409
#8ZEE (kW) 3.13 3.68 404 -
[EfEHE A /=2 A F (W) 0.98 1.03 1.02 -
COP 3.20 3.58 3.96 -
EBEEN (kW) 0.03 0.03 0.03 -
AT LCOP 3.10 3.47 3.85 -
8 ZERI(MY) 7369 5828 4291 17488
HEEHAMI) 2378 1679 1115 5172
FLZHXTLCOP 3.38
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5. 1 #&5
4 TCHHE LEZAERICB LTI, B B Th s ERZ AT
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Rl LRI TE D, AETIE, ZOBEB AR, EfMfR, B g
EORFICLY, COBRETTHEN LAFEIRFEITY, DY

5. 2 CO¥BE—rRUTOEMEREICET BRETEL

RETOSEMIE, JRA (A ARMEZER LESBK) OERENE ULRIEE (i
BRMER) 0 16,712°C (RoEk 28 M) . FKIEE : 17°C. HBBIRE : 65C) &
I S521ICHFRIRRE LT A 7 VR E B ST N T A—=F 2T, 4
OO« BHEEB NSV A7 e L, BISED T A =2 1T, BEE
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5. 3 COBE—rRYTOEMRLLICET IRFER
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KDWY A 7LD COP) Ot L7z (X 2.4.1 Z28) B Y 1 7 )L o> COP12.86
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KDQD~®IE, OD LR COPIZH L, HENRNTA=Z Db =D TEISHE
THEDCOPEFHELTEbLDOTHD, FEEMENLENENDNNT A =X D
ZALIZXT L COP N EDRRER T T 5 &2 K5 HEEROLMICKHI TR LT,
21X, QDOFHETIL, AREEEZDSLZ 0CHhH 10CIZT 5 &, COP X 8.38
LB, IHIZ, ZOfEE EFRCOP THH 11.50 Z i+ 2 & | 10°COAERIR
JEDEWT, 27.1%, COPBEFLTWVWADOT, 1CY Y 271% K TFT 52 L%
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BREFTHREL WSO, MO MEITS Z ENAREIZR D,

531 COAMBBEE—FRYTD COPHELER

JRAFEM G NN SURE (BZEK.IREBK) - 16°C712°C (BZIKZEHRF) . #6/KIRE: 17°C. #8I5RE65°C

|E38H 4 4JLDCOP : (T2-T3)/(T2-T3-T1*LN(T2/T3))=12.86 |—I*ECOP
REEBEEE |NAV—BEE |MEEHEDE MMEEEREDE [RERE
No. °Cc °c - - -
ATe ATg nc ne COP
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® 10.0 0.0 1.00 1.0 8.38 [—ATe:1°CLHY2.71%ET
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©) 7.0 5.0 0.65 0.0 464 |[—nc
7.0 5.0 0.65 0.2 479 |[—ne
D) 5.0 3.0 0.70 0.4 5.72 } -
@ 5.0 3.0 0.75 0.5 6.15 B AR
5. 4 #8

ARETIE, CO,HEE— MR TV A 7 VO ENEO A REEIZ DV THRE
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D B fwHAe— bR T A 7 VICET 2857 EE —Himt A
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WFFE & M06002, 2006
2) M. Saikawa and S. Koyama, Thermodynamic Analysis of Vapor Compression Heat
Pump Cycle for Tap Water Heating and Development of CO, Heat Pump Water
Heater for Residential Use, Applied Thermal Engineering, Vol.106, pp.1236-1243,
2016
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1.

1.

RERE— MR THEBICLDET R -

01996 FFE DT — 4 %R H

(TR 1

: EDMC/ = R )L ¥ —
Q@FNEO—R = R —[ENMEHE

HWHEE—FRUTOEBERIZEDEI R -

HEDHMR &2 SHfET T — 5 L E

- RIS R (98 AR |
: 529562 X 10%%cal (777 1kWh (% 2450kcal THLH

COHIBMBRDRT v+

v

@R 2L X —H4E - 363540 X 10%cal (& /7 1kWh % 860kcal THiE)
51162 X 101%cal (Ff& T kL XF—HED 14.1% % 5D %)

OFBEFI D AE T 1 F—1HE -

CO HlIifk - BFIFELHRORT ¥

JLEHE

() B —t % —, 1998)

BT

BANT : 10%0kcal, FEIZAFIZHTT 5%
PEFETTH AT E | BRATBPYERS TEHGE X — &t
171937 51162 43189 88906 8346 363540
473 14.1 11.9 24.5 2.3 100
OFRETIFEE D ek = R X —1HE & NER
KGN IFRERM R L X —{HE DK 32 5D 5 (15813+51162, 30.9%) .
AT : 10%%kcal, FEHIEFHIXHT 5%
B A i 5= *atk J&f 5= H Epakich &t
868 14089 15813 3813 16579 51162
1.7 275 30.9 75 32.4 100

A ORI 9 BN LA REL O EBHRSEIC X 0 b TV 5 ((5371+5048+3295+108) 15813, 87.4%)

AT : 100kcal, FERIZGEHIHT 2%
W) AT A LPG KT AR | KEGEA &t
1063 5371 5048 3295 108 933 15813
6.7 34.0 31.9 20.8 0.7 5.9 100

R BRI O— Yo x5 L — 2

FIEREG D I = RNV X —HE & —
=2450kcal THAE L, ZOMoOEIZZEDE £

KRR F—HRITHRET D,
—REFNF—HERE LT L, FEMREEIE

TR —ENEIED 3.4%% HH 5 (17782+529562), F7-. —IRTFRAX—|CHELTH. &
BOK) 8 B A BREI O EBHRBEIC L v b T D,
BT : 10%0kcal, FERIZEFHIXT 2%
7] ArinT A LPG KT Ji AR | KRR &t
3027 5371 5048 3295 108 933 17782
17.0 30.2 28.4 18.5 0.6 5.2 100

/1% 1kWh (860kcal)

A #yk



R BEHB M5 L DRl

Heftex

TR —HE D DI AN &R E
w09 95, o, BbEAG

Yﬁﬁ‘ﬁ@yﬁﬁﬁ% 0.8.

A A

9 BNIMEAREI O EHIABEIZ LV b T %,

2 & DR aT

HL 1 10%0kcal, TEUIAFHIX T 5%
By | #riia | LPG AT | b | KB it
956 4297 4039 2636 86 933 12947
74 33.2 31.2 204 0.7 7.2 100

BAURAKE L RE L, £ D%

KE#EE 1.0 &35, ARTTAHTH, #kON

@FA[E D CO HEH B (1996 4% : 315100 T b —C (RFEHE) (CCik1l) — K32ME M
OFFEEIFEE D CO HEH B DR E
BT XX —JHDO CO BAFRBA A LT & T 5,

A HRH A A LPG SR A R A
0.104 kg-C”kWh | 0.0586 kg-C,~Mcal | 0.0668 kg-C~Mcal | 0.0782 kg-C~Mcal | 0.103 kg-C~Mcal
¥ OJF AL 0.382kg-CO2, kWh LV #5, k2 : ERFEEADEE

http://www.meti.go.jp/committee/sankoushin/sangyougijutsu/chikyu_kankyo/shigen_energ
y_wg/pdf/001_04 03.pdf, 2001
AL T A A DJFEHAL : 51.3g-CO2,/ MJ K v #a%i | 51.3X12-44--1000 X 4.18605=0.05856
jcf%ﬂs 3 R, IRERT A EREICBT S R, Ak 12 R
 IREN R AT AP BRE S EMGET S, BREEA . 2000
¥LPG D JFHAAT 58.5g-coz/ MJ L 0%, SCEk 3 (1996 4R D)
AT IO JFEAL : 68.5g-CO2,/ MJ L v #a%5, SCHk 3
AR O JFHAL - B - GIROfE 89.959-CO2, MJ X v #85, SCik 3
MHATL S7TE  C & CO2 : C=CO2X 1244, CHk3

cal & J: 1cal=4.18605J) THa% . ik 3
FREAGTHERR D CO e B IX. B DJFHNL & Bk = R VX —{HENRO O LT OE E 72 5,
FIERG TR O CO PEH & : 10493 T~ —C

[1063X0.104--860+ (5371 X 0.0586 + 5048 X 0.0668 + 3295 X 0.0782+ 108 X 0.103) - 1000] X 1019 =1.04929 x 1010 kg-C
FIEESMFAEE. T EO CO HEHED 3.3% % 5 5 (10493-+315100)

2. 14 CO2HIBNRDHAE

1996 4EJEN— X TRIBELIS DN, 2T — MRV FICEE Wb - BEERET 5,
Bt — hAR 7D COP(RUEFRER : #EH 1+ %ﬁﬂﬁ)@3k4@2#—x:owfﬁﬁb\ﬁ%
IZED10%DaARELLbDET5H (BT 0.9),




(1) ETrxHR
Ot — MR 7D 2 A A+ 12014 X 101%cal (12947 —933)
@t — bR T DOIEETES) - COP=3 : 4450 % 10%cal (12014-+3-0.9)
COP=4 : 3337 X 101%cal (12014+4--0.9)
@t — MR HEE S O—RTF L F—
COP=3 : 12677 X 10%%cal (4450--860 X 2450)
COP=4 : 9506 X 10%%cal (3337860 X 2450)
OKRBEEE B — FR U T2 bRV X —EH
COP=3 : 13610 %X 10%%kcal (12677+933)
COP=4 : 10439 X 10%%kcal (9506 933)
OFBEF ARG O — R T2/ X —HIlJE R & HIEEE

K — Al I T — AR
COP=3 | 4172 X 10%kcal (17782—13610) 23% (4172--17782)
COP=4 | 7343 X 10%%cal (17782—10439) 41% (7343--17782)

©® b OHEEIE, BOAEO—R= VX —EHNFE D, 0.8%HJk (COP=3, 4172-+-529562) . 1.4%
Hilj (COP=4, 7343--529562) IZAHY 1 5,

(2) CO2 HlliEN R
Ot — MR TOENHEIZ LD CO2 54 &
COP=3 : 5381 T k> —C (4450 0.104--860x 10 kg)
COP=4 : 4035 T k> —C (3337<0.104--860x 10 kg)
QFIEERFHFAEE D CO2 Bl & MR

CO2 Kl CO2 il
COP=3 | 5112 T | > —C (10493 —5381) 49% (5112--10493)
COP=4 | 6458 T | > —C (10493 —4035) 62% (6458-10493)

@b OHlEEIE. FNED COHEHED, 1.6%HIJE (COP=3, 5112--315100) . 2.0% H!lJ8; (COP=4,
6458+315100) (ZAHY T 5,

I. ¥BAE—FROTHRBBICEDHEIR - COEIRMRDORT Vv

1. REOIHRE L AHET—42 L 08
1996 & DT — & & FlH

(XCHR 1 : EDMC/ /L& — « iRyl 25 (98 4Fhf) . () A= F—k o ¥ — 1998)
QFHMNED— k= R /L X —ENHEAG : 529562 X 10%%kcal (75 /) 1kWh (% 2450kcal THLH, 4 = % ik)
@ F L X —{4 %2 : 363540 X 10%%cal (/7 1kWh 1% 860kcal THa%)



@B D e FL X — 1 - 43189 X 100kcal (k= R /L X —EE D 11.9% % HH 5)
HAAZ : 101%kcal, FEHIAFHIXT 2%

PESREMY | RUERSPISRE | RAEERSPSESS | @i | dE= v — it
171937 51162 43189 88906 8346 363540
47.3 14.1 11.9 245 23 100

GZEFS NI D I = L —HE L AR

BT TR R T R X —HED 2ELL F&2 5D D (1005546252, 21.7%).

BANT : 10%0kcal, FEXIZAFHIRTT 2%

s H & 55 H i & 55 B 7 fth aat
3007 10063 10361 3270 16487 43189
7.0 23.3 24.0 7.6 38.2 100

RGO 9 ELL EMEABREL O ERERBEIC L 0 iEbiu T\ 5,
BT : 10%0kcal, FEHIZEFHIXT 2%

E) Pk Tl |t | AB# | At
0 2941 6232 655 533 10361
0.0 28.4 60.1 6.3 5.1 100

@FBHMARE O — IR R —HE

FEBHPRGL DO BRAE =N X — 1 & — IR RV X — B ICHE 35, )% 1Ikwh (860kcal)
=2450kcal THAHE L, ZOMDEIZZDEE RNV F—{HEEL T D, EBMMHEEIT. —K
TARAF—ENED 1.9%% HH 5 (10055-+535022)

BT : 10%0kcal, FEIIEFHIRT 5%

I S I T 7 S I S
0 2941 6232 655 533 10361
0.0 28.4 60.1 6.3 5.1 100

DHEHEMRETAaM ORE
BTV —HE N DRGAN ERET 5, BRGSO EL 0.8, KEEE 1.0 L35,
HAAZ : 10%%kcal, FE:HIEFHIXT 5%

B 7 A A Ak KR Gt
0 2353 4985 524 533 8395
0.0 28.0 59.4 6.2 6.3 100

@FA[ED CO HEH & (1996 4 : 315100 T b —C (RFEHE) (CCik1) — K 32ME M
QBRSO CO HEH EDE
BT R FX—JRD CO FAEJRHEAZ LT &5,

&7 7 A b0 P
0.104 kg-C~kWh | 0.0586 kg-C~Mcal | 0.0817 kg-C~Mcal | 0.103 kg-C~Mcal
¥ OJF AL 0.382kg-CO2, kWh LV #5H, k2 : ERFHHEADEE

http://www.meti.go.jp/committee/sankoushin/sangyougijutsu/chikyu_kankyo/shigen_energ
y_wg/pdf/001_04_03.pdf, 2001



M A DTN AT A A EARE L, 51.3g-C02,”MJ L V) #a%i 51.3 X 12441000 X 4.18605=0.05856
SCHR 3 AR L IR E R AP B E BT D AR R, SERR 12 429 A |
T 22N R AP B RUE kRS B4 . 2000
KATMOJFHEAL « A EE L, 71.69-CO2,/ MJ X v #i%k | STk 3
AR OFENL « —fx @AK) EE L, 90.0g-CO2,/ M) L0 #H, SCHk3 (1996 4 & D)
MHAE STVE - C & CO2 0 C=CO2X 1244, ik 3
cal & J: 1cal =4.18605J) THa%i, ik 3
EBRGEM O CO P EIE, EREOFHANL & R R X —HENRO LU TOMEE 2D,
EAGE I O COx PEHI &R - 7490 T F—C
[2941 % 0.0586 1000+ 6232 < 0.0817 + 1000+ 655 X 0.103--1000] X 101° kg )
MR EE. BAED CO P ED 24% % 58 % (7490 315100) ,

2. FEI4 - CO2HENRDHE

1996 45— X TKEFEALIS DABEFIRN, BTt — hRU FICBEBb > B A2 MET 5, B
Lt — RAR> 7O COP(AEIRE : M1 +BRAT) 12340275 —RZHOWTRE L, 175
WLV 10%DrANELD D ET D (IFER% 0.9),

(1) ETRHE
Ot — MR 7 0E 2 a5 A« 7862 X 101%cal (8395—533)
@t — bR T DOIHEES) : COP=3 : 2912 X 10%%cal (7862-+-3-+0.9)
COP=4 : 2184 10%%cal (7862-+4--0.9)
@t — MR I HEE S O—IRTF /L F—
COP=3 : 8296 10%%kcal (2912860 X 2450)
COP=4 : 6222 10%kcal (2184860 2450)
OKRBEEE B — FR U T2 bR —RT VX —EE
COP=3 : 8829 10%%cal (8296-+533)
COP=4 : 6755x 10%cal (6222+533)
OB IMAR G O — R /L X —HIlJE R & HIEEE

— IR RV —HIJE R — R RV —HIJER
COP=3 | 1532 10%kcal (10361—8829) 15% (1532--10361)
COP=4 | 3606 x 10%%cal (10361—6755) 35% (3606-+-10361)

©® b OHEEIE, BOREO—R= VX —ENE D, 0.3%HJEk (COP=3, 1532+529562) . 0.7%
Hilj# (COP=4. 3606-+-529562) IZAHY 1 5,

(2) CO2 HlliBN R

Ot — MR TOENHEIZ LD CO2 54 &
COP=3 : 3521 F k> —C (2912 0.104--860x 10 kg)
COP=4 : 2641 T k> —C (2184<0.104--860x 10 kg)

\Y



@SR HAES D CO2 HITBE: & KR

CO2 HllJl & CO2 HIlJE =
COP=3 | 3969 T- h »»—C (7490—3521) 53% (3969--7490)
COP=4 | 4849 T- k> —C (7490—2641) 65% (4849-7490)

@b oHlEEE, FAED COx HEHED , 1.3%HIJE (COP=3, 3969-315100) , 1.5%HllJ8 (COP=4,
4849--315100) (ZHHY T 5,

M. #HiZE—FRUTIZEKBEIFR - COHEIBHREDFTEED
FREEY « EBEMH A2 S bY R T oy /UILLTO@ Y,
(1) ETRHE

EDEO—RT 3L F—[FENAHE D 1.1%HIjK (COP=3, [4172+1532]+529562) | 2.1% H!Ij& (COP=4,
[7343+3606]--529562) (ZFH4,

(2) CO HIiFizh R
HEAED CO HEH D, 2.9%HI1I8 (COP=3. [5112+3969]+315100) . 3.6%HJ8 (COP=4. [6458+4849]

~+-315100) (ZFHY,

V. #FE—FRUOTOBRICEDZENOERTFELHRORT ¥ v )L

1. AREH
1996 - PRk 8 L) OfcEt T —# 2#FIH (10 a5 0 fE)
R4 BEAREEME AL 9 FER, () AAESWE. 1997
A e RET) CERL 12 48 Ak 3 HYEHJE ), o58E) @ 1% 6511 J7 kWh

B. FEmibis 1 (383 EimEAL) : 8522 {E kWh
C. HEEHALKG 77« 8191 {& kwh

D. TZmftta /) - 7746 {E kWh

E. FEAMHE (KB : 56.6% (C-8760-+AX100)
FoORAHEIHE £ 9.1% ([1—D-+B]X100)

2. E—FRUOTHEGEIZEIBETELELHRORT OO vIL

1996 4N — A TKIFEALSN OIGERN, 2T — MRV FICBEEBb GG HET D, 1
Bk — MR 7O COP(ARRE : FiH ) +8EXAT)) 133 L4027 —RAZOWCTRE L, i1
WCEDV 1 0% ARELDL LD ET S (WFE%hE0.9),

Vi



O e — R T OEINEE
AT : 10%ca

cop BAEMBPISRE | RAE R 3ERS it
3 4450 2912 7362
4 3337 2184 5521

Ot — MR 7RI X D E B
FIEFRPNC BV CIL, BRIEKZDOENE 7y (=1063X10%0kcal) #7#=L7l<,
AT ; 10%cal

cop RAMMZERE | RAEHRPES At
3 3387 2912 6299
4 2274 2184 4458
Z D% kWh [ZH#E 55, (1kWh=860kcal)
HAT ;- fH kWh
cop RAHMFERE | RAEMMES ARt
3 393.8 338.6 732.4
4 264.4 254.0 518.4

DCEDLV, 8191+-7746=1.0574 ZHpMNT 5.)

I bz, FEROMEICHRET S, (1.
BT ;B KWh
copP ERAMMFERE | BAMMER iy
3 416.4 358.1 7745
4 279.6 268.6 548.2
QAMROUENF
TE bR NWET 5 &

fa b — MR IR BT 5 b0 & L, &KE

TORTAA b (MocHE) 720m BT 5,
(COP=3, BEEHBPIZNE « 416.4--8760--1.6511 (A7) X100)
AT 0 %

cop BAMMHFERE | BRAEMMES &%
3 2.88 2.48 5.35
4 1.93 1.86 3.79
ORI DO ) B e 5y
W — bR IR R 8 FERC BB 5 S INET D L UL FORFRKE
TH¥ETH, (COP=3, RAESFAFEE : 416.4+-2920 X 10%) 2920=8760 X 824
BT 0 5 KW
CcoP RAMMFERE | RAEMMAES at
3 1426 1226 2652
4 957 920 1877
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m|ik COP=3 COP=4
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T8 2. RERBEROBSFEHEMEICE TSR - FiETHmEROFM

5.4.1 D i RVERE D& Z=HISAE T BT A VERE - HrEREME Tl. RE L7z 18 O &Rt
WCBW T EEFREZ 6 [BIRRELL SRR 21TV . COP N KICR > TR OB EZ R LT,
I, B ORBEROFEMAE L O TEL,

-
—



T—5% |[BiRF KAD |Riafk (#65H FEfEt |EfEtE (EfEHE (TR |SRE KRE
= BE BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR501 95 10.0 3.13 3.03 0.97 3.20 9.42 86.8 452 0.760
QR502 90 7.5 3.18 3.10 0.97 3.19 9.54 88.2 447 0.779
QR503 85 5.0 3.17 3.13 0.99 3.16 9.62 90.2 44.0 0.787
QR504 80 1.7 3.12 3.29 1.05 3.18 10.16 955 43.8 0.830
QR505 88 6.2 3.20 3.13 0.98 3.18 9.54 89.4 444 0.790
QR506 100 11.8 3.09 2.94 0.95 3.19 9.30 86.4 45.0 0.745
5 K HAZ 44 3000rpm —65°C 5
~4 - 12
£
E —~
= L
= )
2 . 5
= . mCOP <
x2 6 =
§ P’ .VW é
E XWinv.i é
o1 4& *dTgw 3
© L J AQw
0 | | | | | 0
50 100 150 200 250 300 350
EXP(step)
K HAZ 1 3000rpm —65°C
15 130
12 110
i, %
éo 9 90 <
a O
<
E —~
[3) - O
o 6 BPcmp.i 70 26
.c_z ®Pcmp.o o
€ ®Tcmp.o g
o 3 —=m AG 50 +
A
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

fTR2.1 2GS ORBRER LM EERE3000rpm —#5:565°C




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AVN—|RAE |HHEE |[HHEE |Ek=
e AAND E
ATYI | °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR101 100 0.9 2.80 4.39 1.57 3.02 11.44 113.5 54.0 1.106
QR102 105 1.1 2.93 4.35 1.49 3.01 10.87 108.0 54.6 1.098
QR103 110 1.6 3.05 4.27 1.40 3.00 10.27 101.9 54.9 1.077
QR201 115 2.6 3.11 4.20 1.35 3.00 9.90 97.2 55.5 1.062
QR202 120 6.0 3.12 4.04 1.30 3.01 9.59 93.7 55.6 1.023
QR203 125 7.8 3.11 3.98 1.28 3.01 9.48 92.4 56.2 1.009
QR204 130 9.9 3.07 3.91 1.27 3.02 9.43 91.3 56.3 0.989
KHAZ M 4000rpm —65°C
5 15
4 12
£
E ~
= > e
$3 " e 9 %
> * 20
J =
= R ECOP <
?_-f’ 2 v oVw 6 E
§ M XWinv.i \g
o1 Shiteee *dTew 3
(@)
* AQw
»
O L L L L L O
50 00 150 200 250 300 350
EXP(step)
K HAZH 4000rpm —65°C
15 130
12 A 110
Y S
?6 9 90 <
a (6]
<
5 5
D._ 6 BPcmp.i 70 %
E. ®Pcmp.o o
€ ®Tcmp.o g
o 3 g AG 50 +
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

f1R2.2 ZHASHDORBRER | EHEHEERE4000rpm —#51565°C




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATYI | °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR301 120 1.7 2.92 5.09 1.74 2.83 10.16 107.0 63.7 1.288
QR302 125 2.4 3.00 5.11 1.70 2.84 9.90 104.1 64.8 1.295
QR303 130 4.7 2.99 4.92 1.65 2.81 9.59 100.0 64.5 1.244
QR304 130 3.4 3.05 5.15 1.69 2.89 9.82 101.3 66.6 1.300
QR305 135 4.3 3.07 5.16 1.68 2.90 9.74 99.5 67.5 1.300
QR306 140 6.5 3.04 5.01 1.65 2.89 9.56 97.6 67.4 1.265
QR307 140 6.4 3.05 5.07 1.66 2.92 9.63 97.7 68.0 1.274
QR308 145 8.0 3.03 4.95 1.63 2.91 9.49 96.3 67.9 1.250
QR309 150 9.0 3.03 4.97 1.64 2.95 9.51 95.5 69.1 1.252
QR310 155 10.5 2.98 4.82 1.62 2.91 9.38 95.1 68.2 1.218
5 K HAZ M 5000rpm —65°C 5
4 12
£
£ . 5
I 33— i 9 %
S =
) . ECOP <
_\—;_, 2 oVw 6 %
S 4 |I " xWinv.i ]
8 1 . ®dTgw 3 c
* AQw
O L L L L L O
50 100 150 200 250 300 350
EXP(step)
K EAZ 4 5000rpm —65°C
15 130
A12 % 110
« <
< >a S
?6 9 90 =
s g
E —~
Q 6 BPcmp.i 70 e
cmp.i p 2
;1 M ®Pcmp.o g_
g @®Tcmp.o g
a 3 mam. AG 50 F
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

f1R2.3 ZHASHDORBRTER  EHEHEERE5000rpm —#51565°C




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR507 80 11.2 2.57 3.08 1.20 3.22 11.34 107.1 435 0.577
QR508 75 8.2 2.60 3.17 1.22 3.21 11.51 109.5 43.0 0.593
QR509 70 4.0 2.60 3.28 1.26 3.18 11.86 114.9 41.8 0.614
QR510 73 5.9 2.62 3.22 1.23 3.18 11.59 112.4 42.0 0.602
QR511 78 9.8 2.60 3.09 1.19 3.19 11.26 109.0 425 0.581
QR512 85 14.1 2.53 2.98 1.18 3.21 11.12 106.5 43.1 0.559
5 K HAZ M 3000rpm —85°C 5
L J
4 12
£ *
. .8
= =
Z oy &
S . mCOP <
g_, 2 * oVw 6 E
S XWinv.i =
o
8 1 —& &dTgw 3 o
[ AQw
O L L L L L 0
50 100 150 200 250 300 350
EXP(step)
K HAEZ M 3000rpm —85°C
15 130
12 *‘ 110
= 90 <
a (@}
<
5 . o
D_. 6 BPcmp.i 70 5
s ®Pcmp.o o
g @®Tcmp.o g
qa 3 . AG 50 +
T
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

124 ZHAFHOHEBRIER  EHaH R 23000rpom —#5585°C




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATYI | °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR205 115 12.4 2.58 3.98 1.54 3.05 11.24 110.0 55.3 0.745
QR206 110 10.6 2.59 4.08 1.57 3.06 11.39 111.8 55.5 0.758
QR207 105 8.7 2.61 4.09 1.57 3.03 11.41 113.2 54.2 0.765
QR208 100 5.0 2.63 4.24 1.61 3.02 11.73 116.8 53.8 0.794
QR209 95 3.8 2.57 417 1.62 2.93 11.81 120.0 51.5 0.780
QR210 92 3.2 2.51 4.00 1.60 2.83 11.67 122.6 49.2 0.750
5 K HAZ M 4000rpm —85°C 5
4 ® 12
£ *
£ 3
x3 * 9 H
< [ =
= ECOP N
=2 oV 6 =
= w
= B o =
S M XWinv.i =
o (¢
O 1 * &dTgw 3
&) L] AQw
O L L L L L 0
50 100 150 200 250 300 350
EXP(step)
K HAZH 4000rpm —85°C
15 130
‘0
12 .& 110
= 90 <
a (@}
~N
§ )
D__ 6 BPcmp.i 70 %
S ®Pcmp.o g.
£ ®Tcmp.o o
g 3 ‘ AG 50
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

fTR2.5 2 HASHDORBRER  EHEHEERE4000rom —#5:585°C
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T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QRA401 135 12.0 2.59 4.96 1.92 2.93 11.20 114.1 66.2 0.920
QR402 130 9.9 2.62 5.09 1.94 2.94 11.35 115.8 66.1 0.946
QR403 125 7.9 2.63 5.14 1.96 2.92 11.47 117.6 65.8 0.957
QR404 120 5.6 2.62 5.22 1.99 2.90 11.71 120.5 64.6 0.973
QR405 115 4.0 2.58 5.18 2.01 2.84 11.81 124.0 62.5 0.966
K HAZ M 5000rpm —85°C
5 15
4 * 12
£
£ . 3
< 3 9 \;;’n
> . &
s ) ECOP 6 2
= X
E % oVw §
E * XWinv.i 2
o1 eteny *dTgw 3 ©
© AQw
0 L L L L L 0
50 100 150 200 250 300 350
EXP(step)
K HAE 1 5000rpm —85°C
15 130
L ]
<,
~
12 110
s \ <
g 3
< 9 90 =
a O
<
ng. 6 BPcmp.i 70 °6
cmp.i p 2
a_ # ®Pcmp.o g.
g ®Tcmp.o g
a 3 o AG 50
0 | | | | | 30
50 100 150 200 250 300 350
EXP(step)

1R2.6 2 DORBRER LM EERE5000rpm —#5:585°C
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T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR601 150 11.0 3.47 3.43 0.99 4.03 9.91 83.0 58.9 0.997
QR602 145 10.1 3.50 3.47 0.99 4.04 9.95 83.3 58.9 1.012
QR603 140 9.1 3.53 3.51 1.00 4.02 9.97 84.0 58.6 1.025
QR604 135 8.2 3.55 3.55 1.00 4.01 10.00 84.7 58.2 1.038
QR605 130 7.0 3.56 3.60 1.01 3.99 10.04 85.5 57.9 1.051
QR606 125 6.0 3.58 3.64 1.02 3.98 10.09 86.4 57.4 1.062
QR607 120 4.8 3.58 3.68 1.03 3.98 10.17 87.6 57.1 1.077
QR608 115 3.8 3.55 3.70 1.04 3.96 10.26 89.0 56.5 1.084
QR609 110 2.6 3.51 3.75 1.07 3.95 10.44 91.3 56.0 1.099
QR610 105 1.7 3.44 3.78 1.10 3.95 10.67 93.7 55.4 1.109
5 FRA#AZ 4 3000rpm —65°C 5
= 4 12
£ w— o
\g/ 3 < 9 L
2 . 5
= =
= N mCOP =
= 2 4 6 =
; Y o*Vw Y
o X Winv.i =
o) (¢
* AQw
0 | | | | | 0
50 100 150 200 250 300 350
EXP(step)
i E #A %4 3000rpm —65°C
15 130
12 110
= L} o
5 9 ’\ 90 <=
) O
o ~
5 0
D.. 6 EPcmp.i 70 26
S ®Pcmp.o o
g # ®Tcmp.o g
a 3 AG 50 +
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

132.7 PREASEH DR EREE R [T HEHE R E5373000rom — #3i565°C
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T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AVN—|RAE |HHEE |[HHEE |Ek=
e AAND E
ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR801 150 2.3 3.40 5.03 1.48 3.83 10.76 96.2 72.6 1.471
QR802 155 2.9 3.44 5.00 1.45 3.83 10.59 94.4 73.1 1.461
QR803 160 3.8 3.47 4.95 1.43 3.84 10.45 92.6 73.6 1.445
QR804 165 4.5 3.48 4.92 1.41 3.85 10.37 91.5 74.2 1.436
QR805 170 5.3 3.48 4.89 1.40 3.86 10.32 90.6 74.6 1.426
QR806 175 5.6 3.42 4.82 1.41 3.85 10.33 90.1 74.6 1.420
QR807 180 7.0 3.47 4.80 1.38 3.86 10.19 88.9 75.3 1.400
QR808 185 7.7 3.46 4.76 1.37 3.87 10.14 88.3 75.6 1.390
QR809 190 8.5 3.45 4.72 1.37 3.88 10.11 87.7 76.0 1.378
QR810 195 9.1 3.44 4.69 1.36 3.88 10.06 87.2 76.2 1.367
5 RA#ASZ 4 4000rpm —65°C 5
4 12
£
E C ] ;(3
= . e
= 3 " 9 Eb
X . ECOP 5
= ~
3 2 eVw — 6 =
s X Winv.i =
E &dT, C;7
o 1 * e 3
(@] < AQw
0 L L L L L O
50 100 150 200 250 300 350
EXP(step)
PR HAS 4 4000rpm —65°C
15 130
12 110
a ] %o
2 9 b 0 <
: O
g X
QL_) 6 M BPcmp.i 70 8
. ®Pcmp.o g_
g . ®Tcmp.o g
o 3 AG 50 +
0 L L L L L 30
50 100 150 200 250 300 350
EXP(step)

132.8 HREASEH DR EREE R | [T HEHE R E5374000rom — #3i565°C




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= B BRZE |B A AON—|RAE [HEE [HHE |ER=
e AAND E
ATYI | °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1001 180 2.3 3.22 6.17 1.92 3.64 10.95 101.0 86.6 1.811
QR1002 185 2.9 3.25 6.12 1.88 3.65 10.80 99.2 87.1 1.793
QR1003 190 3.4 3.28 6.09 1.86 3.65 10.66 98.0 87.6 1.786
QR1004 195 4.0 3.29 6.06 1.84 3.66 10.60 97.0 88.0 1.776
QR1005 200 4.7 3.30 6.03 1.82 3.67 10.51 95.6 88.8 1.764
QR1006 205 5.3 3.30 5.97 1.81 3.67 10.43 94.8 88.8 1.749
QR1007 210 5.9 3.30 5.95 1.80 3.68 10.40 94.1 89.5 1.742
QR1008 215 6.4 3.29 5.90 1.79 3.68 10.34 93.7 89.5 1.733
QR1009 220 7.2 3.29 5.86 1.78 3.69 10.28 92.8 90.0 1.717
QR1010 225 7.6 3.28 5.82 1.78 3.70 10.25 92.4 90.3 1.713
QR1011 230 8.5 3.27 5.77 1.76 3.70 10.19 91.7 90.5 1.695
QR1012 235 8.8 3.25 5.74 1.76 3.71 10.19 91.4 90.7 1.686
QR1013 240 9.5 3.25 5.71 1.76 3.72 10.16 90.9 91.2 1.676
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ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR701 125 12.9 2.76 3.51 1.27 4.07 11.90 102.6 56.4 0.727
QR702 120 11.3 2.79 3.57 1.28 4.07 11.97 104.0 55.9 0.743
QR703 115 9.7 2.80 3.62 1.29 4.06 12.04 105.4 55.3 0.752
QR704 110 8.0 2.81 3.69 1.31 4.05 12.16 107.5 54.5 0.765
QR705 105 6.5 2.80 3.72 1.33 4.04 12.28 109.2 53.9 0.769
QR706 101 5.1 2.80 3.76 1.35 4.03 12.38 110.8 53.3 0.781
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR901 170 13.8 2.77 4.67 1.68 3.97 12.02 104.6 74.3 0.965
QR902 165 12.8 2.77 4.68 1.69 3.94 12.01 105.5 73.5 0.973
QR903 160 11.9 2.80 4.76 1.70 3.94 12.06 106.2 73.4 0.985
QR904 155 10.5 2.79 4.79 1.72 3.92 12.13 107.3 72.9 0.999
QR905 150 9.2 2.80 4.86 1.74 3.91 12.23 108.5 72.5 1.013
QR906 145 8.2 2.83 4.94 1.75 3.91 12.30 109.6 72.1 1.024
QR907 140 7.0 2.83 5.00 1.77 3.89 12.42 111.1 71.6 1.037
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1101 180 10.5 2.75 5.98 217 3.76 12.22 110.6 88.2 1.236
QR1102 175 9.5 2.75 6.00 2.18 3.74 12.27 111.6 87.6 1.248
QR1103 170 8.2 2.76 6.07 2.20 3.73 12.38 113.0 86.9 1.264
QR1104 165 7.4 2.76 6.12 2.22 3.73 12.48 114.0 86.7 1.276
QR1105 185 11.1 2.74 591 2.16 3.77 12.15 110.1 88.6 1.231
QR1106 190 11.9 2.74 5.88 2.15 3.79 12.13 109.4 89.1 1.223
QR1107 195 12.6 2.73 5.84 2.14 3.79 12.08 108.7 89.5 1.214
QR1108 200 13.4 2.71 5.77 2.13 3.81 12.03 108.0 90.0 1.200
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1401 220 10.7 3.86 3.78 0.98 4.96 10.30 81.9 73.4 1.277
QR1402 210 9.6 3.87 3.83 0.99 4.95 10.36 82.9 72.7 1.301
QR1403 200 8.6 3.89 3.88 1.00 4.92 10.39 83.8 72.0 1.325
QR1404 190 7.5 3.93 3.95 1.01 4.90 10.44 84.8 71.3 1.346
QR1405 180 6.3 3.94 4.00 1.02 4.89 10.51 86.0 70.5 1.367
QR1406 170 5.0 3.96 4.07 1.03 4.86 10.60 87.6 69.7 1.390
QR1407 160 3.9 3.93 412 1.05 4.84 10.72 89.2 68.7 1.408
QR1408 150 2.8 3.87 417 1.08 482 10.91 91.5 67.8 1.425
QR1409 175 5.7 3.96 4.04 1.02 4.88 10.54 86.9 70.1 1.381
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1301 300 10.2 3.71 5.08 1.37 4.84 10.51 85.2 96.1 1.722
QR1302 290 9.4 3.71 513 1.38 4.83 10.57 85.9 95.3 1.741
QR1303 280 8.8 3.73 517 1.39 4.82 10.61 86.5 94.8 1.764
QR1304 270 8.1 3.76 5.24 1.39 4.81 10.65 87.2 94.2 1.784
QR1305 260 7.3 3.77 5.29 1.40 4.79 10.70 88.0 93.5 1.803
QR1306 250 6.5 3.79 5.36 1.42 4.78 10.76 89.0 93.0 1.827
QR1307 240 5.7 3.79 5.42 1.43 4.76 10.81 90.1 92.0 1.842
QR1308 230 4.8 3.79 5.48 1.44 4.76 10.89 91.1 91.4 1.866
QR1309 220 3.9 3.78 5.52 1.46 4.72 10.97 92.6 90.2 1.881
QR1310 210 3.1 3.74 5.58 1.49 4.72 11.15 94.6 89.5 1.903
QR1311 200 2.4 3.67 5.63 1.53 4.70 11.34 96.8 88.4 1.922
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1201 240 2.8 3.47 7.00 2.02 4.58 11.60 100.3 108.2 2.401
QR1202 250 3.3 3.51 6.96 1.98 4.60 11.43 98.6 109.1 2.382
QR1203 260 3.6 3.50 6.89 1.97 4.63 11.40 97.5 110.2 2.387
QR1204 270 44 3.56 6.88 1.93 462 11.21 95.8 111.0 2.363
QR1205 280 4.8 3.53 6.79 1.92 4.64 11.17 95.0 111.8 2.349
QR1206 290 5.7 3.56 6.77 1.90 4.64 11.05 93.6 112.6 2.323
QR1207 300 6.3 3.55 6.71 1.89 4.66 11.02 92.8 113.4 2.303
QR1208 310 6.8 3.53 6.66 1.89 467 10.99 92.2 114.3 2.286
QR1209 320 7.6 3.55 6.62 1.87 4.68 10.90 91.1 115.0 2.261
QR1210 330 7.9 3.52 6.56 1.87 4.68 10.88 90.8 115.5 2.248
QR1211 340 8.5 3.50 6.50 1.85 4.69 10.84 90.1 116.0 2.229
QR1212 350 9.1 3.49 6.45 1.85 4.71 10.81 89.5 116.8 2.208
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= BE BRZE |B A AON—|RAE [HEE [HHE |ER=
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ATvI| °C kW kW MPa MPa °C keg/h |/min
ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1501 170 12.4 2.99 3.88 1.30 5.01 12.36 101.2 69.4 0.899
QR1502 165 11.6 3.01 3.92 1.30 5.00 12.40 102.0 69.0 0.910
QR1503 160 10.7 3.02 3.96 1.31 4.99 12.47 102.9 68.5 0.922
QR1504 155 9.9 3.04 4.01 1.32 498 12.51 103.8 68.0 0.932
QR1505 150 8.6 3.04 4.06 1.33 496 12.59 104.9 67.4 0.945
QR1506 145 7.7 3.05 4.10 1.34 4.94 12.64 106.1 66.8 0.954
QR1507 140 6.6 3.05 416 1.36 493 12.74 107.5 66.2 0.967
QR1508 135 5.6 3.02 417 1.38 4.90 12.85 109.1 65.3 0.974
QR1509 143 7.2 3.05 4.11 1.35 4.93 12.65 106.7 66.2 0.957
5 B HA% M 3000rpm —85°C 5
*
4 * 12
c
-é ’ —
> * o
33 e 9 %
= &0
< b 4 =
= P\ ECOP 2
=2 * oVw 6 =
s v XWinv.i <
g 1 oo QdTgV\.I C%
(@) AQ 3
W
0 L L L L L 0
50 100 150 200 250 300 350
EXP(step)
B A% 3000rpm—85°C
15 130
12 » 110
3 \ =
[l DN
= ob
3 9 90 =
a (@}
<
§ %)
DL.) 6 BPcmp.i 70 <
= ®Pcmp.o g_
o
£ ®Tcmp.o g
g 3 AG 50 F
O L L L L L 30
50 100 150 200 250 300 350
EXP(step)

{TE2.16 EEAZH DEHERFER : EHEtE A ERE3000rom — #5:585°C

X Vii




T—5% |[BiRF KAD [Riafk |#a56E FEfEt |EfEtE (EfEHE (TR |SRE KRE
= BE BRZE |B A AON—|RAE [HEE [HHE |ER=
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1601 220 12.8 2.98 5.21 1.75 4.93 12.52 103.6 91.9 1.209
QR1602 210 11.4 3.01 5.31 1.76 4.92 12.60 105.0 90.9 1.234
QR1603 200 10.4 2.99 5.29 1.77 4.82 12.63 106.0 88.8 1.232
QR1604 190 9.0 3.00 5.37 1.79 4.80 12.76 107.6 87.8 1.251
QR1605 185 8.4 2.99 541 1.81 479 12.83 108.5 87.3 1.259
QR1606 180 7.6 2.99 5.45 1.82 478 12.88 109.5 86.5 1.269
QR1607 175 6.9 3.00 5.50 1.84 478 12.96 110.5 86.1 1.280
QR1608 170 6.1 2.99 5.55 1.86 476 13.07 112.1 85.3 1.292
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ID EXP dTgw COP Qw Winv.i Pcmp.i | Pcmp.o | Tecmp.o G Vw
QR1701 300 14.3 2.82 6.32 2.24 477 12.66 104.6 113.6 1.466
QR1702 290 13.3 2.84 6.41 2.25 475 12.71 105.6 112.8 1.490
QR1703 280 12.4 2.86 6.48 2.27 474 12.76 106.5 111.9 1.508
QR1704 270 11.4 2.87 6.56 2.28 473 12.85 107.6 111.0 1.530
QR1705 260 10.5 2.89 6.62 2.30 471 12.90 108.7 109.9 1.546
QR1706 250 9.5 2.89 6.70 2.32 467 12.99 109.9 108.9 1.561
QR1707 240 8.5 2.90 6.78 2.34 467 13.08 111.3 107.7 1.579
QR1708 230 7.3 2.90 6.87 2.37 4.65 13.22 113.0 106.8 1.603
QR1709 220 6.2 2.89 6.95 2.40 463 13.36 115.0 105.4 1.621
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An inside story behind the advent of “Eco Cute” CO> heat pump water heater
for residential use

Michiyuki Saikawa
Central Research Institute of Electric Power Industry (CRIEPI)
2-6-1 Nagasaka, Yokosuka City, Kanagawa Prefecture, 240-0196, JAPAN
Tel: +81-46-856-2121; Fax: +81-46-856-3346; E-mail: saikawa@criepi.denken.or.jp

Summary

More than ten years have passed since the “Eco Cute” CO, heat pump water heater for residential use was
commercialized in May 2001 in Japan through collaborative R&D including Central Research Institute of Electric
Power Industry (CRIEPI). Cumulative shipments amounted to more than 4.6 million at the end of March 2015.
There were two projects involving hot water supply heat pumps prior to the development of Eco Cute in CRIEPI,
though neither went into commercial production. In this paper, the history and technical aspects of the advent of
Eco Cute, including the former two projects, are introduced.

1. Introduction

More than ten years have passed since the “Eco Cute” CO, heat pump water heater for residential use was
commercialized in May 2001 in Japan through the collaborative R&D of Tokyo Electric Power Company
(TEPCO), Denso Corporation (DENSO) and Central Research Institute of Electric Power Industry (CRIEPI). It
became widespread through the introduction of a subsidy by the Japanese government, market entry of new
products and growing interest in environmental problems. Cumulative shipments amounted to more than 4.6
million at the end of March 2015 as shown in Fig. 1[4,
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Fig.1 Cumulative shipments of “Eco Cute” CO2 heat pump water heater for residential use in Japan
(Made from the statistical data, such as JRAIAM)



There were two projects involving hot water supply heat pumps prior to the development of Eco Cute in our
institute, CRIEPI, though neither went into commercial production. On this occasion, the history and technical
aspects of the advent of Eco Cute, including the former two projects, are introduced.

2. History of research & development of heat pumps in CRIEPI

The R&D activities of heat pumps in CRIEPI began when it was entrusted with a part of the Super Heat Pump
development project, which was a national project and started in 1984. Because heat pumps work on the same
principle as thermal power generation cycle, a staff member of the thermal power section, who was senior to me,
was assigned to play a central role in this research project. The CRIEPI decided to hire a new employee for the
project, which led to me joining in 1986.

Not only was the entrusted research conducted, but also the original research in CRIEPI was started, the sector in
which the introduction of a heat pump could bring about a large energy saving effect was investigated. As results,
it was found that major energy savings were possible if a highly efficient heat pump could be developed and
introduced for domestic tap water heating. The demand for hot tap water accounts for about 30% of residential
final energy consumption, but most of this demand is met by the direct combustion of fossil fuel.

Under such a circumstances, a new system named the “two-stage compression and cascade heating heat pump
water heater (TS-HPWH)” was invented by my senior staffer based on his knowledge and experiences in the field
of the thermal power generation cycle. This system was later registered as a Japanese patent.

For a normal refrigerant such as Fluorocarbon, water or air is heated by a refrigerant that condenses at a constant
temperature on the high pressure side of the heating cycle. For this reason, good efficiency can be gained if the
heating temperature range is small, as seen in the cycle for air conditioning. On the other hand, for hot water
supply, water of 10 °C needs to be heated up to 65 °C, thus requiring a heating process with a high temperature
rise. Fig. 2 (a) shows the heating process wherein water at 65 °C is made by a simple heat pump cycle. As shown
in the figure, there is a section in which low temperature water at about 20 °C is heated by condensing refrigerant
at about 70 °C, which results in large loss. A heating temperature of about 30 °C suffices to heat the water at
20 °C.
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Fig.2 Comparison of heating cycle (Temperature - Enthalpy Diagram). Tap water is heated from 10°C to 65°C.



The TS-HPWH we had invented was intended to decrease the irreversible loss by preparing two condensation
pressures through its two-stage compression. By doing so, it could achieve proper heating suitable for the
temperature level shown Fig. 2(b). Next it was examined whether this system could actually be put into practical
use and what kind of elemental technology would need to be adopted for it. In this respect, an experimental
system apparatus was manually fabricated as shown in Fig.3. Using this apparatus, the feasibility of its cycle was
verified and good results were obtained.

Heating capacity 4kW, installed in 1987

Fig.3 Experimental apparatus of two-stage compression system

Collaborative R&D with electric power companies and a manufacturer were conducted from 1988 to 1992 in
order to develop the air conditioning & hot water supply heat pump for residential use based on TS-HPWH. The
development progressed smoothly, evolving onto actual field tests. Despite these efforts, this apparatus was not
made into a commercial product. The reasons for this were lower hot water supply efficiency than expected and its
unattractiveness in terms of price, size and so forth. Instead, rather than a multifunctional heat pump, a heat pump
equipped with only a hot water supply function was to be developed.

Having learnt from experience, the development of TS-HPWH for commercial use in hotels and other facilities
was conducted from 1990 to 1996. A prototype was made as shown in Fig.4. In order to produce this on a
commercial basis, collaborative development with a manufacturer and a general contractor was initiated. The
collaboration resulted in a basic system for commercial use and the development of its elemental technology.
Unfortunately, a commercial system did not materialize because of issues surrounding Fluorocarbon. The
developed system was very good from a technical standpoint, particularly because it was designed specifically for
hot water supply. Nevertheless, the development was run at an inopportune time.

Thus, two collaborative developments were conducted, but neither resulted in commercial products. Two younger
colleagues joined us, so four employees now worked on the R&D project at CRIEPI, with some funds invested in
the ongoing project. Accordingly, R&D of heat pumps was under increasing pressure in-house, with questions
being asked as to the progress of our heat pump research.



Heating capacity 150kW, installed in 1991

Fig.4 Prototype of two-stage compression system for business use

3. Investigation of natural refrigerants and encounter with CO; refrigerant

One of the main reasons for the failure of the commercialization of the two-stage compression system for
commercial use was an issue surrounding the use of fluorocarbon refrigerants. At that time, CFC-12 was used for
two-stage compression systems, and generally, refrigerants in the HFC family had become promising alternatives
to conventional refrigerants in Japan and the United States. In Europe, the move was toward examining natural
refrigerants. Considering these facts, in 1993 our investigation turned towards the idea of examining natural
refrigerants from a long-term viewpoint.

Among natural refrigerants, CO, was focused on because it has unique properties. Basic studies began in 1995. It
was confirmed that a higher COP can be theoretically obtained from CO;than any other refrigerant when making
hot water. The reason is described in Fig. 2. It can be seen from Fig. 2(c) that CO, does not condense, unlike
normal refrigerants, and that its temperature decreases gradually as water is heated. For this reason, irreversible
loss is reduced, bringing about a higher COP than for fluorocarbon refrigerants. Though the two-stage
compression system had been invented previously, the use of CO;enabled us to produce almost ideal hot water
heating.

Back in those days, R&D of CO; refrigerants was already underway in Europe, but not in Japan. So a basic
experiment loop for a CO2 heat pump was designed, fabricated and installed (Fig. 5) in March 1996. At that time,
there was no compressor available capable of operating on CO, pressure. For this reason, a company that was
small in size but specialized in high pressure gas processes was found and it made the compressor for the loop.
Using the experiment loop, the feasibility of the CO; cycle, its control method and heat transfer were investigated.
As a result, it confirmed that CO, was a promising refrigerant for hot water supply.



Heating capacity 4kW, installed in 1996

Fig. 5 Basic experiment loop for CO2 heat pump

4. Joint development of CO; heat pump water heater

In March 1998, when it had been found that the CO; refrigerant could be put into practical use and was a
promising refrigerant for hot water supply, a sales representative from TEPCO visited CRIEPI to inquire into
natural refrigerant technologies for use in air conditioning. Explaining that CO, was a good refrigerant for hot
water supply, he understood the excellent properties of CO; as a refrigerant for a heat pump water heater.
Consequently, in-house arrangements for the development of both companies were started. However, it is true that
only a manufacturer can actually produce a product, so it was necessary to find a manufacturer to be able to
participate in our development.

In May of the same year, 1998, an international conference on natural refrigerants was held in Europe. CRIEPI
participated in the conference and made a presentation about the results of basic studies of a CO; heat pump.
DENSO from Japan also presented the development of a CO. car air conditioner. While listening to the
presentation, it became clear that DENSO could develop a CO; heat pump water heater. Numerous meetings were
held at the conference, between CRIEPI and DENSO. In July, a representative from TEPCO visited DENSO and
discussed a joint development project. Initial reactions were not completely positive as DENSO was a car air
conditioner maker. However, once the development technology was explained, DENSO agreed to the offer. In
effect, the joint development project began in October.

During the joint development, a wind tunnel for testing a prototype of the CO, heat pump water heater was
installed in CRIEPI as shown in Fig. 6 (1999). A lot of tests on the prototype (Fig. 7) were performed using the
wind tunnel. Measuring, analyzing and evaluating COP and efficiencies of elements were conducted.
Development issues were abstracted and measures for performance improvements were investigated. Improved
components were sent to CRIEPI by DENSO. These components were assembled, tested and evaluated, and then
results were returned to DENSO. This cycle was repeated over and over again. Finally, it was confirmed that our
initial goal of the developed technology could be attained.



Heating/cooling capacity 5kW, installed in 1999

Fig.6 Test chamber for prototype of COz2 heat pump water heater

Heating capacity 4kW, installed in 1999

Fig.7 Prototype of CO2 heat pump water heater for residential use

Anyway, after many ups and downs, the “Eco Cute” was commercialized for the first time in the world in May
2001. The saying, "third time lucky" surely applies to CRIEPI. Past experiences from the two previous failed
attempts at commercialization contributed greatly to the success of this development project.

Vi



5. Conclusion

This paper has looked at the difficulties encountered prior to the advent of Eco Cute being introduced. Looking
back on the development of Eco Cute, it really got started in a timely fashion with good connections between
people, each of whom had their own role to play. In the end a good outcome was achieved through each of us
working towards the same goal. The Eco Cute that was installed in my home is shown in Fig. 8. Taking
responsibility as a developer, it was purchased in 2004 and has been used for more than 10 years. In the heavy
snow of February 2014, it failed, yet after repair, it once again started to produce hot water.

Heating capacity 6kW, tank capacity 460L, 2004 model
Fig.8 Eco Cute at my home
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