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STUDY ON ACCURACY VERIFICATION OF ANNUAL PERFORMANCE FACTOR IN CATALOGUE
FOR HOME-USE AIR CONDITIONER BY COP MEASUREMENT EXPERIMENTS

SURER™, ARAR— " e 3™, A E ™
Xinjie WEN, Shin-ichi AKABAYASHI, Jun SAKAGUCHI, Yuki ARINAMI

Annual performance factor (APF) in catalogue is one of the selection criteria for home-use air conditioner. In this paper, the relationship of COP,

heating and cooling load and outside air temperature is analyzed using the calorie meter which can carry out temperature adjustment. We constructed

“COP Matrix” using the database which is measurement results. APF is calculated from the COP Matrix and compared with catalogue APF to

evaluate accuracy of catalogue value. As the result, although the APF of an air conditioner in the catalogue is 5.6, which computed from COP matrix

in casel-1 (Tokyo) is 2.9, which is about 0.5 times rather than catalogue value.

Keywords : Home-use Air Conditioner, COP Matrix, Flow rate of air conditioner, Annual Performance Factor
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Table 1 Air conditioners made in A Company for the COP

matrix measurement

Performance of air conditioner
Heating. Cooling

Power COP [-]| Capacity [kW] Power

Period

Capacity [kW] GOP [-](APF|  power

Rated EaT Rated (o Rated |Rated (fro Rated (fe Rated [kWh]
value value value | value value value

Air

o 25 |0 ~ 6| 420 | 105 ~ 1,480| 60 22 |04 ~ 3| 395 [110 ~ 780 56 72 612
conditioner 1

Air
conditioner 2
Air
conditioner 3
Air
conditioner 4
Air
conditioner 5

36 [0 ~ 10| 710 | 105 ~ 3,300 5.1 28 (04 ~ 4| 585 |110 ~ 1,100| 48 70 802

50 |0 ~ 12(1025|110 ~ 3960| 4.9 40 |05 ~ 5/1010|120 ~ 1,720| 4.0 6.7 1,196

67 [0 ~ 12(1720|110 ~ 3,960 4.0 56 [05 ~ 6(2190|120 ~ 2220| 26 56 2,004

85 |0 ~ 12]2630 (110 ~ 3990| 32 7.1 |05 ~ 72990120 ~ 3080 24 49 2,903
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Table 2 Measurement condition in measurement method 2

r

Cooling Heating
Setting temperature [°C] 28 22
Air flow fan mode of air conditioner 4 Automatic 4 Automatic
flow rate flow rate
Air conditioner 1 4/8/14 - 4/8/12 -
Flow rate [m®/min] | Air conditioner 3 | 7.5/10/11.5/13/14.5 - 8.5/10/11.5/14.5 -
Air conditioner 4 7/14/16 - 5/9.5/15 -
Air conditioning load - ~
(inside chamber air temperature) [*C] 7~ o~z
Outside air temperature [°C] 24~38 -5~15
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Table 3 Parameter of thermal load calculation

Settings note
Preset cooling 9
temperature [°C]
Preset heating 20
temperature [°C]
Preset cooling 47

relative humidity [%]

From the third day on which the average
outside temperature exceeds 22°C and
until the third day before the average
air temperature exceeds 22°C.

Cool ing

Heating and
cooling period

From the third day on which the average
outside temperature is 14°C or below
and unti| the third day before the
average air temperature exceeds 14°C

JIS € 9612 Conditions
Heating

Outside temperature is

The conditions that | Cooling 24°C or more

air conditioning
load produces Heating

Outside temperature is
17°C or less

Time zone air conditioning

Air conditioning system ON @ 6:00-24:00
OFF : 24:00-6:00
The number of people 3 Father, mother and a child

House mode | Standerd model issued by the AlJ

The air-conditioner setting area

Air conditioner 1 : 2.2
; in a catalogue : 10"
Cooling . 4
. K The air-conditioner setting area
. Air conditioner 4 : 5.6 4
Rated capacity of in a catalogue : 29m’
air conditioner [kN] . . The air-conditioner setting area
Air conditioner 1 : 2.5 ;
q in a catalogue : 10m
Heating

The air-conditioner setting area

Air conditioner 4 : 6.7 in a catalogue : 20n
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case 6-1 | Tokyo | .0 Institute of Japan
case 6-2 Niigata

(First plane)

3.3 hiEEHEEILSIEIHED APF OFBTESL

ik 4o 1 2 250 & W T2 YA O R R S TR HER R T — &
BEIN TN D RE 842 ik & L, FCHEE 11 M (FLIE. 1l
By OREL AR BE. 5L KRR, MREL AR, @A, &)
CAT L MEEEEEEEOHW L] OHkX S (8 K4)
BT 2 84hm (AL, A RR. M., FHE, BH, Wi, =
W, ARE) OFF 19 WAT A RFHIL &35, W AR L EVE LR
$ 110, 06W/m” + K & BVBLAREL 12, 00W/m’ - K &5,

4 COPBIEHER
4.1 COPRAIERERICETE2AERDOBRAFORIY KLY
COP & FEBRIZ 31T % i B D W EAA T 12 B9 2 Mt & BV A o
Rab—va T RVAT O, IRIT TR L T SRAFIE 3.1, 3.3 & (A
K& L. BUERAREL 10.06 K TR 2. 00W/u” « K DEEET /L EHRIC
fENT 24T 5, Fig. TIZEVARTEHE TR L2 E 842 #2517 5
ERTRE R B AR 2 M ERE O PENEA T SR ORI & RFE
HEEZTRT, EHLOEEETNTHEMBERGBARNICR T 5H
FEEEOEBAT ORI, 220 842 Hullk DK 5 HIOHIK TS5 %L T
L%, PEEE CIIMEROBAN LR 156% LT O Hikn 4
[ 842 Ml D) 9 F & 722 5, ARMEHNTIL APF DR EMICEDETIT-
THEY., 225 0% 6:00 ~ 24:00 ORFFHZEHZFHE L TV D,
RO T o AT GERSITON TV A HAN S LR
EF N %ﬁ%ﬁ@%ﬁﬁ@@ﬁﬁﬁﬁﬁmﬁw?é&%z%n&
N, BEAEOBE Y IC kY, BAMBRENR CHE, AL RO
Emmawtk%@%@%ﬁz&w EBRPLNE RS TND,
ZZ T, A TO COP JIEERICE W TIX, B 5RO = N
?vyﬂwme%ﬁm BERAFDOH HREBTEREIT-oTND
IMEEORIENITT O TEAAMEIIRVITE L Lz, AR
cw%mgﬁfﬁé@% TROGETRECH Y, HiC, RO
I Z1T 5 & BELO BTN COP = R Y v 7 ANRELT D,

Py Py Py
T T8

r TTO I

100%
[ @ & O O & e
E’_‘ :gz: n'{’m‘%l% 96.8% [ 97.0% [ 97.3% [ 97.3% | 97.35% || 97.a% ]| 99-2% [ 99.6% []| 99:9% | 100.0%| 100.0%
P 70% 76.6% T - 1
Q g 60% 451.:% Cumulative frequency |
S &5 50% 4
| | | |

/I Relative frequency |

R
T2, 40% —1=

5 oo [ |
= s

v 20% [leeh EI I

£ 2 %% 8 =11 T 1 1 1
=S

£3 .

g2

=

@]

R S S S R N N N N N N NN N

S $ S s S s $ S

RV S AN A A N N A
Sl a\e§ .’\a‘e o\o“e e\o“$ \obe s \e& .’\‘e o\o“e e\o“$ a\bbe s e\ebA
D A A R S U M
Ratio of latent cooling load
against cumulative total annual air conditioning load
p 2
(a) Heat loss coefficient:10.06 W/m~ + K, ZONE A
100% - . * 0 -9 O O & &

= 90% > ‘; ‘%:% g:g% 97.3% 97'3% 99‘;% 99.8%] 100.0%] 100.0%] 100.0%] 100.0%] 100.0%
S — 80% N o
v 70% .
o £ -
§ % gg;‘; 690% i Cumulative frequency |
g& o | Relative frequency
“;u‘: 20% Ho%H } } } }
>0 10%
25 %% 8 =
=5 7
5 S R N N N N S IS S P N N N PN

S g S s S s s S
EE GG EFFFLFSFE T
6 ¢ o\eﬁ o\nLe o\oﬁ e\$§ u\o‘e oG o\eﬁ o\nL$ o\oﬁ e\$§ u\o‘e oG .’\e‘e

M A A A U S R

Ratio of latent cooling load
against cumulative total annual air conditioning load

(b) Heat loss coefficient:2.00 W/m® + K, ZONE A

Fig.7 Cumulative frequency and relative frequency of ratio
of latent cooling load against cumulative total annual air
conditioning load in 842 areas in Japan



iz kv, FEB - RITREO BN THZ & T, COP~ MY >
7 ZADMERIFENERD TEMLT 5720, I RO HI#H %17 5 COP
~ bV w7 AMEERF B, SEIXFEANTRNWEEZ TS, Fi2,

EFER S ARII X B W RO BA R OB &

1T A [ERYIT LY

WeBEZLND, BWEERATREEZ B SEZGEGDCP~ MY v
7 ADWEFEBRITAHOMRBE L EZTND, H, BHIZBWTHE
fiti LTV DT T LV % F O T BAVA T R R OMERT 0 COP D 5L
HCUE, AR b & O e BVART RS RIC L D I#IT 217 - TV 2,

Dignize (Fig.7), COP~ bV v 7 ATHAKOLE{LEZE LR 4.2 BEAFEHHE COP OBEF
T L AMERTRN N B OV APF OB SR 2 B B e Fig. 8 |2 Ja\fe [ Byidsir o 1 ) & coP DBk CHIEFED, =7

| OOutside temperature 0°C

D outside temperature 7°C

A Outside temperature 15°C |

A @) BT, KERICBWTTZ Y a v @IXEBAREH 238 0.7
~ 1. 8kW O i il C ON-OFF JEIE™ 2 %47 5 %, Fig. 8 ToT FBRE B

6 Outside temperature 15°C Rated heating output : 6.7 kW N N e e -
5 g / I_IRated heating COP : 4.0 R D EMT LH—EDH LU T ON-OFF iR 41T 5 b J Tldie
—_ | [N e
= R o R LI [ BTG IR IR I ) 2 ~ 6 KW ORI TH ) D 5L
o 3 ; gy
o [ St s it 725 COP A5
© o B%%e P eeaitonm, FN, VABEREILHF) 3 KW ~ 5 KW O FEPH T HF) O #5728 COP AN
1 Qutside te_rnl_perature 0°C - Outside Tomperature 7°C_]
o | | | | Outside of the output
o 1 2 3 4 5 6 7 range in the catalogue
Heating output[kW] 6.0 6.0 COP
(a) Heating 5.5 _ 55 8.0
— 5.0 = 50 0
2 454 =45
| & Outside temperature 26°C D Outside temperature 30°C A Outside temperature 35°C | é‘ 4'0 ‘g 4’0 6.0
= 4.0 .
6 | | | £ 35 2 35 50
5 RR o 3.0 K 3.0 f+o
- 5 l‘ww\| Outside t_perature 26°C | £ 5
& a ®© g 25 g 25 3.0
@} 0ut5|de temperature 30 C 4
S s [ ON-OFF =r ' = 2.0 2.0 20
> operation 1.5 1.5 1o
area Rated cool ing output : 5 6 kW 1.0 — T 1.0 4=
1 Rated cooling COP : 2.6 - [} 5 10 1 24 26 28 30 32 34 30
o T ] Outside temperature [C ] Outside temperature [ C ]
' 5 6 7 (a) Heating (b) Cooling
Cooling output[kW] (1) Air conditioner 4
(b) Cooling Outside of the output
Fig.8 Relation between heating and cooling output 6.0 6.0 coP
and COP in automatic flow rate operation 55 s ]
(measurement method 1, air conditioner 4) ) = 50
oo Z4s range in the catalogue Z o4
.0 1 = =
55 4 g 40
- sodl Z 35
5 = 504 2 30
= 5)45 %
= 5 40 8 2.5
) £ 2.0
g g 1.5
g 230 1.0
s g 25 24 26 28 30 32 34 36 38 24 26 28 30 32 34 36
= © 20 Outside temperature [°C] Outside temperature [°C]
:‘g ye (2) Air conditioner 1 (Cooling) (3) Air conditioner 3 (Cooling)
24 26 28 30 32 34 36 38 H H H H H
Outside temperature [C | Outside temperature [C | Fig.10 COP matrix in automatic flow rate operation
(1) Flow rate 15m*/min (1) Flow rate 16m*/min
- zZ z
3 El 2 3
=N
< [=}
153 <
el @] /
” 10 24 26 28 30 32 34 36 38
s p! M X% % 32 T % Outside temperature [°C] Outside temperature [°C]
Heati b) Cooli
Outside temperature ['C ] Outside temperature ['C ] (a) Heating ( 1) Air conditioner 1 (b) Cooling
(2) Flow rate 9.5m’/min (2) Flow rate 14m*/min
OutS|de of the output
talogue
6.0 :
. 5.5
= z = 5.0 =
= = i 45 *E‘
5 = = =
2 £ g 40 £
2 3 2 35 3
=) =
£ 8 e 3.0 B
i1 S = =
53 S s 2.5 =)
= © = 20 S

o 5 10 15
Outside temperature [C ]

(3) Flow rate 5m’/min

(a) Heating

24 26
Outside temperature [C ]

(3) Flow rate 7m’/min

28 30 32 34 36 38

(b) Cooling

Fig.9 COP matrix divided by flow rate (air conditioner 4)

-5 o 5 10

Outside temperature [‘C ]

(a) Heating

15

(2) Air conditioner 4

28 30 32 34 36
Outside temperature ['C ]
(b) Cooling

Fig. 11 COP matrix composed by COP matrix divided by flow rate



{722, BZu7fiLREICHRER L LT,
HARKE W,

4.3 COPTRYYHIR

4.3.1 BAEAZQIZLZEAERDCP < Y vI X

Fig. 9 ICE HIEQDBEHFEROREMND COP~ b v 7 X (=
Tar®) Y, EORBIIEOTHBERTEIAKEOE NS
2. BB TIIMIRO WA COP 3@V, X, BEMERFEICH
FIDARNNTT A3 COP 3@V, BB DL COP < kU v 7 ATk COP D
EWEFESENT 5, ZUEFE—OHE N OHETHRENZ WV HN
WBEDFFE « BHRE 2D § 5 2 enncE | MEDHEMIR
577 v OEBESIHEBROEME L ik LR OB IR R OB
MEMBKEL, COPRALETHZDTH D,

4.3.2 AEAZDIZ&Z2EEEENEGZIFDOCP T~ vy IR

Fig. 10 |2 A& H BiEEEKF O COP ~ kU v 7 R 278§, Ji& [ BhE
FEIECIE, JREPNCHEIE L7 COP = b U v 7 A L IFIF RO R
Rohsd, MEROCP~ b v 7 RALHETSH & HERHD 20N
FRICEBMILIZCP~ Y w7 RE725, N, EMEESO/NZ W
FED T B E R INT/NZ VR, BIRAYIZ COP R EWMEM R & 5,
4.3.3 AERDCP T Y vI RDERIER

Fig. ILIZ/ER L2 B &AK COP < R U » 7 A&7, JEEE K
COP~ NV v 7 A%, BEHNZHELZCP~ hU > 7R ELIZIZF
OB R ON D, B E BEER & i LT RESKR~ FY v
7 ADIFHIEN COP 3 AFPHIZ /345 LT\ D, RIERDSVTIR., BN
BAMTIRZTar@L L <, =7 2 OIFBMmERILIC coP
DEVMEAI B D,

& /55 i 0D 5 75 Fie K

Heating| Flow rate [m’/min]
15

Cooling| Flow rate [m*/min]
16

9.5 14

5 7
6.0
9.6m/min .
; 50 9. 5m3/min — _ 16m/min
2 2 %
2 40 15m3/min 5 w 14m%/min
£ £
S g
230 0
= 9. 5m8/min g
3 =}
T 2.0 9. 5m/min 8 7m3/min
1o v 16m3/min
-5 0 5 10 15 24 26 28 30 32 34 36 38
Outside temperature [°C] Outside temperature ['C ]
(a) Heating (b) Cooling
Fig.12 Distribution of COP matrix divided by flow rate in

composed COP matrix (Air conditioner 4)

= Year cumulative cooling load [KWh]

B Y ear cumulative heating load [kWh]

++@- Year cumlative power consumption calculated from composed COP matrix [kWh]

=0O=Y ear cumlative power consumption calculated from automatic flow rate COP matrix [kWh]
-4+ APF calculated from composed COP matrix

= APF calculated from automatic flow rate COP matrix

Year cumulative air conditioning load and
year cumulative power consumption [kWh]
APF calculated from experiment results [-]

Heat loss uoeﬂulem

Heat loss coefficient
10.06 W/m" - K 5.05W/m® - K 2.00 W/

Heat loss coefficient
m’ - K

Fig.13 APF calculated from COP matrix when changing
insulation efficiency (Tokyo and Niigata, Air conditioner 4)

Fig 12 IZHEMICHWERERN~ MY v 7 20500 (=7 a2 ®@)

2R, WEHRTEETORED~ R v 7 ABRRELTHMA LT
W5, BEBRLICAEIZERED LV COP ~ Y v 7 ZDfEHE

BHCOP~ Y w7 2&HEHTnD

5 MiTHER

51 MBRMAREZZILESEIBEICHEITH APF AHEROLE
Fig. I3 ITfEEOWEWERE A 2L SB35 5 O ERRIHEE &L
COP~ bV w7 A BHEM L7z APF (S : - 3B, =7 =
VT ar@) B4, BAMFREARS LT JIS C 9612 0
BAMEIEICE 9 L O ICWrEMERE 2 %S L 72 casel-1 Z?Sb"(ﬁf'ﬂ
RZEFRANRTITR 9, 400kWh TH Y, JIS C 9612:2005 O X 3% EH HE
ZHT D mIEFRE ) ﬁﬁf%éle%%tﬁmetf%@o:
DORAFHFEERE I, ERICELVERLIZCOP~ MY v 7 2
HAPF OB E{T-72, =7 a@DOHh ¥ vl APF X 5.6, HIMH
T B S BITH9 2, 000kWh TH DA, B ¥ v J APF FH &M L I1FIER
BOEMTH 2 casel-1( A ) ICBWCRAEBHEHCOP~ hY v 7
AWZEDFEI LI APF X 2.9 BETH Y, B ¥ a J APF L LT
0.5 ThY ., FREFIHHEES) RiX 3, 200kWh & M CTH 1.6 1%
ThDH, —FH, BREAKCP~ MY v 7 ZAn5R M L7 APFIE4.3
BETHD, h¥a 7 APF LIELTRO0.8/5TH Y, FREREHE
ESEIT 2, 200kWh EEM TR L L TH D, BiEEREDZE LIcH
HT2 &, BHBEARSEAT 51220 T APF MR T4 28128 H
D, AU, WIEMVEREDS A R L, BB BAWMS/NS oA,
COP DI\ » ON-OFF 3 &@EF%%<&5#@T%5

Fig. 14 ICEH B AR A & BUE B BiEERFO COP~ h U » 7 2D
@%(ﬁRﬂWEMiTZV@)%KTom%kNﬁ@%%ﬁ:
10. 06W/m’ - K) & caseb—1 (EBIAREL : 2. 00W/m” - K) & Ll T % & |
R OLE, BEMBICE T 27 2 B8R0 ON-0FF &z O F
A%, casel-1 T 9%, caseb—1 T 65%, AHEHF'HEJ@ ON-OFF j&ifi o> %]
A1X. casel-1 T 46%, caseb—1 T 83% TH 5D, BMERILIZ, #UR
FAREL D /N E VW TF 23 COP DKV ON-OFF @@:@iﬁfﬁmmuféc
52 T7AVOBEAZELELLSELBEICHE TS APFEHER
D L8

Fig. 15 c:i7:‘/®&0“@@ COP~ F VU w7 ZAMSHM LT APF K

ERAEHEE HR/ PR RAREL 2. 000/m’ - K) BORT, %
%ﬂ%i@ﬁﬁﬁ%ﬁ ELTETavERBLERG L, BOKS

| @ Heat loss coefficient 2.00[W/m - K] ~ OHeat loss coefficient 10.06[W/m” - K] |

ON-OFF operation time ratio ON-OFF operation time ratio

@ caseb-1:65% @ case5-1:83%
O casel-1: 9% O casel-1:46% CoP
11.0 4 6.0 Heat loss ccezfﬁcient n 8.0
10.0 4 Heat loss coefficient 10.06 W/m* - K = 7.0
10.06 W/n' - K 504 Heat loss coeficient
— 9.0+ ; eat loss coefficient W™ | 6.0
.i Heat loss coefﬁment 2 4.0 =
= 2.00 W/m’ - K 5 .5. 0
= a .
& £ 30 4.0
=] =]
g 200 3.0
% § ) 2.0
] = 09 e on-orF |10
i ON-OFF operation ° operatlon 0

2’4 26 28 3[) 32 34 36 38
Outside temperature [C ]

(b) Cooling

Fig. 14 Distribution of heating and cooling load on
P matrix in automatic flow rate operation
(Tokyo, ZONE A, Air conditioner 4)

8-14-10-6 -2 2 6 10 14 18
Outside temperature [C ]

(a) Heating



WIS L C=T a v &3k E L725A O APF Ok Z1T 9, Fig 141280 ERAMIIADbETT aVRENLETH D,

T case5=1( HUGL /ZONE A/ BBLAREL < 2. 00W/n” - K) DIBHEATSY 54 CPT YV IRMNLEBELIAPF DA O APF OFRBEOER
X0~ 4kW TH Y, Table 21t =7 2 QOBKEREIHH L Fig. 1BIZZ7 av@IZB T HEBEEGMCP~ MY v 7 AnbH
Wh—%T 5, —F. Z0NE AQ7TE) 1T, =7 a2 @QOFEEEL S H L7 APF L EBRIEA VT JIS € 9612 OFHFE FHEIC IV HH L
nohrn 7 ALZOBKEE (18&) LIZF—HT 5, HEHEER 72 APF OB % RT, BHxG L Lo tiikix, 5.3 8 & MALOF 19
RCIE=T7 arQLid 2L, =7 3 @0 )5 3oy A EERR K& #itiE 35, COP~ b U w7 A5 H M L7 APF 1% Table 5277
Y ON-OFF EHzF D COP 2MEW /=D, APF 23 0.3 ~ 0. 8 IR < | 4ERE casel-1 ( BVBZAR%L - 10.06W/m’® - K, ZONE A) Z%f5 L LT, &%HA
BY TR B 150 ~ 480kWh 2\, HEOHRIC L > C=T a2y ZILRVZTavr@xREBLZHBAGE L, Ak L7z@Y . BARFE
ERET D HEL, EFEOEEOWEER T RREIOT 2 RIZX AR LEFERERERGEAMNZBMESRCOP~ b v 7 2
VEBRETDHI LR, ARV F—OBENLIEER D D,

5.3 MIBEHETILIEIEERICHTE APFEHEERD L [ @ Kitami (area classification:1) O Miyazaki (area classification:7) |
Fig. 16 \IC=7 2> @0 19 Fililc B 2 ERIEAH AN, 6 O e Faio " O e Patio "
"o @ Kitami :28% 6.0 @ Kitani :95% cop
HEBEENERLOCP~ MY v 7 AnLEM L7 APF %, Fig. 17 10'0‘ O Miyazaki:68% O Miyazaki:81% meo
.0 5.0 g . e |
ﬂﬁfjﬂ @HE )—' /QTT@ %ﬁ & HE ﬁ iﬁ@i&ﬁ#@ cop~< KV v 7 ; 9.0 E § Co‘on\ ‘Kn\gta‘n?\ad | (%onOIMlin‘gazlaokaid H "o
&= 8.0+ Heating load =N ! > y — =6.0
2O (LR, BiR) 2R, BE5EAN O LER K WILEE 5 ;g inlKitan i = Bso
" e N 5 5 Heating load § Z 3.
Ml L HedE LT 2 O oo # T U APF S VMELRI 28 B, AL g 50 :.:,“ meaza N geo
£ 40 / =2
~ N N =] N 3.0
W - AL (MR XY 1. APF2. 1) & R IR IR - EIR (M X Sy 5 3.0 S 0
2.0 e 1.0 .
APF2. 6) %Hﬁéﬁiﬁ—é L EL E“@ﬂjﬂi—i%ﬁ%ﬁ# X ON-OFF 3 $I§@H# 1.0 9 oN-0FF 6perat|0 o 1.0
— et e > 0 =
173 8 HILL L Cdp %, BEFEIE T % ON-OFF SEHE O FIA 1L 525 28%, 814 1062 2 6 1014l 2 26 28 % % U I B0
. N Outside temperature [C ] Outside temperature [C ]
IS 68% Th 5, LR O NBERERFIIIA KRS AN (a) Heating (b) Cooling
3 N £ S N N - S . . . . . . .
BRE L COP HENRETET 2 PERHB LTV LD THD, Fig. 17 Distribution of heating and cooling load on COP matrix
EERTHT 2 HIKITE L T2 7 22 OREAMNENT 2 7= in automatic flow rate operation (Heat loss coefficient
2.00 W/m’ - K, ZONE A, Kitami, Miyazaki, Air conditioner 4)
W Y car cumlative power i from 4 COP matrix [kWh]
=3 Year cumlative power i from automatic flow rate COP matrix [kWh]
«+4++ APF calculated from composed COP matrix in air conditioner 4 6.0 —
—0— APF calculated from automatic flow rate COP matrix in air conditioner 4 - e
«+shes APF calculated from composed COP matrix in air conditioner 1 s L
==/r=APF calculated from automatic flow rate COP matrix in air conditioner 1 g 5 0 l -7
= 4,000 4.5 E e
z - [T 5 4.0 e
= 3,500 ey = s -
23,000 4 g e 4 SB[ g }
£ 2,500 AT e o} 13 £ g 3.0 ‘
& |2 0 f C— L2553 3
§ 2,000 1546 . 2030 2 % £ 20
5 1,500 A _152 3 e
H 5 S
2 1,000 ON—OFF operation I ON-OFF operation F1 E = 1.0 ot
4 500 A time rgt\o time ratio L 0.5 = < _,—"
2 6 724 -5 g
2 0 | | 0 3 0.0 k
E A AtB i 0.0 1.0 2.0 3.0 4.0 5.0 6.0
5 Air conditioner 1 Air conditioner 4 < . .
g Tokyo APF calculated from JIS C 9612 method using experimental results [-]
Fig.15 APF calculated from COP matrix and year cumulative power Fig.18 Relation between APF calculated from COP matrix
consumption in air conditioner 1 and 4 using composed COP matrix and APF calculated from JIS C 9612
(Tokyo, Heat loss coefficient 2.00 W/m® - method using experimental results in air conditioner 4
CIYear cumulative cooling load [kWh] B Year cumulative heating load [kWh]
@+ Year cumlative power consumption calculated from composed COP matrix [kWh] =O=Year cumlative power consumption calculated from automatic flow rate COP matrix [kWh]
&+ APF calculated from composed COP matrix = APF calculated from automatic flow rate COP matrix
,2514,000 T T " 5.0_‘
‘,; = 12 000 _I Catalogue APF in Tokyo is 5.6, catalogue cumulative power consumption is 2, 000kWh | ‘."' F4.5 :
2E Ex R
& £ 10,000 | A, Jp—p] 55 E
'g = . A A, a gk, A‘ “ * A " A A, A, ..~‘/[ 22 5)
22 g0 LA K on K R . gt g e o F3.0O
2: . o o L 25 &
S 5 -9 9
g2 6.000 1 u 2.6] 203
52 2.4 2] 03
22 4,000 A g [ 1.5 5
22 200 LN I (103
% E AR ' Il Il R EE e’ B Ko TS e e el IOl Dok e an @ xg X ot 0.5 %
§§ O_m @ m<m<m<cﬂ<cﬂ<m<m<m<m<m<m<m<m<m<m<m<m0’0<
- < < <lg|x|glz|g|z|g|<lglx|glL|g|<|g|<|g|s|g|Llg <|g|xg|s|g|ze <|g|=
5181218 2|8 5|82 |8|5|8 2|8 285 &2 8582|8285 828 28 2|8 g8
Q Q Q N Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
N N N N N N N N N N N N N N N N N N N
i | Kitami Mori Sendai Utsu Tokyo | Nagano | Nagoya Nii Kyoto | Osaka Kobe Oka Hiro Kochi Fuku Miya Naha
oka nomiya gata yama shima oka zaki

Fig.16 Year cumulative air conditioning load, year cumulative power consumption
and APF calculated from COP matrix in 19 cities(Heat loss coefficient 2.00 W/m’* - K, Air conditioner 4)



LV RDIEMAEEB IR THRUTHE Lz, EREEAVTJIS
BIHECEOEH L APF I, iS5 v ) — A =22 XY JIS &
(BB : SRR 7°C, IRIRER - AR 2°C. WE - AAKIR 35°C) 12
BT D EKEET . WRIREN RO FERM NS JIS C 9612 ICHE Sz
APF OB HEE AV TR 72, HEBRIE O IR 13 F 060 RIS H 5 kR
B (BE 16m’/min, BEFE 156m’/min) ICHIEIL TV D, B ¥ 7Iicqiilk
SR TV A ERERET Y [ IEER 019,50 /min, BER 117, 4n’/min
T D, JIS C 9612 TiX, APF IZAMAMEAN ZE5MF - AT
FROEWERGT =2 MO THRHEIN TV DR, RWTIE A AL
FROBERGT -2 MO TRET 2, W, MRET — ¥ OBnE
AMREAERERMZER L TH S Z LIIBELH2) BV THERLT
W5, Fig 18 TI%, EBE%E AT JISFHEUT X 0 FH Lz APF
MNCOP~ RY w7 ANGHH L7z APF & Bl LT 10 ~ 20%FE B &
23 8 2 23 W IIARROME L 78D, ZOFRRNSCOP~ F Y v
I ANSEM LT APF & % 1 7 APF OTEBEOERIT A — 1 —D JIS
ABRAM LA TCOP N RARLZDEEZ DN, TOERKE LTI
ARG Ll R COBNBOLIAREN LD Z ENBIOND,

6 F&H

AHTIE, ARFER S B2 RICfliGIn ) — 2 —% % H
WTIEAFEAMN & AKIREZ 2L ST P OREEIT- 72, T,
AR Il —ar 2P~ b v s ZEAWTAPF K&
OEREMEBENDREZE I L, A0 7 APF RO % v 7 HETH
TENEDOREEMIELIT o7z, UTFTREARTHOLNTZARTH D,
6.1 COPTrU VI RDAIERER

BRI H ) AMEN 523 R B REE ) 03 J5 93 COP 3 < 72 5
R EHERED COP~ MY w7 AiFE, BEROCP~ hY v 7 XL
W5 &, WD ROEEICEPILIZCP~ M) v 7 R ERD,
6.2 BAFMMELCPT ) vy XALEH LT APF ORFEHIER
HH T APF & COP~ b Y v s A& MANTHRM L APF % it
L& APRII A Z 07 APF D 0.5~ 0.8 {5, EREHEAEIREIT L1
~16f5L72%,
WEOHRICLY =7 3 U 2RET D HIEL. EEOBEERN
B <. BHEAMBMEVEEAIZBV T, COP 23K\ ON-OFF HE#s 0 48
EEREEIM L, APF ME N3 2HM2AH 5, MBOEMIZIEL-T=T
U EBRET D HEZ, EFEOEEOREER CIXH IR KR
HNOTT arZFETHILITRY, BZRLF—0O/EH1 G ME
Bdbd, X, FEOWEMEREICK L TRKRENOTT 2 %5
& L 7= %613 ON-OFF JEHRIRF D BUE 2L < 72 5728 ON-OFF JHHRR;
@ COP A APF I K& < T 5,

6.3 SHDORE
ARWOBFFERRFIZ LY COP~ R D w7 A HEH L7 APF 280
Zm 7 APFIZRLTO0.5~0.8fFL R0, FHAHEEENED
A TEEMEBELTLI~1L6FEENHLIERHLNE /S
7o X, HROEMICE > C=T7 a2 BET D HIEDA SN
ML, COP~ hY v 7 REHWexT 2 v O®REOMEMEZIR
L7z, A%, A CHEEIT-72CP~ b v 7 ADT VX )V
T FEEHESDOMBEEDR— L=V TARTHFETH D,
ARKIRHIECP~ bV w7 RF, =7 2 0MEERPEEHRIE.
FBEFICH L TCABRTA2RE D THS2, BIE, COP~v Y v o 2

ERARLTWATT avyA——Fkn, KRTEEEOZTa %
KRIZCOP~ Y v 7 ADREERATo T2, WG Im ) —A—2%H
WT1HROTZT Ay ORERFECP~ ~ Y v 7 AERET 57T NE
RHIHEIEA 6 HETHY . HERFEINDIZHOTT 2 X LTH
ZHENCP~ MY vy 7 AERREL, ARTLHIZLIIRETHD, =7
AV A—=H—=ThhE, HLMICP~=h) v 7 2%|EL, =7 =2
Y OFGE L RFFICART L ERNAETHL EBxbRD, =T Ay
A—=H—IZLDAENLRCP~ M) v 7 ZOABBRD LN D,
ECifs
ARWFZED—EIE, BHAmT g e (FEE 5 24656333) DAL
T T,

b=

7E 1)  Annual Performance Factor: 4T R /X —{HHZNR, KRCTH X /e
LT D APF L ORI e 3E 71 Bkl JTS € 9612:2005 12 465<,

E2)  TREEAMRAE:0. 15C, TREESMRAR 0. 1%, TREERIEMEEE : 0 ~ 35.0C =+ 0.5C,
35.1~170.0C=* 1.0°C, IBEEMERE « JIERIREC X 52+ 5~ 10%.,

3 MWEMFRIE s & L, 0P OBEHIZIX 1 o FHEz v 5,

4 THERICLY, =7 a3 mICWADREE =T a2 O LR
EOBRERTET 5, i 11— & L TREFOELE & =7 2 > O
BEORR (=7 ar®) 2Ry, =7 3 OPGA IR E Lz —3 A
4 JRGERE 0O H ) BT & ALER B IR L L. RS R 130,99 BB & e
5, WEHEOEAWDEET b obRE AW LB REZFHHT 5,

=
g
o
o

/min]

@ Flow rate of 6

air conditioner [m’/min] /
8.00 /

6.00 /

4.00

2.00 / y=31958x+0277| |
. R? =0.999

0.00 T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Voltage of thermistor anemometer [V]

“e 10.00 1

Flow rate of air conditioner [m

Additional fig.1 Relation between voltage of thermistor
anemometer and flow rate of air conditioner (air conditioner 5)

D) VI NY Il RS F - 510 KUBTERERHEIS AT A, HEE O
FERERPIE, 167 ~ 16. 50 /min,

6 FHERE LT MESEZTa v ENEOXR Y 7 v ORREE Y
T VHRE (. 1~4) L, SRR, BREEARZEsE, §
TE LT JB R & JE R HIEIRE O SR B A IR E T B

W) FM)IDEL : EERREOIRE AR, QARSI T
BABGRIAE 15 R VR AT F A R, 1985

8 MRABHERRT — & VAT AFITOIIRT A F ARG T — 5 (R, 1991
~ 2000 4F) ZAEHT 5,

#9)  SCHEDULE |XZEKFHFN -4 THE FEDTRLF —T I a b—ra V/hE
BRI TERESNZHDOTH 5,

1 10) AMRHT TIEEFERF O BRFEEERITEE L TR,

T 11) AN COZERIRERIT 1T B 25 B & LTWDN, B Z 1 2 AP BRI,
T7a@TIHIBEN/HRE L SN TVD,

1 12) M 2 (2= 7 2 @IZET D ON-OFF JEEERF ORE 14y 55 ) M O 28 )
DWERINT — & Zrvd, ON-OFF MR OANTIRITEERHX 0, 2, 7, 15C
L. BERT 24, 30, 35(=720@), B(=T72r@)CLT5, =7
2@ TIHEMFER & b 8 SRR 0 JEI T ON-OFF M4 0 gl 238 5.

X 3 (2 AAVRURIZI31T D ON-OFF JEHARF D 0P % 73, ASMVRIRIZI T

% ON-OFF JEERIF OREFE 7 ) & FERM RS &0 5 0P 2 FiH 3 2,
ON-OFF JEFRRFOD COP [FAMRIRIZ X 0 2k L, BEERE L it LT ERED CoP
NEWEAN S 5, ERERND =T 2 OTIERAEATR Lo Fo
W, =7 a @ TIXEBAN LKV, BEAN L3k ELF o84, ONOFF
TERAAT 9, (P~ b U v 7 A% VT APF OfFEHT 247 5 BRI3HIX 3 D%
FAV ERE RO IMIRREL, B 0 AR K OSSR L7l %
FRATIC NS,



Output [kW]

Output [kW]

25 - r 800
| Output[kW] : Power consumption[W] || Output | | 7OOE
2 Power consumption I 600 §
=
15 500 g
I 400 2
1 L 300 S
l 5
I 200
05 z
L\ [ 100 &~
0 v T T 0
0 500 1000 1500 2000 2500

Measurement time [s]
(a) Cooling (outside temperature 38[°C])

25 800
| = Output[kW] ——— Power consumption[W] | L 700 ';
2 o =
Power consumption Output L
W umpt utpu 600 §
15 Vanl N = - 500 &
I/ n 400 2
N ]
1 W L 300 3
=
L 5
05 200 %
F 100 &
0 T T T T T T 0
0 500 1000 1500 2000 2500 3000 3500

Measurement time [s]
(b) Heating (outside temperature 7°C)

Additional fig.2 Time series data of ON-OFF operation
in air conditioner 4

6.0 6.0
” SAO
40 r conditioner 4 =40
o
5 30
9}
2.0
1.0
0.0
0 2 4 6 8 10 12 14 24 26 28 30 32 34 36 38

1 13)

Outside temperature ['C ] Outside temperature ['C ]
(a) Heating (b) Cooling

Additional fig. 3 COP of ON-OFF operation
AMOFFEH T a AR ST D JIS € 9612 &0 (B : =
NRZERIREE 20°C « SEAMRZERIBEE 7°C « S|AMBERIRE 6 °C, HiFE : BNHLER
IREE 27°C « SEPNIBERIREE 19°C - SAMZERIREE 35°C « SAMBERIREE 24°C) T
5 PN RERF O 58 N A ALER R

SEXH

1)
2)

3)

6)

)

Agency for Natural Resources and Energy: Japan s Energy White Paper 2015
Akabayashi S., Sakaguchi J., Oshima T., Ichikawa H. and Arinami Y. :Study on
State of COP and Regional Characteristics of APF for Room Air Conditioners, Al]
Journal of Technology and Design, Vol.20, No.44, pp.187-190, 2014.2 (in Japanese)
MM —, Jers, RUgdRt, W), AR - FEM=7 2> o P
DBUIR L APF OHUIRFEIC BT 2078, BARRSC A REINMEE, 5205,
W5 44 %5, pp. 187-190, 2014.2
Japanese Industrial Standards,
AATIENE , JIS C 9612, 2013
Asama H., Akabayashi S. and Sakaguchi J. :Study on the performance of household

JIS C 9612, 2013 (in Japanese)

air-conditioner in the practical use, Results of COP on a air-conditioner at
13 detached houses, Journal of Environmental Engineering (Transactions of
ALJ), No.613, pp.35-40, 2007.3 (in Japanese)

RS , AR —, R AE  FEA T 2 OEMARHI I 2 iR
BT 28 NI FRACE BRICRE ST 2 o ORERSR, BA
REERIRET R, 55 613 75, pp. 3540, 2007.3

Hosokawa T., Hayashi T. and Nomura K. :Performance of room air conditioner with
inverter in cooling, Journal of Environmental Engineering (Transactions of
AL]), No.620, pp.51-58, 2007.10 (in Japanese)

AT, MRS, BT FEALV— LT 3T 4 ¥ 2 T OBEREN
RAPEICBE S 2 920, BAEEL AR EREERE IR, 5 620 5, pp.51-58, 2007. 10
Hosoi A., Sawachi T. and Miura H. :Part load characteristic of cop of residential
air conditioner based on measurement in artificial climate chamber, Heating/cooling cop
and energy consumption of residential air conditioner part 1, Journal of Environmental
Engineering (Transactions of ALJ), No.622, pp.65-71, 2007.12 (in Japanese)

MR, S, ZHME - ATRBEEICBT 2 HER SIS < BER 0P
DOENATHHE N— LT 2T 1 ¥ 2 T ORIER (P B LT3 F—HEE
BT D% 201, ARBEARBRE R CE, & 622 7, pp.65-71, 2007.12
Hosoi A., Sawachi T., Miura H. and Yasunami Y. :Calculation method of cop of

residential air conditioner based on measurement, Heating/cooling cop and energy
consumption of residential air conditioner part 2, Journal of Environmental
Engineering (Transactions of ALJ), Vol.75, No.654, pp.741-747, 2010.8 (in Japanese)
MR, RS, S, RS ERICE Sy =T a7 o
T aFoPEHEE NV—ATT arF 4 a FOBER P B LT R
X RICBT DH9E D2, HARBRE SRR Rin UE, 5 75 %,
%5 654 75, pp. 741-747, 2010.8

8) Hosoi A., Sawachi T., Miura H. and Sumiyoshi D. :Evaluation of cop of residential
air conditioner in practical condition, Heating/cooling cop and energy consumption
of residential air conditioner part 3, Journal of Environmental Engineering
(Transactions of ALJ), Vol.77, No.681, pp.881-888, 2012.11 (in Japanese)
MR, S, S, EERE  EEAROL—LT 2Ty
T aFOPFl N— AT 2T 4 v a T ORER PR LT R L X —
HEEIZET 20198 20 3, AARGUERBRESRRCE, B8, 6817,
pp. 881-888, 2010.8

9) Ueno T., Kitahara H.

Characteristic Model of Room Air Conditioner,

and Miyanaga T. :Development of Heat Source
Part 1 Characteristic
model during cooling period, Transactions of the society of heating, air—
conditioning and sanitary engineers of Japan, No.190, pp.41-49, 2013.1
P, AR ESE, Bk FER ST 2 OBERETE T VOB 0 1:
DR E T L, 22N - A TR U L 190 %, pp. 4149, 2013.1

10) Ueno T., Kitahara H. and Miyanaga T. :Development of Heat Source Characteristic

=

Model of Room Air Conditioner, Part 2 Characteristic model for heating period
and evaluation of applicability of model to various appliances, Transactions
of the society of heating, air-conditioning and sanitary engineers of Japan,
No. 204, pp.85-92, 2014.3
B, AbRSE ) EKE  FEATT 2 0BT T L OB
D 2 BRI FEGRE 7 L~ OHLE & PLATEORKGE, 22500 - i TYS
AmSCHE L 204 %, pp. 85792, 2014.3

11) Ueno T., Kitahara H. and Miyanaga T. :Development of Heat Source Characteristic
Model of Room Air Conditioner, Part 3 Model improvement for applications to
unsteady state, Transactions of the society of heating, air—conditioning and
sanitary engineers of Japan, No.225, pp.29-36, 2015.12
BB, AU, EkRE  FEATT 2 BRI T VOIS 8
3 - IEEFRE~OEA DT DDET VYR, ZB5GRN - fik TSRS
£E,225 %, pp.29-36, 2015. 12

12) Sumiyoshi D., Ogino T., Miura H., Hosoi A. and Sawachi T. :Experiments for actual
performance evaluation of room air —conditioners in an experimental house,
Research on performance evaluation of room air conditioners part 1, Journal
of Environmental Engineering (Transactions of AlJ), Vol.78, No.688, pp.497—
505, 2013.6 (in Japanese)
AEE R, REPE ], =S, MRS, B HREEICRT 5K
JERN— LT 2 OFAHPERERHAR IR NV — 22T 2 DOYERERATIZ BT
DG, ARG R UE , 55 718 %, 55688 5, pp.497-505, 2013.6

13)  Akabayashi S., Sakaguchi J., Sato H. and Asama H. :Development of the COP simple
measuring method for a household a air-conditioner, Al]J Journal of Technology
and Design, No.22, pp.315-318, 2005.12 (in Japanese)
AR — , SniE , VA , TRFTe - SEM T 2 0P i S IE R D
BHFENIIE , PSR SE , 5 22 %5, pp.315-318, 2005. 12

14) Akabayashi S., Wen X., Sakaguchi J. and Arinami Y. :Study on the best selection
of home-use Air Conditioner Part 1-2, Summaries of Technical Papers of Annual
Meeting, Architectural Institute of Japan, D-2, pp.1405-1408, 2014.9 (in
Japanese)
TRMRA— , SCRRER , S, B s - FIEM =7 2 2% L LS
RF0D Q0P (T B L 7o B E 1B IC B 240198 €D 1 ~2, AR
FRREFTHGAEMLE , D2, pp. 1405-1408, 2014.9

15) Akabayashi S., Wen X., Sakaguchi J. and Arinami Y. :Study on the best selection
of home-use Air Conditioner Part 3-5, Summaries of Technical Papers of Annual
Meeting, Architectural Institute of Japan, D-2, pp.905-910, 2015.9 (in Japanese)
M —, SOIRE, s, AEHE  FEATT 3 &g e L= 6
KEOD COP (245 H L 7= Bolib RS T IRIC BT 2798 £ 3 ~5, ARG
FRREDFHTRBEIBIEE , D-2, pp.905-910, 2015.9

16) Ueno T., Miyanaga T., Urabe W. and Kitahara H. :Development of Heat Source Characteristic
Model of Home User Air Conditioner —Part 1: Characteristic Model for Cooling
Period-, CRIEPI Research Report, R09017, 2010.5 (in Japanese)
LEFRA, Ek R, HEE, LRSS FEAT T o OBEREET L0
B%E - 20 11 BT TV - BPRWIFRT WSS, R09017, 2010.5



STUDY ON ACCURACY VERIFICATION OF ANNUAL PERFORMANCE FACTOR IN CATALOGUE
FOR HOME-USE AIR CONDITIONER BY COP MEASUREMENT EXPERIMENTS

Xinjie WEN*, Shin-ichi AKABAYASHI**, Jun SAKAGUCHI***, Yuki ARINAMI****

* Graduate Student, Graduate School of Science and Technology, Niigata University, M. Eng.
** Prof., Graduate School of Science and Technology, Niigata University, Dr. Eng.
*** Prof., ISRD, University of Niigata Prefecture, Dr. Eng.

***% Research assistant Prof., Graduate School of Science and Technology, Niigata University, Dr. Eng.

INTRODUCTION

As the Coefficient of Performance (COP) of heat pump devices varies significantly according to the heating and cooling load and ambient
temperature, when selecting a suitable device, it is very important to consider the thermal performance of the house and the local weather conditions.
It is common to select a home-use air conditioners according to the room floorage in Japan. The heating and cooling load value per unit floorage
from 1964 has not been revised, and is still used in the case of the present air-conditioner selection (maximum heating load per floorage: 275 W/m®).
However, this is not the best method for highly insulated houses and leads to problems for energy conservation.

In this study, we developed a calorie meter to carry out temperature adjustment, and used it in analysis of the relationships among COP, heating and
cooling load and outside air temperature. COP Matrix is constructed by a database of the measurement results. Furthermore, heat load calculation
was performed using the insulation efficiency and the local condition of detached housing as analysis variables. As a result of the heat load
calculation, Annual Performance Factor (APF) in actual environmental conditions is computed through correlation with the created COP Matrix.
The APF calculated from experiment results is compared with the catalogue APF in order to clarify the characteristics of home-use air-conditioners

considering the local conditions and heat load conditions.

RESEARCH METHODS

The indoor chamber of the calorie meter is 3 m wide, 3 m deep, and 2.7 m high. The outdoor chamber is 2 m wide, 2 m deep, and 2 m high. One
temperature and humidity sensor and one thermistor anemometer are installed in the inlet of the inside air conditioner unit. Two temperature-and-
humidity sensors are installed in the outlet of the inside air conditioner unit. One temperature-and-humidity sensors are installed in the inlet of the
outside air conditioner unit, the temperature at this point is the outside temperature. Furthermore, in order to examine experimental accuracy, two
thermocouples are separately installed in the inlet and three thermocouples are separately installed in the outlet of the inside air conditioner unit.

A COP matrix is created from the relationship of COP, heating and cooling load and outside air temperature. In order to consider the change of APF
calculated from experiment results, analysis was performed by changing the insulation efficiency according to the Standard Model issued by the
Architectural Institute of Japan (A1J). We used the meteorological data of the AIJ extended AMeDAS meteorological data. Analysis was performed
by heat load simulation software TRNSYS. COP was calculated by collation with the computed COP matrix.

RESULTS

The COP of cooling is lower when output is relatively low. The COP of heating is higher when the outdoor air temperature is relatively high.
And there is a tendency for COP to rise as the flow rate of the inside unit increases. COP matrix in automatic flow rate is similar to COP matrix in
relatively small flow rate.

Although the APF of an air conditioner in the catalogue is 5.6, which computed from COP matrix in casel-1 (Tokyo) is 2.9, which is about 0.5 times
rather than catalogue value. The year cumulative power consumption in the catalogue is about 2,000 kWh, which computed from COP by the COP
matrix in casel-1 (Tokyo) is about 3,200kWh, which is about 1.6 times rather than catalogue value.

The APF of heating and cooling become lower when insulation efficiency is relatively high. Because the heating load and cooling load is reduced, the

frequency of the ON-OFF operation which COP is relatively low is increased.



