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Fair and highly accurate performance evaluation of next-generation

refrigerant equipment (establishment of international standards)

i ! Proposal for

I revisions to the ISO
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simulator verification device testing facility
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Algorithm

Figure 1.1-1 Overall structure of research and development in this study
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2. RURAFEZRALIEZARY A VIV OEREFHARRAR (ERMEXS)

2.1 AEYAHOILERS I 1 L— 3 VEMARER

2.1.1 P¥aLL—42—ETIL

TFa b L—FZ— A Lo L, KBS AL, IRIBEHIREDR T % o AL —F — N5 - I
SH, P SRS IO —E X, WRHBLE IZER T DAL LoXh & @ kgl & —f# 12t B [0 A
9% (Figure 2.1-1),

Go, Po, ho, Xo ' Gi: Pi, hi, Xi

QOutlet pipe - /ébmipfhe
! \N Shell
Liquid [“7 |
artes o - Inlet of 3
Hev outlet pipe o
S/

il retur\ﬁ hole

Figure 2.1-1 Schematic structure diagram of accumulator

BELETF a2 b —F—0HEET LV EZRITRT,

2 2

AP -k |1250] A G 2.1-1)
AP =pg(H -H,) (2.1-2)

2(AR_ +AFR, + AP, + AP
(ﬂ=gq%J( L ARy +AR +AF) (f B = Hy—Gy=0) (2.1-3)

P

am, _ 4G (1-x)~G, G h—h, AKAT (GF hi<h—hihiv=0) (2.1-4)

dt hiv - hn hiv - hil

H1:M1/(p1Ay) -
(if H>Hvy—H=Hp, The amount exceeding H, flows into the outlet @.1-5)
pipe)

Mv/pv+Ml/pl=V (21_6)
9= (Gil ~Gy, )/Gil (2.1-7)
G, =Gx, Gy= (1_¢)Gi (l_xi) . G, =G, ,+G,, G =G+G, M=M +M, (2.1-8)
Xo = I:Go - {Gh + (1 —¢ ) G (1 —X )}] / G, (if H>Hy—xs=xi, Xo=xiin static calculation) (2.1-9)
AP =(AR+AR, )+ (AR, + AR, +AR, ) (2.1-10)
ho = hol +x, (hov - hol) (in H>0), ho =h1 (in H=0 or in static calculation) (2.1-11)



N o130 mm * X 273.6 mm OT Fa L —F—%FHL, BREKEE T $ =L Vﬂ?*‘ﬂlﬂ%%}#
LS, MR LUROWERE G & FE L, ChlXR—it& CIEFE UM E Lz, 0.011kg s' (2351 D
EfR L VI 2 b—3 g O % Figure2.1-2 ITR 7, ERRRERE I 2 b—Ta URERITIRBIFIC—&L
7oo BEEMKIZI T 2R ERE G OFRIER L% Figure 2.1-3 12777,
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Figure 2.1-4 Schematic structure diagram of plate heat exchanger

Plate spacing
Area enlargement factor

w t
AN "
() ' h A Area of heat transfer
// \ F JZEN Deq Equivalent diameter (= 2 * Deq)
h Corrugation height
/\ L Length of corrugated section
n Number of plates
L P Corrugation pitch
B t Thickness of plate
/\ w Width of corrugated section
/A B Corrugation angle
1)
¢

o
I\

HARABEERO XL Martin? O AR H L 7=,

Nu=¢-0.122- Pr"” .(ﬂ/ﬂwan).[g.(ReM)z .Sin(z_ﬂ)}m (2.1-12)
1 cos 3 1 cos f 2113)
\/_ |J0.18-tan B+0.36-sin B+ &, /cos 3 \/3 8-&, '
£ =64-¢/Re (Re<2000), & ={1.8-log, (Re/¢)—1.5} (Re=2000) (2.1-14)

&0 =(597-¢/Re)+3.85 (Re<2000), 51,0:39/{(Re/¢)0'289} (Re=2000) 2.1-15)

BB ORIT MartindV ORX AT Lz, & &, &0l Martin O BEABREROA L [F U TEHHE L



£ )48 %1% Fanning O CTEHE T 5,
f:¢‘§/4 (2.1-16)

BETRMR R O LRI & DOMBIRZ R L7z, & &, &iold Martin O3 R UAXTHES 2, #RA
JE PO HALIL (rad) TdH %, Rero 13, 77 L — HERHE 2 @M BEDS R THIAL TV D & L TRIRBEOWTE 2 L |
WO EE B VTR T 5,

0.28

Nu=¢-1.172-Pr,"" -[5-(Rew/¢)2 -sin(2-,8)} (2.1-17)

HESEAMB R LBV A FE B L TR 9O W7 % B 1 L BEAFARBIRA 22 b RIS 25 2
FICARBERC A M LT, Revw 12 ARBO AL & HIN O PR o &IV CHI L, & &, &0 1% Martin
DL LA THET 5.

0.470
Nu=$-0.0290-Pr," | £-(Rey,,[9) sin(2-B) | 2.1-18)
CARHEBER DR IL I & DR A I L7, WEHAR OSBRI IRA 4 1 Martin O TR GIT 5,

AP:4'fL'@Lz’{pL'(GL/:OL)Z/z}(L/Deq) (2.1-19)

QLZ =1+C / X+ 1/ X, ? [C=3.14 (for upward flow), C=2.70 (for downward flow)] (2.1-20)

£ & 118.5mm, 1E 62mm, WA 60°, #Ek 10 D7 L— F REZ g2 HOTEREZITo 72, —&
& “RANTARZ 3 L, HAHO Nu 5, BEERRARE f 4k (Figure2.1-51) ,ii)). BICIEE D721
Muley-Manglig? O & 5#) . —RMNZ R32 2 L, —AHE Nu 3% (Figure 2.1-5 iii), iv)) ., —AHEEEERIA A
(Figure 2.1-5v)) Z3R7z,
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Figure 2.1-5 Relationship of Nusselt number and friction loss against Reynolds number of single and two phase

(b) HEHLILGEEHEETIL
MR~ DR RN R ITRA TR SN D,
R R
M . = M = V..o
ref I—R oil I—R( oil poﬂ)

(2.1-21)

PR T OO VAR S R AR XA R DS T do 0 AMITIZB AR e Ay, R22 M CIIsnma -3 %
7287 — X 5 WEB TR S C% (Figure 2.1-6, http://marchan-na.com/aircon-maintenance), + I = L-—
Z—TIX, WMREMBROT —2 2K, B - IRENOEMELFRTEL LT LK,
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Figure 2.1-6 Sample of solubility curve of refrigerant in refrigeration oil
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U

g=—% (2.1-22)
G Uy +Ug,
C,=1+0.12-(1-x) (2.1-23)
UM=G-—x—+]:z (2.1-24)
leg psl
U =G| (2.1-25)
sg
psg
1.18-(1—x) 0.25
Ugm:K.T[g'G.(psl_psg)} (2.1-26)
sl
0.9 0.5 -0.736
I=x)\" [ Py 0493 . . (2.1-27)
K=0.0178-5| — | | — -Re (in grooved tube) (K=1 in bare tube) :
X ps]
1.0 —
0.8 P
§06 e
g ,7;/ R22, 40°C, 250 kg m2+s’!
5 0.4 / 1.534 MPa, 7.41 mm
S { | - Homogeneous
02 ~—-Smith
0.0 —— New formula

00 02 04 06 08 1.0
Quality

Figure 2.1-7 Relationship between quality and void fraction

R22-22kW /L — AT a2 TOV R 2 L—F — ORI Z R, JEMEIL, SES = Blo—% 1 —Jf
i C AR PN O 1 BB I & - A N AR X I O 2 0 L 72 SENEASHAZR1E 2 51 10 B - FfiliE 550mm
FEHNBAZHZRIT 1 51 20 B - FlE 750mm & U7z, EEfass i HOmmAIE 4 5 K, EMEHER G BOINEVE 2 5
K. ZRJEMAES 2 22 kW & L= A OFFAS R4 Table 2.1-1 (273, FHHEICHH L72%E Y1 2 /L model
TiE, EMESNGEEZ B & L Smith DR TAY v FHOBRE k % 31295 & atREm RN O itk
BEIFFFELL DI EDHREINTEY . ZOHAOHERS % Case 1 1277, Case 2 (X, Figure 2.1-7
O VAR dh AR 2 L C s IR BB 2 5 L. S B2 Void FFHERX AR L7256 OFHE
BTHD, Casel OMBEEIT 0.6511kg, Case2 DIHIEEIT 0.6517kg & 720 WEHYA 7 VRO VIR
FIE—E LT,

Table 2.1-1 Calculation results of refrigerant charge

Case | Case 2
Refrigerant charge (kg) 0.6511 0.6517
Condenser (kg) 0.5063 0.4322
Evaporator (kg) 0.0833 0.0609
Distribution of Compressor (kg) 0.0 0.0970
refrigerant amount Discharge gas pipe (kg) 0.0014 0.0014
Two phase pipe (kg) 0.0458 0.0459
Suction gas pipe (kg) 0.0143 0.0143
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- W PRREIE 2 PO L e AR R O X 2 L — X — AL,
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- BGRB8 S B ESHASR BUA TR L 21T 5 T & A3 ATHE,
BEE % Figure 2.1-8 |27,

Change attribute value

=
EE e e e

GEX

(CIEICIEIEITI]

Heat exchanger simulator

Editing the connection system

Convergence calculation

Running the simulation

Figure 2.1-8 Overview diagram of the heat exchanger simulator



The integrated simulator that developed this time

Heat exchanger simulator -
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Running the simulation

Figure 2.1-9 The integrated simulator we developed this time
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2kt D PEREREA FUE A S LT,
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KREMABbETHN TN D,

S oIz, FEHPEAEEE (zeotropic mixture) DFFMEZHEUNCHELT A7, e L OEHESR O
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W5, ZOMBEKXTIE, IREZI7A FICL-> TAELLIWEBBIRNOZELZZEL TV 5,

Heat exchanger Circuitry Evaporator simulator — Inputs- e
— = Inlet air temperature T;.T;“
Connected tube 7 a (! - . . \Y
%% 23] [x] [ ]|l & Inlet air velocity , air
g@ ool o o ainE = Degree of superheating h;,
o 962 = Evaporator capacity ATy,
N ?@@ ALITEG SRR = Inlet refrigerant enthalpy Q
JL3loltfo] [o] [1]ofo][2]o e
Yo 5 Iterated Parameters .
| %% [€LTol2]e] [o] [o]e]x = Tube heat transfer rate Qli]
w g&) é = Tube refrigerant flowrate i, [i]
2 Sl ofo[-1] [o -1o]fo]2 = Evaporator inlet pressure Pin
g% nifofo]o 0 oo % = Refrigerant mass flow rate m,
] nJofo]1 0 ofo][1]0
- Inputs- S
Connected tube = -] = Inlet air temperature ly:ljn
o> T2z [ e o] |5 & = Air velocity Vair
gﬂ@ 1]of-1]0 0 olofof]o]2 = Evaporator outlet enthalpy eout
2 @ Tiloll 11 oTolollze and pressure Pe out
ﬂ ﬂ slof1]o 1 1lolo|[1]2 = Condenser outlet enthalpy hyue
d g@@ - . = Refrigerant mass flow rate m,
[E0To20] [o] [olo[1][o]3] = Compressor efficiencies Nad
= @Bﬂ B Iterated Parameters -
gﬂﬁ "fg g é g i’ '01 g 1 (1) = Tube refrigerant flow rates  mi,[i]
Do —~oTols o ool o S Condenser inlet pressure Py,

Figure 2.2-1 Conceptual description of the simulator framework for both evaporator and condenser

—J7, BEfEgs Y 2 2 L— & — Tl Dang®(2019) OET L E AV, IRE S T 4 NI L DEHEEMREDOIK T
BEMERELE L TRIL WD,

TAUT LD Ry 2 b—F— Tl LOFIIRE A M EL OB G TR LT, BN OE - JiH)
#@EE B LGl CX 2k L 7o o T D,

1 L[] B A i A b

AAFFETIE, BB AR O 21T 5 72, ELFRICE SR T L TY X ax Hniz, BER
Wi, FFEENTZY A 7L COP % ifMhfet (fitness function) & L THW., BT /LY XA LV [E]E
W& PR5% 9% (Figure 2.2-2)

Manufacturing constraints included in the path algorithm
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-Front-side inlets/outlets ~ Fitness reproducion Selection be
i !
of population pent seiacion] -] varaton[ %] P || permutation [B{EN
40
B g
30
-Exclude long U-bends pos E
202
15 3
10 £
5%
-Exclude parallel crossing "o 10 20 30 40 S0 L 60 70 80 90 1000
GARESIRES IR Rl
LLEREEAREERS B e c L Be il
-Tube bends on the rear g 40 40 B "/ &f) v B Lo | o>
e @g@ ] T2l o Sl e 80 |0 2o ¢
N N N N g L =3 f
. 5 808|0r2ey | o 88| I &8 | eresere| 808 [T 2R
-Balanced branches ggg 5 %& 6%8) o ab %ﬁﬁ :jf¢>® @",,‘,‘790%
-Upward splitting v ) g& v o-r @ ' -
-Downward merging g ﬂ ﬂ ﬁ % g @ 8 g B 8 ﬂ B @ « g
P od So 0% | +o | T°¢| o] {0

Figure 2.2-2 Conceptual description of the evolutionary progression of the path generation algorithm
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LC\W5 (Figure 2.2-3),
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If

/ Qe Qe
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(AT - -
o \__“,b COPcycle,max - Wcom,min - Pe,out,max - Pe,in,opt - Ape,opt

S

Branching
o=
@ E 8 H I AP, Can be optimized by branching to balance pressure
o E @9 0} Pt drop and refrigerant-side heat transfer coefficient.
E oo}
9 ™9 “n

Patterning \

ORE0) O] O] Peinope Can be optimized by branching to balance local heat

o o i|\' transfer coefficient and pressure drop.
\ Can be increased by patterning to minimize average
\l! temperature difference.

Figure 2.2-3 Fundamental topological features of optimized circuitry
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AP e EEAL O Rt
RE(ETFEOA IR T D720, AL L TR ZHWEARBROr—ARL T 4 2 Elii LT
(Figure 2.2-4)
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Optimized patterning: cross-parallel (two-phase pressure drop) to cross-counter (superheating)
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Optimized branching: increasing branches at higher design capacity (larger pressure drop)

Figure 2.2-4 Baseline and optimized circuitries for R32 at different operating conditions
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WYNCRIECEX 5 &R LTW5 (Figure 2.2-5),
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Figure 2.2-5 Analysis of the optimized circuitry features for R32 at 3- and 4-kW operation
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DOYEREIX R32 TV kAL T B 25 Z & sl S 47z (Figure 2.2-6)
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Figure 2.2-6 Evaporator and condenser circuitry optimization results for different refrigerants
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Figure 2.2-7 Optimized cycle performance comparison for different refrigerants
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P : Pressure

AP : Differential pressure
T : Temperature

BV : Boll valve

SV : Solenoid valve

PV : Packless valve

Indoor room

Evaporator

DQ Valve open
* Valve close

In cooling mode

—
Discharge

BV,

ol Liquid tank |=pp=3xt

Needle valve

Liquid injecti

on pipe }[Pvll

Figure 2.3-1 Schematic diagram of optimization verification device

Table 2.3-1 Main specifications of optimization verification device

Name Specification
Compressor Horizontal scroll type, stroke volume 15.9 cc, refrigerant oil: POE
Inverter C1-022LF2 (Hitachi Industrial Equipment Systems)

Expansion valve:
Condenser fan
Liquid tank

Tube ¢12.7 mm (t 0.8 mm) (insulated with 13 mm thick Aeroflex insulation)

Mass flow meter

ALTImass II type U(Oval)
[Measurement range:3.6-720 kg/h, accuracy:+0.1%RS]

PKV-14BS (Saginomiya Seisakusho) [Cv value: 0.05, Max. opening: 480 pulse]
EMR1865-A (Oriental Motor) [Max. flow volume: 8.2 m?*/minx2 units]
Swagelok, volume: 500 cc

Pressure FP101(Yokogawa Electric)[Measurement range:0-5 MPa, accuracy:+0.25%FS]

Differential pressure

EJX110J(Yokogawa Electric)
[Measurement range:2.5-500 kPa, accuracy:+0.075%FS]

Temperature T-type thermocouple (calibrated with ice water at 0°C)
Table 2.3-2 Specification of heat exchanger (Unit: [mm])
Tube puter Tube Height  Width Row St.age Number  Number lj"in 'Fin Length
type  diameter thickness pitch  pitch of row of stage  pitch  thickness
Bare 06.35 0.5 232 48 16 19.05 3 12 1.2 0.115 500
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Figure 2.3-2 Overall view of the heat exchanger
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Figure 2.3-4 Installation status of optimization verification equipment in the outdoor unit room
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Out LA S E, In MO S 254 %457, Table 2.3-3 IZHUE L -SSR O — B 2~ 7,
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Figure 2.3-5 Path diagram of heat exchanger (evaporator, parallel flow)
Table 2.3-3 List of manufactured heat exchanger types
Symbol Name Number of Optimized
y passes Type Refrigerant Capacity (kW)
a Base 1 2 Evaporator R32 -
b Base 2 3 Evaporator R454C -
c Optimized 1 3 Evaporator R32 4
d Optimized 2 1-2 Evaporator R32 3
e Optimized 3 4-2 Evaporator R454C 3-4
f Optimized 4 1-2 Condenser R32 4
g Optimized 5 2-4 Condenser R454C 5
h Optimized 6 1-2 Condenser R454C 3.7

R32 MV, #%Et - BUE L 7o B HER ORI 21T o 72,
R32 - ZK%2%  Base |(FATHE). Optimized 1(3FTiE-%Ff137). Optimized 2(AF 1T - % 11 77%)
R32 - &ffiizs Base 1-C(ktAIE), Optimized 4-C(%f [ 9it)
R32 - fpeiihi (EEf ) — i (ZRFE2)
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2.3.2 ZEMRIHER

B LA RO ZMVEE R T D720, R32 k5L L Chatifb S 7= 838 2R 01 O M BE 2 5 0 i s 5t
P CREAMG L 72,

FORRE, ZEEIZENENOFRFFMICB TR LS WIEREEZRT Z L3R S,

3kW & T b L 7= BT 5 0 AR RIS B W TRV ERE 2 7R L, ZRSRIRFE A R < 72 5 —J7 Tl
JE IR DG DA M A3 L S A7,

—J5. 4kW G Thilifb U7z Bl 1T ER ISR I fe b @V OWERB 27k L. JE V4R RIS K OVEl R Bl L2
K DR EN FE MR FER Th D Z L3R ST (Figure 2.3-6),
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Figure 2.3-6 Optimized evaporator features validation for R32 refrigerant
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Figure 2.3-7 Evaporator and condenser model validation for R32 refrigerants
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Figure 2.3-8 Evaporator and condenser model validation for R454C refrigerants
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LCCP = Direct Emission + Indirect Emission

Direct Emission = C - (L - ALR + EOL) - (GWP + Adp.GWP)
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I ORIRER L ORINIC X BRI IEF IS VR E o TN D,

LCCP FHHIZBIT 2EH L ZDEMRIZ OV T Table 2.3-4 1277,

Table 2.3-4 Variables and their meanings in LCCP calculations

Symbol Description Unit
C Refrigerant charge kg
GWP Global warming potential of refrigerant kg-CO2eq/kg
Adp. GWP GWP of atmospherirce fcifgggfrition products of the ke-CO2eq/ke
L Product lifetime year
ALR Annual leakage rate during operation Y%/year
EOL Refrigerant release rate at end-of-life %
AEC Annual electricity consumption kWh/year
EM CO2 emission factor of electricity kg-CO2/kWh
MM Impact of material manufacturing per unit mass kg-CO2/kg
m Mass of material kg
RM Impact of material recycling per unit mass kg-CO2/kg
mr Mass of recycled material kg
RFM Impact of refrigerant manufacturing kg-CO2/kg refrigerant
RFD Impact of gases released during refrigerant disposal ke-CO2/kg refrigerant

or recycling

ZIT, BAMEEICIOWTL, AFETHEELZV AT LY 2 2 L—#— [ENERGY FLOW +MII 1|
THAE LIZRER A LCCP ¥R 2 bL—F —ICZFEIT A L > TEBY | VAT LV I a2 L—F —OHh
& LCCP ¥R =2 L —F —IC L AR RO E R HE ] % Figure 2.3-9 (Z/R7, 7ok, xt5 &35 ZE5tkiE—
PEALENE N B ARGERZER LS LWL C [MEEKIEIAKW OL—LbxT a ) L LT,

0

T

oﬁ]

(i) Display screen of system simulator

(i) Display screen of calculation result by LCCP simulator

Figure 2.3-9 Example of display screen of “Simulator of ENERGY FLOW +M II”
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(a) FRIHEEIE (AEC) ORHIIE
O AR DI AR S O ER,
Z 2T JIS €9612(2013) VIR S - ANVKIRT — X AT 5, v— LT a2 2B 5 JIS C9612
(2013) (ZRE# S AV TWV D BV KUR OBBRFF XM 1569 IRl B2 55 2707 KEE D7 4276 K Td 5,
@ BAVKIRE DZE AR DR
JIS DZEFRARTET VI HENRIREDOERAN 2RO D, IS ONKIRE & ARTORRIL, B HEALN
IFAVKIREE 35°COREIZ 100%, 23°CTARM 0 &> T D, BBHEAMITANKIRE 0°C TAR 100%, 17°C
TAMO ThHD, -, HKIREN 15CTH S 21COMIE, EMEFEH LN 222> TEY ., A
X 0 L7g o TN B,
@ FHRIREDWEE I EORE
BEAKEEOZEFHAM E VI 2 b— 3 VEETRDZ COP b AANTIREDHEEE 1 %2Rk, Zih
(2% DIVKIRFE DR AR 2 BN CHEARIBEOWHEE I EE RO 5
@ FHEEEEOREM
FHARIBEOHEENRZRE L ¢, FHHEENEORE TS
® BcHigns 2 2 L—¥ — 2 X Dt & COP FHE
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Base-Base 32 Optimized R32 (3kW)

Indoor «=i=»Outdoor

|

-
)
G

12

2O 0O O O O O OeOeOeOn-0Oz

0 O OO0 O CrO+0+0+O0—0!
000 0-0+0O OsOsO=O=

OOOOOO’O->O>O->O>O->OG
O O 000 6 O*x0=0O=*0<0=O

)
R

© O O O 0 0 020+0+0+0+0"

S
W
X
)
w
=

[mm—————

Base-Base R454C Optimized R454C (3kW)

Indoor +=i=»Outdoor

|

S
i3
-
)
G
S
0
5

O OO OO O CrO-+020-+0—0

O O 0O O O O OelnOwOn0e
0+0+0+0 0O+ O OFO>O+0+0>05

©OOO©<—$)©<—O“O<—§)©O—

QrO-+0+@+0+3 O OO @ O O
De+-Oe-0n0e-0w0 O O O O O @

)
&

@OOOOO@—»O-*O—>O->0—>O;
O OO OO O O0tOe ==
b

O 0“0-0«0" 6 CtOsO+O+0O=O
L ———

OO Ot-Om-OmO- OO OOy

20 -0 -0 O+ @+O=e0+0-+0—+0-+0—+05

O O+ O+ 0 CrOe-OeOe-Oa-Oe-OOR

w
R

)
=

IS
w
&
[omm—m——
[~}
w
&
s

<]

w

&

|

Figure 2.3-10 Optimization results for heat exchangers using R32 and R454C.
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COP DFHEAER A Table 2.3-5 (¥, 7272 L, BAHERO B DRHTh S, FEHETHE L D IRA M
AR O WHFEEERIZE 9 COP DR TIEERE L TWV7au,

FRETO COP N OLIHEEN RS, FEEOBAERM TS 2 L CHEENEZRD D, HEES
BOFHEKER % Table 2.3-6 (2787,

Table 2.3-5 COP calculation results from heat exchanger optimization

Outdoor Indoor COP (-)
Mode PLR (%) Temp. Temp. R32 R454C
(°C) (°C) Base Opt. Base Opt.
100 35 27 3.77 3.94 3.07 3.69
Cooling 75 32 27 5.10 5.60 4.51 5.28
50 29 27 7.72 9.02 6.44 8.04
25 26 27 15.84 15.81 11.76 12.94
75 2 20 3.19 3.48 2.58 3.41
Heating 50 7 20 4.57 4.96 3.74 4.68
25 12 20 8.16 9.12 6.83 8.03
10 15 20 14.18 20.36 12.12 16.40

Table 2.3-6 Calculation results of air conditioning power consumption through heat exchanger optimization

. L R32 Base R32 Optimized R454C Base R454C Optimized
air conditioning
Mood %) 0ad (kWh) AEC AEC AEC AEC
COPO)  qwn OO qwnm  OPO  gawm COPO wn
Cooling 2498.33 7.72 323.77 8.53 293.02 6.43 388.44 7.65 326.48
Heating 5463.12 5.37 1016.87 5.59 977.58 4.42 1235.54 5.22 1046.76
Total 7961.45 5.94 1340.65 6.27 1270.60 4.90 1623.98 5.80 1373.25

—J7, FEEEMESERBEICGHMECE 2RERBEE CH D [ 2 b —F —AMRBRERE) 2HNT
MEEHEES 4 kW DO—bhxT a0 OFFMRBIR IR Z 1T -7, Z ORERFE RS APF Z RO HIX
3.97 ThHotz, RERRHME L 72 EEREES 4 kW DOL— LT T 2 OHME % Figure 2.3-11 (2”7,

BAsHgR DL I 2 L —3 9 U TlE R32Base D APF=5.94 Th 7272, EfE L i L THHEBHEI
Table 2.3-6 ™ 5.94/3.97=1.50 1 &+ 5,

Figure 2.3-11 Appearance of the 4kW room air conditioner that was tested and evaluated.
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Table 2.3-7 The values assuming a 4 kW room air conditioner for the R32 and R454C(1/2)

Direct Emission R32 R454C
C 0.9 — kg
GWP 675 148 kg CO2e
Adp. GWP 0 — R454C
L 15 — Year
ALR 5 — %
EOL 15 — %

Table 2.3-8 The values assuming a 4 kW room air conditioner for the R32 and R454C(2/2)

Indirect Emission R32 R454C
L 15 — Year
AEC kWh
EM 0.423 — kg CO2e¢/kWh
MM 2.326 — kg-CO2/kg
m 45.5 — kg
RM 0.0562 — kg-CO2/kg
mr 22.75 — kg
RFM 7.2 — kg-CO2/kg refrigerant
RFD 0 — kg-CO2/kg refrigerant

LCCP IEIC B 72 $fE % Table 2.3-7 & Table 2.3-8 (2789, /1 1kWh 7=V & CO2 HEHFRE EM i3,
MERFEZDIPEEARE (EXFEE ORFEELEREH) 56 FEEMESM8HFE 1 H 9 HERESY -
RFEEEBAERD [RETERE) P 2EHA L, £/, AARHRZEHA LESOTERBR Y Icks e, v
— AT 3 OERTEERR AL 2995 R, " HEMIX 12ETH L7720, b o84 LCCP X =

L—H—ICANTH5Z LT, LTOMERNELND,

® FHARESR

FHRAE S % Figure 2.3-12 127”39, BARH#ER & Feiifi{t. 9% 2 & T, R454C @ LCCP IE R32 &R FHIZT
EHZEBHALNI ST,

H Direct M Indirect

R32 Base |

R32 Opt. [IE——
R454C Base | E—
Ras4C opt. | IE—

0 2000 4000 6000 8000 10000 (kg-CO2e/Lifecycle)

Figure 2.3-12 LCCP calculation results based on heat exchanger optimization
(Air-conditioner with a cooling capacity of 4kW for residential)
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. REYAIONYZTalL—4—HAI BBEET7ILTI XLOFRE (BREEXS)

FHE L~V T OB R LA EBLT D ETIE, 2 b—F —DBFRICIBW T, i 2 ERRI
BUEY 2 TIRICB T 2B MOMHFKISEM (F1AE, PSSO 2K & SRBBGIRIETRRICB N T
FHLPRE R AL DI N R) T E O BB T OMENDH D, T OHIKISE B E Lz Al ik 7 v =
URLDORFEZITI ZEPAETH D,

3.1 H¥EHDEFHSE

Bstids & FEICREET 2 TRICBT 2 O BRSOV CRFERICHEW I L, BB L& R
2LV, 10 Ol (1 DIE0HE, 920347 > a ) ZEB L, Figure 3.1-1 [Z HH L& EO K %2R~

B
A s 5
gel 3o 99 0
O ; 0-0
gos Tos| 'Y 020
O
Restrictions on pipe connections

Left: Ensure no unconnected pipes are created. Length of connecting pipes
Center: Prevent loops from forming in pipe connections. Up to L units
Right: Prevent pipes from merging at either end.
@)
0)
@)
@)
@)
OO
Outlet Q 0)
Outl Pipe crossing
Direction of inflow and outflow Pipes cannot cross each other.
Inflow and outflow cannot be in the same direction.
% C) Direction of pipe branching Number of  pipe
Locations where piping can Branching is only from branches
be modified: bottom to top; merging is Branches up torn,
Modifications to the rear are only from top to bottom. Joins up to 7,

not permitted.

27



4

Imbalance in the number of branch pipes

Imbalance is limited to p times

Inlet

Figure 3.1-1 Ten restrictions agreed upon with the Japan Refrigeration and Air Conditioning Association

EBiC, WmUIRREEL RS X oM EER, 2004 7Y a VKA BIM L, B L7 #1# % Figure
3.12 12T,

d
\‘ o
\ v T
R
T
C l_’; \:- >}
TEL
&
Distance between inflow and outflow Number of pipes connected from inflow to outflow
Up to a maximum of n Up to a maximum of d

Figure 3.1-2 10 additional constraints (optional)

723, Figure 3.1-1 & O Figure 3.1-2 |Z/R L CTWAEHLL, ny, ny, p,n, diZE NI —F P H HIME Z % E
TELH LAl 70V T LEZHTE LI,

3.2 HHEHEFEI-T Al BBEETILTYY XLDOEE

11 OF 7> a AKENEIUIZ DOV T ON/OFF ZAIREICTE 5 K HICT 5728, At 2011=2024 1Y O
(LT U ADEEEIND, ZOBLZHIREO Y MEITKT 2 MBS &M %2 Al ok 7 v 2 Y XA
SRR LTz, $lREAND Z IR EBR AR R LRGSR e D FTREMEN LTS & & biT, A
S 3k 3o EVADN AN (VAN RN

SO A OFANT CE LT EHEREE 2T TCEHL 27 T 252%B L HNTF = v 70,
FFIFEFA AN CTOBBH T L T Y X AFEITITH LR O EdE b2 £ L T\ 5,

3.2.1 Al ®BEIEFTILTY X LD
INETHELTEEEBREH 0 I I 77 0T) ANIHSE, ALKELT VT Y X LAOBREEZLT
STz, BUSHER ORLE B & BICHI 2T 72 T TAERT 7210 T <L fiIF0E - SRREE - EH
PEE CEBIE LM AR T V) X LEFGE - FEE LRI ER S 5, SRERER (Gt
ERR. AR, R, R, FRfiies) 2EpoHEL—LE LTHEEL, filiiEEY 2
— b Lo — R — 2 2 LT, A filAI3IRNZIZ ON/OFF FIBETH b . I O AT ITFK
IR TEDRE Lo TND, ZHUTHR D EHT = v 7 Tidle <, filfEEZRmIc 7T LY XA
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N ~FLARIA A T2 RN BEEN L DT B,

Mz T, R AT A TITHFIERK 2 BICERT 20 TiE/e <, HEMEE (repair) B2 I L T\ 5,
Bl %X, PEERIEE SR S NG AITITY Y v 7 2RE L, BEREARR D, F70NL ) — R34 L
ToETIE, WK 2 7 3 HIPH TR A LT 5, 2O X 0T TER-HEAEER] LW iih AR
52 LT, NEUMOLIIC L HEBIEILEZBE ., ERNREREZ RIS L TV D AL EE R L
RKThHb,

3.22 N BE{EFTILTY XLOBEEL
YR BSHRBRBGE N TE B E T, AL O—2>THLBIBNT 17 T I 72 AT HRERA D5
Temn, A g LT,

(a) X7 TigtE

Al b 7 v TV R AOE#E(LD—BE LT, HoIlC AT v THEREAZ BINEE Uz, AIF5ECid, #ag
Wag N ORCE P 2. AMIEKE 27 Z 7 (Directed Acyclic Graph, DAG) & L CET/{LL TV 5,

ZZTWI DAG tiE, homE (Aa»rbHa~okn) 28fbH), o P TiER OL—7) %
R L7 Ry MU — 7 HEE EWT 5, BEHERNE CIIMER A A2 5 A ~—JF Ml iiiL 2 S 2
BHY | FWAIPIEFTIRICE D L) L — 7RIS IERRIC RS LV, 2O, AL CIEE O
PEeBfR A . AN ZbAs, HOZKRET L —JRxy hU—2 L LTER(E L, TRERMAIE(E L2V i
DI EFRT HERFE LT D,

AT THEREIL, 2O DAGHEEZO LD (bbb TAANLHAONBEETHY . »OREE E
RN LW bR B U—BRME) MR Lok, BREELEHIK 2 W72 TR T, Bl R b o4kt BILR
EESNCANRZ DB TH D, BARIIZIT, RO 5 - A0 B TE BRI RE LoD,
B HEHG BT DR EOMAE YR T U X NCEETH I LT, il B E R A AT 5,

ZDOX oI, TEEOBERITHER L oo DA EETH ) BEL 52 & T,

- PEBRIEIE DI AE

- AODBH O A~BIEREE & 72 DS

- BUSHIFER & 72 D

&V o Te R GIFR D AERCE I C & 5, Z OfE R, PRERZE M &2 W BRI B AT RE 2R G IRE L7 3 6|
SRR E 2 MR T 2 2 ENATREL 72 0 | BIRMT LT Y XA K B R bEHE o &b E
FEHL TS,

(b) HBIELEREMEICHITHRLUMENE

PRRZEM OFATHIZ B & LT, MEAERBIE B W TRATI R Z S MEHE 2 A AT, 2T,
oA IS 2 R L o RIS ERHIE 21T 9 O TR < #2803 2 Bef THELRYIT B LR W AT REME DS
ROHERR 2 FRTNCHERR T2 ATH L, TS LY | RMEYRO REARZ I L, BarsiE (3 -
RINAET) OAEIG ZmOTND,

(c) Frvialiitd

FHIEH R ORI E M D720, [Fl—FEE ISR 2 Bahi 2 BT 2% v > v o A E A LTz, BKHL
M2 b=y a IEEAENAEL B PR U= L TRV IR LEME 1T 5 2 LIZFEIRTH D,
Z 2T, WEDR AT DA ZRT . — BRI A ORI OV TR R Z IR 5 %G &
L7c, ZHUTED ., BEEROREZE, RBREEDOANLV—Ty M ESETn5D,

(d) #EER RGN
N O SRR 2 BB & U 7o S SR PERRINS 2 9238 U7, MEREFRIE O 2 C BALIER 2@ ik 4% & |
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FEREE D B LTI LERR DR TR 22N 03 D, AV AT LTI, HIERE—PEEZHE L,
[Fl— MR w P —OBEBRFFEZMEIT D 2 & T, RROSIRIELFHER L TS, ZHUTHR 2 IRIEIER T
T < REMZEFEROMEBELELEM LR TH S,

(e) /N1 T ) v FEERE

KIBHRSR & RPTRBR 2 & E S DA 7V v REISEERH Lz, @7 e 77 I v 712 kv IRE
IRRREHMEM A AR LT, BRI L CIREN BT EZ A L, Ml aziToMiEs LTnd, =
AUTE 0 BRERWIIBE CITRWEIPH A2 PRER U, IR B CIIRh I ERBSGE A XD Z L 3 lRe & 72 o
W5,

(f) W—ILR—ZR 03

N L _R— ZHBRE B DT = v 7 & LT TIEe< . HREEHEEE L EMIT WD, Ak
SNTEEPHFERK 2B HHE TS, TRV EEAZRA D Z & CIREOMGEIEZ MR L T\ D, Z
AUCTE D EEEHRICE T 2 NEA RO REFAEIC K252 ERE L T D,

ko X iz, RFFETIHEEN T 77 I 72 BMTHEMAT 50 Tid/e <, BREMEE. HHET
R, ZEMEIE, BicdE., BIUOL—ARXR—ACLALEEHRETH LT, EMAELHMHEE L
To R G R SRS AT RE 2R LR R A BB L T D, THITE AR D87 A — 2 HiC L 5 Edik T
372 <, T Y ZLFRGH LIV TORIERHRETH 5.,

3.2.3 Al &Et7I/ILT) XLDARIE

Al Fifb 7' v 777 AN CTIE XML 7 7 A /L CTIRD o> TV, FIHE R LT 0 K 2 I ATidEk
777 LEAER LTz (Figure 3.2-1), & BT, &#ELEFORE ORUL T v 7T MEELIToT, 2
AUTRY | 7o 2 ITREREE | CERERE 2 0, FcICBERE 17 LRERMIE 2 AR L TV DR
TR0 5,

LStk =T PO FEENEK D IED, GUI VY —/b & L THIZEE LIS THEWLT VY — LRIz D0
THEM LT,
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Figure 3.2-1 Examples of structural visualization
Left: Visualization maintaining physical spatial relationships

Right: Visualization of the flow from entrance to exit
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  L C C P = D i r e c t   E m i s s i o n + I n d i r e c t   E m i s s i o n


  D i r e c t   E m i s s i o n = C ∙ ( L ∙ A L R + E O L ) ∙ ( G W P + A d p . G W P )


  I n d i r e c t   E m i s s i o n = L ∙ A E C ∙ E M + 𝛴  ( m ∙ M M ) + 𝛴 ( m r ∙ R M ) + C ∙ ( 1 + A L R ) ∙ R F M + C ∙ ( 1 − E O L ) ∙ R F D
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