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Fig. 1.2 Changes in the amount of heat generated per rack

Fig. 1.3 Airflow from the air conditioner
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Table 2.1  Outdoor air cooling
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232 R[EREH
FEROHEEBENMERSIRERIET 2BRICERTLIRET —Z 1L, IEET A X X 2000 4
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) Air conditionar {Indoor unit) B
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— I - 8 i R =oe B 2 0m
EX EEX =0 O i | R
— 519 ] O e ellEn
] Eliaf ) s el EE )
= o7y o N S EeE
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B P 5 o O o EEE EEEE
'3 | | Em [EEm s [EEmg | | ]
Alr conditioner (Indoor unit} R
Fig. 2.1 Floor plan
Table 2.2 Simulation conditions
Item Condition
Heating density 4kW/Rack (1,680W/m?)
Racks 210 racks (rack width = 700mm)
Size of equipment room 1 zone 500m2
Floor height, Floor height: 5,000mm
raised floor height Effective height under raised floor: 550mm
Room condition 27°C(DB), 40%RH (3%)
Supply air temperature 19°C
Cold water temperature 12°C

% On the occasion of Air-side economizer, it is more than 20%

14



24 HEARET DERAVAT A

241 KahRBEFEHFRX (BEHFR)
AYEL 2 B2 RAGN0T, KEFRBEJELGA L Lie.

(1) EF /L

VAT ADXEEBEEL LTE, R22IRT@EY, ¥F—REAEEE, BN, 2
KA, GHEE, BEKRN L FL72s. FEBEBSEOERER 23 17T, B, ¥—
PEHEEIT, THRICHEoTWAHRTH My 77 T ADOHBOMELRE L.

——
ﬁCeiling ~ l:?» C er
|

= A
AHU

(-] ~
|| P
HHH H H Rack F AHU LT;‘I?I:‘ v (lelg:)qing water)
@ N @ o Chiﬁed water) Centrifugal
J e

L Raised ﬂoox’-’ — Refrigerating
machine

Fig. 2.2 Water-cooled central chiller (standard)

Table 2.3  Specification

st Gk (a3

BUREE S 1125kW, BB 71 162kW, A AKER T &3217L/min,
A UNR—F F— R 1 [®AKEHEK100kPa, ®HIK E# i E3800L/min,
B HIKE F118 K 99kPa

TE &R B 3900L/min, W HEIKE S K 84kPa,
FHRNKRT R A HE 1 [:ZEA%E) /5. 5kWX 3R
AR FE 1. 5kW X 3H

wkEREERST 1 |EHFEE3700L/nin, BFE29m, T—& HF130kW, 448

BHKRA@MBERS T 1 |E#HFE3800L/nin, HE30m, E— & H{F/30kW, 41

B EBE /152, bkW, E#ER19530m3/h, E#EELS2Pa,

o=y MR 16 | s % R M B 7 5. 5kW
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NICHBEZ AT 2EEAEEFA T EHE L. ARBAERER L OZEREE~DRED 2=
[EEX, ¥ ETHIETAEHAEL, ARBARIELCT, EREB~DORD ZE5E
BEEZEBIE TS, 207D, EFNKBARICE T 2ERBRRIT—ETHS. L
L, AXBACKLERBEZEET IVLERD D700, FIKBAICKEREEEZHX
kR ERET D E L.

—7, PERGEEBIZ OV TIE, ARBARLFAREZHERTS. ZOBROEREDOE
ik, EEED P-O #ttrE kA TIERIL, BBIXERDEEE N IZHFITS & LT,
K(Q22)X VY, EAP EioiXbEREn 2RO D, 8/ Pw idXQ3)TEH L.

BEP =a-Q*+b-0-(n/N)+c*(n/N) (2.2)
B) 71 Pw=p+g* Q- P/60000/5 (2.3)

ZZT, Q:RE, n:[EERE, N:EKEEE, p: WEBE, g BEHOIMEE,
n:7v7r VR, ab,c : BRI

|
|FAN (Exhaust Air ) Cellmg FAN (Exhaust Air )|@ 0
Cooling tower
S — N
H A
gl b ] D (Conbing water)
ooling water
‘@@ @@ @Pun_lf) &
FAN FAN |7—4(g|h1 led water Cent_rlﬁ,l =a.1
($Supply Al-"\ Raised ﬂoor (Supply Air ) g ﬁlzigrlll%ger: ating

Fig. 2.3 Direct free cooling system (air-side economizer)
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K24 [TERREOMLIRZ Y. EFAIBEIR, SFREAIC X DR O S /&l
bRESNDD, TOBERIFEEOBNIIMNEL, AIBADTZODERBNALEL 2
5. B L OFRAORERRICOWTIE, BRI 525, FBFFETIE, BRE#LEIET
ELEARMEARTHRAT 2HEDAHEZRE L. SIXmBELERLLRWVWEEI, A
FHRELFRRDOBEEZATS. AIMEDOEREMEE LTIE, ERAENLOREBMZERL,
ZERTMAE DR LIBEE 2D ICR#Z AT, AXEKEEZ 18CLAT & LTz,

AKDOEY ANEE, X 24) KVEHL, AXBAN L AREZHERT 2. AR
B 5% 1 5720 OASBARELZX 2.4 1TRT. AREEMMET T 5 L2
REME L DENIEN D Z & T, HIREAEITDRLIRS.

NZRJEAE Vo = Vex(Tr-(Tac-1)) = (Tr-To) (2.4)

(ToANTIREE, T BN R EIRE, Tuc: 2SR LIREE Ve « 22 U RE)

Table 2.4  Specifications of fan for air-side economizer

a4 B ik
o 2% A 16 |3%3HE &19530m°/h, BREEE6TTPa, EHKIMHEE 6. kW
Pe& 25 A% 16 |3 3HE & 19530n°/h, R E440Pa, EH B E /5. 2kW
25000

Water-cooled

air-side economizer 4= — 3 — =>» .
T central chiller

20000

15000

10000 /
5000 f/

0 Il Il 1 1 1 Il Il
-10 -5 0 5 10 15 1820 25 30 35

N\

Volume of outdoor air
m3/(h * unit)

Outdoor temperature C

Fig. 2.4  Volume of outdoor air
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(2) FEEREMHIZONT

BE#AKEEIL, X2 EERNICEIAT 2D, SR DOREHEE 7S BN M ~E
WIGE, IMERBEIZRD. KA TIE, RICENRBESRE EAISKEIINBEISIC
EX BZEEBIOVWTHRIET 5. KICARBAZBEIZOWTHRIEZ TV, BEEAKHED
BRAZBEZRETS. £, MBIZE L UMM KBANBISCZNBEZEHL, &
FEE LTHRQSHEVRRFEL, FMBEICA W, IR, ERAASTINESRZEEL,
IHEEH 720 OEBEHEIL, A—A—DhFus ™ IVEH L. B, ZRXFRIX
OB HFR kEBESFR, KIFR) LHBL, ZRMEETOLMERES 2D
T—H e FIZBWT—RIICHA S LT3,

N FAEh A3 (kW - h] = IN{E & [kg/h]x0.75[kW/kg] (2.5)

(a) BNIRESRM L AKEHEDINRE) /)~ DR E

ENIBESMRIZ OV TIE, ASHRAE IZBWTHAME L LTHEENTWS ), BEIE
B 17°CLLF, MXHBE 20%LL E 80% AT E L. EEASGEEDERIX, B LARRS
AEBMAZIT O BAE EMBERLEREAIX, ARXBAZITORWGEELEREZLND.
F9, IMBZITOHEITOVT, WIEZITH. K 2.5 ICERNERELZ 27C, E2NMEINRE
EARIEDILBELRMETH D 40% B L OENEIEED FRIESE 20% & LI-HBED, 4%
ST DINBEN A DB LR, AKRDOBEIMBENME, F720E, ENOERIBE
BEWEAIE, ENEREBZERTH-OCINERLEICRY, MNBEIANKEL R
HZLRHERTE S, AMRETIE, MBEITIHEE, EENSGEREDOEAMRELKE
T HEDICENBER 20%F THEMET5

outdoor relative humidity is 30% , indoor relative humidity is more than 20%
= =outdoor relative humidity is 50% , indoor relative humidity is more than 20%
====outdoor relative humidity is 70% , indoor relative humidity is more than 20%
outdoor relative humidity is 30% , indoor relative humidity is 40%
outdoor relative humidity is 50% , indoor relative humidity is 40%
outdoor relative humidity is 70% , indoor relative humidity is 40%

1,600 — :
air-side economizer <~ = - = % Water-cooled
1, 400 I central chiller
I

1, 200 ;
1, 000 :
800 |
1
!
|
1

600 =—

400
— e e — o

Power of humidifier kW

-10 -b 0 5 10 15 18 20 25 30 35
Outdoor temperature  °C

Fig. 2.5 Power of humidifier

18



(b) BRFKMHPEMERENRICEZ DS

EAZMHICOVT, MBETVARSEBNRARLEET 2 B0 L, MEETHR
WEIH TEEN RN B L EAT 525G OB EIT 5. W E21T 5 ERASM 2R 2.5 1R,
VIal—varORRER 26 BXUK 2.6 IT7RT. 2613, BEENREEOEME
RRETHY, INERLOHEIL, ENEREOCTREZ 20% & LGa Lt~ &
M & b EMERR A L YREC 5. €26 13, FHATOEMELENRTHS.
INEAE L OBA I, ERTEERMEIZES 255, MEBHOBELZ T2\, £
HEESHEIZ, MBETAHABESLEBL, INEL ot~ UBOMOATEREFRE D
BX, IR LOEETRIEZIT).

Table 2.5 Operating range of air-side economizer

Dry-bulb temperature Dew-point temperature
Upper limit | Lower limit [ Upper limit | Lower limit
Indoor relative humidity o . 0 .
is more than 20% 18C 17C
No humidification 18°C — 17°C 2.1%C

% In the case of 27°CDB, 20%RH

Table 2.6  Operating hours of air-side economizer

Sapporo Nagano Tokyo Kagoshima
Indoor relative humidity 6835h 5796h 4681h 3951h
is more than 20% (78%) (66%) (53%) (45%)
2743h 2596h 193%h 2480h
humidificati
No humidification (31%) (30%) (22%) (28%)

() is annual Outdoor air cooling use rate

19



| |
Indoor relative humidity BN HE P
is more than 20% i/ ‘ SHE N
No humidification 3 & 3. 84
| | | |
0 500 1. 000 1. 500 2.000 2, 500
Annual power consumption MWh/y
P The number is COP

(a) Sapporo

Indoor relative humidity % N
is more than 20%

No humidification

HHH
e
r |

\S 3.71
| | |

0 500 1, 000 1. 500 2. 000 2,500
Annual power consumption MWh/y
X Th ber is COP
(b) Nagano € numboer 1S
Ind lative humidi l N l
ndoor relative humidity \
is more than 20% % &
No humidification F§ [/ N 5. 48
| | | |
0 500 1,000 1,500 2,000 2,500
Annual power consumption MWh/y
(c) Tokyo P The number is COP

Indoor relative humidity
is more than 20%

W
N “ 3. 38

-
No humidification Q 3. 46
| |
0 500 1, 000 1, 500 2,000 2, 500
Annual power consumption MWh/y
. The number is COP
(d) Kagoshima
H Cooling tower power [ Air handling unit power
Cooling water circulation power B Fan power (supply air for air-side economizer )
Ex Chiller power [ Fan power (exhaust air for air-side economizer )
Cooling circulation power Humidification power

Fig. 2.6  Annual power consumption (air-side economizer)
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(c) BJRRE L DBERIZ OV T

AKOBY A%, BIRME R T8 E TR LEBEORFZ2ITH. WY
ANEfHE LTE, AREERIBED 260CLUTOREIIAREEATS. Zhuk, ERF
HRETH D 27ChHr LEEEN O DFEE 1CEREL, IRELE. AROBANEIT,
NEEENBIRME P EIE T 28ETIE, X Q4 IVEHTS. BUREL OBFRR%
ELRFEA T, ZFEBOZREELR—L 15, 28, AKOMEIMEEIT 50%E L, B
2iTol2. ®2712, ARBARBBIVY AT ALEOEEEHELTT. K 2.7,
B2 E L TE 258 DAEBAIGELIT OHE, K270k, BEENKGERICE
L OBALITOBREGTHS. R270)LY, ARBERZITH) Z LT, HEEHEIIE
BLTWBZ ERGgNnD. —FTR270b) LY, B2 EILETIARBEL AT
Be, HEEHRIL, AKGBEEZITLRVWGEEHEL, EIMLTWS. 207D, K
AT, SMROBD ANGMIL, BIREEZEILTEA2HE0HR LT 5.

= 500 —— . 25000
. air-side economizer
= <-4 B=
< 400 /. 20000 ©

1 Qo
S 300 ! 15000 8§ =
g : 8 Z
£ 200 i 10000 5 =
& 1 Q ‘E
S 100 ! 5000 £
5 : G
g 0 : . . 0 >
~ 15 18 20 25 30

Outdoor temperature “C

(a) When performing outdoor air cooling directly only if it can stop the chiller

= 500 air-side economizer 25000
B ((@ller is stop) .
~ 400 == 20000 &

| 1 o
g I 1 S =
2 300 | ! 15000 g =
=) I 1 3 7
5 200 1 i 10000 5 £
2] 1 I =
5 I 1 2 g
S 100 , ! 5000 £
— —
: - ! 0o 3
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Outdoor temperature °C

(b) Combination of chiller and air-side economizer

Power consumption (left axis)
Power consumption of the case without out air-side economizer (left axis)
= \olume of outdoor air (right axis)

Fig 2.7 Relationship of power consumption and volume of outdoor air
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ALY, BlEBZ SN EHEMENHIZX 2.9 1T 7). TEROXIZ, FERGEDOT
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Fig. 2.8 Flow inhibition example of the cooling air’”

. — e I — - . . ——— em -

)

Fig. 2.9 Examples of the corrosion with the corrosive gas’’

23



(b) HRRIEGHE DHERI

ICTRBOBREER L 725 HARBEDEIZONT, ARINTWVARKER 2.7 IR
T 7. HEEZ2EDIEOBREL LT, BREEEO TN ABOHEEIEANERICS
2 HEERENRET NS, ENTIE, JEITA IT-1004 IZEENRENTWS. BEMD
AZADH TR, BE, BE, BHHREZEDT, ICTEBOEEMEICEES B2 DEAENE
EZRWVWERETH D ClassA, BERBHWRERFIZL - TIEBEZETRE TH S ClassB,
BREREORENVER ClassS1~3 £ 7 T AP EIT> T3 . ClassA DER LD
%% 28 17T, £, BEIZ ASHRAE B L TWB5E b3 L.

Table 2.7 Quota of the gaseous contaminants

Gas (unicppb) | (ECO002) | (Telecordin2006) | (ISA 1955)

Hydrogen sulfide(H,S) 7 40 3

Sulfur dioxide( SO») 38 50 10
Hydrogen chloride (HCI) 67 5 -
Chlorine (Cl,) 34 5 1

Nitrogen oxides(NOy) - 700 50
Ozone (O3) 5 125 2

Ammonia (NH3) 430 500 500
Volatile organics(CxHy) - 1200 -

Table 2.8 Comparison between ASHRAE and JEITA

Items ASHRAE JEITA
Applicable class No concept o qgilssls eﬁcy
3,520,000(>0.5 p m)
Maximum number of particles in air 832,000(>1.0 m)
29,300(>5.0 & m)
(ISO14644-1 class8)
Hydrogen sulfide(H,S) 3 3
Sulfur dioxide( SO,) 10 40
Gas Chlorine (Cl,) 1 2
(unit:ppb) Nitrogen oxides(NOy) 50 20
Ozone (O3) 2 N/A
Ammonia (NH3) 500 100
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(1) BEEREKEIZOVNT
RE, BEIZOWTIX, &£A—b—HEHER.
« BIR, HRITEELRLBSZ.
) BEEAREHEIZONT
AUy b Bz RF—,
-7 AUy b BIROMEERNYE, BERIEICEARWENRESGGRRO ) X7, (KRS
KOREHEANICRR T L8, BRIC K DHES.
Q) EZREEMA~DOXEB IR N T TAEE
- BEARBEICE S ZREEMICHT 2 ERD a—T 4 U 7EIX, BRTIH Tbh
TR, —fRIITObN TV A TERE I TN,
- EBERERREIIMEAZOEHL RV, FEREIRE T COERANKELTFR L
BalE, A——DOREGENE R LFREEL D D.
c EREEIC I AMEOREGHEL LTI, 2=y MEMICEEY, 2=y FOXRH
CHRUGFIREREEF L MBS NS, U EHE LTiE, | HUREAEE.
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béﬁm:xkiﬁﬁﬂm%%ﬁﬁiom&<ﬁé.

(1) EFML

B4 2.10 1IR3y, AKphREBJR5 (BER) om0tz EssmBERD
MAEZRE Lz, AFETIE, KEPREVER L AEARGER CTHAELZFALT
W57, MEAREELEEREOHAZITDY, GHE THEDREDHKZHIET
XLBADOLRBEENREECERTAILELE. 7, KETATIE, AEESEIC
BHOET, MEBARGEERICOKEEORN L T2HRE S D LBE L.

Cooling tower
for free cooling Cooling tower

= = e <:ﬂCelhngg:> ~ = =
Pump for free cooling
|

I | ! \ A
AHU AHU )
2 H Hﬂ H H WH ©) \;@M—l V1§ (Cooling water)
L Raised floor = J /@ Centrifugal

SS Refrigerating

PumF =
(Chilled water) machine

Fig. 2.10 Indirect free cooling system (water-side economizer)
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(c) Cooling tower’s capacity is 300%
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(d) Cooling tower’s capacity is 400%

Fig. 2.11 Cooling tower’s capacity

Table 2.9  Specifications of pump for free cooling

Haz B A
MEASAERRE R 7 | 1 RIS BRI, AR 100% 25 B
MEARAERRE SR 7 | 1 RSO i BRI, A HHE200% 5 &
MEARARRREE R | 1 f?f%gﬁggmiz;@*’%‘“m‘ B HIH300% 75 B
MEARARRRET R | 1 f?f%iﬁggmiz;@%ﬁm‘ B HIH400% 75 B
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= a» o cooling tower capacity is 300%

cooling tower capacity is 400%
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Wet-bulb temperature C

Fig. 2.12 Relationship of Wet-bulb temperature and outlet temperature of cooling water

Table 2.10 Operating time

Cooling tower capacity
100% 200% 300% 400%
Sapporo 2648h (30%) | 4578h (52%) | 45181h (59%) | 5481h (63%)
Nagano 1594h (18%) | 3823h (44%) | 4334h (49%) | 4622h (53%)
Tokyo 306h (3%) 2946h (34%) | 3466h (40%) | 3719h (42%)
Kagoshima 11h (0.1%) | 1860h (21%) | 2523h(29%) | 2821h (32%)

() is annual Outdoor air cooling use rate
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¢ The number is COP

Annual power consumption (water-side economizer)
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Fig. 2.14 Refrigeration cycle control in the year continuous operation
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Fig. 2.15 Relationship of outdoor temperature and COP
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Fig. 2.16 The package air conditioner with high-pressure suppression cycle control

Table 2.11  Specifications of the package air conditioner
was =) ¢ iR
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25 BHRABARDEREEEHELEER
NREEDRI: D 4 KT, ZAKGEFRDOEREEENEBDOHEZITo 7.

2.5.1 fRWEHE
BLVATADETNANEBLIOHEBEEAIL 23 BIO24 iz k5. ARSEMHELE LTI, L
12, B¥, ®E, BRBO4MIREZRNREL, KV AT LOHBREZITH.

252 SUnBEEREE

FRNTRE R Z LTI R T, R2.12 1%, EBASGER LUHEEBAKGE KHFR) OF
B DE AR L OEGERREIE 2R, £, X217 KEHIROEROBREE, &
RIRE, BEEBEEZRT. 2 CTEEARGEOERSMEIL, ZEKIEE 18SCUT, BA
BE2ICUEITCUTThH A2, MICERAGHAZTEHRT H. 2, BEASGE (K
FHR) OFBASLMIL, BERIEE 75CUTTHHE0H, FEFICKICTE#HKTS. K217 XD
FMzE U CHREKEEIL, LR RE, 370, BREEOIRIE,. BREEICONTY,
HMEREELFERTHID, EFLERIIARETHS. BEREEIZOWVWTHREET,
LIR, RE, B, BREBOIRIEY. EENAIHBEOERFFEICOWT, fLiRL RE
ZHET 5L, FLROEKIEEITEND, BREELENZD, ABRELR-T. —F
T, EREERETIE, BREERIERSOFRAEVR, BREELEBHEND,
BRI GEARENIR 2o, HEANKGBEDOERRRICOVWTIE, BEKIEEDHE
mERULTHoT.

Table 2.12  Outdoor air cooling operation time of the year

Sapporo Nagano Tokyo Kagoshima
Air-side economizer 2743h 2596h 193%h 2480h
(31%) (30%) (22%) (28%)
Water-side economizer 4378h 3823h 2946h 1860h
(52%) (44%) (34%) (21%)
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Fig. 2.17 Weather data of each region
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& 2.13 1%, FHIREICAKGETREGEAFX (BEE) OEMERENEZ 100 & Lz
EDELER AT AOBEEESIEBEIETHS. M 2.18)IFLIR, B, K 2.18(b)IZHER,
BIREDOEHIRDOZEFH T 2T MEREERE OEREEENEE RT.

Table 2.13 Power consumption ratio of water-cooled central chiller (standard)

Sapporo Nagano Tokyo Kagoshima
Water-cooled central chiller 100 100 100 100
(standard) (2132) (2193) (2259) (2315)
Air-side economizer 89.9 004 93.6 019
(1918) (1982) (2114) (2128)
Water-side economizer 812 84.6 88.4 92.9
(1732) (1856) (1997) (2150)
Packaged air conditioner 777 80.0 84.0 83.0
(1658) (1754) (1897) (1967)

% Annual power consumption of water-cooled central chiller (standard) is 100.
* () is annual power consumption [MWh/year]
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ENTJEBERSHET COIRICE T 2 EEAIGEOEARMIX, £ 2.12 XV FHE
T31%, MEAKKBE (KFHFR) OEBEHRERIX 2% E2Y, FEAKKE (kKFX) %
Tole s, EMCTONRBERFIIESFIATE . HEEBHEOEBHIRIZONT
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i, AKOBEREBEEICHRMEETS. Z0), FLIROEEREREOKESME T
BE#EASEBELV S, HEENEDEBHIRPIRE25S.

(2) EFCOHEBEHEHLE
ANREEERSGET CORFICBIT 2EEBASGEOERRRIL, X 2.12 L VEM
T30%, WEAKKE (KFR) OEBEFAERIT4%E o7, FLIE & BT 5 LAAKH
BOFMAREIZEL 25, HEEHNEDOEBHRIZOWTIE, EEIIGEIAL, H
EARHE OkFR) fFREZENEh, FREJFEHFRITHESR 9%, 15%DERE o7,
BELHEEEBEHEDEBSDENBRE D o-0ix, LR L FEICEEASKE (BREHK)
FREBEHA Lie Ry r—VEZEFETH Y, 20%DERE 2o 7.
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(b) Nagano
H Cooling tower power B Fan power (exhaust air for air-side economizer )
Cooling water circulation power Packaged air conditioner
B4 Chiller power [ Humidification power
Cooling circulation power [0 Cooling circulation power (for free cooling)
] Air handling unit power B Cooling tower power (for free cooling )

B Fan power (supply air for air-side economizer )

¢ The number is COP

Fig. 2.18 (a) Comparison of annual power consumption
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Fig. 2.18 (b) Comparison of annual power consumption
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Fig. 3.1 System configuration
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Fig. 3.2 Ph diagram
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Fig. 3.3 Hybrid air conditioner
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2
ai__me (3.9)

oz D,

WA VX RN U TITRT
0(puts) , 0(Puvel) __Ley, G.10)

ot ox s, "

CEEDOT XNV LHENIUTOLEY THS.

a(/)MUM) — ﬂ

AFC+ FINAFIN
) e (Arc + Ty Asry ) G.11)

9w — (QOm + jOuthVAP) S I
M

HEMOEEOR, FEHBREOR, TRXLXFBERIIUTOLEY THhB.

ProVaola =Paivarla = Jou (Arc + M A ) /L (3.12)
Poo =Py ==f, 2LupVac /Dac (3.13)
ProvaoXaols = ParvarXaiLa = Jou (Aic + A )/ L (3.14)
ProVaolnoln = ParvariniLa = (Gou + Joulvae ) (Aic + T4 ) /L (3.15)

ZERH ORE Tao NBR Top ICEE LTEBEIE, ZXRHDOBE Tho EBR Top DELL A
H5X5BBNRREINDLDE LTKRGEEREK jou PEHEINS.

. 0 Topao <Tho

Jou = {f (P w00 Maos T DP,A,O) Topro =Tho (3.16)
o, BEE, ZEREOBGZBIIUTORTEREINS.

qln:aln(TR_TM) (317)

Gou =, (% ~70) {1 = Tho) (3.18)

(- T) (T -Tho))

UTRBGERLEEHNBROBARZ T, ZNULIXEFRELHLIVITTL— T 0~
BT 2HBERXTH D720, BENE, BT, 740XV vy FOEEBEZERETLHZD
BEREENTTHWS., SNBEYCER o, 1T, BAROEEIL, Dittus-Boelter DR, 7V
ZRAWS.

a,, = NuR,sp'q'R /Dln (3 1 9)
BENDIMBDRZE

Nug g =0.023Rey® Prp* (3.20)
BENBIWEADRZE

Nugg =0.023Rey® Pry? (3.21)
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THEEORAIT, BFELOXVVEHAWVS. 2B, X(3.22), 3.23)D C~CIZONWT
X, FELOXVICLSD.

0.9 0.1xg +0.8 3\!/3
Nug,p =0.018| Reg Pre ("—Rj X[Pr,{ﬁ@j x[1+ CH o, A, J (3.22)
R,V 1- Xr ReR-,L TpL PrR,v
_ 0.25 (3.1-0.5/Prg ) 03 0.25
Nug,rp =0.725(GaPry, /H) = x{1+0.003,/Pr, C; (1+C,C,) (3.23)

“HEREOBEIFALOX P ERA NS,
Qo ! Crpr = 3.7 {Bo x10* +0.23(Box10*)"" (1/ X, }0'44 (3.24)

FENBRRARE fr i3, BEFEH TIX Blasius ORXZHW 5.
frsp =0.079Rex ™ (3.25)
R DO%A X Chisholm™DRE AW 3.
frear =0.079Rex? 47 (3.26)
# =1+20/X, +X; (3.27)

BEIBUREE oou L ESBRRLE /L ITHET 5 ORX 0 2 AN 3.

aOutDec /Z'A = 2‘I(I{eA PrA D@c /LAZ )038 (3'28)

fiLn/D, ={043435.1(Re, D, /L,;)""} (3.29)

ZIT, BRHBTHONIE, KEOARBAODEROREIL, =00 L%, ADEERE
PrRVRSR, ABES Pr, AR ZVE g Ik L TENEI, Greval, Prevan ArREVAL
DELWVWEWS E R 525, HOBEROIKREIL, =L 0L X, BERE prrsSr, ES
Pr, L U ZNVE I L TENEI, Grevaos PreEvaos FrEVAO, DSELWNEW D
*52%.

ZESMDOAOESFRORTBIL, BERE pavailal, FEF Pay, ST ZNVE hyy, KGR
BE X ik L TENEI, Gapval, Pagvan hapvan Xapvai BFELVE WS FEEE 2 5.

ZESHORTIIRABREL D720, BERAOKRBIEIMBWICESGINDEL, KDOLD
2725,

L
GA,EVA,O =L, _[0 ProVao dz (3 3 0)
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Pyevao = Pro (3.31)

Py pvao = ( _[pAOV hy dz)/GA,EVA,O (3.32)

L
X AEVAO — (LA J-a pA,oVA,oX A0 dz ) / GA,EVA,O (3 3 3)

%7z, 77‘/@ﬂ%’%%f)EFANﬁ%BZPUy)7TV@q%‘lﬁiﬁﬁ%’/ﬁw‘, %ﬁﬁﬂ@%}f@
B ooEcHWS

Eran =f(AP) (334)

Fig. 3.4 Heat exchanger

32.1.3) 7*¥a—LL—4%
TXx2AL—FDETNVEKISIZRT. THa b L —FHEEET IV THOIEEIXN
TOBEY TH5.

- TX 2 AL—FZAPMIRETHH5E, HORBIIEMERET S

- EERITERT S

EREGERIIUTOEY THS.

dp
V? = pR,ovR,oSR,o - pR,IVR,ISR,I (3.35)

TRINVFHFBRAIILUTOEY THS.

Vdpu

dr = pR,ovR,ohR,oSR,o _pR,lvR,IhR,lSR,I (3.36)

T, IR R R VB AT P BEBERR TR INTWA & L, SBEs
%5%91 T%J—Av—&QWELTi%ﬁkET%étL BTN T 5
HoLT s
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e (XR = 1.0)
heo = {hR,sal,v (xx <1.0) (3.37)

Po=F, (3.38)

7B, HADRBIZIEEEDOEE L FARICRET .

32.1.(4) LI—n
Ly —ROETFAZR36IZ7RT. L —_"OET L THWAREIZLLTOEY TH 5.
- ZiEAABEIRETH A5E, HOREBIZAMKL 705

B RRIIUTOEY THD.

dp
VE = ProVroSro ~ PriVriSkri (3.39)

TRAVXHFBRAIIUTOEY TH 5.

dpu

Ji = pR,OVR,OhR,oSR,o _pR,IVR,IhR,ISR,I (3.40)

T H2HEIINTREME CHL L T5. £, GBI HICEIBEALEREZERTS.
hR,O = fSAT,L (PR,O) (341)

Peo =P +por8H, (342)

2B, HADREBIIEGEOEA L RRICRET 5.

ST Ny
L —

R.O

Fig. 3.5 Accumulator Fig. 3.6 Receiver

49



32.1.(5) EBFEEF
BEFHEROET NV EM 3.7 IR T. WRARITET VICAWTAREIZUTO LY T
H5.
EEREZERT AN E RN FOBRZIERNED LTS
- EERRRIIBRRRIITDA b D ET 5
Bt FERRIILLTOEY TH 5.
ProVroSro ~ PriVriSrs =0 (3.43)
TRNAXFREAXIIUTOEY THA.
pR,ovR,ohR,oSR,o - pR,IVR,lhR,ISR,l =0 (3.44)

MEIX ) AVORIEI bDET 5.

C S,’Z P -P 0
puinasa =Y The) o (3.45)
CySy2Pr0 (PR,O_PR,I) (VR*I - )

72k, HADREBIIEREDOEE & FRICRET 5.

—

R.I

—>
]

%

iR.O

Fig. 3.7 Expansion Valve

32.1.(6) R
B T ET NMIAWTAREBIZUTOLEBY TH S.
< R OMEERIIBRRICITONSbD LT3
RV T DOHBBHIIR LV THEEEZHZEITLE>TRDS



HFEFBERIILLTOEY TH 5.
ProVroSr0 ~ PriVeiSrs =0 (3.46)

TRNVXHFBRAIILUTOEY THS.

pR,OvR,OhR,OSR,O _pR,lVR,IhR,lSR,I =W (3.47)
N = (hR,o,ad - hR,I)/( I — hR,I) (348)
Sro0ad = Sk (349)

Ry 7OGREIT, MEOEEKET5

Poore = 1o (VR) (350)

AT DMRRIZFR Y T pun P OEHT 5.
W =i E (3.51)

2B, HADREBIIEREDOES & FRICRET 5.

32.1.(7) EHGEE

Rl E DET NV E K 3.8 12T . HEHEE T T WVITESTHRERT T L L BRI
Th5. UTIGEVWERRS.

« MB~DHEEITRNE D & TATZDHBEN TOBYREIZI RN b D LT3

- BIRECEBAENEEEEET D

BH L OB BTN T2, TrROL IR D.

Gou =0 (352)
FEFHREDORZ LUTITRTY.
oL, PrVr :
TR __4 — o 3.53
. Tr 2D, Prgsin (3.53)
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32.1.8) BEE

BEEDETNERIIITT. ETFTNMIBWTHAWAREIZLLTO@EY THh 5
REIEIBRIIITONNA D LTS

HE FERNITILUTOEY THB.

dp
VE = (pR,oVR,oSR,o ~ PriVRLISRL pR,I,2vR,l,2SR,I,2) (3.54)

TRNVXHFBRAIIUTOEY THS.

dpu

o= = (ProviofioSio = Prarridfias S ~ PraaradfiaSwiz) (3.55)
JESRIONIZLUTO@EY TH 5.
Fa=P (3.56)
P, =P (3.57)
Po=P (3.58)

2B, HADRBIIEHEEROGE L FRICRETS.

Ao
Ri, xg

<, ﬂrﬁ

Fig. 3.8 Tube Fig. 3.9 Mixer

T

3.2.1.09) Skt
SIFEDETNVEK 31017 T. ETMIBWTHEWAREIZLLTO@EY Th b
REIIBRIIITONNA D LTS
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B RRIIUTOEY THD.

dp
VE = (pR,O,1VR,O,1SR,O,1 + pR,O,2vR,O,zSR,0,2 - pR’IvR’ISR’I) (3.59)

TRNVXHFBRAIILUTOEY THS.

dpu
V Z = (pR,o,lVR,O,lhR,o,lSR,o,l + Pro2Vro2Mro2Sro02 — pR,lvR,lhR,ISR,I) (3.60)
FEABREORIZLUTDEY TH 5.
Froi = B (3.61)
Froa =Py (3.62)

2B, HADRBIIEHEEROGE L FRICRETS.

R.I,1 R.O,1
_> _»

L

Fig. 3.10 Separator

322 IRAREH, EEEH

IHE CRBRRIEHEETNCERGGEMEE2 5252 TT7 ) —7— 0 7R RBIAA
TY v RER AT LDVRAT AEHEET LV EERTS. BEMOY AT A 2#BRT5
B, FIEmEOT X2 AL —& LERBEITIE, KOLIIZ, THFabl—
& H ORI EMEEA DRRRICE L.

Xracco = Xrcomi (363)
ZIT, RZUTO@EYITEETD.
xp = (G o) (3.64)

RUVATLENFLEDRBICRESINDEAFFIIUTOEY THD. BEREMHEL LT,
2 NI BT HARR DPIA B ZER DFLE Garany, ST Pagrany, BT ZVE hagpang, K
TERE Xarang 525, ENEANITENES DO RIAZEKDIE Gacony, ZRGADES
Pacong, BT U ZIVE hacony, KBBE Xaconi 252 5.
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323 HEFHEFEHBE

UEDE STV AT AEEOEEET VIIEFITERER b DO ERD. 22T, o0k
DIRBHRBEETNERDTINT =V AT AOBEMRIT 2 6B ERTIEY 2
T —fEMTaR ) ISRV BEARIT A R L K.

BEMICIE, 7, FECEBEL-BEEF AR FAICEER LTS Y. LT,
BRERICHREAT IHEOKE, JEH, U XA EREREL L, FEREROKET
TNEEV2—NE LTEHETS. ZLT, INLEVa2—NVOERRELTVRAT A
EEROEBEFTNAEZBET S, ©3.11 TED2— VO ERT. -, BIT2ED
7u—zK 3.12 1277, T, BEERFEOANELZEZX T LT, EVa2— %2R
—RAL LT, FEEV2—NVOXBEFERCETIBELFEEU T LR I=a—
RN TT7I AR EVINEHERZERBL, VAT ALK L TOHERZIT).

AR DRI, VAT AEEE L TOEBEET N EZN—AIHEEHELEREL T
H5DTIERL, BREV2—NVOEEMHTEN—R L LTURAT A2EKOBMEHENRE
BIhsdRIh5.

DD, RVATAED X I IZEMHE R A 7NV ODDOERR I -T2V AT A
DOEMEMRITIE, EMRXVA 7 NVOBEMRTZISIETOETEIHEL, BETOERE YV 2—
NEMZBIETT, ERTES.

Gy Gl,O Gz,1 G0 Gs, G3,o
P1,1 Pl,O - PZ,I Pz,o — P3,1 P3,o
H1,1 H, o Hz,1 H, ¢ H3,1 H;
P, P, P,
) N >
h h, ” hy
Module 1 Module 2 Module 3

Fig. 3.11 Module connecting condition
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rt )

| Input : Structure Parameter |

(st

Qo

é

| Input : Initial condition |

é

| t=t<‘mr‘r |

é

W

Input : Operation on Parameter |

é

Assume:

All connecting value (***,G, o, P1o,H o, Gyy, Pyy, Hyp, ==

Internal state variable(-*+, P, H;, P,, H,, ***)

t‘:

V

Substituting the connection conditions:

X0 = X0
X31 = X0

Calculation:
Substituting the connection conditions
==« Module 1, Module 2 , Module 3, == -

Error y1oqute 1 < Acceptable value
Error yioque2 < Acceptable value
Error yoques < Acceptable value

Fig. 3.12 Calculation flow chart
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3.3 EEBRHfE

T, BELEEEETNVORZYEEZ ALY 5 & HITERIC B FTEDERELNS
bNDZLERAET D120, EERIHESZBUEL, FFHRERZITHY. TOBEZTRT.

331 XMRETBDVATL

33WCRLIEZu—28A LA 7Y v FERT AT AX, K313 756K 3151
RTEI RNy =TV AT AELTERLE. RVAT AL, ERa=y N, 24
=y PBIVRV T2y FD 3 DD2=y l\ﬂ%ﬁﬁéhé BEN2=y ML, EME
B, KR, WBER, BEEAEENS. Efa=y M, BHES, SEMEREEN
5. RrFa=y ML, BERVCTIREENTNS. %1 LEDHEFRERT.

Fig. 3.13 Indoor unit Fig. 3.14 Outdoor unit Fig. 3.15 Pump unit

Table 3.1 Specifications of system

Rated cooling capaci
(Sensible hea% caﬁacitt;/) 45 .0 kWH
Rated power consumption 16.2 kW' /5. 0kW™?
Air volume of indoor unit 240 m’/min
Indoor unit W1295X D900 X H1950 mm
Size Outdoor unit W1350X D900 X H1980 mm
Pump unit W1100X D580 X H550 mm

31 Values of the following conditions at compression cycle : Indoor unit intake air temperature is 27°CDB / 19°CWB, outdoor unit intake air
temperature is35°CDB, and refrigerant pipe length is 7.5m

32 Values of the following conditions at pump cycle : Indoor unit intake air temperature is 27°CDB / 19°CWB, outdoor unit intake air
temperature is -5°CDB, and refrigerant pipe length is 7.5m
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332 T—AtLUAEERERHME

NAT Yy NER AT LADORE% LI, BEOT —F 2 X THREF S AT LM
N7 TN FTEDOHE CEERRRENE ) DEERTLID, BNy MRS
v, RoFa=y FOREEEZNENEEOT —F U FE2E@ELET —F 8%
RBR=E L ATREENICHE (X 3.16~3.18, &£3.2) L, EBREITH.

T—Fe U FRBREITIT, RI2WEART LI RIEREEEBZIEE L REERT v 7
NIZERINTEY, ZORBEGEAREAZL, BEEKORBMELZEELILIES
TEITEY, R LT A BREEEEBORBREREERTAZLEFREL LTWVA.

ALREZEIZX, FHZ2EBLTCREEOBAREZEE T Z LA TE 5. BHEKEEIZ-10
~50°C AEXHEEIL 5~95%F TORENFARETDH 5.

NAT Yy RERF AT AOERFHEISL X OHAIFEO#MIE R 33 IIRT. 77,
AR AFADT7u—R#K 3.19 1273, BB, 22T, FBHR2=y FOBVEIALZLZER
BEZENEE, Bfa=y FORWVIAAZTIEEZARIBEEE LT3,

| 10 m | 4m |
Artificial climate i
Data center test room chamber
Indoor Unit
L Rack Rack J
i-1 | 2-1 | Iz |
1-2 £
- L Outdoor .
13 - Unit
1-4 2.4 .
Pump Unit
b= 1-5 2-5
. 1-6 2-6 L
1-7 2-7
1-8 2-8
1-9 2-9
Rack Rack
L 1-10 | | 2-10 |

Fig. 3.16 Testing room (Floor plan)

Artificial climate
chamber

7m

Indoor Unit Data center test room

4m

Rack Rack
1-2 2-2

Outdoor Pump
Unit Unit

Fig. 3.17 Testing room (Sectional plan)
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(a) Data center test room

(b)Artificial climate chamber

Fig. 3.18 Testing room

Table 3.2 Testing room condition.

Mock heat devices

0~3kW (variable) x20 units

Number of racks 20 units
Refrigerant Gas ¢22.22mm X 2 length:15m
pipe Liquid | ¢15.88mm , length:15m
Table 3.3 Measurement items.
Measurement point Measurement method
Checker (Recording interval 2 sec.,
Frequency

Hitachi Appliances)

Power consumption

Power meter
(Clamp on power hitester 3168, HIOKI )

Refrigerant temperature
(Inlet and outlet of each unit)

Thermocouple of type T (class 1)

Refrigerant pressure
(Inlet and outlet of each unit)

Pressure transmitter
(KH14-S43 NAGNO KEIKI)

Air temperature
(Indoor and outdoor unit intake air)

Thermocouple of type T (class 1)
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Pump unit % %
Expansion  [pdoor Unit Outdoor Unit
valve @@ qj@ -

B ®
L Fan Pump Fan
Evaporator
Air ? — g Alr g 9 L ?
Compressor
@, ® \ 1/ Condenser %
)
% O, Q)

) :Temperature @) :Pressure @ :Frequency & :Power consumption

Fig. 3.19 Testing air conditioner

3.4 FHEAE
R AT ADOHEEZ T ABED L AT AEEE L, ENEE, K7, SRR,
EHEREOHEEE IO ET 5.

Esvs = Ecom + Epum + Epan + Eopan (365)

COP IR RBBORXBAR L VAT AHEEHDLL LT 5.

COFyys = Oy /Esys (366)
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3.5 VAT LB

K AT AT, EN=y FeESfN 2=y FNEAOT AR DOHEEELE %2 K€K O EHME T
ATNDHBDY AT LD 2 FEOWEBIILTWS., 7V —7—U 7% A 7B NT
%, EBRINOERMET, MERIDOERICIE, EEIRREIZH - T HEERE OISR S L
BLRDIEBRGPoTVD P BIEERERHEMAT S HIEE LT, A7 ARKN
TOEABIRZERT D BZT NG, 22T, YA IZAVRENOEIEE~DE
BRRENDIL, TAREBOBETH D720, TAMOEEOWEBELZERS .

HAQERE OWEEL BRI REZERICEVRIEL . R34 IZEBREBEZRT.
H A OBEEE L, 22.22x1 AL 022222 KDBE T, EBRZIToT-.

EBRRERELK 3.20 1R 7. BB COPIL, WERES Orw BV AT ALEOHEES
Esys CRRLIZETH . KLY, BEOHEBEZERIELEEIT, BRIELVWEES
LR, ERVTEBEETHERINPENL CWAZ ERERTEZ. i, VAR
Br 2 KL L, YA I7NVRHENOETREMMEBINEZ & T, GEBRENSEMLE
PRTHD. K321 IZHEEE KA & BEEERE O p-h HEEZRT. X322 ICHEIR
AV O~®%77. K321 LV, ENa=y FNeERZ= v NEOT AQIGEESE D
EA#EL (RF0Q~Q) 7, BEEMEZHEASEETLIE, BRI TVWDZ EXHERTE
5. BB, MERAIDOEMEIE L LTE, EREEED 48Hz iIZBWT, K 4.1%DEN
Cloole. £, VAT LAZEOHEEENIERDORIZ TIT L A EE{DR2L, A COP
ISR ERENDOENEREOMER E oTe. Fz, BREFMHICL-TiE, AEREENRE
BB EbBEIN, EABEROBINBEINS. FAMEEOWEE LRI
52 L DHBRIL, AERERENELS RoTBEITIXEbITRELI B LEZDLND.

UEDZ &G, RVAT ATIE, FAMOGEERE X, ¢2222x2 &AL, DIBEOK
EERITHZ L &T5.

Table 3.4 Experiment Conditions

Outdoor temperature -5 °C

Indoor temperature 27 CDB

Air volume of outdoor unit 188 m*/min

Air volume of indoor unit 240 m’/min

Pump frequency 30Hz, 40Hz, 48Hz
Refrigerant pipe length 15 m

(Between Indoor Unit and Outdoor Unit)

Refrigerant pipe length 1

(Between Pump Unit and Outdoor Unit) m
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Cooling capacity Qpys kW COP -

System input Eqyg kKW

10 T | !

O The gas side is one pipe
® The gas side is two pipes !

10 20 30 40 50 60

50 T | !

|
|
O The gas side is one pipe I
@ The gas side is two pipes 8 |
40 F---- 1o I _ S O

|
|
|
30 F---- S e Al
|
|
|
|
|

| |
| |
| | |
| | |
20 | | |
10 20 30 40 50 60
10 T T ! I
O The gas side is one pipe :
8 | @ The gas side is two pipes oA
| | | |
R S SEUS EEEES
| |
) SN N
| | | |
| | | |
2k---- 4 - ———= |l— — — — — o
| | | |
| | | |
O | | | |
10 20 30 40 50 60

Pump frequnecy np Hz

Fig. 3.20 Impact of the pipe cross-sectional area
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Pressure Mpa

)

o : The gas side is one pipe
o : The gas side is two pipes

O = = e e

S
co

7
. \ /

0 -

; -

: /

'3 @il

% @ (] J @
1 I/ 2o
.9 @,® '

7 L

100 150 200 250 300 350 400 450 500
Enthalpy kJ/kg

Fig. 3.21 p-h diagram

Indoor Unit ® P Outdoor Unit

o @é

| L@ ®

Fig. 3.22 Measurement point
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3.6 BEETILOZRYHE

BELFEEETVORZYMPEITER L EZRER L ORBRIC I WRIET 5. 4%
DRFHNZBWTIE, EBREBEOLXMELZEL TR ZITY. B, BE, BE, kv
e vix, EALlz U ZACHLET . £, BEE, 2L FERIZ R410A & L,
EWPEMEIZIX REFPROP 2 V5. F72, EHETIX, EEICEMELHERZER LTV
=®, ENTOBRIZIY, BERZEEMEITE&G L LTEXL TS,

3.6.1 FRIFIERRAT

AL AT AOBER/RMEICBITAEBEETNVORYELBIETS. AKEBEEOELB IV
ZENBEDOENICXT IR AT AOKFEEZMETB I OERICLVIERL, MTHERLE
EBER T BT 5. 2B COP X, WERET Qe 2 VAT ALEDHEEES Esvs TR
L7ZfETH B.

BEASKBETIE, KBEASEZRIHTS 72D, ARBENRV AT AMZEZ DEEBIIKR
EFWNZ EPLETIINRIBELR LITHT /2 EET 2.

EFENEEIX, T2V ABICEARY VIR L TREESND R, TE, HETXLE
DEED D ENIBE OBRMBRE W Sh T3, BBASBEICBNTE, EREE
NDOBEZL VAT AMIRELSEBELE 2D Z 05 BNEERGITHT 584 b iniE
T 5.

(1) ARIBEEMICKHT 5 0 AT LFRE

TR L OEREMFZR 3517 T. ARBEZ T A—F L L, -100C~40COHEH
TEEED. BT 7 1rE LTEET 254813, EHEOREREZ—ELL, 7V
— 77—V T AN LTEET2HEIE, RUTOREEEZ—ELT 5.

Table 3.5 Conditions

Oudoor temperature -10,-5,0,5,15,25,35 °C  (-10~40 °C)*
Indoor temperature 27 C

Air volume of outdoor unit 188 m*/min

Air volume of indoor unit 240 m’/min

% Simulation Conditon

& 3.23(a), DI TIREZLIZ R T AT L OEBRFER 25T 5. -10°C~5C D%l
BT, ZV—7—=U 7Y% A7, 5C~40°CO&FTIL, EMEY A 7 L TOEERE R
Thbd. M3.24 27V ==V TV A7V TOBBHEZTT.

X 3.23(a),(b) &V, MEHTEL EBREL BT S L, AROBERZRLTEY, BT
D EMOEBEXH A FHETEX TS, AVRATFADL I REREZDEZ NV R T AER
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HLTH5E, THBEL LTI, 10%EBETHITHEBEET NI, Y THEHLEZ
5. FRNTIE & EREL B L2 /ER, BSHEIZOWTEL, ICREOREREITIH L DD,
ZOMDES 72 EDREITHNR 10%RBRETHoT. 20z b, AEEET MWL, #
MTHDHEEZD.

VAT AORMEL LTI, SARIEER-10C~5COREBETD T Y —7—Y T H A
MTDONTIE, EBRER X OFNTE & HAAKIRE DR T I/, @EREML T
5. ZhuE, ARBEMETT2Z LT, BMENBLIOEREARE T LEZZ &ITX
5. HEENL, ARBECEILTIRE-ELERS. ZhiX, R7TOHEEEAIX 5+
REEISCTELTWEDR, R FHEENBREPEEOEEENITHAD LK
Wb ThD. COPIX, HEBENINIZE-ELERDIEND, WERNEFEDOERE
720, AKIBEDETIZHENENT 5.

Fir, K324 XV, RUTREARPIOBEOBEGHEIX, SHAK[RBEZLOTHERIN
TWABZ Eh, EERNIIFYET—Ya VidRELTCWARWEEZ S, AKEEN
5C~40CHORFATHDEMT A 7 MOV TiE, ERER L OFITE L LAKEBEEDET
W, BEEBETT5Z LT, HEEHBERIN, COPIIMET 5.

ZIZT, K3.23(a) X W AKHETTIE, Bl IANKIEE 5CHHED COP I, 7V —7—
Vo T A I NDIFREN. LrL, 7)== 7L 7 VOBERNIZ, HARIE
BB IEKFET L0, ERERMONBARPERESBETEZL2MBEREAL bR
WiEEIE, 7V —7— 0T A I NVTOHRENRTERIRS.

ZDih, EEBIZBWTIK, BTV IANLT7 V==Y T A 7 0~DF]Y
BARIOBAMPEREORETEL5MBREALD /NI VDLEIZHIET L Z L2
MELRL, COHERELTEIZT, YA IZLVDEUDEZZITH LT, 7V —r—V
YIHATNVICE D BRI TR B EE LTCBERNFREL 25,
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Fig. 3.23.(a) Simulation and experimental results
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Fig. 3.24 Simulation and experimental results
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(2) ENEERIIRT 5 AT LM

B L OEREMEELR 3.6 17T, ENEEZ T AL, ZERZEELT,
20C~35CHOEHBTENEES. B, AKEEIX-HCLL, RUy7OREKII—CL
T 5.

Table 3.6 Conditions

outdoor temperature -5 C

Indoor temperature 24273035 C (20~35 C)*

Air volume of outdoor unit | 188 m*/min

Air volume of indoor unit | 240 m*/min

% Simulation Conditon

X 3.25.(a), DICENBERLICH T 28T B LOEBRERZHET . 22T, 4
SBEER-HSCRBIFTEZ7V ==V v I A I NVTOEEEREZFARLTVE. KLV E
NIBER ERT5 L, BRRBFOESN GRE) BERL, ThICHEWERESOE (BE)
H ERETS. BESOAEEEN LRI LAREBELOEEENKELIRY, 455
Bl OZBABENEML, BEREITENTS.

T, ENEENRER LB EOAEERNIOEHNEE T L, ENEE 2TCOBE
LR, 3BBCHDJ/E T, 7V ==V TAINE, VAT ALEOHEBEETIEIE
—ETHICHEL LT, +15%ENTE. ZDZ b, ERNEEDEMIX, 77U —
IJ—V 2 THA I NVDBANRERELLTEEEZILND. £, R TRRAHLMOH
HOBBHERL, ENEECLOTHREAINATWSZ 0D, EFHICEFYET—
a VIIRAELTWRNEEZ 3.

BEEFAORY M-SV, X 3.25.(2),(b) &k 0, MITEE RBRIEE HET 5 &, Rk
DEMZRLTEY, BITCE ) EHOBIRESHZ2HFHRTETEY, AEEML D, B
ETNNRYTHDLEERD.
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3.6.2 ENYFIERRAT

AUV AT ADOEBEICBITAEEET NVORUMIL, FIECHERTERZ. 22T,
B PEIC OWTRIERIT 9 28, BT A 7 0B WTIE, T CIRERM 2B EEIC OV
Tk, BHENTCWBEYD, 7V =7 —U v I A 7V BRRIT. BRIEEITH. 7V —
7=V THA I NMZBNT, KRVAT LABRERTH 2 AERARER L U=/ X R
B2 H, RVATLAORBERZBITBLOCERICEIVITEL, TR ERER
T4 5.

(1) ZAERERBEL(ITRT 2R T LRE

TR L OVEBRERZR 3. TIORT. BASLEMEE L EREE (100%) 55 80%IE
B S BEAORELX 3. 26 IR T. RITBWT, =4 VEEEERE DTS % 28
IZDOWT, ATE & EBREIRFROBERZ R L TWVWAZ L RHERTES. 202 b,
BELUZEBEET L, EMOBNREREEZHETE VWL EELLNS.

VAT LADERE LTI, BHAERBRBOLEIIB/NIWVWED, VAT ADOEBITIE
KRELSEEBIIEZ WA, BALEMABNMET T2 LT, B CONAKIAEEDTR
VIAHZENBBED L, BRENIERTS. BREHOLFITHEY, ZRENHS ERT 5.
ARRERENVBER T2 T, ZREDEBEEZENEEY, GWERMNIETTS. £72, &R
VIR BITALEXRXYET —a VOREEZMFTH0ICIE, BEREORERNEEL R
B, MXVBRAERERIN TS Z ENRERTE 5.

Table 3.7 Conditions

Outdoor temperature -5 °C

Indoor temperature 27 ‘CDB

Air volume of outdoor unit 188m3/mn — 150m3/min
Air volume of indoor unit 240 m’/min

Flow rate of refrigerant 10 1/min

Refrigerant pipe length 15m

(Between Indoor Unit and Outdoor Unit)

Refrigerant pipe length 1

(Between Pump Unit and Outdoor Unit) m
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Q) WEEREBAIITET S AT AEEE

T B L OERER 2% 3.8 1R 7. R 7AEEE 48Hz 25 40Hz ICE/L SHHE
DORERZX 3.27 18T, KLY, MITRHEREERFERIT, FEOERZRLTEY, &
HLTEEETNIY, EROBWRESEEFLHETETNDILEILND.

VAT ADEBE LTIE, RUOTRAEREESEDZ LT, HEERESEDT 5.
BEBRENBO T2 LT, BERTIE, AKEBEEORENRIRANTRY, BHEESH
WETT2. £, RUTRABEEMET T2 LT, R ICBTBENEFEIMEL
720, BEEHDGETTS. 2B, BARAEICO VT, REBEREOBENZRZEEIC
JHCT, —ERIC ER LT3, AEENL, BV THLRBEOEm E 2o TV 5.

Table 3.8 Conditions

Outdoor temperature -5 C

Indoor temperature 27 ‘CDB

Air volume of outdoor unit 188m3/mn

Air volume of indoor unit 240 m’/min

Flow rate of refrigerant 9.8 I/min — 7.5 I/min
Refrigerant pipe length 15m

(Between Indoor Unit and Outdoor Unit)

Refrigerant pipe length 1

(Between Pump Unit and Outdoor Unit) m
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3.7 KEDEED

AIFFETIE, —BOHEEBE TEMEIAINET )V —7 = v T4 7 VOEER, A
TRERNATY v RERFV AT LERE L. KETIE, £, 7V —2—V 78
RAINATY v RERT AT AOEBUCHET T2 2 AT LR FH ORGSO 72 14 REFEAH,
BEY, HERHON—R L2 DEEEITICBREYR, BRESETTVEBELL. S
DICHBELZEEET NVORYMEZRIET 5 &L LCERMVICOHEOHRENBFLND Z
EERAET D720, EEICHESREZEBEL, SHHRERZITo.

cNAT VY REFVAT LAOERERESOFHMREEETVEEBELE L. ZLT,
IO L EREEEEZHZLICEY, VAT ASEOBBEF N B
L7~.

CHBELFEEETAZLEICEV 2T —BRICEY, " TV v FERVATLE
DIzl —TarEEHELE.

AT Yy RERY AT AOREROREE TS L & bie, RIFRERET 57—
Ty SR L N TREE O T L.

c BNATY v FEFRVAT LORBRREZEBETDHIIHZY, EHEICLY, BERK
DIETTRRPZEFEDBERENICE X BB OV TOEBRN Z1To72. ZOMKE,
W& D EERIEREICRBIT 5, ENa=y MeESfa=y NEDEREERZEE L.

c EERBRBIVEERBIZBIIZ2V I —Va VEREERERCHER LEER,

Vial—YaYRIVEBOBBREBZHETE TRY, AFHEETABRYTH
5T L EMER L.
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4.1 #E

RKUAT AL, BMEFAINET V=7 =0 TH A I NEEY BN LERELT
DVATATHD. RUVARAT LAEHRETGERT H1-01201%, &£V A 71 E{FRITER
FA—FITHTHHEEZAONCTIMLERD L. ERTA 7BV TiL, £ 1 ET
BARIZEY, Ex OFEPED SN TEY, VAT ADERBEHITHA S NI TVB A,
T V== TH A I MBNTIE, ZOFEITIHDICTHLNINTWHARNY. £ T,
ARETIE, 7V —70—V 7947 NVOBKREFITZITY, RERESCEARRKILNC
TtxXx 77— a v E2ERTSIAT A - HlfERREEH, BIOEEFAI0ET ) —
=Y 7Y A IV EETNCY Y B SHIEREEH B 5.

FEATIE, EBREREOHBRICI D ZYUMEIERINT-EHEETNVICLY, FBERER
FONELIZHT B NRTA—FRET 4 &1TD. NTA—FIX, BIEETHIHIMERFRE,
SZHGEEER RS I OENEREERRE L, SELE LT, AREBE, ENEELTS.

42 AEBEREZIL

fEMT 2R 4.1 1R T. WEERE% 0 V/min~12 Vmin O TE{LE ¥ 5. F77,
A RHBETIE, KREASEZFIHT 720, AKREER Y AT LIEZ DRBIIRE
WZ e DAKIBEICRT R E B IET 5720, AKIEEIL, -5, 5, 15CE L7

Table 4.1 Conditions

Outdoor temperature -5,5,15 C

Indoor temperature 27 °CDB, 19°CWB
Air volume of outdoor unit 188 m*/min

Air volume of indoor unit 240 m*/min

Flow rate of refrigerant Variable
Refrigerant pipe length 75

(Between Indoor Unit and Outdoor Unit) | m

Vertical interval of Indoor Unit 10

and Outdoor Unit m

X 4.1.(2), IR ZRT. EAKIBE & HAEEFBREOHMIEY, BEREIL, B
TMEMIZSH D, BRERDEANPGFETS. AEBERERENRD R VE, BRBHNIZBWT
WD BBIRREIC 2> TLEY, BEBCTOBRRHBEENMETTSH. —F T, HIEBER
ERZVHEAIT, REBHOTHLHRENBVIREL RV, BEORRRBE L K AREA
T&ERWV. 72, SARBEMEVIZE, BREEDMES 2V, ZRISCTEEEALD
KL< 725, RBEIPMELSRDZ LT, ARBCOEILHBEDOREEEZRELIESHT
LNTE, BEEAIKREL RS, EIEL, BBRBTORBABNRREL 2ED, B
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HAER BN DRV EREREBIZR D720, AKBERMEVIZE, WBERIBERKERD
HEEREIIZ RS,

HEENIZOWTIL, BEBEREOEINCHEY, R 7OHEEEGEMTS. L
L, R TOHEEBENZ, VAT LAEEOEEENTHA/NIWED, ZIE—EERD.

VAT ACOPIL, HEEAMSE—EDD, BERHNLEEFEOERm LY, Al
BREICKT L, BRKERDEANBEET .

Ry 7TDX Y BT —3a VIHIOEDICE, BRAEOHEESENTHS. BHEHE
ICDOWTERT S, WEERENDRIRB L, BREAPMETL, JMR & DEEEN
INEL 7B 22T, BAAEL/NEL 2D, —FT, BEBRENRSZWVL, B2 RS
HTH720DBREETSICEMVIATLZ ERTEY, BAFEIINSL S,

UEDZ e, YATACOPOERKLEXY T — a3 VKD DITIX, Wi
BREII—ELET, ARBEFICARSHO CHEDRBEE 2 HYIHER TX 561H
BRERIEZITODLENRDD. UBEBONRTA—FRAEZT 11X, EBEOHEZEREL T,
ERRBHOBEREN 5CE s X5 mERERELZHI#E L TITH.
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Fig. 4.1.(a) System characteristics over change of flow rate of refrigerant

(COP, Cooling capacity, system input)
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43 BHERBEELE

RS 23R 4.2 1. AN EERE AR 2 10m3/min~2001/min O CEL & 5.
BEEREIT, RRBHOOBEEN 5CL 5 X 5 2HIET 5. /-, BB KARETII,
ERASRERAT 720, AREBEER AT AMIEZ DEEIIREWV L OAKIERE
WX AR LIERT 5720, ARIBERX, -5, 5, 15°CE L7-.

Table 4.2 Conditions

Outdoor temperature -5,5,15 C

Indoor temperature 27 ‘CDB, 19°CWB

Air volume of outdoor unit Variable

Air volume of indoor unit 240 m’/min

Flow rate of refrigerant based on degree-of-superheat control
Refrigerant pipe length 75m

(Between Indoor Unit and Outdoor Unit) | *°

Vertical interval of Indoor Unit 40

and Outdoor Unit m

X 4.2.(), IR ZRT. SAKIEE L b ESNEEHREEOEMICHE, EHEERTO
BREENEMNL, BEENIMETT 5. BHESIOKTICHEY, ZBENBETL,
WEBNIIHERTS. EEAT TR, EFRIIREEREICESEREREZIT O LEN
5. BERNS, BENXEEEZELIEDZET, BEAVGERNEZRETE 505
RTE, BAXRAMEEEZ DL IEDZ L TREHRIBEINFIEERZ EPERETE L. £75,
ARIBEDMENZE, BHEEDDMES 2D, ZRICECTERENBELI 2D, &
FBEEIIIREL R 5.

HEENTOWTIL, Z|AEEMAEORA A, NEL<RD. LiL, ZHEE
BOWHEENX, VAT LAEZEOHEEBEENTHAA/NIWEYD, VAT LAEEOEEET
~DOFEIT/NE .

VAT ACOPIX, WEEIIDOEELZRELIZITDHD, HEEHOWD L OBGEND,
S RS R E DS BRI R T0%RBEE TIE, GERAIMETT 2 bBboTITE
—TEBLR5.

WEHEIZOWTIE, BAAERBEEESEMT 5 LT T5. ik, |/ XEE
EOHEMICAEY, BEEEDIMETL, BERMEENTRLT-HTHS.

AEIEREIY, B/ EREWREENEINTH EERTH. ik, EAEREREDHE
MY, ABESPMET L, EXREOBZBMENHENT L2 LT, IEDOHEE 2
T DTOICNERNEBRENEZ 57D THS.
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44 ERNZEREEEZE

RN S 2R 4.3 1R, BNEEREEE % 120m3/min~2401/min D TEL S ¥ 5.
BEMEREL, RRBHODOBEE (5°C) \CESXEET 5. /-, HEIKAETIX
EEARERNATDD, ARBERV AT ACEXDEEBIIRENT &#%%mﬁﬁ
XA EHELIERT A7, ARIBER, -5, 5, 15CE L7z,

Table 4.3 Conditions

Outdoor temperature -5,5,15 C

Indoor temperature 27 °CDB, 19°CWB

Air volume of outdoor unit 188 m*/min Variable

Air volume of indoor unit Variable

Flow rate of refrigerant based on degree-of-superheat control
Refrigerant pipe length 75m

(Between Indoor Unit and Outdoor Unit) | *°

Vertical interval of Indoor Unit 40

and Outdoor Unit m

X 4.3.(a), ICEREZTT. EAKIEE L LENZEBEEDOK TITHEY, BEENIX
EF45. i ,%%ﬁf@%ﬁ@ﬂg#ﬁot_kf,%%Fﬁ#ﬁ?b,%ﬁ@
HOBENRTRY, AEBHOBRERRICLERGHEBRESEDL Z LIZID, 4R
DHDOWBOI Y AARENBOTEH2DTHD. Tz, HARBENMEVIZEE, BHEES
PMEL 720, TR CTERBESGIELS 2572, BERNTIREL 5.

HEENZOWTIE, ENEEMEAEOK TIZHEY, KBNS RD. T—F&Y
ZENTDOEFRBETIE, [ CTEBOHKAIMNERBENKRE WO, ENERE 1DV
AT LAEEOHEBEENTEDDEIEX, KEWZDTHS.

VAT ACOPIE, EREEMEAEDCKTITHE, HKRTH. Zhik, HEEHNLK
BICERSINAZ Lick s, EREEBERRIL, AFMHIEONRNTI U RITLIVREEND
B, B=RXNVOERIZIT, BERRETOERABERDTHD.

WHEHEIZOWTIE, BNEEBEENMET T2 EIETT5. Zhik, ABREHIDK
TT 52 LIy, BREDBETTE720THD. BAHERIEOBANLIX, EXN
EEREN/NSVWEEE, BETIVNERDS.
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45 HNT[UBEZIE

RN SefE R 4.4 17T, ARIEE R - 15C~15CORITEL S| 5. BEBEREIT
ABHBHOOBRAE (5°C) CESEHIETS. £, HBAKHETIE, KENAXZF
AT577%, ENEELATEBEDEEZDEENKE V. ZO-OENEEICXTS
Btk b R CIRIET 572, =WIEEX, 20, 27, 35°CE L7z,

Table 4.4 Conditions

Outdoor temperature Variable
Indoor temperature 27 ‘CDB, 19°CWB
Air volume of outdoor unit 188 m*/min Variable
Air volume of indoor unit 240 m*/min Variable
Flow rate of refrigerant based on degree-of-superheat control
Refrigerant pipe length 75m
(Between Indoor Unit and Outdoor Unit) | *°
Vertical interval of Indoor Unit 40
and Outdoor Unit m
X 4.4.(a), ICEREZTT. FENERE L BAKUBEDETITHE, MERIIEMT

5. Zhix, ARBERTRBZET, 3 ﬁrﬁﬂﬁTb,%%Fﬁ%ﬁTb,§%&
DEENRKEL 25720 THD. £, ENEENEWVIEE, BRBTORE L ERD
BENKEL 2P0, WEEIIIREL 25,

HEENZO VT, 1EIE—E LD, B/XREHKL X OCEANEEBHIIE LT TY
RNWZ ENOLRYTOEEBNOHRENTHN, RTOWEBEENZX, VAT LAEED
HEEBNZHA/NEL, VAT LAEEBOBEEEHE LT, BE—EERS.

VAT ACOPIE, ARBEOKTIZHEY, RKE<METS. Zhix, HEE ﬁb
E—E@tb,%ﬁ%ﬁ@%M@%%K;é.it,%ﬁﬁﬁﬂ%mik,ﬁ%

JIEFRRECHEDLT, %E%ﬁﬁk%mtb,yx%ACOP%%<&é.:@:
&#6 EFENEEZESREL, EAZITHIZ LT, ILICHENRERZERTED

BAEHEEIZOWTIX, ARBENREFTHE, NEL< 2D, 2, SAREBEDOLE
IR, BERERICRIT AWML AR E DIREEDPHEE 272D THS. BEHERROS
R, ARBENRELRDIEE, BEALETHS.

HEEREIL, SAKPMETITRIEEREL 2D, Zhix, ARBEOCKTIZREY,, &
BEANKETL, EREDBBENEMT S LT, IEDRBELZHERTIZD
VERBEBRENEZ D7D TH5H.
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46 ENEREZEIL

RN SeftE 3R 4.5 1ITRT. ENEES 20C~40CORITERILER® 3. B, HExHneE
I, BAD JIS &TH 5 27°CDB,19CWB & 725 10.5g/kg(DA)T—EE L, BED
HEBESET. HEBEREL, BRBRBHOOBREE (5C) ESXHIEITS. i,
ARIEEDOREL FETIET 5720, AKIEEIX, -5, 5, 15CE LT-.

Table 4.5 Conditions

Outdoor temperature -5,5,15 C

Indoor temperature Variable

Air volume of outdoor unit 188 m*/min Variable

Air volume of indoor unit 240 m’/min Variable

Flow rate of refrigerant based on degree-of-superheat control
Refrigerant pipe length 75m

(Between Indoor Unit and Outdoor Unit) | *°

Vertical interval of Indoor Unit 40

and Outdoor Unit m

& 4.5.(a),DICFEREZTT. ENREDO EFITHEY, BEEIIEMNTS. Zhix, =
NIBENENRD Z & T, BEENDPEDY, ZRIHEWVERENS EXSZ LT, @BE
BCTORBELERLEDBREENKELIRY, LVEZELOARBBEEZBMVIADDLEZDTH
5. ¥, AKBENRBEWITE, AKHBBEOT Y AHENEY, MERINIT/NELS D
DS, BIZAKEEN 15 COBRICENEBEN 20CETIET LZEE, A0 HIgEALE
GHEEZIIADT, MEERZIZIEALEOICELS D, T b7 ) —0—0 7
YA I NEEBERIEHDHITIX, BENEREEATBEDREZLZBEIICHRT HILEN
HDZ EDGND.

HEEEHIZOVWTL, BIE—ELARD. BHEEHE L OENEEEIIE LI T
RNWZENORTOEBBINOHEENT N, RTOHEEBEENL, VAT LAEED
HEENCHAANEL, VAT LAZBOWEEENE LU, BIE—ELRS.

VAT ACOPIE, ERNREDEFIZHEY, RE<METS. Zhix, HEEHNZ
E—EBDD, BEESIOEMOEEIZLS.

BRHEEEIZOWTIE, ENERENMETTSE, hELARB. Zhik, ENEEDNKT
W, ERIES, BEEINMET L, BHEICBIT 2RI AR E DEREZEPMEE D
HTHD. BEHEREOBENLIX, BNEENMES R213L, EEXLETHD.

BEEREY, BENEERLEFTIEERELIARD. ZX, ERNEED ERITHEN,
ARBIBITHEMEELRDOBEZENPKREL 8V, BEREOBLZHBENEMNTHZ LT,
FTEDBAEZ AT HZOICHLERGEBRENE I 572D THD.
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47 XKEDFEED

AETIL, TR EREREOLBICL V RYMIHERINEZEEET AL ZHNT,
BBRIEEB L UNELICHT B /87 A—F 22T 1 2TV, EFREBTOYRT ADORHE
BT LT-. 77, RUT7RAETOXF Y ET— g VORAERGILICHET -3 2T A - #l
HEEH RS, BI UV A 7480 B X HIEEEHIZOWT, UATFTOMREET.

- EEREICIT, RERENTFETS. BREZNEBRECIVHEHETLSIZLT,
7V ==Y THA I NVIIBRAIZ, BRELTEETE D,

- BEBEREHEOL &, SAEABARLZRIETSZ LT, VAT ADKRERH DO
HRAETHD. R AODBBHE~DOEEL, =/ALEMLEENKEVEY,
BEHEIZ/NESLS 5.

- BENERMEN L, VAT AZEOHEEENTEDLBIENKEL, COPIZKRELE
BEBE25. IRV AT LAERCBVTIE, BENERREZHEEICTALNERDS.
AT AODOBGHE~OEEL, FHEREBERELD b/ WV, Hme LT,
EREEMEREN/NSWVIEY, BAREINEL LS.

ARBEOEIL, 7V ==V T A INVDOBEREC, RUTAODBGHE
WRESEELZEZD. R AODOBGHREIX, AKBEREWVIZE/NILSS.
T, BEENCHRV T ADDOBGEHERZHAT I, HARIBELENEE L
DIREZDERPMLELRD.

s BNEENREWIE, BBERBRAIIKREL RS, RUo7A0OBGHEIL, ZNEEN

WG ENESL 25, ENEELZRNTH52LT, 7= =0 T7HA 7 VDEA
DRERESTDHIENTED.
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5.1 =

VAT AOBEEICOWT Y, EMETA 7BV TIE, VAT ADOERREERS LU
BIEES AR ENTNDE 98, 7V —2—U U YA 7B T, ORI+
FICHALNEINTWARY., 22T, KETIX, 7V —7—0 7447 VOBNRERRIT
2TV, BERBICBITIAXF Yy ETF— g vORAZER L, BELLAEEEY EHR
TBHUARAT A HIHERFEHEZED. BT, BBREREORRIC I D ZUESHER X
NEEBREFTAICLY, FEEENI AT ACE 2 ABEE2ET 5. BEE L LTI,
B/ EEER R GEEREL T 5.

52 EBHERBREECHT SHIRATLEE

A EEREEDOELICHRT DR AT AOREZITICE VINET 5. HICHER
VITOXF X ET—TaryOBEEIMEIL, ZE L CEREITI 2HIZIE, BHIAED
FERNEELRHZ LD, BERBICBIZ2BGHHECHBICEET5. I/ LEE
REOEIE, REZEMIWIGE LB IRHIGEITOVTITY . BRFEMEITER
XV, EHEEEEESBMNT 2IEEBRAEII NIRRT LENGNPoTVS. ZD
T EMND, BAREMERESENT AHBEIC, FCEERMLELEIONS. £2, R
v azy MBS o=y NEOREERE, BIOZERN2=oy MRS = v NEORE
B0, A ERMAERNETLT ARBIN S AT ADIBZIZED L 5 IS 30 b BREE
L7, 2B, GEMEREIL, BREFHZITo-TW EHEL, SSERBREDOE/L
AN RSB D EBENR SCL i s L.

52,1 ESEREEREREM

EHERER BN T 5 AT LAOZEBNTOWTHT 21T 5, BITEHEEZR 5.1
WRT. BANEEEREL, EEOD 25%DEAE L 725 47m3/min 1> 5 EREEE 188m3/min
EFTEMEIES. K=y MNEDEREZOWVWT, H5.11IZ787T. Rryr7Fa=y h 2SN
=y FNEDEEEIZOWVWTIE, Im & 4m. ENz=y bEeESfa=y FEOEBEEEIZD
Wik, 7.5m & 40m &L, BIELZ. F£7z, BEOEIMSEHIZ, KMs521R-TERY,
AT TARIETG U TARE LTz, TV FATTEBNTIE, B{LEEfE % 120sec & L7z,
F77, AREEIZONTE, AKEBENEWIEEBGHEII/NSLS D220, #i5HT
FRMTRER L DV oo TWB. 207, ARIETIE, AKIEBEL 15CL L. 2B, &
HEEEII—EL L.
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input

Table 5.1 Conditions

Outdoor temperature

15 °C

Indoor temperature

27 °CDB, 19°CWB

Air volume of outdoor unit

47m3/mn — 188m3/min

Air volume of indoor unit

240 m*/min

Flow rate of refrigerant

1.59 V/min™' |1.57 I/min*?

Refrigerant pipe length

(Between Indoor Unit and Outdoor Unit) 7.5m, 40m
Refrigerant pipe length lm . 4m
(Between Pump Unit and Outdoor Unit) ’
Vertical interval of Indoor Unit om

and Outdoor Unit

%1 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) :7.5m
%2 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) : 40m

i 7.5mor 40m

i~ Pl

Indoor Unit

Outdoor Unit

1 1m or 4m

Pump Unit

Fig. 5.1 Refrigerant pipe length between each unit

.

time —>

(a) Step input

input

120 sec
<>

0 time —>

(b) Ramp input

Fig. 5.2 Input type
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(1) A Fa=y b=y NEOBRERDOEE

RrFSazmy heESfa=y NEADBREROEELRIET . ENa=y FeFEda
=y MEADEEEZ 7m & L, R o=y beEfa=y MNEDOEEEZ Im, 4m
ELTEHBEDV AT LAOZEEZK 5.3 1277 . 0B, BAERMRERIL, X7 vy TFANL
L.

WTNOEIIZBWTY, EAXEWEEESEMT S L, EBREFICBVTERMOE
ENRXZENC2 Y, Bfiss COBMBE (BRES) 1T, TH2EmcH5. fafniEE
BERES) METTBZ &2k, RU7RVAKLODBAFIEE (EH) bIETT 5.
2B, fAMBE (F5) ~OFRyFa=y bEeRESfa=y NEDEEREOEEIZIZE A
EHRLRW. —FT, Ry RVGAHZODHEEREICEBTHE, FrSa=y e
Fh o=y NEADOEERICLY, BT T2EMBRERS. Z0Zehb, Rrrfa=y
ke =y FEIOEEEERED, EiEesH D0 TOREEEDOEIIRT 2R THROA
HODEEDEBNIZEZEL TCWAZ ERbnd. £z, BEORREIL, EHOLEHELD
LBV, SFNEE (7)) OFMI ) bWHEEOELITEL 7250, Ry S=2=
v heZ#ES o=y MNHIOERERD 4m OBEIT, FICEEFIELOBN AR TX 5. 18
HBHEEICONTIE, fAFEELAREBEEDECRDN, EALBECEREEDENIC
IV, —BHIET 3. BCR Ty b B 2=y FNEIDOEEED 4m OFAIT,
EERICIZ2GEEEDOKIELEBNCL Y, BHAETRHIIICKEIETTS.
B~ DREEBL LU, AV Ta=y MeEEN 2=y FNEDOEEEN Im & 4m DFE
WIZ L BIRBEDEITRN LR TE S, WThOEIIZBWTYH, e oM
BE (BEES) WETICXY, BRBOMMEE ERES) bIETT 5. fafmiE
BEFTHZ LT, ZREDEEEZENRKELIRY, KERNI—FMICERTS. L
L, WIEBEREII—ETH I, BEZHOOBRAENKEILoTLEY, BWERE
71, BHEERERBEOHMATE bR, KELSEDL LR

(2) ENa=v b B 2=y NEDEEREDE

ENa=y feESfa=y NEADBREEOREBLRIETS. Ky Fa=y M &S
=y NEDEEEZ 4m & L, ENa=y MeESN2=y FMNEOEEREZ 7.5m, 40m &
LIZBEDU AT ADEEZM 5.4 17T, B, BAXEMERIL, ATy APEL
7-.

Bifae il TIE, ENa=y b EeESa =y NEOBEEFED 40m OFEIE, 7.5m O
GRLHR, BEERNE RoZ LITHEIBEEANBROERIZLY, fAfMEE (&
FMEES) AMEL 20, MAFMEE L BEHEEDEN, NEL D2 L TRAHEIX, —B
HTHEIMKELIETTS.

AREBICBOTIL, fafmiE EREN) o0 Tk, B L Rk, EN2=y
kA2 =y NEIOEEED 40m OBAIE, 7.5m OBELHER, BEEREL oz
TEIESEBEEENEROEKICEVIETT 5. BERAICOVTL, GEEREN—
ETHDHW, BEBHODOBBERKE L LoTLEY, BERNIZ, =AXEME
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BOWMETE R, RESEDLRR.

(3) =AM RS R B LR DR

BN ERERBEOEE AT v ARICEMS VTGS L 7V RIEEMSETRE
VAT BREDBEBNNIOWTKRIEL. Ry Sa=y b eESfa=y I\Fﬁ@ﬁﬂmﬁé 4m
L, BNa=y heEffa=y NEDOEER% 7.5n, 40m & L7ZH{EDI AT LDZ
B2 ZhZhnX 5.5, 5.6 277,

M558IU5.6 L0, BEALEABRAEDEILE TV IRICTEZ LT, VAT
LDZEEGENIL, AT v ROBUICHARELS RoTWAZ LBAERTE 5. i@
BHREOELIZONTIE, ENa=y RS2 =y NEOEREED 7. 5m DFE T,
—FRFIIR T T 5 2 &72<, BODI/NELRoTWD. —F T, BEN=v hLESH
2=y MNEADOBEERD 40m DGFE TIiL, —RRETEIINSSRoTWVEHDD, £
@&@ﬁaﬁ%&&éﬁ%ﬂﬁi@%mé<ﬁé EHERTE D, ZDZLhb, &
LI ZEFECPITT D Z LT, BAREOEMIIIMH TEL DD, —RIRIETIIRE
LEBAZ LR TED. IEL, ARIEREIE, ZBNERMMEARICZL S VAT LA~D
FEPTET D, HEFEREL —ETITo TRV, WL =/ L EEEER I L,
DIRNREBBREL > TLE-TWNAZ 1T, BLIERZERLHICL THEAHEN—
IR T2 Z L DBERDO—DLEXI LS.

(4) EBHHE DRI ONT
WAEHER—RIETT 5 Z L 20T 2 RRICOVWTRRS. BAHENRELE
DEFREBOMEE Y HLETIT2ERIE, EAOEMICHSR, BEEELNEN L ICER
T5. 22T, EHOBLEIET 570, BALEMEREOLIIEIZOWT, WIET
5. RvSa=y b=y NEDEEEIL 4m, ENa2=y FeZEdffa=y FMED
MEREZIT40m &§5. 22T, NEALOMIE LY, R FWAH O DIRBGHEH
BEZ2CUTIZRoTHBE, Fx ET —2a VBRRETEZ LRGN TWVWA. £ T,
XX T —va vORER, RUOTRALOOBGHEN 2CUTFTTRETI DL L,
EALEBRAEOLIBIZL T, F¥ET—L a VRRET INEDDOEITHERELER
5.2B LUV SL.TITE LD BH.4Tm3/min 7> 5 188m3/min DE/LEZ 100% L T5.K XV,
FEE/NESFTBHILET, ¥ ET—2 a3V OREZIE|ITEX L LRERTXS.
¥, BIERRBDOEIIIRT v TIROAHNTH B0, T PROAD ETHIT
SOIEKRFITEMTEDLEZ 5.
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Fig. 5.5 Dynamic characteristic over change of outdoor fan flow rate

(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 7.5m)
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Fig. 5.6 Dynamic characteristic over change of outdoor fan flow rate

(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 40m)
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Table 5.2 Results

Air volume of outdoor unit Minimum SC temperature
47 m’/min — 94 m’/min (33%) 2°C or more

47 m*/min — 118 m*/min  (50%) 2°C or more

47 m’/min — 141 m*/min (67%) 2°C or less

47 m*/min — 165 m’/min (83%) 2°C or less

47 m’/min — 188 m’/min (100%) 2°C or less

() is 100% of the amount of change in the case of (47 m’/min — 188 m’/min)
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522 EIMERBEERD

EI ERBER BB IIHT DT AT LAOZEBNIOWTHNT 21T 5, FITERHEEZR 53
WORT. S|AERMER R, B 100 DEEE 725 188m3/min 2> b ERED 25%DAE T
»5 47m3/min F TSI ED. £ =y NEDOEBIZOWT, 52.1 REENOFZE & T
RLEK 53 ERERTHD. R a=y b eRSfa=y MEIOBEERIZOWVW T, 1Im
& dm. BERa =y M eEffa=y MEADOEERICOWTIE, 7.5m & 40m & L, MRIEL
e, 70, BEOEEME, RSSIWRTERBY, ATy TAAET VT AT E L.
FUTIATTEBNTIE, BB % 120sec & LTZ. AHIL, ATy FAHETUTAS

(120sec) & L7z. 728, AKIBEIX, 15CE L.

Table 5.3 Conditions

Outdoor temperature 15 °C

Indoor temperature 27 °CDB, 19°CWB

Air volume of outdoor unit 188m3/mn — 47m3/min
Air volume of indoor unit 240 m’/min

Flow rate of refrigerant 4.02 V/min*' | 3.77 I/min**

Refrigerant pipe length

(Between Indoor Unit and Outdoor Unit) 7.5m, 40m
Refrigerant pipe length lm . 4m
(Between Pump Unit and Outdoor Unit) ’
Vertical interval of Indoor Unit om

and Outdoor Unit
%1 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) :7.5m
¥%2 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) : 40m

120 sec
<>

input
input

time —> time —>

(a) Step input (b) Ramp input
Fig. 5.8 Input type
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() RrFa=y b ezSfa=y NEDOEEROEE

RrFSazmy heESfa=y NEADBREROEELRIET . ENa=y FeFEda
=y NEADOEEEZ 75m& L, RrSa=y b eESfa=y NEDOEEE%L Im, 4m &
LB ED VAT AOFEENZK 5.9 TR T. 728, BEAEREEARIX, X7y 7AHEL
7-.

WTFNORIIZBWT Y, B RENBAT 5 &, B CORBREEIRBY,
GfEas CORMMRE (BWES) 1%, EAT28micd 5. afmiaE (BEHRESD) »E
ATHZLITLY, RFRIAZAOOEEIMEE (EA) & EFT5. B, faMEE
(JEF) ~DOFRTa=y BN 2=y NEOEEEOEEIIIFLA EALA LR,
—F T, RTRNVAZODOHEBEICER TS L, A Fa=y MeESf=2=y M
DEEREICLY, S/ALEAHRAEZENIEES LRAKCERTIERARRRS. 2
DZENPDL, RrFa=y beESffa=y NEDOEERD, it D TOMEIRE
DEALITHT BHR L TRVIAZ O DIBEDBNICEEL TWLZ EBRb0s. BEDKR
BORENOEEL D bBW-D, fAfEE (£7) OFLL Y bHEREDE(MITES
72570, BANXEBEELZBINIEZGE L ITEICBAREIT R REL 25,
HEERICIIGEEEDENDEENRKREWVWRY ooy &=y MNEOEER
2 4m OF B, WEHEOEIBIIRE L 25.
RREB~DEELLTL, Kooy beEfa=y FMEIOEREER Im & 4m OE
WIZ L BIRBEDEITRN LR TE S, WThOEIIZBWTYH, e oM
BE (BEESN) BEFTAZLicky, BRBOMMEBE FERESN) bERATS.
FAFNBEEN LR L, ZEREDEEEN/NILS D L LB, BEREENEIN AR
BICHANBERTHLTD, ARBOEEEZENIEATERLRY, BEENIETT
5. REBCTCOXBBENMETTH2 LT, BRBHOOBBELREE TE 25,
F7r, BAREX, SHAXERERESEMT 5681, EEZOMELY bIELS 25M8E
MARHo7h, RENEDTIHEIE., RAIMCEEFERDELY bRESRLZEXDN
5,

Q) BEHN2=y L eESf o=y MNEDEEROE

BENa=y heBSf 2=y NEADBREEDOREBLRIET 5. Ry Fa=y M &S
=y NEDEEEZ 4m & L, ENa=y beESN2=y MNEOEEEREZ 7.5m, 40m &
LEEBAED VAT ADOZEENZK 510 177, 2B, BAEREERRIX, ATy AAE
L.

Bifaa il TIE, ENa=y b EeEESa =y NEOBEEFED 40m DFEIE, 7.5m O
BaLHR, BEERPES RoTEZ LI IBEENBIROBRICLY, ZAREHLE
MEIESDENKRELS Y, FAMMEE (BEEEN) HME< 2D, 201D, SAK[EGHEL
DIREZNHEE D, B DORXBERITFDT 5. 207D, RUFAOOBET, &
BHEZHHETE 5.

RREHJIBOTIE, SAMEE GEREN) X, BEEINLERETIZ gty ER

105



35, fAMEE EREH) PERTHI LT, ENERLEOBEEEMEEY, BERE
HHMET T2, ARETORBPEENMET 52 LT, ZARFHOOBBE HBRERTE
225,

F7r, AENTEMETIE, AEBRERY, SALRBRROELEIE TELLT —EL
LTWAZeEnh, BeBEORERICKL, AERBRENSER L -oTND. KEERE
EEERABEARICHECBOIEEZ LT, RUTAODDOAELEREIIHER TE S &
EZohd. B5111%, AEETT, MEBREREZT o256 L MERREY — €
ELIEBAOBBITHREZ TR LTS, K bEANLEERNEA TS L, BEER
ENR—ETIE, BRBHDBEREELRC TAODBGHEGHERTERIRD I ENHER
T& 5.

(3) BN E R R B LR DORE

ZHNERBEEOENERT v RIS VTG E L T VRIS EZHZED
VAT AIREDBEWVIZOWTRIELT.. Ry 7oy b=y MNEOEREERE %L 4m
L, ERNa=y beESfa=y NEDOEERZ 7.5m, 40m & LIZFEDT AT LADE
BaEThZEhnX 5.12,K 5.13 IZRT.

512, ® 513 &V, sSERBREOENE T RICTEHZ LIZHED, AT A
DEENENIL, AT v TROBMICHEARESRoTWVWBHZ LR TE 5. ARaH
A DOWBEDER TERDE TORMIL, 2HBFBERRDZ LD, HERREZ AL
¥ EODOREEZHAREIZREDICLEDZENTES.

BNy MBS =y NEOBREEN 7.5m & 40m DHEDT-H, X 5.12, X 5.13
BT 5L, AMEBEEOEEE TORMIX, JIZEEDLLRV. ZhiX, FV 7RO
ANBIZH LT, EADOGEBRESBRTE D THS. BREENEAICHE
W, BEIZOWTIE, AJTTOBWZ L A2EEBRREL TTVAS.

106



o
o
] ] ] ] ] ' ] ] ] ] ] ] ] 1 o)
gEE | | | | g g | | I g8 l | | 1 g g
—_<t | | | | — <t | | =2 F EE | 1 1 I —<f
I I I I I I I I l I I 1
_ _ Ty _
| | | | | 1 | | | | 1 1 I
I I I I I I I I I I l I I I o I o
- - St-—t—ftF-- F-—=t---+- 1 H--t---1—---r I | 1==-rfp-+--o F-f-—-d-5'- 1<
| | | | | ' | | | ' | | | | m o~
| | | | | | | | | | | | I | | | | S I
| | | | | | | | | | | | | | | | I © |
I I I I I I I I I I I I I I I I | & I
| | | | | | | | | | | | | | | | L4 E |
| I | [ | | | | | I 1 | [ | 1 [ 5 1O 1 Q
r~- ==~ 7T--r~ | r~——" 7T~ ~""7T° -~~~ M~ 7"~~~ [~ 7~~~ ~"r[~ 7T "7 "re i1 "1r""77 m
1 1 1 1 1 1 | | | | | | | | | 5 1 e |
I I I I I I I I I I I I I I I a1 g I
| | | | | | | | | | | | | 1 | g | 5 |
I I I I I I I I I I I I I I I 31 g I
| | | | | | | | | | | | 1 | | = - 1 o
b —a——v e b poao ) H-- ST TR I S R R 1 ] (TP B I SO Y B TP ~
| 1 ] ] ] ] ] | ] | ] ] ] ] m o ] —
| | | | | | | | | | | | | | = ~ |
I I I I I I I I I I I I I I < | I
| | | | | | | | | | | | | | g |
o =
I I I I I I I I =T I I I I P=2 I
| | | | | | | | 12 | | | | %ua | | o
F--t——d--+-—-t-ftr—-- F-—--t---+f--4---- FF-+ SA---r--+--- |-- + +--- F-pTEA3--- r=----- )
| | | | | | | | 1D | | | | | |
| | | | 1 1 1 1 (=" O | | 1 1
I I I I I I I 1 g1 - I I I I
| | | | | | | 1 D =N | | | |
I I I I I I I 1= Lo I I I I
| 1 1 1 | 1 | | | | ) | | |
I~ 1 1 1 [ L D I R () ml_lll_l =l it I il Sy L N ) D o
1 1 1 1 I 1 1 (= = 1 1 1 1
| | | | I | | I S L | | | |
=
I I I I | I I IS 1 B I I I I
| | | | I | | =T 1T | | | |
I I I I | I I I | () I I I I o
1 1 1 1 Il 1 1 Il 1 1 1 1 11 1 )
1
S O O O O O o0 N o [¥p] ouwn o [¥p] o N oo o0 (o] ouwn o LN o
AN O 0 O T A (@] — — o o — — — o o — —
— —
VAd O VAdY ITINNd o I INNdd
0, B MO[J MY 9] o 7 Do L Do v/

uej J00pInQ Anoeded 3uijoo) amjerodwa I, amerodwa | DS amjerodwa .

107

Time ¢s
Fig. 5.9 Dynamic characteristic over change of outdoor fan flow rate
(Influence of pipe length between Pump Unit and Outdoor Unit)



1 | 1 1 p 1 1 1 I } 1 1 ] i
FE 1! 1| AE 1 BB S | 2 FE
./.AO.. I I I I Uy o~ < I I I ./.AO.. ”m I I I | =l o~ <t
| 1 1 1 1 1 | 1 1 1 | 1 1 1 | 5! |
I I I I 1y I I I I I I &l
- - t-—-t—-tr-- F---+---+-% H-—+—--1—--r 4 F a-—--rb-+--4 F-H-g4----- —
I I I I I N | I I I A I I I 1 m_ |
I I I I I I I I I I I I . I I I = I
I I I I I I ') I I I I I I I I I I I
I I I I I I I I I I I I I I I I i g I
I I I I I I ' I I I I I I I I I = I
RPN S SN Ty X U N AU SRt W AU SRR N AU O PRUY RO GUUU N ISR SUPU N 1) I TR A R
I i T T i T T i ] i T T ] T
I I I I I I 0 I I I I I I | I
I I I I I I I I I I I I I I
I I I I I I | I I I I I I i I
I I I I I I I I I I I I I I
I I I I I I n I I I I I I i I
ittt Anie A sttt it [ ¥ il itk auiaaiei it I sl 1T T
I I I I I I I I I I I I I 'Y
I I I I I I I I I I I I I
I I I I I I I I o | I I I I =
I I I I I I I I =1 I I I I =
I I I I I I I I 21 I I I I S
F——t-—4--4--+-}+-- }F---+ ——--—- - ®--—-F-—-4--- F-- + i D ——— -
| | | | | | \ | 5 | | | | =2
I I I I I I I Q. IO I I g
I I I I I I I g1 =N I R
I I I I I I I D1 = I
I I I I I I I S S I =
I I I I I I I o | D) I g
- T T ] [t I i (¥ plnty Mttty Bty = it =t B i A 5777
I | | | I | | E= .= | 5h
1 1 1 1 1 1 1 S O 1 =
| | | | I | | 5, | | rm
] ] ] ] il ] ] ® ! (e ] R
I I I I T I I Al R I “
1 1 1 1 il 1 1 1 L 1
S O O O O O OO0 N o [¥p] [¥p] o N (@) 0 [¥p] o
AN © 0 O T A (g} — — — — — — —
— —
AXHDH.NH \(/OE BM <>m® UOO<>MM..N Oo—szMrN Oo——ZD&MrN

uej J00pInQ Anoeded 3uijoo) amjerodwa I, amerodwa | DS amjerodwa

300

240

Time ¢ s
108

0 60

-60
(Influence of pipe length between Indoor Unit and Outdoor Unit)

Fig. 5.10 Dynamic characteristic over change of outdoor fan flow rate
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Fig. 5.13
(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 40m)
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OEBERBEOEIIKT IR AT AOKMELZFTIC I VRET 5. S EREE
DFE L FRIGBERBICB I 2BAHNECHBIZEET5. AEBREOE(LIX, B
BEPHEINSEIREGLBDERIHEBITONTITY. £/, RrFa=y heEHha
=y MNEDEREEE, BIUOZEN2=y MeEfa=y NEDEERES, GEBRENE
fET BREIN S AT LDIGEICEDE S ITEETHINBRIAELTZ. 2B, AEEREY
EINSE 2561, PEREL LT, SAEEBREIENL, BRERKEI o
®IZ, BAEFRMEEZITHOBEL L. —F T, BSERBEAELZEY 55481, B
EERIEB SN TV AREBEZIIHREL L.

53.1 SEEREREM

HEBEREDOHEMIIRTT 5V AT AOZEENZ OV THITEIT O, IR E2 3K 5.4 1R
9. HEEREZENSEI0HSME L LT, S/EEMEED 47m3/min ORI IEE
ERSCLRIMEE L, E/EEEEED 188m3/min DERICEBEN 5CLRIMEE
TELEEB.

i, RvFa=y heZfa=y MNRIOEEE, BIUEN2Z=y MeESfa2=y
FNEDEEEN AT ADRBEIZED L ) ITHETINLHETRIELT. £=2=> b
] D BEEE L DN T, 504 8T, RyFa=y beEN2 =y FEIOEEEIZOWT
I, Im & 4m. ERN2=y M eESf 2=y MEIOBEERIZOWTIE, 7.5m & 40m & L,
REEL7=. $£72, AEBEEOEIEMIE, K515 TERY, ATy TARET Y
FASE LIz, U FAINTBNTIL, BB % 120sec & L7z,

B, V=0 =V TV A INDETHIBER L TE2REL CEEIEL7-DIC
X, ¥¥ET—avOMFREEL RS, ZORDOFEELE LTIL, BHIEEOHER
MFETFOND. BAOEFEL, ZSEEEENSRKEVIZE, BHEHREI/NSILS DL
D, BEMEER 4H) I0VbhoTWA. 207, RRIETIX, =A%
BIIEKRET—EE L. £, AKEBEIIEWIZE, /NI R5D 2 EDESEANT
FEER (468 LVbhoTWE., 07, ARIETIE, AAKIBEZ 155CE LT, BT
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input

Table 5.4 Conditions

Outdoor temperature

15 °C

Indoor temperature

27 °CDB, 19°CWB

Air volume of outdoor unit

188 m*/min

Air volume of indoor unit

240 m*/min

Flow rate of refrigerant

1.59 I/min — 4.02 I/min *!
1.57 I/min — 3.77 /min *?

Refrigerant pipe length

(Between Indoor Unit and Outdoor Unit) 7.5m, 40m
Refrigerant pipe length lm. 4m
(Between Pump Unit and Outdoor Unit) ’
Vertical interval of Indoor Unit 0m

and Outdoor Unit

%1 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) :7.5m
%2 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) : 40m

i 7.5m or 40m

Indoor Unit

Outdoor Unit

I 1Im or 4m

Pump Unit

Fig. 5.14 Refrigerant pipe length between each unit

J

time —>

(a) Step input

input

120 sec
<>

0 time —>

(b) Ramp input

Fig. 5.15 [Input type
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() AR Fa=y @S-y NEADEEROEE

Ry Fa=y he#Ef o=y NEOREROEELZRIET 5. BER2=y &S
=y NEADOEEEZ 75m& L, RrSa=y b eESfa=y NEDOEEE%L Im, 4m &
LB BDYV AT ADOEHZK 516 1R, BB, REBREOLIIX, AT v 7FAN
L.
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Fig. 5.16 Dynamic characteristic over change of pump flow rate
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(Influence of pipe length between Indoor Unit and Outdoor Unit)
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(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 40m)
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EEN SCLdiiEds L, BHEREMEED 47m3/min OFRIZAZBEN 5SCLE R HME
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HEERBEDOEEMIL, B 520 [ZARTHEY, X7y FTANET T AT (120sec)
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ERBRICHREET 2. £z, RRICESNEREEEIIEREAET—E, AREEIX 15CE
L.

Table 5.5 Conditions

Outdoor temperature 15 °C

Indoor temperature 27 °CDB, 19°CWB
Air volume of outdoor unit 188 m*/min

Air volume of indoor unit 240 m’/min

4.02 I/min — 1.59 /min *!

Flow rate of refrigerant . s
3.77 I/min — 1.57 I/min *

Refrigerant pipe length

(Between Indoor Unit and Outdoor Unit) 7.5m, 40m
Refrigerant pipe length lm. 4m
(Between Pump Unit and Outdoor Unit) ’
Vertical interval of Indoor Unit 0m

and Outdoor Unit

%1 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) :7.5m
%2 Refrigerant pipe length (Between Indoor Unit and Outdoor Unit) : 40m

120 sec
<>

input
nput

0 time —> time —>

(a) Step input (b) Ramp input
Fig. 5.20 Input type
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(Influence of pipe length between Pump Unit and Outdoor Unit)
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Fig. 5.22 Dynamic characteristic over change of pump flow rate

(Influence of pipe length between Indoor Unit and Outdoor Unit)
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Fig. 5.23 Dynamic characteristic over change of pump flow rate

(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 7.5m)
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Fig. 5.24 Dynamic characteristic over change of pump flow rate

(Influence of input type, pipe length between Indoor Unit and Outdoor Unit is 40m)
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6.1 HE

EAZERBIOE 5 ETHLNC LV AT A HEEHZESE L, B 70z 7 Y
— 7=V TFA I NVERRALIENAT )y NRIZERC AT A2 EZBICERA I TV
F—FEURICREL, EMEZBUEZT 44—V R TOEERRELZHMTS. 70— K
TOFMIE, FITHA 71080 BEXNERZE L TEINIIATON TV S RIET 5.
T, AT FRUFHREIZOWTH O TEHMET 5.

B, RVAT AX, Ror—U%FE#E Lo/ LE, IALESHMICEALT
ELTWD., 22T, BEAMRZLEEORET — ¥ 2R L TRET 5.

6.2 74 —I)L R

AZEFE L IEE I LT 2 ERA T OT — 2 A ICRE L, FREB TOEEY A
7 VORIER®, HEEIHIBEIRZRIET 5.

6.2.1 ARZEFFEDOLIYE X HI{E

EfEZBEULERAZITO LT, Y417V DE 0 BIABMNEL RS, REFKOY 1 7 v
B0 B2 BIHER61ITTRT. BEFAIZANL 7Y —2—Y UL 7 A~NT, SARIE
ENMETLENEDEREZNREEULEEZRY, MDoBBEANE 7V —7—Y ¥4
J VTS L LG ICT WV EDLS. 7V —7— U T A I AN GEMET
A7 N~NE, ARBEDO ERIZEVEN L DREENBREERM, TEIEENEERTE
ELL B F 72 I 3MRHIBEREMEI E, BN TVGAIGEOBGEEN —EMEIUT, &
VT REREBIZRoT-BAICYVEDS.

Table 6.1 Conditions of changing the cycles

The difference between the indoor temperature and the outdoor
temperature degree is more than the definite value.

The presumed cooling capacity at the pump cycle is more than the

(AandBand C) B air-conditioning load.

C | The pump unit is not a breakdown.

The difference between the indoor temperature and the outdoor
temperature degree is less than definite value.

From  the free The difference between a balloon temperature or an inhalation
cooling cycle to the temperature and each set value is more than the definite value.

compression cycle

(DorEorForG) F | The degree of sub cooling is less than definite value.

G | The pump unit is a breakdown.
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ﬁ ﬁ ﬁ ﬁ E& Control panel

L JJJ bt Tl

E

Control panel

Liquid| |Gas]

Indoor Un

Fig. 6.1 The placement situation of the air conditioner

Fig. 6.2 Outdoor unit Fig. 6.3 Pump unit
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Table 6.2 Measurement items.

Measurement point Unit
Power consumption kW
Pump frequency Hz
Compressor frequency Hz
Indoor fan frequency Hz
Power consumption kW
Refrigerant temperature (Inlet and outlet of each unit) C
Refrigerant pressure (Inlet and outlet of each unit) Pa
Air temperature (Intake air and supply air of each unit) C
Indoor air temperature C

6.2.3 ZEFKDEIRINRE

(1) EfOEEIREE

HHEEIR R OENIEE LAKIEERX 6.4 (TR T. ENIEEILEY 23°CT, F£R28E
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6.5 AI7NVDREERT. 1AL 12 A7V —7—V 27947, 4~9AI1F
JEREY A 7V, 2~3 HB XN 10~11 AIZEMY A I NE TV —0—0 7% A 7 H34]
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HiZ%<725.

Temperature C

Jan. Apr. Aug. Dec.

Fig. 6.4 Inside air temperature and Outside air temperature
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Free cooling cycle

Compression cycle ; {

Jan. Apr. Aug. Dec.

Fig. 6.5 Change of cycle

(2) Ry 7Y A 7 NVEEOEEGREE
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(a) Temperature

30
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10
0
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Pump frequency Hz

Time hour : minute

(b) Pump frequency

Fig. 6.6 Operating state of free cooling cycle (November 24)
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Fig. 6.7 Temperature of the cycle when switching
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Fig. 6.8 Relationship of outdoor temperature and COP
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Fig. 6.9 Annual Power Consumption Ratio
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Annual Power Consumption Ratio
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