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ABSTRACT: In the present study, various experiments were performed to investigate capa-
city modulation and refrigerant flow distribution of a multi-heat pump using a variable speed
compressor and electronic expansion valves {EEVs) in the cooling mode. Based on the experi-
mental results, it was possible to understand the interrelation of dual indoor units which pro-
vides some difficulties in capacity control of each indoor unit. The characteristics of capacity
modulation of two indoor units were measured by controlling two EEVs with a cooling load

of each indoor unit.
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o, AUy 25L& HF dug 2% e F4
2 sders 24 ZEEd fddxe Foke
dug &L AW, U&7 EEF2EE 4
FAA Aagde 433 g MY AHFAFEZR
AAgade 29 AEE F/HAA U7 2 &
To BEEg T2 AA ALY TEE FAA
7 oF e},

Fig. 6 A7) 18 97 Q49 A3
My o] AxE nAHsn Hur] 25 ddd
AARFdEB 29 AE gzt wE Ay 17
298] WY ¥ FEE veEdch AAgEe
29l =7t F71ge wet A7 259 Yol
g =72 AWz 13 229 xaigheio] FaAld
Assn d9& EE FrrgdbFig . AY
o] AgZol ugte ALERv AN AHIFY
H 14 29 & A EoEn AR ¥
o] 1o A3 W gl AAPIdWe 152
AveE Yoz gae9g, 4l 22 A
o]7} 8Tl Aeold WEszt 71 A7)
2&9 AxAgANEe ARE FFHAAH, 449
7] 15 29 StEx H5o2 FT dud £
A FasiA T Aur] 2828 Yl fFEe] B
dgorz Wargde Frhsan Az 12 9
T dn® 2mAHET opvel Yol i HFE A
og Yuhgake] A gadd

Hatzl 7% U] 29 WHEEE £714
7171 9%t Axwgde 29 =g AW
AAgAAy Mg ZHEA FL& Ay 19
Wrkgge] ZHASA €Y. el AAgage
17 28 FAld 29 Aol a3l Y

2100
4| m Indoor unit 1 evaporaiing pressure
2050 © Indpor unit 2 evaporating pressure

# Cutdoor unit condensing pressure

2000 //

1650 4

1800 -

750

Pressure (kPa)

T00 4

6501 T, W1 w7, T

F80+z, €D, 100 step [red)

100 1:0 12‘0 1:’30 14‘0 1;0 160
EEV 2 opening {step}
Fig. 7 Variation of condensing and evapora-
ting pressure with EEV2 opening,

g2k giojok ) E4 HAXRAAE 23
ntoT fgzHol PE A= ¢V FRFE
inzew Aodel el ol 54L& HF
AAYIWB e 2HL F3 2t HAdir|e] F% &
f2FA ol dFYEEMulti Input Multi Out-
put, MIMO) Alelz1go}] M &=ejop §g 2v|3}
= ez HE Fyr] Aizke fA 3 o
ol PID Aot o] ©dYE=(Single Input
Single Output, SISO)Y AMol71Y¥ & HEctd &
FE % EFAo)d AEE HEde] d& R
oz Aprgrh

HE]Y FETe A5 7 Az Fatel
e edzdg zZed B4 APFYER
FABoZ Ztzr Arizte] %3 #AAE &
olrz] ste] AAwdE 29 JIEE WA
A AWz 29 Wgsg WA F oAxg
AAe COPrl A7t Hug AAPHAWEE 19
N=E THeo A~y 545 2HEIT

Fig. 8% Fig. 95 AA4348 29 =g #
A7l Foizl e M2=do} Fe COP
2 Zo & HalgAgan 19 JeEs - AL
AU 17 28] JurgFs dur 1 B 2
Yo &eg vebdch HAAade 29 JE
S A e wiEr A7) 29 WREFe Ad
28 S3&te Julf#F v F7189
on, A7) 129 YrgEs HAur) 19 e
frol wdiste Aok AARPEE 29
AZE F7tA AF Alado] Hdle] COPE
Z7] HaA AxHAEE 19 Axs AAEH
o}, ol AAEIFEE 29 AR FrHA FEY

Moy fo 10 m



318 HFu

3.0
284 [Capacity  Indoor unit
[ ] 1
26 = z

24
224

T, M'e. T, 20%. T 20'C
F 80Hz
EQ, . controlied for maximum COP

20+
184
1.6+ [
1.4
1.2
1.0

Cooling capacity (kw)

0.9 1
061

04 T T T T T T T
80 70 80 80 100 110 120 130 140

EEV 2 opening (step)

Fig. 8 Variation of cooling capacity with EEV
1 and 2 openings.

65

Flow rate Indoor unit T, 3%C,T_ 20°C.T, 20°C

60| » 1 F BOHr
2 €O, conlrolied for maximum COP

55

50

Mass flow rate (kg/h)

50 70 8c g0 100 146 120 130 140
EEV 2 opening (step)

Fig. 9 Variation of mass flow rate with EEV

1 and 2 openings.

do Zrhstm A7) 28 Fahshe Wl gFol
zrlsima 47 23dAE W7 I L=
Aoje #aARD WM AAPFPE 13
AES g2AA Aurle FULEE BEes
A AR Gag L5 Aol A shelok Fui|
2% WHEFE FUAL £ Yok 4] 1%
e AT Faz dstd Fgol Aastd WiE
go) aagich WP 298 A% FA2
Aulz) 259 WEERe TrhEo, Au)
129 YU§F A2 dstel ANHY WP
B oA o= A7l 129 YA
% W=t Fhehed A7) 1049 @R
g xgol Faster) deln.

Fig. 10& @%7] #34: 48D 7] 2
So yrsde FUA7] Astel ARBIY

=
W or
bt

A

iR i i A

T, 34'C.T_ 20°C.T . 20%
F B0Hz
EQ, cenlroked for maximum COP

Superheat or subcooling { °C)

T T T T
50 70 80 a0 100 410 120 130 140
EEV 2 openina (step)

Fig. 10 Vanation of superheat and subcooling
with EEV 1 and 2 openings.

34
2.2 ]| cectingcapacar
30| maeert macorz 1 '

—-—  sO- 20 /
2B 4. ..q.. 24

28 o s 0w / @
247

2.2 4

z

=

ol

z 2.0 1

g 1.8 1

o 1.6 4

@ 14

£ 124

S 3

2 o

(5} 0.8 4
0.8 4
04 s auve.v, zc.r sam
0.2 T

80 70 B‘U 9’0 160 |1I0 12'0 13!0 1"0 Igﬁ 1;0 17,0 18C
EEV2 opening (slep)

Fig. 11 Varation of capacity with EEV open-

ing at different T,

B 13} 29 =g 24 At AEE R H
£ E4& ueido Axgddd 29 AR}
Z7ree wE Aur) 2 E7e) AdRE A
T Adr] 1 £79 IdEe T4 AEx
i@l TAsdd. & F47 274 A<
57F 4T olle] @& 7hd o Axge] da d
ey 2 core Hdig g A, 47
g %o FEg FA7A HAMe HdE =
Foe o &4z JAA YwEF € Copd &
27 =24 Pt

Fig. 112 A7 29 j72=71 Hgg o
AWzt 22 7 H JFEE Aolof wet WA
Fine sixxdE Foo AWzl 13 259
WigFE wEAd el "‘LH?]@ +E
Apolzt Frhgel met Aui7] 28 E2E Wis
o] F71at wHeot A7) 259 ‘ﬁ‘%}%?&"] =
7tsteg Alade] AAAY Yurgdo] A=



Hely 4=y &

45

aci
40} meset indoor

3.5 . —a [

- e
1 / -
==

2.5 e

20 S

1.0 e
e R
054

B T :3%¢.T, 20'C. T, 20°]
0.0

Couoling capacity (kW}

T T T T Ty T T T T T T
46 50 &0 70 80 90 100 110 120 130 140 150 160 170 180 180 200
EEV2 ppening {step}

Fig. 12 Variation of capacity with EEVZ open-
ing at different compressor speed.

® SHi| 7, 34%c.T 207C.T -2’
209 | o sHz | BV conwel ooy Maximum cop

Superheat or subcooling ( °C)
=
I

s —
20 30 40 50 60 70 80 .14
Compressor frequency (Hz)

Fig. 13 Variation of superheat and subcooling

with an compressor speed at Typ=

20T,
22
T, . T, 2eC.T,, 28°C

20| ® SHT | cLv comrol oronty - Maximum COP

5 o 8H2
-1
b ® 5C
— 16
o
£ 14
=]
9 124
g
Z 104
5

a
z °]
2 8
£
L)
a  4- o 81 o
@ d [

24 /

H y T T T T T

20 30 40 50 80 70 80 a0

Compressar frequency (Hz)
Fig. 14 Variation of superheat and subcooling
with an compressor speed at T, =
28°7C.

o) 2 42 549 319

7t Fazle] WER 2HE A =@ 4
W7 220 b dake] A wa WHEF =
Ao ng Aol AXNA HE=2 Z% FYr|-A
982 st Y dste e MAg AF
Aatk oL A

Fig. 12 A7 &% #ol7} 8TY # & F
B g By atgaie FES B9
422 EA4L YEW Fod. #F57 FiF
watAe e AP EE 13 29 HE ZFel
e 4323 548 473 Fo5 60HzoA
ok Y% AF%E debdch a8, 957 F
stzb Zobehol el AAEAEE AR AR
g Zt dAdrle £3F HAeolvl ol AA e
o zezg 4 A7zt BRR s WEew
& Andog xHIY] HaHXE 4574 B
o] A WHE Fae] Zasteiol Gt

Fig. 13% Fig. 14 447 && &e]7t 0T
2 8CY o @47 Fag WHEA Y A2do)
Hoe 2&8 ZES AAYPAEE 173 28 =
A Ae9 FYTs AIE Jedo ¢F
71 a7 FrpetdE A EE 4T £ 2¢0A
Ao COPE ugWed IHYxe Fufg
vldste] F7bebgrh 2R AaEE ZEH
oz A3y gHEe LaxAd we E7
Fa AFgAdE HAABFAE 13 22 A7)
1229 27 BARE 4T H2AA 27 =
FEE Ao A4 Huly 45E 4 ¢ AL
o2 AtrEo.

dFlAE 24 248 7hdS 2EHE o
g AFstd A7) K3 Aolo} wE W
S AAEe g 2 ZES AUk

() AP E0 ] AEE QYT F+ A
7] 29 RapRizts Auir) 18] SEHFe & 9
g A=A gstert i ol tdar) 4
s Hatggae 29 sjxE F7HAA A7) 2
o Wi Fe FAAN™E & 87 &£77 &
UhE FHAe FE2A gEd) A2E F2UY
o] Aesez Jurl 19 P-§Fe] LA
o olax ZUElY Ao K4 A Ads
24E& % 4 Al f2Ed R 2gxd
AZol AMAZde AzBA7 & dFdEd



320 H3 -

A2dY L 2+ UL

(2) 437 Fa7t zdg A4 ddy)
29] W ERE YA HaiMe ] 19
Wi Adte WAL 4dE o +
A

@z Fere FEEe 2 ¥ 54
UM AZIZE 7 23 A 2EA & 9
e vHon, HdUT & Aozt AdSLE
Alrle] EFEHF] AAAY fFzA ¥
fZAdo) AR ol A2} Hgel Hur}
He 7IE A=zAE dold A dF A
7134,

@ &5 H & A7) Aol Rt Aelzt
Wetel = Bgo AxgPEve Az=zds F
& 3 F £%xd E4L Y9 APS
YelRew, ¢F7] Fa5 F7HAAE A
Abole] &3 WA e] Frhat A

z 7

2 A7E duAd e fuAsE e
FAHQ(99-E-ID03-P-0L)e] A9og Fase
o, elol A= Ry

E1 N R
}. Jung, D. S, Kim, M. and Kim, M, S., 1999,

PID control of multi-type heat pump sys-
tern, Proceedings of the SAREK, pp. 541-545.

. Hwang, Y. J., Kim, Y. G.,, Park, J. H. and

Kim, C. M., 1998, The effects of com-
pressor speed and electronic expansion val-
ve opening on the optimum design of in-
verter heat pump at various heating loads,
International Conference on Research and
Advanced Energy System for 21st Century,
RAESS9-766.

. Matsuoka, F. and Nagatomo, H., 1988, Dy-

namic response and electrical control for the
air conditioner, Trans. of the JAR, Vol 5,
No. 1, pp. 43-54.

. Yasuda, H., Ishibane, K., and Nakayama, S.,

1992, Evaporator superheat control by an
electrically driven expansion valve, Trans.
of the JAR, Val. 5, No. 2, pp. 147-156.

. Fujita, Y., Kubo, T. and Suma, S. 1992,

Multi air conditioner with two indoor units,
Refrigeration, Vol. 67, No. 772, pp. 171-176.

. McLinden, M. O., Klein, S. A., Lemmon, E.

W., and Peskin, A. P, 1998, Thermody-
namic and transport properties of refri-
gerants and refrigerant mixtures (REFPROP
6.0), NIST, Gaithersburg, MD., US.A.

. Nancy, B. M. 5., 1990, Modeling and si-

mulation of a water-to~water heat pump
incorporating superheat control, M. S. The
sis, Univ. of Waterloo, Ontario, Canada.



