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ABSTRACT: The cooling load in winter is significant in buildings and hotels because of the
usage of office equipments and the improved wall insulation. Hence, a multi-heat pump is
required to cover heating and cooling simultaneously for each indoor unit. In this study, the
operating characteristics and performance of a simultaneous heating and cooling heat pump in
the cooling-main operating mode were investigated experimentally. The system adopted a
variable speed compressor using R410A with four indoor units and one outdoor unit. In the
cooling—main mode, the heating capacity decreased due to reduction of flow rate to the indoor
unit under heating mode operation. The EEV opening was adjusted to increase flow rate to
the indoor unit under heating mode operation. The total capacity and COP in the cooling—main
mode increased by 205% and 29.2%, respectively, compared with those in the cooling-only
mode

Key words: Simultaneous heating and cooling(E A8, Heat pump(® # =), Heat recovery
(434, Operating mode(F A 2 =)
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Fig. 1 Schematic of simultaneous heating and cooling heat pump system.

59 ARI AAZA(EL 2= 72T, $52% 544 HFLEZAE 350C/404% RHZ, el 2 wnrg A

Tl Witedy 2 2udgo] 2tz 80kW ¢ WzAS 247 2000/59.0% RH 2 27.0°C/47.0%

25kWols, ol®wle] W4 COPE 32¢lth ®a#  RHE d3ssich Wdwgs 2 $32 ASHRAE

HiE ARRES YEURE 48 dxgaus Standard 377¢] oAzt AR LB, FAY

g olgste z@agon, 2avs AAL A9 Wik Al z®le) COPE A(1)3h o] Aitebaint

2 ASFRL 18mm AW 14mmolth 4

W dmgrE gd-Bude dasrlg L cop = Lot W

don yagHe ZHeT 72T, THEL 60 w

mY/mindl A 2.15kWolt} A9 Fmsr|w -2

walo] Awdly|E Aeslgon SEH5e $ Yool Fo] FAS 93] Ale]E Fo A

%% 544 C, 5HEF 375m/minl A 1134 kW HolAe ex, 48 2 F32 Y A~

o)t} gol 5= T-eljle] dHAdE A&ste A
SAYUE BT Al A0 AEe Augye stgen AUEE= +03 Tolo), Wt & =

Yy g e AMAow 2Hste] 1 293 9 g JuitEAE AEstEen, gEAY 44

FHS Pae ww - HostAch 2 AW - 9 & T AA Z2HEHANA £0.13%°lth WelfF

YU AP2AS AA LFER A9 T 2L AFHFFAE AHEee FAH o,

sty A|2elo] Ao Raggon 4 A Ah=e 439 +0.1%0°]th

Weels 3 A8 A FAE HEH

oz AAstel 24 Aufulel Wdwgws o) 3 dEFa % a2d

gAY e 245" - &7 $3719

AT 2 FTERE 3404 Pt 100Qe 243 31 detFx 2= 4554

g Abgstel 2 on, AUEE +0.25%°| T}

Az &7 AnAPE AHAR SAHEP S WA fARsoAe] 4 WidE &

o Ao A Z2AUAE 4000W, FUEE ARSol Aol Aol v - Frretgch Wl

=Rzl +0.2%0]th Fy A5APL B dHE AREdNE
esx z2ae 1S074%s Fuste, A9 2 WolZ o] 3900ge) =AM B Aol Abg



317

T T T T T g m ] Fo & N e T hy
i W&MMLWcﬂmowoﬁaox‘”HlmvﬂT M=mH7% <N Y
> £ § = T EDTIT o R EH
£3 8 ; = KT e 2T Y e D gs® TEygTEPT LW
A 4 ] &o/mS.E mchmoAxml oF Eur_ o o} 3
LS -8 8 ,aoovOOImmngqa,] T Hep =2 =Ty oo~
288 S %9 LS gy By T X T Gk T M L
w,m‘c, wr% ﬂuﬂulbwko_raqﬁimaraﬂﬂﬁlw RU ﬂc\.ﬂo‘lcﬂa * %o
£ée L ]gs 2 g% %%AT%””MuAMMo_W& To ®x X g oy 0 o
044 T e oW %Eﬁuunnovﬁyﬁﬂmﬂﬂwm wm@rﬁ}%?& 0w
£ 45 eﬂbﬂﬁ%mﬂﬂﬂ%%%%o%d w._HWqumeaﬂ s 7
m S = X = <oy &2 o o Mo = o rl
EEREE: WM%%W@EQ%W%%H% _cla%mwfruxu 2 9
2% s ToemGgU TR WL TG TNy -
§.F BEFLTo bR, AT TE Tama % =
o8 3 2 %iwﬁﬂ.@%]ﬂﬂoioiomM C_H,a_.‘aojlyogA i 4
4 418 kS 5 o ol =3 e B o3 o|J % .M B Jo oo X o hal ut
£ 2 G o ch T U T LR TR e Y LI 0
> S MW%W%%%MW%EATHA%%E@_%mﬂwuﬂ = ok
Srscess s g oy O L BT B ol e - B
22888 R8Y. . dET _Bgd X s X Hw w0
- - - L= 3 lEo&,o.q&oWO;EoW =) e R A
i — T n o ™ ome T oo do o X ) =) 0
(u/B) aye1 Moy ssey N T N T F o Ko WY B o of o
Moz XTRT DTSR THRBRETD o
KA A ZEETS THEFEHTTHT DR B &
W KT E XK OR T = = - — R
- AN o % Ao N me X om =
S ok ok vy L Emaﬂae_._ﬁo,ﬂ‘maﬂ/l}oﬂoflu T T T T 3
ﬂam),%,ummﬂwwﬂu P Tolagm e _w TET 4 225§ g
wW a2 & o "=y S TN T T 5 U ¢ ¢ EE 3
Mw_m ,mgd%lﬂlﬂwnu %.@%W%:_M%ﬁﬂy%mﬁWWmL - & L g - 3
$TcilisTs = iR EELl L) g
MR = R ® g R o N grop o 5 o o o T
5 of & - T L= g N o 0 00 ol a oo g @ ©
WO]IOFWUJMVHJImAOEm. MWEC,ULEOHH‘&W‘HV.UJ,IMWW\_IO_OXL‘M‘?J R J |mnD.v.e
N o X %0 R o oo ™ T TR o 3 F— o N O®ed4d S o
T o RK=T S8 P_ETBLeTLR LG T 2 s
i@%iﬁﬁﬁmﬁ&, mxwwjnﬂmomo_sm_ﬁmm%immﬂmo £ S
A "ETw TEEXzwToazleiendw | 18 8=
T Fo 2o o ol N - o — [\ jagl 4 =
OTOEX‘AHZ:\)II - .Urmix_.ioov o Mﬂnu_.o,._l s)
=0 2 ~ AN RS X = " T oo g
AT ) e ELYIgce=TTTvraw | 15 8 &
ST U S LT PEmBOT LN LT s © 73
= S = D o T A 2= X — 9 I do 5]
I ﬂﬁm‘w7bt%7m{mmo ﬂ.ﬂ;lﬂﬂ&oomqﬂ A:_mﬂuumaﬂn._mo kS
g ~— . Q) = [ _
B LA SR s 2P g RE R aRE pa YT T
o RO oy A SN L ok T o < Uy s ™ o =) o =) <
W TR i oy 2 o R A 3% L — g OB el ° R e S 8 1=
2 B S o RAETE N oW LT By ; S 8 & B 8 B ™
(EP U= BT LN T ShEZlup®Py,, g S 8 & 2 2 7 .
W % R T RO OTK oWy 2 oW oW m W K Ur S R oo o &oﬂﬂﬂ.ﬁmﬁh (ed)) ainssald “.mc

=
o

S5l A @

=

=

% ark ol

=

kel

o

FeH AURUOE volRaHy Yol f3e

TP 2A

pressures with compressor rotating

speed.



P P
. _,_ogT .

318 24

M

o Eemols WnE

= 23 A Ay
100%6(500 steps) A58 20%(100 steps)
A8 vYstdet =, =
ol

== 22%(110

1009(500 steps) & A 3FATh WAy

= AMAFEIS] 500 stepsell thgh B E o}

0%E Azl uet
kg/hol A 1086 kg/h® 22.9% 7+Aastal oLt
+3 AdfHoze YulfHFe 342 kg/holA
42.1kg/h2 232% Z7rstdut & JuliFe 7+
AR 3 FT Yge 2149 WolA 1495 W
2 304% Zasgot e d Ao
faa e

Wl se Z7tz Qs 1,709 Wol| A
2,025 W= 184% F7tstsdct. oluf, WA A
UHY 7oA B Bdxe g3 Q&3

o] ZAR 35t 137Tol A 229CE 92C Z7}
a9
Fig. 5% 28899 #2382 Jw Wsl] oe

F AN2"g4F UdE7] AHAY, 282 COPY
Al vehdcl gaums ARt 1009014 20%
B ZAadd wel dsFe gy de
WHk-gako] Al F Alad® 38 8156 Wl
A 6510 W2 20.2% 743t g ot Ed GE7] &
3 £
g =]
=y =3
£ =
g E
8 3
o 2
o =
E 7]
[] %]
I s

éEEV of MCU (0/0)

Fig. 4 Variation of average capacities and
mass flow rate with EEV opening.

7}

Total capacity (W)

Work (W)

QSEEV of MCU (%)

Fig. 5 Variations of total capacity, power
consumption and COP with EEV
opening.

o
2

o
B
ol
o

A= Wk 7 e A
0% A B
2,002 W

3|3

th. o ®, COP: 36824 Wi

Al COPY 3248t} 137% 4%

Ped Aulglel BF a

£ =20 deber) o)

£3E F4AA
FAE Ao} &

o, AEH
=& 77 40%

ol

ok,

rir
ko o

> oXx

o off
M £ off op mx
2 38 O of m

2 T ok o2
Mo oop

o
o]

ol
O

¥}

]
AN
£

30 2~

ol

2,

3
o

=

o
o%
>
N
N

o
=
o fio
N
Lo
o

=i

N

ok

2

_/':
B S E 22%0 A E71A17 9
FEEE 147 Coll 4]

A o ol

N8z X |z
N

ox d
4
btoxe
=Y o g 30
MU gt Mo u)
2y}
®

e

ofN

Lo
2
e

o
ot
e,
T
=

[
o

o g
ft

o

l (£ T
i
o

R
—
—
o

=
Jo
PV

kg/h& 33.4%
2o YulfF =P

=
[1)e]
™~

ol
e >
T o



319

Acm——=dfr—====A-ad

N

==

(=]

25
J)EEV of IDUcooing ( %)

sumption and COP with EEV opening of

10000

RO
N St oH dp
pifz
o il
Moo_t g
o B
W oo B ©
i
mawo.mMLﬂ
pal (o]
o BT
L.uﬁ ;/Mwo
Klo
Gy
R Mﬂv
T N o
7 Mo
—_—— o

L=}

K
o

Bl

2 2002 Woll A 2,127 W2 6.2%

ThA
ko
ol A 2471 W2 18.6%

= e

(M) froedes jej0)

ek, o
A8 A% 34% o4

o

7

=

[+

s

P

€ 3

3

N N

(M) iom

7 =

il

ﬁo

B

o Jl
_M &
. o N —
o=
= ot B
S
Mo A 5T
g P E L
N
tEw
=] .i =M
TRy
Mo — Mo =
N wp =
T do U FW
T O T RO

IDU.

20
Fig. 7 Variations of total capacity, power con-

B
| e
I
i

B =7} 22%¢l

[e]

vebhdch 3%

=

=

COP9 3}

z7h9

N -
s

Ao el Yy

Z

i

o
ﬂ' Ho]'V:

ok

tok7h =7 0T o

O

& 27

2
[}

9679 W,

vebcy, 7

COP

()
o)
=

=

st 4

=715

st 4%

AR

=

3

T

T

3

off A&F7] AHAHLE 2242 Woll A 2326 W=
ujZo) COP

7= 34%914
41824 WiAE SRR 8035 W, 324

By zhzh 205% 9 29.29% Z7b
i

WH AR 349% ¢
34% o) Aol M= 7

=7]

H

o =

G

b o,
1=

3

~
HO

TK

oo
2l

IS
fis

oF

TR

il

<]

=)
B

Vi

=)

5

1o

T

T
Jo

K

o

(u/B6) ayes moyy ssep

g 8

sed??
ced e i

@EEV of IDUcooing (%)

e

(m) Ayoedes abesany

o

Fig. 6 Variations of average capacities and

mass flow rate with EEV opening of

IDU.

oj



320 HAE - FYF -

e
-
H
i
ol
N
o
R
i
e
5
iy
o,
nE
ox
_?L
32

Mo
2
o
Lo
o H
i)
Z
o T v
)

BN
HT
_O'L
N
4 &

2

oo T

o o !

£ g
o¥ 1l

ook

0%

ol Uit

ot ofN

Y

i 9 ok
ok
of

i)
o

il o @l &
i
£

n o

do H1 o0l
e
1o
of¥
)
® 4
E_(‘)(_L
N,

e

o &
L o2 R oyg B 2 ooz

B~
>
Ny
)
R
o
o
Ho
)

Ho rot
29 o

ol
o o

)
T
ol

O ot > oL o
il
£ o
el
pont

o o
ol
1o,
o%
2
o
o

olN
N
Sy
ol
ol

. o
ol

of
1
o\
N
-
Ul
lg o

i)
I
x
N
2
i Ho ok
2
b
I
2
b
>
w £

r'
> do

=
S o%

o

Ho

oL
DA

i)
ui
fri

>
X
N
Loz
&

rr

do Lo
o
ol
i)
T
=
Al
i

e
1o

£ L

£ lo
vl
P o%
o
o
1% off

Iz do oy

=
bl
i
ofN
X o
>
N
g
-y
2
ol
ol
s
pocs
o

nlo
Y
o
il
g
ot rf
i

o
2o
OE B
o 0% of
ok

o N
__):A_l”
> r.{o
P
It
It
2
R
rir

o oft
2
X
=
o

o 5; o o
O

iV
[o

et
&

rus’."_u
:«_l,
» 5 e

2
=
£
pau)
m
=

4
3
2 o 2 32 HF R

ok

ok

2 M
2 >
o o

b
3R ool 2

._g' r[)‘l 1t
s . oft 1

tlo Jo
L
o,
¥, i Jo W

I
b o
2

tlo ofm & L ro fob
o -
G
> o
0%
y e
59

2
>

ol
-

7|

ok

2 d3e duAsede duyA - Adrlie
7N AL (2006-E-CM11-P-05-0~000)2] =]
9 sl FaE o, ol FAEYH T

1lal

]

Ho
e

1. Nagatomo, S., 1998, Positive displacement com—

. Murphy,

pressor technology for air conditioners, Tran-
sactions of the JSRAE, Vol 15, No. 4, pp.
305-326.

. Han, D. and Kwon, H., 1999, Zone temperature

control of the multi-type heat pump system,
Proceedings of the SAREK, pp. 611-616.

. Outtagarts, A., 1997, The transient response of

an evaporator feed through an electronic ex-
pansion valve, Int. J. of Energy Research, Vol.
21, pp. 793-807.

F. T, Low, R.E, Gilbert, B.E,
Linton, J. W., Snelson, W. K. and Hearty, P.E,
1995, Comparison of R407C and R410A with
R22 in a 10.5 kW residential central air-condi-
tioner, Proceeding of International CFC and
Halon Alternative Conference, pp. 31-40.

. Park, T.]., Lee, M. K., Jeong, J. H. and Chang,

K. S., 2003, Comparison of performance varia-
tion between R-22 and R410A refrigeration
systems, Korean Journal of Air-Conditioning
and Refrigeration Eng— ineering, Vol. 15, No. 3,
pp. 166-176.

. ASHARE Standard, 1975, Laboratory methods

of testing fans for rating, pp. 51-75.

. ASHRAE Standard, 1978, Methods of testing

for rating unitary air conditioning and heat
pump equipment, pp. 37-78.

. ISO/DIS 15042, 2005, Multi-split air conditi-

oners and air—to—air heat pumps-Testing and
rating for performance.



