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ABSTRACT: Heat pump systems for commercial building with variable refrigerant flow(VRF)
are expanding a market due to high energy efficiency, lower maintenance cost and easy installation
comparing with the conventional heat pump with the constant refrigerant flow. In general, heat
pump systems degrade the energy efficiency in the extremely low temperature regions. In this
study, VRF heat pump system with refrigerant heating is experimentally investigated to overcome
the low heating performance in the extremely low temperature regions. VRF heat pump system
with refrigerant heating is found out the sufficient heating performance in the -25 degree tem-—
perature condition comparing with the conventional heat pump system and is obtained more than

2,500 kPa high pressure in the evaporator at low temperature.

Key words: VRF(Variable Refrigerant Flow : Wvllf-%7}%), Refrigerant heating(\d vl 7}4),
Building Multi(*'2d 2 ¥), R410A(d v} R410A), BLDC Inverter(BLDC $1HE),
Burner(# ), Heat source(2)
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Fig. 1 Low temperature heating load of

heat pump system design.

oY
ok

A

T3k 3L, Y.CPark et al.’
oA AR E S Fol7] ¢
%o ™ Yamakasi et al. W

walo] -20°C 9 5‘6]’7]—1‘0”

oo

N
-

¥l

o

t= 4

mﬁ‘.
=
4 |0 o 2
9,
t 5= i
N
N
ol

A
2
£ 3
I

o
WE o
W = % g r
do Mo
_oll‘
=
e
L e
2
N
Xl
_@
|d
fetl
&3,
i3

[S—
&
— 1
~
rlo fol
o,
W, =
(1N
J its)
i)
ko
A
i

o o
O

>

N
of r& —~

v
X
>

% T

[

>
(A
)

2
o
)
2

N
—

rlr >

oF
1
W
)
2
©
2
F
ye

N
O (T 1@ oo N of pd 0 off Jr &

N
rlo
b
BN
o
2
o
=
o%
s
Mo
N

o

Jor 2
A

)

m

s

)

¥

Jn &

ox

Mo >,
452 X
¥ rfr

m o g

rir offt
Koo 2

N
)
il o

e

0
ol
=

1

ekt

fo (. [k

X

£

o

Al

)
I‘EEOEQT:
(TS - w AN

QH[‘_VE

Mo e

IR A

f
o
o i
R
i
o
o

i
LA N U 2 | = O [ e

N, o

41 o2
oo ju o O O

>

) olo

=
L

N

_0|L
k=l
(d
frt
JE LN
X
)

%0
o D0 o N AT
LR (- o)

i s

2o o 10 o 2 XN ) fo o o
ko >

o b»

K

W, |o

ol

b

=

ki

b

32

AGIE AFAA ] AT 2 AFES
AT Aol o] ol
Agarlole U Be AF
el st mheba Al gow A om CER
= VRFY 2E] oAt AU 4go] Hoj Aok 3}
o) A4 A4 VRFE e odojdtdy e o
R % 23 kW ol 4o ol e A% Be 49
AU717} fgo] Flme o]l 20T olake] 3
264 £ AANE ted SEHY
o) 71} A3} 23tato] Wol g A A
AN Abel 2] 3igko] Haskn] VRF
AT MY Aol Aolsh 1% &
“!E]Z 2l Lﬂu]] 7]—
i gavgel A
Weh B Aol -
NE A e Aol ow o e 7
NE S 7] Ee ALge] AHsaes

UAIL
¥ 27

-Wm

Q.

=3}
pul

g2l
%

I~
_'_01



W) 7bE 4 8% VRE SERZ Alol2 MAE B FeAA I 45 F7t 573
B olojdgMy Wl 71h 2 SIEFPE Afo]lE E AL Qe AP W H (4way valve) = A E o] Q)
Al 2='lls Ajkastal ole g s AAl HHE A7l A & FIrE 7 7 BLDC 9
ol HFstaa gt RHE A&, A-FE WA $HY dud
71 Abgatslon Ay el 245 93
2. METx 2 wy AR PUBLEEVIE A§otgn A eudol
A& 4% vigdo] AZE Thse FMAEY A7)
21 M x| 7 £ 4g3hgch
® ol AU A4 WY 448Y 5 kwe 22 4E =4
S|E X VRF 2y olojdnqy 712 d¢17], 4
4 58 A7) 2 AWYE Fig. 29 #Zo] 74 ddbd o2 skax] 27olgkal sl 15T 9] A4
EEeA=y SRR gtAskaL Qlal SRk 2ol F2 20T
Q1 VRF oloj ity 4 €]7]= R410A Wi & ojgte] Aol A & APE 20T o|s
AT Qom, HEE T4 b Asd NSl T TR Alge] Theehe® Alol2 e T
BLDC QI8[E] 228 gtE7)9} 44 45718 sy el 97hs abv] Slal, G o Ade 9
Abgatlon, A7) WRH A FupErt A g} af deje=7F -30T7HA A4 7hHedt 58 kW 9
5% BLDC SIvE] AW e Abgatich dred D€ I AnlE olgstel FAs, vzt
7% SR A9E @ wFvlE A-FH A el Hx ddedd defrle ads fls A
ofol= £ Y A7 5 ALY Hx d4Y & A Wol= Heo w7425 dA sttt Table
FE A7) = 7R ey =] Yol dw3ke 9] 12 A¥x03 F8 55 AMYS Zlsstded 2
) 271Hed Aol waeh Wol W Abe]2 W @AY W WE AL AFL HE BT Aol T
Aol dugr|2 dA g o] Aol o e A7) i By S#E Ao s
WA 7B Aoy wEAS FFE] LAWYt e B dde 7 ) A9y 4
 edmis} fA &3S Qg 2 HUYES o7 FA=o Urh
9% = AES BFYAE FAS e A2 2 AT F 54 20T olste] F3yA A
7)ol v A Wl o] 2A7bs SRS AA el EAA el VRF olofdu Y SE fxe) 4
5329 B (EEV : Electronic Expansion Valve)& H7b 218 AAS7] Y&l gl 78 B9
Ailgon AA4e WY £2S 2dslr] 98 U5 2008 A A& 3L A HAAEE gelst
o] &y olt WiH W oW MBE AT, Y o] Table 2%} Zo] Aestatt o] F8& =Al= o
W oy g G o] vhs et S| EEE Afo)lE gl HBREAgolAY yEAHOR 75| di
—— Heat source unit Qutdoor unit Indoor units
. Hot gas valve
Service Cond
valve Service valve ONOBNSEr Fp s
; Twvay Haot ‘4way 5 8
E}{;:{:ﬂilnn Valve Check 7 935 valve "CTECK >
(Cpen) valve wali vakie g
[} —_
Heat = =
exchanger 5 pl &
fw
= [
= = 5 Irvverte Const
) - = Commp comp LE%
A —
Flate EEV CTBCH ®b EEV Accumulator
— walve
Burner heat (Close (E1050) Fan & motor
exchanger i
4 MEEE.*?:%%L”H% *EEY : Electronic expansion walve
08 Qil separtar

Fig. 2 Schematic diagram of the VRF heat pump with refrigerant heating unit(normal operation).



574

ox
ot
N
of

Table 1 Test condition and system

specification
Ttem Condition/ Note
Specification
10/8C
Indoor DB/WB
temperature 20/15C
7/6C DB/WB
Outdoor 15
temperature DB
-25C
P I 3P, 380V
ower su
PR 60 Hz
Outdoor. unit 35 kW VRF t.y.pe air
capacity conditioner
Hgat source 239 kKW Burngr
unit capacity capacity
. dway
Incdaoo;dlémt 7.2 KWxb5set cassette
pacity indoor unit
Inverter Output 5.1 kW BLDC
Ccompressor scroll type

Constant speed

Output 5.9 kW

scroll type

compressor
Fan motor Output 0.75 kW | BLDC type
Air flow rate 190 CMM
Refrigerant R410a
Burner Fuel Kerosene
Table 2 Minimum temperature of Korea

major city in 2008[C]

City December | January | February
Seoul -13.1 -11.1 -10.1
Incheon -114 -10.5 -85
Munsan -135 -174 -17.1
Icheon -13.6 -14.3 -14.2
Cheorwon -155 -19.1 -18.7
Chuncheon -13.6 -16.2 -15.1
Wonju -12.9 -135 -13.7
Inje -14.9 -19.9 -176
Hongcheon -14.5 =-17.7 -14.9
Daegwallyeong -18.1 -18.6 -175
Teabaek -156 -189 -175
Jecheon -14.9 -17.7 -159

ol Qi 120 A e AT B4 A o ¥
ez}
A

Table 3 Minimum temperature of
Daegwallyeong in recent year[ C]

Year |December | January | February | Average
2005 -20.8 -186 -19.2 -195
2006 -21.8 -185 -235 -21.3
2007 -14.2 -154 -17.3 -15.6
2008 -18.1 -26.2 -24.1 -22.8
2009 -18.1 -186 -175 -18.1
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Fig. 3 Schematic diagram of the VRF heat pump with refrigerant heating unit operation.




4o
~

.

e
%0

576

—— Frequency of refrigerant heating heat pump

—&— Frequency of corwentional hest pumg

88

BB IR

— = p—

[Z H] A2uabai} 1aj1aAu|

—8— High pressure of refrigerant heating heat pump

—=— High pressure of corvertional heat pump

—+— Low pressuwre of refrigerant heating heat pump

—&— Low pressure of comventional heat pump

3000

I3

2288
4 8 2=

[edi] ainssald

3b

15 20 26 30

Time [min]

10

B

5 20 2% 30

Time [min]

10

Fig. 5 Comparison of BLDC inverter scroll
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