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ABSTRACT: In this study, the improvement

of cooling capacity by applying gas injection

technique in a two-stage heat pump using R410A was experimentally investigated. A twin rotary
type compressor with gas injection was applied to the heat pump system. The optimum refrigerant
charge for the injection and the non-injection cycles was selected to achieve the maximum COP
at the cooling standard condition. The injection cycle showed less optimum refrigerant charge than
that of the non-injection cycle. The cooling performances of the injection and the non-injection
cycles were measured and compared by varying compressor frequency from 40 to 90 Hz. The cooling
capacity of the gas injection cycle was 1.6%~11.3% higher than that of the non-injection cycle.

The COP of the gas injection cycle was 13.7% to

28.9% higher than that of the non-injection cycle

at the same cooling capacity. The heat pump system showed stable operation after 30% of the

injection valve opening.

Key words: Gas injection(7+22Q1 8 ), Cooling performance(* 43 5), Two-stage cycle(2H Alo]S),

Gas/liquid separator(7] &}&2] 7])
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Table 1 Test conditions

Eﬁ Parameters Value
(T ID(db/wb) : 27/195,

e Temperature(T) o dh/wh)  35/24
] Refrigerant R410A
: Charge 800, 900, 1000, 1100, 1200,
i amount(g) 1300

Comp. freq.(Hz) 40, 50, 60, 70, 80, 90
1 EEV  From 40% to 100% in a step

z\\.m o opening (%) of 5%
. - i i 2" EEV From 40% to 100% in a step
Fig. 1 Schematic of experimental setup. opening (%) of 5%
A7 e BAE G v 54 24 3" EEV  From 0% to 100% in a step
A4 FEE WEH A, FRE PP opening (%) of 1%
U557 $ANHAA FRE AFHoh Pure A
Aol 947185 Z7to) W L2g4d W emit Table 2 Uncertainties of measured and reduced
A5 ol we A R £25Y Fte parameters
ARG 7o) WE WS As ZAs w0 Parameters Uncertainty  Full scale
A g Temperature 0.2 C -270~400 C
TE2QAA Alo]Fe AR 7oA HEl| 7} Power meter +0.01% 20 kW
2 Yl 4E7)9 1, 22 Ay Ateldl FYst Mass flow meter +0.2% 0~360kg/h
o, dE5HAGNN TP og A% AgFo Mass flow meter  +0.1% 0~82kg/h
Hash F# FUMENE Holm, Aol Wejnke Presstire )
FH2 FYAA FLHALY ALY o5 o transducer *0.13% - 0~1000psig
A gt wekA JEAQAE Aol Ee BA 274 Electronic balance 05 Mk
M F70d7 B9 A8 7] A8y Sue) § weight e £
g3te, 2L 9rjeE 2HNNE &2 Aws Cooling capacity 1.59% -
Fo FNE FRI SELYF Fro) golsioh COPeooling 1.64% -
7h2Q AR Aol E& dHzo yubdd Al ¢
Wied e 2A 719stEs Aoz ddA g APgHPen, Fa¢ 7hAY SV E HE39e
th. Suzuki et al’'e 7R S ALEH Spx o 7 A oF PR 540 B AT
AAM dezg ALEdlY -20 TolM 3099 W v &
e A 20%9 ZLIFALS Heln ok 2 AT E 49z YN T 34 2 ¢
=3 Heo et al.™& 7°Col A 106%¢] g2 %7 AAAERE At GRS 83
A 29%9 FEFAS Bl v ARy bl AA dHE A~de AFEgon, W
718 &3 AN 44 dEze WuAn wEZdold WulEdy 2 HEr] Fu H}
of Mg Ay FdiHe wekst 50|t} Ding o uwE Yads 54 71E Aladd vws
et al e R2E AFHAZ s, WEARE7) o masma ot
E AHEE st A dEZoA S22 5T) 60
T o 97%2 Y¥ds & 942 Bt Lee 2. MEEx 9 4
et al”e EAZEY 4F79 WEdus|E
AL COz Al 2=glol A Wik-gaa COPe 7.1%, 7b2 A Af dEEZ Fig. 19 JERIY
175% S7kek huldee] 88% #4E Kl 7| o bl dEze A
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31 dojsxzt Heto wE M5 S4

A Wi F AT A Awe] F7)0) o FEln
Utk kA FAFE Awslkste] 03 14}e)e] #
J FAYstE B EA F(Normalized charge) =
FHstE 30| o FAsiel 74w el Wy
AFE AR B CE 71Eo2 Axey A2
ol wF ZIU|AY Yz A5F AL 008,
ZFAAR VIER AL 12 FYF} a9 W
BEAFL G go wet Ansac”

. Mactual — Myapor
Normalizedcharge= ——=— (1)
Miquid — Myapor

#e A7 427

Table 3 Optimal 1% and 2™ EEV opening with
normalized charge

Normalized
charge

0.186 0.218 0.250 0.281 0.313 0.344

Injec.cycle

EEV 92% 84% 80% 64% 60% 60%
opening
Non-inj.cy

cle EEV  929% 84% 80% 60% 52% 52%
opening

Heo et al¥e] A7) m= H, - Ao
Ul FHH Wl ME HdE 54 ¢
= AFHg Hekel A F3gE B2 gonzg
Hzz n4ehe A9e

FHFol FEFE HH Amgel JAA FF
of whet 4%~8%= AFolE moli T
Ak ol AR QA WuHF T W
olw §% F7bel wel EEV 7% A F7HAA
of gt} wetr HH Fawe AH A
&4 ANl EEVY MEE F ¢
of Ala®le] F&E HUgT &
Fig. 2€ Fx W52 %ol
3+ bl e o). ofw e

3o -
£ o

WX 52 Table

w}

‘@
3o Vel ¥ EEV =d W 24¥8AnE vl
Fog aa gtk AAA Alo|Fe] Wh-gRke] A
G WujEAgke] 02819 A-AA HYHS Ko
3, 3 A F7F BEE 1 FREE A AT
£ Bt} ¥ lA A (Non-injection) Abel&e] -
03137+ 3] Asstdon, olF FAE &
srE A

Fig. 3& Fx4 YeiEdzd & COPS 4
5o WalE vehd Aotk AAA Alo]2e
WA ko] 028191 4, 1|14 (Non-injection)
Apol 22 0313414 COPe] Htjx&

AA HA FAHAA DodFE 7
& Btk QA4 Aol e g W)
3H 2aEdel 277 Egu, v
injection) Alel &9 4% 74]4:_7(—1?1

o wheba, Ay AolEel 75 W

o A, "]l —ﬂﬁ(Nonflmectlon Abo)| F

]E’_ ol 71

e A
A= 0.281
A3 (Non—
=712 ®ol
ﬁ%t 0.281
0.3130) 4|

o}

P

ofy
i

rlo 0{)1.
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Ao rle]Zo] FAHY D BdAY Fad o
vl E A= 02819 03132 ZHzh AA WojEA S

1100 2 1200 g€ v 3o}
QAR f5o me A8 F4
g% QA= 4A A A
3 wgalor g& om @t o
9y AzRoR A5 Wriadao] el
19

A
3
o]

r1r P.L’ e ¢

22 O A7 dold Ao R oqAHT, oA
Aol &2 ]9l A M (Non-injection) AFe]Eol| H]3)
FAF WHslel wal 34%~126% AE =& Yyl

£%E Bygon COPE 27%~47% A% 7HA
Stk A4 Atol2 e H$ <M (Non-in-
jection) thH] W& F7F Ze s COPY
73—_4:%.0_ :—jv_;q o}o ong E%]_fs]. \,gtn-_\—_aoé u;HQ]

COP+ 4]0 A4 (Non-injection) Bt} & Ao =
7) gt
36
34
32t
E 3.0} —&— Non-injection
~ —&— Injection
5281
o
26 Compressor frequency = 50 Hz
24l Outdoor temperature = 35°C
1 1 1 1 1 1 i

1 1
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36
Normalized charge

Fig. 2 Variation of cooling capacity with nor—
malized charge.

L oo T~
35 %' 0\.\.
= D
E .% Outdoor temperature = 35°C
; 30fF Compressor frequency = 50 Hz
(<] T =
= 1.04T a—a A a
o A
o L
8 096 & P
0.88[ /ﬁﬁ‘& Injection  Non-injection
LA —e—COP —9—COP
0.80 -t \Work —4— Work
1 1 1 1 1 1 1

0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36
Normalized charge

Fig. 3 COP and power consumption with nor—
malized charge.

Table 4 Optimal 1% and 2™ EEV opening with
comp. freq

Hz 40 50 60 70 8 90

Injec.cycle
EEV
opening

56% 68% T2% 84% 92% 96%

Non-inj.cy
cle EEV 68% 76% 72% 72% 72% 72%
opening

I

32 94%7| 28 Fu% Wil ©E M5 54

457 FAFGTE WS , FepHFol of
o] 7Mesle], Bop 8842 do sMEsit
2 AN Me 457 24F384E 40Hzel A 0
Hz2 7psle, 24 SdF g4 19 2™ EEV
AEE 44%~100%7H%) -3}, Q432 COP
9o AYgts Hole AAAAN 1 FIEE VE
22 AA P& AAQHAa, EHEFIH CoOPY
Zpol 7} WHEEtA B A= x,gﬂl-_g_a:.o_ 7%
o7 NA3YG. 4 EEV /= &2 Table 49
Veboh, S 9EHE S AHA '?—243‘-74"1] w-2h
1A A Aleo] &3} 1] Q14 M (Non-injection) A}o] &
o] Rexgo] dagt A$E disie] AHA A}
o]ge] Aol HAE By <l 03604 JujEA
FS A8t Y5}

Fig. 4= Y EZF2A0AN ¢=7] £4F049
Hale] wE YgFy WslE Jeda o

HFH7) SAFHGTE FAEFE QAR Aol 2

i?_t
>,
N
FE

4.2
Outdoor temperature = 35°C
40l P om -;’5
B
38} /. /
—~ 36}
g /
53
2 34f
o 32}
m
30 —a- |njection
—&— Non-injection
28|
1 n 1 1 1 1 1
40 50 60 70 80 90

Compressor frequency (Hz)

Fig. 4 Variation of cooling capacity with com-—
pressor frequency.
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40k s\ Outdoor temperature = 35°C
3.6 \@
32t \@
o
8 2% \g
241 §®
20| .\GB
: ~&— Injection \
—&— Non-injection ®
161 L L L L \ |
40 50 60 70 80 90
Compressor frequency (Hz)
Fig. 5 COP with compressor frequency.
24+
Outdoor temperature = 35°C A
21+

Work (kW)
o

12} ?;
0.9r /A* ~—&— Injection
$ —4&— Non-injection
0.6 |
1 1 " 1 1 1 1
40 50 60 70 80 90
Compressor frequency (Hz)
Fig. 6 Work with compressor frequency.
160
Mass flow rate » 40
L. Injection Non-injection 2
140 —w— Total ~&— Total I//
£ g0 | —®Injecection /,*
) LU
3 100 -/ e 30
s i = P 8
® - g
2 sor W m BT
= 33/ % - % - Injection ratio
g 60r Pl e 20
= * o
40 + ./
20 ././. Outdoor temperaure = 35°C
! . 7 ¢ !
40 50 60 70 80 g0 10

Fig. 7 Variation of mass flow rate with compre-

=4

Aol W s
R N =L

Compressor frequency (Hz)

ssor frequency.

X Aol &

RS Sk RE WA

(%) ones uonosiuf

1213 A (Non-injection) Alo]E BT Wwubg ko] =
7hstadth. Q1A Alo}E-2 u)9l A A (Non-injection)
HEol wel 16°/~13.1%

= 60

Rz A Pl B A7 429

Hzoll A, ¥ <1414 (Non-injection) Ato] 9] 4 70
Hzol M AAL3#Y 36kWe &35 drsgrt
metd Y YHEES VFeR e AL 94
A Ale]&o] 8]l A A (Non-injection) Alo]E-ol] H]
3 AFag Gl A el QA Ao
9o A% HAd $AFH5 90HzolN FH S
o 112.5%, W21 A XA (Non-injection) AFo] & <)
785 107.8%71A EFSETE Q1A Alo|Fe #H 9
70Hz o] 4% e = Wi Z71 ko] 343
A4t} ol Aladle] ywiigiake] JHRey)
o 8%4g el 7|QE) 7 AN B3-S F
A Fol Ayt AFVIE FUH7] Q¥ AL
2 goE

Fig. 5% ¢&7] +AFu 57}01] -2 COP
o M3E Ve Aottt A Apeo]Fo] nlal
A A (Non-injection) Alo]Z o H]EH Zuf 27}
o mel 1.7%N A 125% AE COP7F ¥A e
sl Fig. 62 34 Z7kd OE& £22%% 9
HEE vl "ot dAMA Aleo]Fe A
H] 918 A (Non-injection) Abo|&ol] nlef AA =
S 205%004 52, 0‘777}11 Z7 A7), o
AL 2aFY F7ke] Ado] =k

Fig. 7& A4 Afo 13—4 AA AdFHHY o
2, 28l H) el A4 (Non-injection) A}o)
) AF5F A3 E Bojo, Wakg ke
718 Eoete WlhEe d%s =

-

3} =

ol EE Wol FUHeEkA| ‘\’%0} ]J@“’E(Non—
injection) Abo]EH Sty WulfFoA E x}o]
€ RolA ¢er) sA Fig. 89 yehd Ax
ol AR Aol Fo] ARy} AL uet
ARG A2 ddn Ao|rt F718ls] wiE
1] 214 A (Non-injection) AFejEel wH]sle] Ftg
ol ZrtetA ®rl mE AMAH Alo]Eo] wiglA
A (Non-injection) AFo]&ell s} F2=34 ol A 2
Agy] o7l A EAE EFan 28580 &
7tebe olfrv YEVIE S¥EtE AA AHRH
o] Z7}37) U‘H‘ﬂ: ot}

H] <1 A A (Non-injection) Alo]ZL 1AM Ao
3 U o] WEHFom Fojggy] 9
HAe 9 2 457 2AFTHFAAN A&k
sk, A Apelge] WHi-g# S7HEel Hls) COP
o Ahgo AHeR Ydonrz Fig 5olA 9
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R410A
6000p————————————————
5000} «{-Injection Outdoor temp. 35°C
| =2 Non-injection ~ ; Comp. freq. 50 Hz
=
a
X
a 2000
1000} 4
800 . 1 iy 1 L i
50 100 150 200 250 300 350
h (kJ/kg)

Fig. 8 Cycle variation with cycle option in P-h
diagram.

45

—&— Injection
—&— Non-injection

40+

3.5+

COP

3.0+

251

Outdoor temperature = 35°C

2.0 Compressor frequency = 40~90 Hz

1 N I 1 1 i

3.2 34 3.6 3.8 4.0
Cooling capacity (kW)

Fig. 9 COP with cooling capacity at various com-—
pressor frequency.

) 100 - Gutdoor temperature = 35°C ¥
° o5
2 —— {njection
© .. .
S L —%— Non-injection
g 20 M
£
8 g5t
[
2
S 8ot
[*]
&2
a 75+ \V
\v/v
70 +
1
80 90
Compressor frequency (Hz)
Fig. 10 Variation of discharge temperature with

compressor frequency.
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A g ot wE) 38kW H-olA COP
9] ol 7} AA YEgth WREEERAAA
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£ vl A KA (Non-injection) +H o2
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o &7 EELEe
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1] ¢1 A A (Non-injection) Aol & 9]
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-4 100
375}
A&éh/l Performance Mass flow rate 480
a
Goasof wi  Wq, o AT 5
g @ COP —— Injection J60 2
< 325} 2
S :
= 140 &
£300 %W pq0,0® ;
o QQW%WWW 120 u%
275+ Yir Outdoor temperature = 35°C =
Yott Compressor frequency =60 Hz 0
2.50 L L v +

I E S TN S SRV
-10 0 10 20 30 40 50 60 70 80 90 100 110
Injection valve opening(%)

Fig. 11 Variation of cooling performance and mass
flow rate with injection valve opening.
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