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ABSTRACT: Heat and fluid flow in a compressor into which liquid refrigerant is injected for
the purpose of reducing discharge gas temperature in a heat pump system has been numeri-
cally studied. A mechanistic approach encompassing liquid jet breakup and droplet evaporation
has been performed to investigate the effects of liquid injection on the spacial and temporal
variation of the gas temperature and pressure inside the compressor cylinder. Various para-
meters, such as liquid injection mass, time, duration and droplet size, are considered in the
present study to elucidate the flow field inside the compressor. As the injection mass is in-
creased, discharge gas temperature is decreased, while the pressure is increased due to the
added mass of the injection. For the injected liquid mass corresponding to 15% of the total
vapor mass in the cylinder, the discharge gas temperature drops by 224 K. It is observed that
the droplet size plays a major role in the evaporation rate of the droplets that determines the
degree of the discharge temperature drop.

Key words: Liquid injection(®} & A}), Compressor($t%7]), Heat pump(¥ ¥ =)

Zs 49 m’ . AEFE [kg/m’)]
Nu : Nusselt <=, 2D/k
G, AA9 w4E [J/kg - K] P : ¥ [pal
B g9 [J/kel, EHEAS [W/m® - K] P AR BF 42 [Pa)
I uld R A [J/kel Pr : Prandtl &, Cpu/k
. O A 2:
. avﬁ;l“ai [TW[mz]/sﬁ @ EETwEe U
: \_'TET'\OE 1~ m
’ 9 [e] 18
GATE [Wm - K] r o} o] vt [m]
. Re : Reynolds 4, puD/pu
m o AF [ke]
Ry : 471 A444 [8314.4 J/kg - mol - K]
¥ Corresponding author SMD : Sauter 87 A7 [m]

Tel.: +82-51-410-4365; fax: +82-51-405-4790 t 1 ARES]
E-mail address: khbang@hanara.kmaritime.ac.kr T 2% [K]

397



398
T A3 87 2% [K]
W gEd W]
Wn 3% [kg/kg - moll
agla =X
€ P GFEFAUA 248 [m¥sec’]
u : A A [kg/m - S)
0 : A% [kg/m’]
g : 3449 dX[kg/m - $7
P : Z9 A4 (accommodation coefficient)
AHH X}
s D RBAL AAY
ot & A}
d R
dis EZ
) s
nj 1 BA}
/ DA
suc &4
v =

o :dge F9
LM B

A7t @2 A% AT 233 FAS
AY BHAS B2 F ZAV|FTARHE LY A
Ao ol2™A Jdux dfrled A5, 9
22 uE8 quRe E4ugtel O g2 #
AE 71AA "HJD dUAE ELHoF o] &
3ti, P8 JUAE F4317] 98 B FH
% 7180 4F AEHI glody, o] e
Aol dHEZE v$ #43 FH2Z AAHz
ek 2y, BAE) Fr)gE4 g€z E A}
£3le 60C )49 I 258 duA =
ALdE 2 FL2E02 A ¢4 ES2SA
2x9 Asi @& AsASsd ne AN A
g o] EAl7t wAsA "

=

A7 -

o,

%

a: ]

olgl g FAE HA3] HE weloz thdgt
Folu} olZkxmlolAE o] 8% ATFY YE7)d)
AY odg BEAstE ABAF gE7)d) g
A7t 350 gk o] AL gEs)d) AL
BABIE 7€ EEVIA 2EAolE Exoz
28 HAFH Agso] ston WEs|®Wel ol
g F71¢E7NE o] Hgd v YoV

71952 4¥=e ¢£7] UE2 yYode
ARSI BALE o] FuaiuiA g7 yie
FIREE ZAAIA €. EAE dujdez
A% }E7] R AF File 22F" 27]
9 agqle] & F gloy EEstre 2% A
T $2F0 E 9 2 E 299 d3s u=x
g F gloy, dut AFEYg 5L o E
YERA S +IY & Aot =3 2ag 43
FTUREE AFHAHAAN F719 HF 258
2A7A HEZ £20%E HARIAE /L &
Atk o] & AHE Aawo] ARA G2V E
AL A7 S804 gog P o x=z
Ato]l g #M g B 998y @HNA o)FA
on, AdAE BEALE o] &7 AU oA
o gd ¢ 487 Ao 9P ALPA B
AME ol& dFAlas} gl AA o)

2 dFNNE dEAY wE &) uR9
Aol del FE5MS Tl A& =), Yoy
9 EAMEF, BAAAE, BAAIL 59 H$E]
A7 W9 2= ¢y e 4TS
AFHeoz BNz sdc. BArE Wojge
L FHHo EAs87] Yl FY € E
2 WH, HYUte} H2E Aol ¥4 5 ¢
Z1elA o] FHHIn EFAF FAEL 1A
gkt

o fo

=

2 %% nd
2.1 KIVA-IIl 22

HEALE T F7] Ui HolAH #F
< W F7)d ddAes 298 (Eulerian) B8 2
2, EAtE e WaidHd daie gagA(La-
grangian) ¥HANA A3 Ro] folsg, E
3], 4835 4Fre HadNBe PAF f4}
3o, ARALY A $ol= WA BANY A
At FUE W¥lez A 4 gtk wEtA,



FHE 4F71e HE AEA B W@ FAHYH 47

B =Fd4s gauss EF 439 AR
E3IF AN BY A A5 AgEE
KIVA-II® T2a8e WEA2de] 254 ¢
%719 S HYI}EES "as REL £33
2 Bgsto ALEsg. F2 BgREog:
o BERA F7) BF9 stz FUEAY @8
A4 Zurd B Folg

KIVA-IIO A JEALE E3dT =7] Wie]
M A4 dHEfFE g Audgae A0)RE
A3 ALY, LEFYAY, ALY
o), HFEDEE EF k—e BdE AE3n
%lq.(S)

oE

fl

gt+v (ou) = p° 1)
0 (ou) . _
at + V- (puu) = (2)
- VP— V(%pk)-*— v-0+F°
d(pl) _
5 TV (eul) = @)

A71H, FEA s7h BE HEL AR dHE

2 A% 4298 % AE 8o Q& 94
oz Q% 4, WFdHA, 4 5oz Adtdn
Aol YUY r& o] ALGANA 2(4)
ols A
"l = "t Atuy, (4)

FEZEZ 47 AERAHANAN FEHAE A
259 Jlrte] HIFnE FEFA dggdE
2=t el sl 2z 10K 100kPa HF 2
2 gHaHAAM Aol AHEHEE dQo =8 7
gu) 5o AN AAAE HFd5) AE G
F717Y A2 HE e £ (metastable)
gl d¥gaz A4k "asiA Ao 3y
F71d A% degxs ¥2TdAe dgn)s
OKolM2 Qeslg 0oz 7lAste] FyAleid
A9 dgH g WAse Aakdl Al&3st o

22 dxeo FY

AE(et) BAIZ AAHE dFe Y Ux,

R, S, TEE M dAYAEY T2
EAMEG A e o FAgol:, A YR &
= ¢dstn AAsAct 457 WreE §
AHE AR F9e F718 ouA nEE A
e, old Ao A oy HFFE AG)%
2ol vetd & o

mC1 ddj;d

ver— Ta)+ m by, (5)

q71M, dALGASE A(EOZRE AN ©
48 F99 FrIREE AMH Zo] /3977
& Bead

Nug = 2.0+0.6Pr ®Re!” 6)
w T+
T,y = T—:JTZT_d @

gaE dHe F99 27402 Jx Wl
eEo} el o Azl BAsA W 9
Ho FeFe ALs7) s e T AR A
& LA

AN, 371288 voldry 1e, 1
Aol 9457 WP FrRT L9 %ol
£e Aol £EF o2 AR oldel A
@ AL gate] At ®

v 2/(\7 Wm 1z Pu _ Pl
mi—(z_%)( 27rR0) (T,,”z TII/Z) 8

AANA, my <00]W ZWE ) >00)W F9 Z7)
o $&g £33, P9 Po gtoz: Z7 2
719 493 eﬂzu exo R X3=9%
S Agsgon, e 2LASZ 1L A4sg
th 57t 1o]® ojEAHoE AL F e Ay =
uhgko] g},

E4, 4N 27} Z7)9 exRT B
Sole Z712RE dFHoz do| AT}
712RE AdEE d& dxde &xE kolx,
=23 203dE 454 90 2 AFgNE
F7125E AesE dFo) BT AWss go
71 "ozt Ag8ctn AR A9l e} 2
o] dHo Zwgg Pty

olN ol



100 947
2 —
g = AL To) ©

HEAA dFH o Y R 37 G Ty
ddoz Fojd A A7)z =FANEH T
¥ 7Z¥9% KIVA-TI9 4559d 24 TABY
Edg AHEsld BdnPe sAF F B
A g3gden, ¥ 2do xolg ANAFPE E
oz 2489

3. 23 « g
31 AMa o He

2 A79 HHddez HdE dEA gy
AelZ2 BE WEA|ZH FUF AolFaA
€&712 AA nLate AHZ A5y W)
Ao UXE GEFV2 uwolH 2NN F Y=y
W2 BA8le AAa"gog Fig 13 go] 14
o] Atk & dAfdHe SEFA ¢F7)9 Yy
A At duldo] ¢EFd nxE QA
Q% 4% 4EHAYY AW L F39 1
#Za ol

Z3Yrl= R2201H, 4%7] £AzAoR F
dgEd &gl ztzt 625kPa, 2,146 kPaol
I, 4= FAYEE 47 278K, 83Kolt).
o] A& Yanagisawa et al¥e] 2lo]Z #HA
A7 LAzAN BYA 9 AAE w2
nz} 3t

%%71= CopelandAle] 3HP ¢%712, AdY
o A%, gAY AYL2E Holx zZtz
5.72cm, 365cm, 1048 cmeo] R, FZulE= 0,090]
9, mme 1,7500]t}, KIVA-IIAAME §9 2 E
€880 M A3 zalsA ¥u Yomz

Condenser

Liquid injection

Expansion
valve
Compressor

Evaporator

Fig. 1 Heat pump cycle with liquid injection.

433

FLRE 28N g5 Ho] AAAHoz N
AL Hold H2Eo] ALY $XE =
ARPaz —-180°2 1A 4.
HF7]o H 2 AHY EAYHE 33¢

A B4 e U zdog AsYY. 4
A8 Fe Ade A AAA dEEE G
A% F F2E 72 wFFoz 20, A2 4
oz 26708 FTRALR WA ¢E7)

7o Fole @ 220z E &, 948 2

= dge Z47 308.15K, 625kPa, 21.0kg/m’
& 437 WRe wYstA Rrstgch ddy
HEY 27)eEE $7)9 27]eEY oo Y
"ol ddzdg Riisgy.

dFe BArzP] mE ¢E7) Ure 2xg
gde Wate dolur] sl BardHe =
7], A%, BAMAA, BAAIZEY W) Ws}
o A 39,

2E &7 dH9 =ZAE g7 Ui
FIeE B2 2 AH IAF oo 9L 7
A F Ade M Fod AS5Ydr By,
A A AAL AFLEA FAY 4 Y= o
HHA QA o] @R A RE Aejo|tt wrebA,
Adel dEX2 ALHE A3 27 ANE
B 2del Alg R mal g sty Aats)
At A mdol gnY HHE AR AL
A= SMDE 5um$t 10umz 7FA&Am, 42
2x®zry g5z Risgn.

FERYE LT ASelE BARY, BAS
=g BAMIZEE st x&9 g AR
A3, 2 A% Y@ AR S A= do) )

—— ; = 3500
E Pressure ]
wh| —" 43000
‘ #4
M : T=3007K a1P=2148 ia 42500
3 ’ E
, —] w
g i - 2000 &
= g § =
ol 1 1500
3 ‘. =
- - E
wf st Ve -—-J 1000
E - » E
- - et -:
a0k %

-150 -100
Crank angle(degrees)

Fig. 2 Temperature and pressure variation with-
out injection.



FHE FH719 AR AR Adte] AT £AHHH A7 401

400
390
2 wilo injection
380F] _ _ — _ 185%
E | - == 10% K
K10 <o - 5% y
F 7
360 ; » T G
2350 ;_ i . '/ ’
IFas0f ard
E . VaRd
330 Ll
g / ‘/..’ A, 7/
320 e
310 3 // e
Fes s e
300 R T
200 E H A i i i

~150 -100
Crank angle(degrees)

(a) SMD : 5 um

400
390 -
F wio injection
3O — — ~ — 15%
E | == 10% /:
S0 28 " 5w o
E L/
360 p T : y
3 : e
350 - i
=340 Py
E paratd
330 F I
- ‘ c
E / e ’/‘ 4
20 f B S o
310 SRR Y
F S= oo ":,_w" T
300 e &
200E — - P

50 -100
Crank angle(degrees)

(b) SMD : 10 um

Fig. 3 Gas temperature vs injection mass (injection duration : — 180°~ —140°).
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