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Influence of Suction Stream Liquid Refrigeration Injection on the
Performance of an Air-Source Heat Pump Water Heater

FEI Jiyou"?, CAO Feng®, XING Ziwen’, LI Liansheng’

(1. School of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China; 2. School of Energy and
Power Engincering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Based on the theoretical analysis on the working process of an air-source heat pump wa-
ter heater with liquid injection in suction vapor, the relations between liquid injection ratio and
heat pump performance parameters were established. An experiment was conducted under differ-
ent conditions to investigate the influence of liquid injection on the performance of heat pump wa-
ter heater. The predictions were verified with the experimental data. The results show that liquid
injection could reduce the compressor discharge temperature, but it also reduced the heat capacity
and heat coefficient and increase power input of the heat pump water heater. The highest injection
ratio should be controlled below 5%. In addition, when the ambient temperature was below 20
°C, liquid injection could reduce the compressor discharge temperature by above 10 °C, while the
decrease of the heat capacity., the increase of the power input and the decrease of the heat coeffi-
cient was less than 5%, 1.5%, and 7%, respectively.

Keywords: heat pump water heater; liquid injection; compressor

2 IR HORPLAE S — Pl IR R DAL SRR A R A R0 AR T 2 LA L
IR 1) G2 AFAR I8 6 15 2% R R IR BT IR BRIy AOEIES. Dutta 55 AR SR FH SR I8 JE 447 BIL
KA BIBAT XA D E SRS R LR R AT T ENS RN A BT T A B IR R
UL RE e TAE IR 5 R MU R A LS R i £ R AR AL, IR AR CR R A A8 A 1 00 T 8

Wk B : 2007-09-30.  YEFH @A Pk (1964—) . B B2 B8 (AR )O .5 Al sz. LW . xR EH AT
FE R JEITHRIEE BI H (2006 AA057234).



57

e AC o 4« WO 2 IR PR 1 B P 52 T 819

WFFE T WSRO e 4 AL BE B9 52 . Winandy 5% A X%}
FEWFIE T AR R 40 R AT e b RS R
FHBT R Gemst it Jie e 4 UL PE e AR Ak, 7 T — A
RE S A0S <L BTV R 0 WY TR 4 ILBE AL 9 3%
WY« SR FHE R 22 40 T R 4R MLHE SR B2 W S R R L 5
A 100 ity ek R HE SO B AR 1. 2 Ko SCk
L4 %R A A AM I 2 AL HEA T T IFSE . 3R
HIR ARG T AR ML A — 15 C R IRIR
TAEEBAT MR G RE 0 10 R [ e AL
AT RE AR L » X 3 IR HE AR B2 A B A L
Ayub 88 NN He 77 T T80 A I 8 5 = 40 HL A
SR AT T R58 AR

DL b SCHRAF ST AR R T L R FH 2R UE 25 AN, BT R
G AR REASREARHE SR, X+ KK 7 T R i 4
PLAY B AT HA B S B TR (8 WS kbR
Wi 22 4 vh T IRAEAILAS B 10 EL i BIF 50 00 W e A 2
TEWC A WG B RS . XA i 2R A
ANAL BB TR AIL e S B g A R v R
R B AR A A — ] B0 2 AT B it AR SR
R I SUEE 2R 48 0 R BOK ML 4T 1 R0 4
BT BIFFE T AN [ M ot %o MILZEL P B 2 B S i) [) B
XA A AT T W80 He 4 ALHE <R B2 L B2
L INFE SRBR L W S e AT 1 R oY
1 ARG BB

PEEPORES IEH TAESRAE R ERom o A
-B-C-D, KW S BHR G it #E ks A'-B'-C-
D, gl 1 FeR  WEHE i 4 AL SCRLBE TR B AT
1 CHE SR R A, 2 IR AR i <P e A, W] LAAS 3]

Mipaha = Mijhiy + Mha (D

A Moo WEAHLE S T E R . kg « s sha N
W L KT o kg™ 5 My SRy IR 1 Jo J 07 2
kg e st ;hinj?t‘juﬁf‘z&‘kﬁﬁ9kj * kg_l s M %@j}ﬁé}i;‘i
KA R kg + s~ s ha B ETRE(E L KT -
kg™!.

UM R

WL K (BT AR AR

_ hA +Rrrlh(7

hy = 1+R. (2)

. Minj Y NN N > s )N
AL Y O E. AR 2 (2) vT LIS H R4 ML IR
FERE R, 2R IE .

[RIRE AT A RO R Za ALHE SR A 52 1)
o — hatRuhe 4 Ty +273.15
B 1+R, T,-+273.15

K s h iy 3 3k TE WS S A W R Y R e AL HESC
BV RIS KT « kg ' she ¥R BESS 1 12
FIREAE KT « kg s Tas T 43000 8 TSR e A7 W5
1 AR LN R, °C.

% SCHRL6 | IERHOKBR B 1T IR IR S5 75k
AL B 22 Ar<<15 °C , P I RN R 4 HLIG <l
FE B SEIRE B A 0~15 °C. ZEIYE N /T DMBE R
it FE LT R4 4880 n AR E 14t A5

(r—1)/n
W/—Z;‘/n"leV[(iﬁ _1]:

(Ty +273.15) ay
(Ta +273.15) pn

AT W W53 531 S AN 2R FH W6 TR SRe IR s 4
HLIIHE » Ws 24« oa 73590 A 7 SR P AR FH B34 s I 45
BT B EE AR m® « kg s pas oo S0 90 TR 4
PLEYHF R TSR T o MPas R, S £ k)
« (kg « KOV R RGAHLAR TR m®, i 30D 15
M SRS DI AE B R 1 A5

_ (Tw +273.15)p
T (Ta+273.15) px

WX LA ) R B e ] s Ry
\%

Chg —ha) (3)

4

V. 1y [A
Q= —ho = Ry
(TA’ + 273. 15);44 o HA
Kere= o 15) 01 #Af<1+R,,,>}W )

A QuQ AN FHE VR FIR FH WSV A £ T Ak
REAL L ererbifl R BYZEALIE BURT 7R

Qo
€EER T W +

W/ B /144' (1 + Rm )EEER

[(TA' +273. 1) pa A ]
(TA +273 15);1,/;’ )uA'(1+Rm)

it FI‘I : sEER ‘€EER' éj\%u ﬂ‘j%H:J [&E\”ﬁ?ﬁ %DK%H:J ”ﬁ/ﬁ
M5 Y s PRI AR 28 (R BE R L.

2 WA IEAE

IR AR AL R 23 RIS oK LA, AR 2
Wk 2 Bz, ML R R22 D il v 05T, AL i i

(6)



820

%42

BEEARHL A 2R BEas s . T e 2% ik
It AR A SRS B A AL LA A R AR
48, TR IR TR e 285 - h BT
Rof S e ST 5 e T %) [ A0 W R A 1 T
A Z T RGN HE R E G S SRS T
Ve E (B FLREG IR T i o T AR . S HE SR AR T
T TR U 2 R 25 ) fL R R 5 P, AR R A
mE 1 fimn.

A1 ARIMHA S 5%

LR FLH : 380 V341 .50 Hz
gL %ﬂ:iﬁi;ﬁﬁi:fﬁlﬁr/mm
R AL Fr 2 AR 70 m?
R BES A ARG HAERL 1. 85 m?
TN A& . &3 mmX0. 5 mmX 500 mm

BEPLLLICE T3R5 % N % R AT LR
—20~45 °C 2 [ T R 5 AILZH P K J R AT
PIfE 15~65 “CZ [l fE i IS,

I B8 SR FH BC S DU 2 il e 5 B PT1000 3 JBE 15 /g%
A BE AT I Ak I ORS00 1 °C A+ B ALY
0. 2260 B BRAE - 7E R BE VI ] 30~60 °C AL i ik
T 2 R HE 40, 1 °CL KSR H ADMAG SE
WLV A L R AR AR (A 0.3 06, K
I IR AS R B N AR £ 0. 200, SRRl 0~
3. 447 MPa. 0 5 5% F H AR A= 7 1 75y
QT1600 AT AN 45 BE Ry ARG 0. 104+
(¥ 0. 05 %6, R AR R AL HP34970A SLBLIR AL I
RS55S4 F 3R AR Ik 28 GEAR A I s 5 15
{EN FEBEAT IR M A A AR B 5 A2 I (B
PRI LA 28 G o fEL P i 5 ] S

3 IR KARER L R b

AR 1 T RIS AT THE T R X R 4 AL
WA HESR R HLZH i DA M R Y
s, TR RN A 3 P, A = (2) T R A
Xt FE i AL I B (R RS MR I S 24 R, K F 5000, i
THIRL Y AR HLE SR BE /)N A IO 9 78 IR 8 i R
FPT UG VR FTIA "R P A7 AR A 78 A B o AL MM W AR
F B A5 I 7E 50 LATF.

ML 3 AT LA 5 W5 e A AU AP e 400 B Y g
SRE R BE . BE A BRI 3G K R4 AL
W HE TR AR 3G R, 2 Ry, 36581 5200 HES
TREERTLAREAIR 8~12 °C. BE 2R R IRE T BIFEAL,
HEAC R L R A 10 385 T, 3 b, 138 I R IR P 455 3R
T WA AT S A IO AR A IR HE SR EE

RSB AR T SR B2 T R 4L
A W A5 o TR B AR AR e i v B s 2 Dl
N TR BEAIG T IAGE BROKMLLE B il B0t Bl 4 78 % T
(T e s W ST il PR B 5 I 1S R, > R, 34 5]
5 Vot , il AR fe R A AT 3K 7 00 W A VR A s A
MR TFE LT B LT AR EEAS K. BN D) #E
S, J2 Bt o 7% U PEE ) TP v T 3 RS TN 7% R IR
N —15 °C Ry N 570l s BT DhFER A 5] 124,
SEMAR N, RO T BB AL L5220 A8 2 FU 3 i 25 Y
FEAETE R R BERE T 5 e i o PRAK MR L X 824,
e A AV ) R 2 ) A i 2 A TR 1 P v T3 K.

2.3 34 TN R W AU SR IS
ARG AGE PR B PR R A AE R X TR 2 i
55 1 W AEPREEIR A 3] — 15 °C L KR E 423 50
Cof, HESR B R 2R T 2 142 °C, i F R HLAY HE
SR BEELRA HLA R BB IE H T AR, Joikic sk i ge £
it s R IR SRS » AR RO P IR 1217

B4 25 1 T AEARFIIREE TR 0SSR 4
ZEPROK A5 BB e 1) T BRI SRR B X5 i R
B3 mm X 0.5 mm X 500 mm [ 5 4045 S % 18
5 Y0 MW LB . B 4 ATE L TR
RURE Sz e W =S TR0 FASETAK A R Y 52

MHAES R R . IEEPOKSSTEAEIR LT 20
C O REZEAIE 5 CO B AT, R I AT A
FEAREZE MLHE RS 10 °C LA L, [R] B il £ T B g
JE/INF 5%, AR B FHIEE /N T 1520, BRI LR AIK
INF T,

ZEA TR PRI HROK 8 (0 52 ), ZEAIRR R
RLEETS o A HLAHE R B2 R0 Y W B2 LR TR AL



57

PR AC o 5 O 25 TR TR PR S 1 RE B 52 1)

821

* 2 FBRAR KM KL R

BEH HIRRNIE]
K MUK TRRIE RRERE WS RS HRURE BIRE o s
R/ C /°C /°C /°C /MPa /MPa /°C /kW / e
1 —14.9 —19.7 142
2 49.9 55.0 0.0 —3.8 0. 30 2.48 121 8.1 5.02 1. 62
3 50. 0 55.0 20. 1 15.0 0.59 2. 48 105 15.0 6.21 2.42
4 50. 1 55.2 34. 8 24.1 0.92 2.49 99 23.0 6. 60 3.50
k3 ARAWRGMIKLE R
W EE HIFENIED
S Pk K PRRREE MEREE  WSURT) HEURS HEURE B e o ey
W/ °C /°C /°C /°C /MPa /MPa /C /kW e?
1 50. 1 55.1 —14.9 —20.0 0.17 2.49 120 4.5 4. 40 1.02
2 50. 2 55.0 0.0 —4.0 0. 31 2.47 109 7.7 5.07 1.52
3 49.9 55.1 20.1 15.0 0.59 2.49 96 14. 2 6. 30 2.25
4 50. 1 55.3 35.0 24.1 0.91 2.50 91 21.4 6.73 3. 18

(b) W 12t 5 R AR AL HE R B AR i 9 5 5%

2 ) B | DI B REASCE B R MR AR X 50 5 DR I M
X TR ROK S TEI RIS T st B B LR G
SR

MR ZE AL AT LA B R HT T 0BT »
FEARPLEY IR FEE PRSI B O — 15 "C ISR w3k 12
FeA LA B e R AR HLAY IR R T AR L K iz
Fr e RRG LA LI F5 i, A FE RS IR E IR T

(DR GHLH I FE AR KR

0
1
2
3
4
-5
6
7
8
9

1o
Agppp-€ ppp/%
|

() Wi S LA R LR L A 1 5 R
P 3 I o TR RO AR BE A 5 i)

—5 “CLA o 2R W UM 3 % FA R HROK BIL A e 26 AL
e e 4 o 25 i AT T LA A .
A

4 45 35

ARSCEESE 1T B RO PR PO LA
PERESR W 1Y ¢ 28 20, a4 13 B 58 1 I T
HFACHR B | ) B X BERE SR PERE B2 L A9 R
4518,

CL) R MO0 I AR T 4 ML HE IR AT H
WA B8R AR L WM m] S A A
FERARR T A AL B0 HE R  (EL I 0 I PR 52 1R B2 Y
JEGRBL S R4 Hk 2518 4T 00 A .



822 [T W N S 4 %425

—— Rm=50/“":["l»ﬁ‘tﬁ 3 e Rm:3.5% aﬂ—ﬁfﬁ = Rm=5%’7-‘l:l—ﬁ fH ; - Rm:3‘5% ,l‘l’ﬁﬁ

—a— R,=1.5% i S {H; —— R, =0.5% it $ (K —— R, =1.5% i HH: —v R,=0.5% 15 {H
* JRME

—v — ©

A A A

./o—’)_-.
PO
-

—— R,=3.5% it H{H
- R,=0.5%,iI H{E

= R_=5% frﬁta\ \
+R \=1.5% 7 S8 \

(MBS LA DI FEAE A () 5 1) () W MR HILZEL BB HEAZ fl 4 (5 )
P4 M SRR AR UK SRR RE AR

(2) W S % ARG T 0 E K L2 %) 1) i using gas and liquid injection: experimental analysis
R 1 7 BT LA T |- T, I 2 PR 3L 3 1y i and modeling[J]. Int J Refrig, 2002,25.1143-1156.
B AR RV T EE R Ak L I B R A [4] MA G, CHAI Q, JIANG Y. Experimental investiga-

tion of air source heat pump for cold regions[J]. IntJ
Refrig, 2003,26:12-18.
[5] AYUBS, BUSH WJ, HALLER K D. Liquid refriger-

ant injection in scroll compressors operating high com-

S 3Tk -

[1] HOLTZAPPLE M. Reducing energy costs in vapor-
compression refrigeration and air conditioning using
liquid recycle; performance[ J]. ASHRAE Transac-
tions, 1989,95(1) :179-205.

[2] DUTTA A K, YANAGISAWA T, FUKUTA M. An

investigation of the performance of a scroll compressor

pression ratios. [ C// Proc of International Compres-
sor Engineering Conference at Purdue. West Lafa-
yette, Indiana, USA; Purdue University Press, 1992
561-567.

[6] ZbiE. /NEIHIAREE B FIMI Jbat AU Tl

under liquid refrigerant injection[ ] ]. Int J Refrigera- .
*” 8 jectionJJ : B 2004 244-247.

tion, 2001,24.577-87.

sp et Y
[3] WINANDY E L. LEBRUN J. Scroll compressors it EHRE)

SO ke — T E %K 863 TR E AT H
“HOBA AL BT A K

it R E MR A S AR M Pk A B AR EX R 2+ — A AR 863 iR ELET B “mA
MRASEI Btk T2, BT ITIRA  F REEEIFF  FRA IR F I, BRF AR IR G LA BKRER
mamk. WMAREABIERT RIN AN F RF RFMHARZHiE L BHRF S FHAR, TR RH—
R B AARBE A XA A et S K& R AFAE T —Z7E F 863 iR “HMA MM TR A

HEHFT . CEITRFOARTFELE LR A%,
FhH AL 22 430



