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Influences and Optimization on R32 Vapor Injection Parameters of Air-source
Heat Pump System Enhanced with Vapor Injection
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(1. School of Building Services Science and Engineering, Xi’an University of Architecture and Technology , Xi'an,

710000, China; 2. Xi’an Johnson Industrial Co.,Ltd., Xi’an, 710075, China)

Abstract This study aimed to optimize the heat production performance of an enhanced vapor injection air-source heat pump system with
R32. Combined with the structure and actual operation characteristics of a scroll compressor system, a complete mathematical model was
established and programmed using MATLAB. After verification of the simulation results with experimental data, the influences of the vapor
injection pressure of the system, and the specific volume ratio of the quasi-one-stage compression on the relative vapor injection volume of
the system were explored under different ambient temperatures. It was found that the vapor injection heat pump system is more suitable for
operation at ambient temperatures of below —10 °C than an ordinary heat pump system. The optimal operating range of the heating mode of
the air-source heat pump system with vapor injection was obtained. Because the specific volume ratio of the quasi-one-stage compression of
the system is 1.1, the relative vapor injection volume is the maximum. When the ambient temperature is below —10 °C, within — 10—
-5 °C or above =5 °C respectively, the optimal relative injection volume should be within 0.22-0.33, 0.20-0.22 and 0.18-0.20 respec-
tively. The corresponding optimal relative inject pressure ranges 0.85-1.31. Within the range of the optimal vapor injection parameters,
the advantages of the enhanced vapor injection air-source heat pump system with R32 are obvious.
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Fig. 1 Principle of enhanced vapor injection

air-source heat pump system

1.2 [EZEH4EE

TN T v 0 0 V4 ) 420 25 T S M BA U T A 1Y 15
T WP SR B R4 BL, RIS T e e R
R TUE U i, BRSO R R 4, o
LA 5 — > R LR RS

DWIGIEAT . TRAHLIGAZE R e O R RE S
FIZERCIRAS 1) S0 R4 0 IR TR R CIRZS 2)

JEAHLIE A



g2 F1H

R32 BFBRAZREEBN R EISSHH TSR

Vol. 42, No. 1

2021 &£ 2 A February, 2021
FVanp, ARV A 2 KD kg L, R 5
Mincom = 7760 (D B, H0.2~0.412
Wi SR AR TR 3) KR B9 GRS RGN 5 TR
o 2wt () RIS TAERENIREIR IR CIRE 3) o
T o SEARAI /NI — A B S 4 2R 4, B A
W GRS E S L A I HE A U B8
azmzvj‘ - HRUL
P ) o = E _ 1173 (9)
e, HRGIUR SRR L ke/s5 £, 4 UV,
FERVR IR FEGHLES T 0. 95 5 0.965; V,, W FEIE:
FRATHLIIE IR A, m'/r5 n 9 FRAFHLES i, o/ min %:m:(ﬂk (10)
po JFEAHUN CAR BV S ke/m 5 & %4k ps o,
BT R32,h= 1475 py o, 4330 W A RIS i PRAHLITE AL -
E, T ELEWE D 11

HIAFIMIET) (kPa) (HLE (m’/kg) 5 p, w, W, 535K
W — AR S5 SR 1 V8 70 ) (KPa) | HL%F (m'/kg)
ARG I AR (m) o

2) PIAAMUERGERR Y . Al AR B AR
RIEERINE S SR RmIFu N e S & EZb), ir o W E 3¢
HVR R CIRES 6) 283t #h 0 H #E A 45 L B i AR
W, SRREAR IS B9 OIRZES 2) IRA, shike g 5%
By, PR RS, HEB TAERE S AT 208, ek
FHRAIRS CIRZS 3) IR G A B T R T AN H 1Y

TEAR AL E
HIAIE
b=_mb :(P3_p2)712 (4)
min,cum RkT6

AN SR T

d=-"re (5)
P1Ps

WS RN AL
V.

o= (6)

vh = V3
B PEAN S RE P A I TR i Ve 7 A T
J1h

P3 =P2+<p6_P2>lp (7)
HRAE Ty 25— et

Uy + bhy
LT (b (8)

KA my, HEGEHLH RN TR A ke/s5 pe
T he 73 5 0 e 46 LAY vh (8] W <O 1 (kPa) | B2
(K) FAEAE (kI kg) 5 R A il 7SR H 45, X R32
B 162.7 ]/(kg’K) 5 Ps j\f/‘?(%}ij} ,kPa; P3 Uz Vs ﬁi}’
TR S EBEHLN IS TR G G W E T (kPa) (34
J12ERE (kI/kg) JEAER BB (m®) su, FlE—S)E

P oy WS 48 HL A V8 TR 5 5 B9 L
2 m’/kgs py vy Vo S8 RUE TGRSR A A Y
(kPa) (L7 (m®/kg) FIEGFIEAF(m) 5 o, g 40
PLIE AR AR AEHURE A IRE A 3. 34,
1.3 &R =REE

FEA T, B INE R R ae R 28 ks B
PR 2 A 1 ¥4 700 DA S0 3L ik S A8 A 8 2 e i A
M I S 28R X PR DX BRI i 44 X B 43
il ey a8

1) #eA 5 e

AR AR BEATAE AT, SEBR L v 50 O
MR A AN R T2 U A A, L4 700 5 T 2 5
JEAERPERE 2303 , AN T RL I A8 PN AP A
AR e R

Q, =0.90, (12)

Ao % R MR A Q, = m,(hy, — hy)

LAnar(trl - tr2) ’ é%{m“ﬁiﬂ% Qa = ma(ha] - haZ) =
LA, é(ty = 1) 5 m,om, G35 BARERAET P 4 )

R B O i RS AP A R ke/ss by LBy L1y L
I3 R A TS A PN A 8 R B RS M (KD kg )
WREE(K) 5 hy  hy \ty 35 BRI 2E X
AYE S FE A (KI/7kg) FIIREE (K) 5 L AR, m; A,
NEKRE R A MIE R, m® 3 Tt X, o, HE
P sk BRG] P8 R 28 Y O A 4 B R T AR B R B,
W/(m® - K); o, &2 S M £ m LR R
W/ (m® « K) AR AR Semeat " 14

Nu, = 0.023 Re>® pr* (13)

o ardi u’rdi
A Nu, :T7Rer = ,d; HE N, mm;
s My

Re, ol 250 FE i 80; w, S BRI, ke/ (m® - s) su,
— 119 —



g% F1H
202152 A

H% F iR

Journal of Refrigeration

Vol. 42 ,No. 1
February, 2021

NN SIFEIE  Pars; Pr, il 038 MR EG A, 9%

R FIRRLL, W/ (m-K) 5 & Ry TR R A
XEFPIARIX, o, o7 PR ¥4 770 R 7 A 1 s 45 A

FMALIEE, PR AT A

ar c c c
CT:cI (co) ?(25F,) 5 + ¢; (Bo) “Fy (14)
1
. w(l —x)d,_PrA,,
K, =0.023 [ " ] 7 A
r,l i

4 700 P g o N A R T A BA R B, W/ (m? KD 5
RV 750 o0 55 PG Fy il v I

u,
1 9.8p7d,
TR TRRAIE IR 2.2 5, A, SE SR I
{13 91 BT (Pa-s) HGAAFE(W/ (m-K)) 5 Bo Ky
0.8
ﬁ%ﬁmﬁWf(tf)(f)ﬁwﬁ%ﬁgﬁw
1
HFHE 1, o1 42 BIR A S TS BV 95
ke/m’ 3¢, <0.65 i e, =1.1360,¢,=-0.9,¢,= 667.2, ¢,
=0.7,c5=0.3;¢,>0.65 i} ¢, =0.668 3,¢,=~0.2, ¢, =
1 058,¢,=0.7,¢,=0.3,
2) 2 A e 4 R A
XEFE SO A, 25 S e 22 T
HRECRITF S 5

-0.088 7 N -0.159

g°2
15
o)
a,d u,.d,

\ a’o max Ug N N
HKf: Nu, =——,Re, = U = A/
A, M e

. (s; =d,) (50 = 8.)
I RE " & = s R L 6, A
SR R myu, ST X, m/s s Re, 38 B
SRR so B EE, m;d, AR EAR, m;
N, RSy m A HEEG s, I TR T M)
A EIE  mys, AT AT M AV TR, my A, AT,
I3 A A SR EC(W/ (m - K)) FI5h ) R
(Pa-s); d, HoTHEA B A Y &2 HAR, m,
MHAFEROMBERTRARENER
(1) 55w L EE I 38 A R R A R A R
Brile, #5051 AT IR &R B0 e i #1718 0E, it A
X

1l

Nu, = 0. 982Re" (‘%)

d, >d,,
tﬂ - tWII ) (16)

1 d, <d,

Krf: d, AR ERE, ¢/ (kg TER);
d,, A E TR [ 2 SOAL T 88 ST B B ) I
g/ (kg T2 5 1, MBE B EHRE, C s 0, M
— 120 —

PAE TH B 2 SR R AR, C
1.4 % s E

R4, 2 N A R AR VR S v B, TR 4
BLHE B8 7 A i 5 % N 2 S e A0
&, 25 SRR TR G T L . DAY e )
T ¥ T BRSBTS AT A B BEAS N
TV TR0 280 P e A DX RR DX T 4 DX 0 XA, X
23 SR R AT 43 X

TESTIAIX St v X, A8 A IV L ) R TR A &R
B FH Dittus-Boeler #toCRE sk gl .

Nu,,, = 0.023 Re)® Pri’, (17)

{: Nuy,, \Re,, , Pr,. 5358 FA DX R 81X
4 70 55 FE OB TR T BRI AR A

FEPHAR DX, il ¥ 77 R32 A9 ¥& Bk il 34 2 BCR H VA
T E
3.82°7 (1 -

PrOA 38

8C,1,tp

a =a, | (1 -x) 08 4

ge,r,tp

(18)
A o, AR DXV 700 ) 2 T AL R 8L
W/ (m®-K) 5 o BFREE; Pro., ., 4 PAR X 7 500 )
FREL
VA T 8 25 M ) 3 TH) A% B4 2R A7) SR G 1Bk
(15) " RAR BERS BRI S5 M SRR 5]

1.5 &5 eaiEE
MRYEfE I~ E R, X T AT e A
rﬁin,com(hq = hg) = mh(he — hy) (19)

2E 550 (4) ALl S (L +b) hy =hg + bhy

FRAB S HE " A5 1, =1, + A, H A RS
C by h 1y 1 53 TR 98 TRV BRE 45 AR Aot 8 i K 1E
(kJ/kg) FILEE (K) 5 ho Ry 28 5% 25 58 Bl 1] fi 1 11 4 o)
BHIEE K kg
1. 6 #4718 Ak iR 4R BY

HR 78 e g v 11 i) V% 3 28 A0 ol TR S i i
AL ERETE , F SIS 2 2K LT RS, DT
HIAFHE R (20) 3

rh’in,com = CDA\'al’\/ 2p,.(ps = p1) (20)

e A R IR I 3 AR, m |, SR SCR [ 14 ]
HIZE AR A, = (7.98 + 3.49A1,) x 10°° 3147,
Av g SRV A TR BE 22, K p, A 92 FR0 R AR 22 11 %5
B kg/m’ s Cp) SRy A, ik A R A
IEECL A (WA RIS R T ) S, RIE LT &
/A Weh 7 o I

C, =0.02005,/p,, +0.634 v, . (21)

s 00 I FIH O, m kg,



g% F1H
202152 A

R32 BFBRAZREEBN R EISSHH TSR

Vol. 42, No. 1
February, 2021

1.7 RGHEBK AR

PRI RGP BN T — A B 0 w1 v ) 4l
BVE M HIRL T 2 M BRI R G, FET LRI,
iz ] MATLAB #X 4 4af2 115, 8 F Refprop 72715
R32 (PS5, 45 BB S i A ML (%) 25 44 = 50f
BAT SR, AR TR T Uy, 44 BRI ¥4 50 37 28 1 35
A MR R PV B 2 R T ) L 22 5% 2 S TR A R A AR
Fa) LS HE ) 2R G805 LA A , LA TR ol 2 790 i 1 )
B K Z A E 7 H TR SIS, RS T B R
w2 Frs

WAL WULEASH . CmFEH
]

BB R ZE ALK W S 7

B BRI RSE

> =*‘= y

Ul ek g Gk~ U

SR, DR, U,

NN Ree Ry kil
I T
A

VAR S
B Rn,

B2 &FSEAREREREIRHERER

Fig. 2 Flow chart of simulation of the enhanced vapor injection

air-source heat pump system under stable working conditions
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Fig. 6 Various performance indexes of the heat pump change
with the relative vapor injection rates at different

ambient temperatures
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Fig. 7 Relative vapor injection rate changes with relative vapor

injection pressure at different ambient temperatures
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