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Effect of Oil Circulation Rate on the Performance of CO, Heat Pump System
for Electric Vehicles
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(1. Key Laboratory of Science and Technology on Space Energy Conversion, Technical Institute of Physics and Che-
mistry, Chinese Academy of Sciences, Beijing, 100190, China; 2. University of Chinese Academy of Sciences, Bei-
jing, 100049, China)

Abstract In this study, a CO, heat pump system test bench for electric vehicles with an oil circulation rate testing device was built to
investigate the influence of the oil circulation rate on the performance of the compressor and the heat pump under typical vehicle operating
conditions. Under refrigeration conditions, the increase in the oil circulation rate from 1. 17% to 5.26% increased the volumetric and
isentropic efficiencies of the compressor by 13. 6% and 5. 6%, respectively, Under heating conditions, when increasing the oil circulation
rate from 1. 51% to 6. 68% , the volumetric and isentropic efficiencies of the compressor increased by 7. 19% and 15. 7%, respectively,
while the discharge temperature of the compressor decreased from 155.5 “C to 146 °C. Unlike the flow resistance and heat exchange
capacity of the air cooler in the high-temperature section, the oil circulation rate exhibited a significant effect on the evaporation process in
the low-temperature section. The analysis of the influence of the oil circulation rate on the overall performance of the heat pump system
demonstrated that the heat pump system performance improved when the oil circulation rate is approximately 4%.
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Tab.1 Parameters of principal measuring instruments

e 2 15
R ALES -40~150 °C +£0.5 C

fRHEA .0~ 6 MPa

JE 1L R N £0. 1%
B JEM .0~ 18 MPa ’
Figsigiihinnn 0~400 kg/h +0.2%
HE.0~44 C
J£17:6~13 MPa( 46)%)
TEH I ACC HV .0~ 10%
OCR 4% £0.3%

IRBE.35~55 C
E17:9.5~13 MPa(44)%)
TEHE M ACC HV .0~ 10%

1.2 LI TR
HETHINRERERGMAZTT T, T RAFE
OCR 2%/ FHE R G HERE DL, ML T4 N3k 2 fir
Ro N TXFHAHIAIE OCR X 2 Ge Pk RE 1520, 52
B R s B I TOLRE R4 WLEE 3 n
4 500 r/min , L 2K I AH X I BE SR 32% 5 il 34 T4
VEETELENLEE T n ly 4 800 r/min , B, g i &) #H %o
FEEEN 20% ; Rt E CO, IR R 40 i A 0T = Tk
] () 4 BEE T, AR S A T 5 D SR 3 1o = 308 f) 3
P ENZER A E N R AR IR I RGN 78
Tt 590 g, il ¥ 7R H & 4 COo, (R 7 %k =
99.999% ) , AR HLIE T K ACC HV ¥R

F2MATR

Tab.2 Testing conditions

a— EW EN AR/ Ehh EHNRR/
o g/ (m’/h) B/ (m’/h)
il v 27 450 35 1 800
il F 20 500 0 1 800

1.3 BB IR
MHE R G HVAC 1 XS 556 25 2 WA iE
12, R RS 255 52 AR Al as SOBORE 88 00 HVAC i3F

H 2 S R BRI SR, B G v A

QN:
h, —h,
0:3.(]6<v;(11 +d132V)a) (1)
. g RO 2 R 2 = I S XU m®/h;
o hy 53 0 R S R A IR R s RS
kJ/kg; o) AWEHE AT 25 LAY, m® kg W, A W i 45
AERE, e/ (ke TER),

ARG TERER KL COP .
_9Q
COP = v (2)

X W N RAEPLIIRE, W,
FEGEHLAFRERCR n, MERRCR 0, 20504

hd - h’s 3

ey (3)
qﬂl

= 4

Y 60p.nV, 4)

Kby by ARG R HER RS b, RS
ks, bl RS BRHES RS S0 kike; g, AR
G E R, kg/hy p, AW kg/m’ ;n KRG
B v/ming VO N HEGALHER ,m’ /1,

B PINHARLE ., T 1y ac 235000

Qu

Mevap = Qi (5)
Muvac = %ir-h (6)

r-h
Qe Q. TP NZE K i 25 UM%
R SR B, W5 0, Q. 23510 HVAC 25X
] A R v SR R W

2 RWERSDH

2.1 EHENBESIZITHE

K 2 (a) FR RFHlA THF OCR X 48 HLHES
TR AR AR5 . OCR 7E 1. 17% ~ 3. 83% 3L
FEl N AR AL BT, FE 4 HILAHE ST R R SR AR AR A i ik
0.5% ,{H>4 OCR ¥4 % 5. 26%HF, f1 T 1@ W% H14E
ARG 58, R 48 HLHE IR BEAH LT OCR 4 1. 17% 1}
FEAIK 3. 4 °C SRR = 13. 6%,

K 2 (b) iR RHl#ATH T OCR XFHES IR A
SRR, AH LTI T, IRE HLHE R
FERIA T O0T B A 0 25 T, H AR S80I,
FEAIG OCR /5 50 T e ¥ 3tk 0 6 48 ML HE AL 5% i) &
., OCR M 1. 51%8}, JRAEHLHE R BE T+ 2 155. 5
C,BEE OCR 3N, o e i e 4 1o 72 14 v4 40



F43%5 Fo6 #l % F W Vol. 43,No. 6

2022 F£ 12 A Journal of Refrigeration December, 2022
s B 2 1] i 7 5
ﬁSFFJ&JQKJJmIJZIEﬂ E’J{lﬂ{%ﬁzﬁﬁia 5, OCR H 1.51% oA e ARNE
B 6. 68% I, IEARHLAF R IET 15. 7%, ~ 887 1490
£
R o SRR 2 86 19
1 r - 0. Nl — =
30 075 ® sl | 1090 %
O . & i
w1257 10.70 $¢ r st 1085
i g = i
> s 80 0.80
%;1 120 10.65 gp 117 244 383 526
THIE /%
115 0.60 (a) fil¥& T00
1.17 244 383 526
IR /% CoORSREE —— ARNE
(a) A T 72 5 0.84
R —— SRR 570 1080
160 . 0.64 < >
S =
68 1076 &
© 155 | { 0.6044 X &
1 & r 66 1072
ZE 150 | 1 0.563% =
r g 64 0.68
145 | 10.52 151 359 511 668
140 H H H 0.48 G
. I Y
151 359 511 6.68 (b) 7 L5
irﬂﬁ%%/% E 3 OCR MRS ZEMFRAEM M
(b) R THE Fig.3 Effects of OCR on suction density and volumetric
B 2 OCR Xt HES IR EMEAE LR M0 efficiency

Fig.2 Effects of OCR on exhaust temperature and

isentropic efficiency

e ARBER coRBBER —— o

0.40 1 075 2
el 3 BT A OCR A% 2 1 A4 BUACR 1 3 £ 039 | 070 §
W, AT TEA I RER A4 1 T, OCR A5 (X R 4L = 030 | oes &
WS AR, B4 TOLF OCR iK% 5. 26% il = TR
HIHT B OCR N 6. 68% I , JE 4 LI % i ] i il = e %
W IR B OCR. A3, bh - ol X i 4 020 5es 526 OV
HLSh 8 £ 0 £ T 1 2 B R R AR R S AR WAETR/%
FIA FN, ELFI VT, OCR H 1. 51%HT, (a) 7o 58
SRS VRV A I S BUR A HL7E SR 43 7 th T e AN R R AR o HVAC KM —— v
R A5 72 A AR R4 LR T 061 1075 2
SEVRTHRS W USRI TH A (E AR OCR S04 F S ol om0 2
I T TR HL I 2 BURCRFE AT, I EL T OCR s &
3. 59% I IL , A5 FRBCR TEDH 3. 94% ., HEI 0.2 065 &
2.2 MBS R RN S R < % 2
[l 4 7R i B S B A B OCR Y BEVs 359 51 een 0 M
Ak, R Ap,, R TRLEE Y B HVAC TR, W %%
Ap, IR B & BRI AN R R IR IE RS, 0T LI (b) BT
WO FAEF-8~5 CHRERA TR ERINE, H 4 AR RN LLBE OCR B4

Fig.4 Flow resistance and heat transfer ratio of

TR X T 9k 26 R 5 R, S EOE I A CO,
Ve FIR B IR 7 S N IR S BEL ) 250 i, LRk
BUM IR MEIRTO0R 0 TR OCR BT 4 AR THR ToC B, Bk, A T80T, i i il A
TRBZE R AR R T Rl B Ay R, T HIEY  co, HIFNR AR L HVAC PRGS04 1% 5l
TR R AR SENE -8 CIHET, BVERL I T WShBE I BRAT SO RN 2 & # i BEL Y 28% .

heat exchanger varies with OCR



$£43% Fo
2022 F£ 12 A

AR E IR E CO, MR AL IERERIE2IE

Vol. 43, No. 6
December, 2022

P AR T AN 1 A TR A 5 2 SR A 4
LLTE 0. 64~0. 72 Z [8], Al B i 119 22 (8 — 3 7
KR F A RERFIRS 22 %= 22 WAE I i 3 40 U A 1 195
M), 575 — 08 43 W2 5 T8 7S B 118 A% BRI
G ER 2 R M B AR AL ORI SR R 2 | RIX T
HlA TR 26 & 28 FHI A TH0F HVAC il 570 K
A3 SN A A0 LTI 5 i P T X VO 48 8 B 1 52 ]
ERPE TR . B THIA T HVAC J& T
TR, I TR R R, TR sh M, B i T
THZEE AP N R TH , A Y OCR =Bt (OCR =
6. 68% ) , i T VA JEE XA FACTA) 5 M 1 e, O ) 44 T
LT HVAC 75 48 24 L A i 2 0, % il ¥ T
B, OCR Y FEI7E 1. 17% ~ 3. 83% I, 118 7 i1 Fi 286 B4
FHEEAN T BARS BPABE | 1 s I 1 il ) 28 o 2 o ) 4
IR 52 I P 286 B RS AR, PR DL 4 4 EL S AR
B OCR 7284k, 24 OCR ik % 5. 26% 1}, 5 i 14
FR T V2 3R I 2 () 2 | B R T A48 A L T ik
T 6.15%,

2.3 MIRRGMERE

&l 5 fitn i OCR X HAa HLEIAE IR R Ge 1 RE
RZI , TR T00, 5 1 OCR ¥R i sh
FMEIEEPE R 19 70 BT — 2L, 24 OCR 4 5. 26% 1% 5
T, H T I AR AR s b R R ER S
IV 2 678.5 W R 2 534.7 W, 20 1 5% i
1% OCR 454 F REeHlve COP M FRAL, X+l
WTBLAE 1. 51% 9K OCR &40 F , i T IR W15
RN TR I FRAR, He i AL A BB AR 22 , T #E
FHEEFH R OCR BT 43N %y 2% , (H 434X OCR
BT EERI R COP I S RRARR

XFFFr A OCR JEEIP, §il8 THL N, R4t hx
FEHI¥ COP XTI OCR 4 3. 83%, Hil# THL T, i
FEHIF COP ¥R OCR 4 3.59% , &5 I, % F i
JERIHER T, 24 R 48 OCR 1E 4% M, 4 248
HAWHEMEEATERE,

3 &g

AR SCHE T A TG BRI A Y L B R R
CO, MERG LR A M A LTI T, JFRET
OCR X IE 2 45 P 8 52 i 1 S 36 A 5%, 15 80 4518
mr.

1) X FRAE R LIS TR R RE S U HER
TREE WA B A RRRICR SRR, i T
T, 0CR 5 FE7E 1.17% ~ 3. 83% Wi, LA |- B 5%
OCR ZEfE 52 358/, 24 OCR 4 & 5. 26% 1, i T
TETE I Y A0 A 0 1 8, R 4R HLHE SR A T T

HA B o IE4EHLINFE —— #il¥ COoP

2 2700 1.10
¥
R 2600f [ 1.08 o
= S
ﬁ 2500 1.06 &
& 2400 104
ﬁ:’ 2 300 o i B B 102
B 1.17 244 383 526
HAEFAE/%
(a) fil¥4 T
B%‘Jﬁ&% o E4ENLTI#E —— B COP
< 4000 . 1.32
)ﬁ B 1
B
= 3500 4 1.28 %
= 3000 1124 ¢
1
Eg‘ 2500 258 BEY BEa BaY 1.20
* 1.51 359 511 6.68
THIEAE/%
(b) il THL

5 OCR Xt EHEHHFEMAR RS EERI RN
Fig.5 Effects of OCR on compressor power consumption

and heat pump system performance

OCR H 1. 17% AR 3. 4 °C , 250350 B 25 TR R
A EE R 13. 6% 1 5. 6%, XF Fl#TH, R4 HLiz
TTIRASHE OCR M8 AL B R BUR%, X OCR H 1. 51%3
2 6. 68% T, 25 BUBCR AN AR A8 43 T3 N 7. 2% F
15.7% ,>% OCR MK 1. 51% 0, FE4AHLHE IR B 1k 5]
155.5 °C,

2) AT TR B I e A, b TR TRCR S 1 78
SRS BEL R4 4K 52 OCR 728 4k By 52 Wi B8 Kk 1
TR AR FITR A W 4 HVAC PN XU #4825 1)
it BEAT A Ry 3 M 25 % 2 I BHL A 28% . Ik OCR i
Bl VI T hh 0T 4o A 25 4o PR ) R BN R R AE M
15 OCR 5 [l By D) 2 T 5 400 v e e vk AR Wk B = 3
EH .

3) X FA SR T4, Hil v A R el fF: CoP
XTI OCR 24 3. 83% , il A=l A Hil # COP X))
1) OCR N 3.59% , iZINIE R G5 OCR T 4% ff i if B
HEAEMZE GRS,

S% 3k

[1] QI Zhaogang. Advances on air conditioning and heat pump
system in electric vehicles—A review[ J]. Renewable and
Sustainable Energy Reviews, 2014, 38. 754-764.

[2] ZOU Huiming, HUANG Guangyan, SHAO Shuangquan, et
al. Experimental study on heating performance of an



$£43% Fo
2022 F£ 12 A

#l % F W

Journal of Refrigeration

Vol. 43,No. 6
December, 2022

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

R1234yf heat pump system for electric cars[J]. Energy
Procedia, 2017, 142, 1015-1021.

HIET, B, R, A 3R 4 IR A R A e iA
(1] BB R#4 ( AARRHE) , 2018, 32(8):
14-23. (ZHENG Siyu, WEI Mingshan, SONG Panpan.
Review of heat pump air conditioning system in electric ve-
hicles[ J]. Journal of Chongqing University of Technology
(Natural Science) , 2018, 32(8): 14-23.)

WEERAN, BRBL, ThHE. PO IRRAE LR R G
PERE S ATFEMEREZIR [ ], Wl HAR, 2020, 40(5) : 58
-61. (ZHU Zhengjie, QIAN Rui, WANG Danyu. Effect
of oil charge amount of automotive air-conditioning com-

pressor on system performance and reliability[ J ]. Chinese

Journal of Refrigeration Technology, 2020, 40(5); 58-
61.)

MR B, BENTE. 5 i 28 %0 R 58 1R 45 AL 45 2 7 19 5
M ()], PH425TH RAE 4, 1995, 29(7) : 114-120.
(CHEN Zhiming, XIONG Zenan. Oil rate influence on the
performance of air-condition scroll compressor with self-ad-
justing back-pressure mechanism [ J]. Journal of Xi’an
Jiaotong University, 1995, 29(7) : 114-120.)

Wttt skak, SR, A Ve JRGE IR v He 4
BLLAEME RS W (4 B 73 A S BB 5R [ 1], % 2%
%, 2005, 26(2): 19-23. (YANG Chuanbo, ZHANG
Wei, GUO Yi, et al. Theoretical and experimental study of
lubricant influence on performance of refrigeration compres-
sors[ J]. Journal of Refrigeration, 2005, 26(2);: 19—
23.)

XNZEH, 425, BReld. RO 2 0 R 5Tk Ge
EmAFsT)]. IRIRSEB S, 2019, 47(11) . 82-85,
90. (LIU Yunging, CUI Yong, CHEN Yinsheng. Study
on the effect of oil-carrying rate of compressor on the per-
formance of air conditioning system[ J]. Cryogenics & Su-
perconductivity, 2019, 47(11) ; 82-85, 90. )

Sy FW. T BR R VR G 5 R R G0 1 A 1 B 1 5 i
FE[J]. WA 52 (dba) , 2018, 18(5) : 69-72. (YI
Fengshou. The investigation of the influence of OCR on re-
frigeration performance of MAC system[ J]. Refrigeration
and Air-conditioning, 2018, 18(5); 69-72.)

NAM D, LEE P, LEE G, et al. Experimental study about
an amount of oil charge on electric driven scroll compressor
for electric vehicle [ C]//22nd International Compressor
Engineering Conference. 2014;2320.

Ty 4. HTREIR VR AR 25 I H 3l 108 e F e AL AR 1 1
WFEE[T]. NBPLSEME, 2021(19) : 196-197. (FANG

Jinxiang. Research on application of electric scroll com-

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

pressor technology for new energy vehicle air condition[ J].
Internal Combustion Engine & Parts, 2021 (19): 196 -
197.)

OSSORIO R, NAVARRO-PERIS E. Study of oil circula-
tion rate in variable speed scroll compressor working with
propane[ J . International Journal of Refrigeration, 2021,
123 63-71.

SHIBAMOTO Y, FUJIMOTO S, TAKANO S, et al. The
characteristics of small capacity scroll compressors for resi-
dential air conditioners| C ]//International Compressor En-
gineering Conference. 1990;703.

P SC, XUPU R, REDUI 55 . 6 e 1 4 bL 1 sh R o] B 2
BOSRHCRIEW [ ], EFEHLEAR, 1997(5): 27-29.
(TIAN Junyi, LIU Sihu, XIONG Zenan. Influence of
clearance parameters of scroll compressor sliding bearing on
efficiency[ J]. Compressor Technology, 1997 (5): 27 -
29.)

s, skie, RAEAL, S5 IMIBIREN B BRI
AEMLEREME N[ ]. ¥ 224k, 2021, 42(6) . 140-
145. (TAO Hong, ZHANG Ting, WU Shengli, et al.
Effect of oil circulation rate on the performance of compres-
sor in electric vehicle air-conditioning[ J]. Journal of Re-
frigeration, 2021, 42(6) : 140-145. )

B, ZERTT. (Ol B e SR 0 R 5T Boni BRI ]
LT, 2016, 35 (4 ) 1) 10-15. (GE Yang,
JIANG Weiting. The research progress and application of
the micro-channel heat exchanger[ J]. Chemical Industry
and Engineering Progress, 2016, 35( Suppl. 1) : 10-15.)
MR A, BRAGHL, SKAE, % CO, KA HA G BiER
Herhan i R R IT]. 2 9 5 s g Hlme, 2001, 22
(1): 9-12. (CHEN Jianyou, WU Zhimin, ZHANG Hua,
et al. Development of compact heat exchanger of CO, motor
vehicle air-conditioning [ J ]. Construction Machinery for
Hydraulic Engineering & Power Station, 2001, 22(1) ; 9~
12.)

SREME, XMAE. 1 IMAE Co, BRI RS PR MR
T RAGBE ST 0T (1], R T 2% B 244, 2007, 18
(6): 51-55. (ZHU Guomei, LIU Heging. The state-of-
art about lubricants influencing on heat transfer and dissol-
ving capacity of SC-CO,[J]. Journal of Zhongyuan Univer-
sity of Technology, 2007, 18(6): 51-55.)

ZRLL. A PR RGOV VR IR 21 38 % ) v 1 i 5 e ) 3
WEFE[T]. KAWL A%, 2017(6): 78-80. ( QIN Hong.
Research of the effect of compressor oil circulation rate on
A/C cooling performance [ J]. Auto Electric Parts, 2017
(6): 78-80.)



$£43% Fo Vol. 43, No. 6

sth 4 22 3o B 2h 3 ME Bk i B
2022 % 12 B MBI EIEERE CO, ARRGIERENZIT December, 2022
BIEEERENT About the corresponding author

ARELEH, Lo, W 5L, of B B B HE R R BE SR T, (010) Zou Huiming, female, researcher, Technical Institute of Physics
82543697 , E-mail ; zouhuiming@ mail. ipc. ac. en, WFFTH7 1A B and Chemistry, CAS, +86 10-82543697, E-mail: zouhuiming@
RUEAAHL IR R G, F e IR IR IVE FREOR , 78 =5 IR BT 42 mail. ipc. ac. cn. Research fields: novel compressor and thermal
A, NTIHE AR system, thermal management of the electric vehicle, new technol-

ogy of refrigeration, air-conditioning, and heat pump.



