%60 % 43 B % X @ K F OF MK Vol. 60 No. 3
2026 4 3 H JOURNAL OF XI’ AN JTAOTONG UNIVERSITY Mar. 2026

B ZE R290 — X OEHARFEHTEET=E
A0 18 I R 22 o 45 1 56 B 3%

FHBAYE, SO, EA, SRR, BN, HE
(1. VORI ARFAREI G 30 1 TR = BE . 710049, P45
2. REBGREPHEEWIA BRA 7 HIRBUH O 550 A ", 400071, HPD

FEE., Ak ERERLG E AL R0 Z KB 5% 4 & G T8 2 0 A2 % Fo ] 3K b 78 218 %
(OCRIWM E M, % T oADK EZAE R EHI LIRS BTN X472 4 %W A 2% F OCR
O, RBRART AR MAEZENAARGE ESENBRERE EHGNE BT RAAALNLEETY
Hr, KEEREN . MAEZAR B ETHIE I, ZAFAZT MR £ B (COP) &3 g R, £
RAAEMAEZETAT0gH . 24H0A 2 24 COPFRESGEMERAERNNRKL;MELALBAZE
B3 R ALHE AR BRI, AAWMAEET A T0g M 80 g B, R G R Loy R % ALHE AR
ELEGHERERMNKGEHENHFCVRESICRBE,ETICHHELTRAN, ZAMIERERE
EINHRZRAT RGN W EAREN R, 2AWAEZZT T0g AL, EHEMEABEH KT
50 g, R EGAER, ARESHR BBETRELZLABZTER. AARAENBHALEZZL 70g,
FIRf , BN E AU ARARNAEZE.EM20gBmELRY I5gHANAEZZTTFEE, HAR
W27 A R290 £ AR 09 2 B Fo i PE R R X 5 R R AL 38 5,

KW, —RER;E R A E T WARKRE

hmESEES. TKIl XEHEEBD: A

DOI: 10.7652/xjtuxb202603003 XEHHS: 0253-987X(2026)03-0020-10

Experimental Study on the Influence of Oil Charge and Qil Circulation
Rate in R290 Secondary Loop Thermal System for Electric Vehicles

WANG Zhiming'?, MA Wenbin’, ZONG Shuo', ZHANG Yichen', YIN Xiang', CAO Feng'

(1. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China; 2. Chongqing
Innovation Research Branch Company, ChenZhi Automotive Technology Group Co., Ltd., Chongqing 400071, China)

Abstract: To address the issue of how to determine the oil charge and measure the oil circulation
rate (OCR) in an integrated modular R290 secondary loop thermal system for electric vehicles,
this study designs a testing method involving a secondary loop system bench and a standalone
compressor bench for the comparative calibration of the system’s oil charge and OCR. The effects
of varying oil charges on system performance, compressor discharge temperature, residual oil
mass in the compressor, and refrigerant charge are experimentally investigated. The experimental
results show that as the system oil charge increases, the system cooling capacity and coefficient of

performance (COP) first increase and then decrease. When the system oil charge is 70 g, the
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system cooling capacity, system COP, and compressor volumetric efficiency simultaneously reach

their optimum values. As the system oil charge increases, the compressor discharge temperature

gradually decreases. When the system oil charge is 70 g and 80 g, the compressor discharge

temperature measured on the system bench is closest to the 84 °C measured on the standalone

compressor bench, falling within a deviation range of =1 °C, and the system’s OCR is close to

3%, meeting the OCR requirements of both the system and the compressor. When the system oil

charge exceeds 70 g, the residual oil in the compressor is greater than 50 g, satisfying the

compressor’s requirement. Therefore, considering performance, OCR requirements, and residual

oil amount requirements, the optimal system oil charge is determined as 70 g. Furthermore, an

increase in the oil quantity affects the refrigerant charge; an increase of 20 g in oil reduces the

plateau section of the refrigerant charge by 15 g. This study provides guidance for the oil charge

and OCR testing methods in integrated R290 modules.
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B 5 4 BRI BT 0] B H 25 7™ 08, fe WA Bk A2 2
HETHTERT KR RE T, SR EZEN
S RLAZ W] T REIR BT AR IR BLEZ Y R
FeRs N R R E AN T T R E bR AL 2
HeE de g, FEPRAE 2 T 1987 4K T (6 T AE R
AR S RER R UOE B, R T 2 B R IH AR
B4 2 ) I R L % 4 2 ) 43 B B Y UK 32 4 0 5 Y
HARZK . Ay n E RS A, K EF 1991 4F 5 A5 N
NAZWUE A5 T A e B2 5 R 55 T J 45 30 TA4E .
TMABCE A5 LAk o [ 42 Bk 18 #E 5L 4802 W) 5 RT &
AL B R B K T B 2. K kR B R
U5 TE £ AT 45 ML 4 Sh AR T P22 & R H R B 17—
FE YRR, AR T B bR AL S pA eI H AT, 2 ERE
Bl P 0T 85 4 3K 72 2 Vs i (B (G WP 1l ¥ 500 /) £ FH PR
il 2 ke e 7 A L LA B KU X 4 RN 2 R BE 3 W) IR
(PFAS) WS FHIEAE S Y rfr, SR A GWP AT B4R
Hlve R e E D PEBITOCCTHEREZY
T B S R AR Db 00 4 i T R R O5 % B AR A8
P2 Gl R290 Al CO, % R % T 5 i BF & A
N

H AT, 2B HGLR GWP 2R T 7 4
& CO, Ml R290. i F R290 HA H € 1 1 5E Ak AR
) GWP {8, 7T REJ& — i A i 5t 1 i ¥ 500 2 AR A o
JrgM . R290 #VE B R G2 IF & A T ) E R
PEOHT R G AR BT L R GE Tk RE g W 2 AT Ik
FL R fife e £ 4 ) 15045 7 T P9 45, 58 40 B TE I (]
S AR LAAE BT e VR 4 rh it i A . & AR S
GO T AN 5 K TR F T AT R290
25 R GEPE R 35 iU 00 . Y BE i R L A oK .
Padmanabhan ZE0 3 T R22 1y — Fh 7% 5 % 45 #1 %

zkxb. xjtu. edu. cn

WAL A5 T HE K2 R134a.R290
Fl RA07C MR RE R B2 5 A0 Ak 18 ), R290
MM RE et . Zhao S A K Al B R LA M 1Y
R290 £ A VE B R S k4T T80, & B R290 il
WHRI T 2 R134a 19—, R290 RGEAE B
R — 20 °C S A HE R 20 “C Y TH0F L il #0Eoh
5500 WL HEREREUR T 1. S F U WF5E T G 50
FRNF 23 P8 ZR GE P BB 1 5% ), 2% B0 B B i 496 2 %
rEREPE T B B, e T IR R A 1020, ok
VIR TS WA EAR B TR A AR
I, K BNV ) B A AE TR 45 DL BE A, 32
R 4 L IBE 00 A 0 2 16 3550 1 4 391 118 A7 B IX 3 AR
D ZR G I A RE A B T e AR AR A I R, L AED
T —Fhdi ] R134a 1 PAGA6 1925 A5 &
G5, I — i SR L UEAT T IR IR, S Bl
Fe i It 2 ot D #R e R A I AR BB . Zou AEVY
WFFE T 0 e 0 H VR RS R R A
PEBE I 52 ), & BB 25 I8 T 00 3G 0 0 2R 3
T 5 S A 1 o R v AR 5 U WA T B 2R
TN TS = 20% ~ 25 % 95 BBl N & 48Pk
fE & 1. Sarntichartsak 212 3% F R-22 F1 R-407C
il ¥4 ) 1 A A s 0 3 6 B 5 & B 406 A S 9 o B R
E TR TR 2 (1 BT BV ol = A Ll (11075 A NP = T 7 9
TE AR 252 W R Gtk e . Li W BF ST T A 2R
R COCR) T 5 A I I T 00 Mt <00 T 1R 46 ML PE g
(R, 2 B0 BE ST BE OCR A4 8 K i Je 48 K s
W, #E OCR R 3.5 % (BE5FE 128 0. 28 MPa i,
AR T B L AAE R R BL(COP) . 1R F A S
K FHBURE IR T R290 25 98 2 45 3 76 25 2 0 11 %
PEBE 1R 52 ), e B0 9 e 20 2R G M AR R A v




22 [N ]

WZ MR T RE, Chen 8173 3 {5 B A 220 L AF
I8 T A A ATE BR 58 2% R290 K 48 ALV fE 19 52 Wi
S LR A TG BR A B 3G 0 78 IR B Bl 2 T L
58 I 2 W 2 AT L PR R T I

3 BIF 5T AT A A ] 288 A % 300 1Y 2 O R
ESTRE S R B R ST O IS L i 411 X < L T N 1 e R 2
1Y R GE MG B RN R A7 AE — A Al Bl FE I
AIHOE 20 20 N e R g R Re T . R R A
76 B4 238 7 15 S BORE 32 0 2 FH I 332 4 B 1K 31 R 456 [l
B T L DN o {2 3K TR e T 9 A IR A KR
BRITERREZNE MRS,

H i,k 53 %A X EEF R290 H AR TR R
£5) PR oo 1 % <9 285 < T2 OB o = T T 7 )
PERE S WA AR B8 7 W AT B R B O T A
%o 1V 30 B T AR /N T v T A PR RO iR A,
R290 7u {F f& b, AN BE R A IBCRE 5 32 17 9 1 25
B T AGE 1 R G AR R I JE vk i A R
Y AG PR R . AR SCADHT IR B T R290 48 AR
LI 78 1 i R PR R0 AR o i ik R
AEHLEAAR I 5 22 F R 52 6 BRI A o K, X6 A
THAEPR R, AR SCHFSE T A A9 78 7 i 6 RGP fE .
JE 28 HLHE TR BE L R 48 BIL A% i 52 A0 A v R0 70
W SR B IERGERE R HLHE R WA 2R
AR AP AR I B AT AR RO e A i R =,
TR AT M Y 9 T A, B AR AT i E R290 4R B B
b 3 B 1 o A3 T 70 3 o FIMAE PR IR R, RS
R R290 B A H Ak v AR Bt T 2%,

1 et & 48 Rty v
1.1 EHENBEHFERENLEZ

B1 2510 T R4 HL B A Pk R i 56 65 O 2 32 0
IR AR, 2 HLHE S I 3 2 25 R T A<
ARV ) o3 i, AR V2 R0 A 8 9 B O A T ML
S AU A R0 T A U AR T A3 R R 0 0 U 4 L
PRI I 2 O XA BB AT R R R . AR R IE
H Fi 4 L <R 7 A A= B2 35 R 5 R 2
3 ERAMTIRE WM B R L. 58 ok
IO 28 B M2 D T A O, A TR P A O
T B B8 1 AR AL O 5 SRR IR & )5
Il 3 e 48 HLWe A, Y I AR AR R Y e 4R BL
TG PR AT . PRI EE R M2 SR AR AT U i
BRLL M1 SR 09 v 1 5 0 M2 SRE i 2 2
L, M 5 K 0 T A B 232 45 1 1] 380 F 4 AL 04 il I i
75 B AS [R] (0 T A9 21 %

zkxb. xjtu. edu. cn

PN S 5 60 %
UG A I o TR
Gt 45—@@2&
<;>f<:§ WL
— T i |
AR
JE4ipL L R A
T g
Fahk
e HL A ik
u 13
A

<1 Fahkil:2

e S

JURE

LIl
T

HEK

FL T 2
P<3

H 1R 3

T2

AT

WS

——

F1 TR ALE A I PR S 00 3

Fig. 1 Principle of compressor unit oil circulation rate test
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Fig. 2 Principle of secondary circuit system test
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Table 1 Specifications of the optical experiments of secondary

circuit system
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Table 2 Detailed parameters of the testing instrument
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Fig. 3 Pressure-enthalpy diagram of the system at

different charging amounts of oil
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Fig. 4 Relationship between cooling capacity, COP, compressor

efficiency and different charging amounts of oil
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Fig. 6 Relationship between the exhaust temperature of the

compressor and the different oil amounts of the system
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