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Leakage Analysis and Structural Optimization of
QOil-free Miniature Rolling Piston Compressor Based on CFD
Sun Xiaohang Yang Qichao Zheng Zeye
( College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao, 266061 )

[ Abstract]  Using the CFD simulation software PumpLinx, the working process of the rolling piston compressor in the micro
refrigeration system with 300W cooling capacity is simulated. Under the condition that the displacement is unchanged, by changing
the eccentricity and the relative cylinder length of the miniature rolling piston compressor, the variation law of the Volumetric
efficiency and isentropic efficiency of the miniature rolling piston compressor is discussed, and the value range of the optimal
design structural parameters of the miniature rolling piston compressor is found, Provide reference for the design of oil-free
miniature rolling piston compressor. The research results show that the Volumetric efficiency and isentropic efficiency of the
compressor decrease with the increase of eccentricity. For the 2cm3 compressor studied in this paper, when the eccentricity is about
0.24, better Volumetric efficiency and isentropic efficiency can be obtained. Considering minimizing the cylinder size as much as
possible, the relative cylinder length of the oil-free miniature rolling piston compressor can be controlled at around 0.5.
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Fig.1 Schematic diagram of the main structure of a
oil-free miniature rolling piston compressor
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Fig.2 Schematic diagram of fluid domain of rolling piston

compressor
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Fig.3 Schematic diagram of fluid domain grid
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Table 1 Main physical parameters of R134a

LYREE 20 R134a

Il SR C 101.1
TAEE S (LA 54°C R MPa 1.462
JEZ (54°C/7.2°C) MPa 1.09
R FRHIA B kI/m3 1.46
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Table 2 Simulation parameters
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Fig.5 Comparison diagram of valve disc rotation motion
and bending motion
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Fig.6 The relationship between the number of grids and
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Fig.8 Pressure distribution in the working chamber of compressors with different crank angle
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Fig.9 Temperature distribution in working chamber of compressors with different crank angle

K10 28t 1 AN R SRR AR T R4 L A frs gk
THT AR JSE 3 AT o AR Ji N KR 0 Ak RS FE T 1)
ey iigzshJrm— 8, ey s sh i shi A i
2. HEHFEMO=0" I, REFRHEZKS S
B4 e A o i D TR B itk , S Bt e
WA B HIHA R R ILR . & T 1issh,
SETHARN K EARA ], ANITTLRRS, il 7457
T AERE SRR, HENIR U YA 1) 3 e
IR, FE UL Y BE NS 72 T AL (R AR T AR
W IRLAA  BEE IR R AT, R AR
BES T AR AR 0, R A R AR 1) 2 2 A

3% (m/s)

AR REEE) . Y H0=90" B, HSEN
(PRI B 77 ) 5 118 2 5 [l AR ], 3350 Ak
5 I T B ) B R 2 Sk 1) iy TR AR B R FEHES
Jis A S T AL P AR, 3 R — T I RE R R
YHES A R JTIEBIHERR S, TAERS A i) &
JE AR B R ) TAE RS 7, SREEHESOR N IR
Wk ERERNLS, BN E RS A EE
e SR AR T [ B Vs 0 W SRS 5 v 3k 1 Y s
WS WAUE N RIS 7 A I AR RAR B TR A
2GR E M REE K

(b) 6=90°
10 NEEHEE A EREN TIEREREE S

Fig.10 Velocity distribution in working chamber of compressor with different crank angle

(a) 6=0°

(c) 6=180° (d) 6=270°



<692 « il ¥4

G| 2023 4

2.2 BSRISHOR IS AR RE IR

TREE RGN H B SEL N AR, @il
AR T AR RV A B2 SR SR VR Bl e 1 IR A ALY
Pt o B 11 Fos I i HLa BRGNS 405 0%
It L i B AL 3 A AL B2, MBI T AT HH 4K
L L A I DL TV SR Y AV VE IR TRV ES
Y RJR AN, EEIRRRE: —J7 M, 5
R S AT 5 22 T e 36 T P R 2 1K R
K, v e Ak R SRR S5 — T,
DFHOR, SRR OB, P S U R T
5 RRL 2 T s 308 T ) R 2k P58 e e, #1148
o X A Yk 3 T PR R R )

0.64 - 18
—— PR
0.62 |- —— EacE |
b K E !
0.60 [
16
0.58 |
15
s 0.56
g0 A
;&é 0.54 14 ;_‘Q-—
» - ; N
g 0.52 13 @
=~ L ~
& 0.50 1128
)
& 0.48 [ ~
11
0.46 [
110
0.44 |
0.42 [ 9
0. 40 1 1 1 1 1 1 1 8
0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28

i L2 ()

11 (RO EES E G B R MEF B E S0
Fig.11 Influence of eccentricity on compressor volumetric
efficiency and isentropic efficiency
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