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Effects of Design Variation of Check Valve
on the Scroll Compressor Performance

Myeong Kyun Kim*, Jin Kab Lee*, Hyun Jin Kim
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ABSTRACT

An analytical study has been carried out to investigate the effects of the check valve installation on the
volumetric and adiabatic efficiencies in a scroll compressor. Both the valve displacement limit and the valve
stiffness affected the valve motion, the pressure upstream of the valve, and the pattern of the mass flow
through the valve to the discharge plenum. Nonetheless, the presence of the check valve did not cause any

noticeable change in the volumetric efficiency. Only a slight increase in the compression work was needed to
overcome the pressure increase in front of the valve. The pressure build-up upstream of the valve can be
alleviated with the larger limit of the valve lift and a smaller valve stiffness.
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Fig. 1 Check valve in a scroll compressor.
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Fig. 2 Asymmetric configuration of the compression chamber
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Fig. 3 Volume curves
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Fig. 4 Leakage path

A7\H go= ABAZA 01°¢] Dot ES A
%%% m1_ 7]'}\‘—}"]‘9— OﬂJ_]}xO Tzog ZJ_'TB_]‘Cq
2] (3)om¥E T3 2= gtk

- ) } 2k f 27k _ G 7%
m= CdAdmmPu (k— 1)RTu Pr Pr
(3

AN C= FHAF T, R, ke 44 2%, 714
A4 F HgdFen, P2 FAEARE BEE EERE
4, e &™ P, P,° HEX P,=P,/P%t ZTh
FAEH A g FAEZO wE} AEAH, s
A E Fig. 4] FAE FAZeld 29 1=
< F3 & WA, AW AT wANE
Hell PEolE FHal F wWHolt),

Fig. 4914 2A2B+ &4 2A94 §454 2BE Y
FA4dolE vehdth o] A v Fdoz s
N g ~23E8RY FEAASI gelrlth EEA
9 A paine Fig. 58 28 W3E HATh o7)|A &
4 A7 FolAX EET HAAAAE R
Z4EQl Pl EES nHdth 454 BY

% 87 114° otk
EZTE A 7kAE Fig 19 A4 G994 2
®o2 AYPHAEA AAWRE 238 "k
AIaWE ] W= WBo| ALsie P59 WY
AARHH, 4 D= AFWUBY 5L FHIC)

7F
7)
O,
o

o l‘t\‘

Al
&

+c—l+ky Fy(D=Ag(Ps—Py) (4

dt?

26

1991°

0.6

0.4 F

Discharge port area [cm )

| 10410
1000

951°

L 1
1100 1200
Crank angle {deg]

0.0
900

Fig. 5 Drain area
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Table 1 Operating condition for performance analysis
Refrigerant | R Suction 0625 MPa
pressure
ti Di
Operating | ooy ) scharge | 17 Mpa
speed presstre
Table 2 Scroll wrap specification
Base Wrap Wrap Wrap End
Circle Radius | Thickness Height Angle
1268°
1.8 .
mim 3.3mm 20mm 1078°
Kke=0.25 ' '

¥/ ymo

Crank angle [deg]

Fig. 6(a) Effect of check valve stiffness on valve motion
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Fig. 6(b) Effect of check valve stiffness on discharge port pressure
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Fig. 6(c) Effect of check valve stiffness on mass flow rate
through discharge port, msg.
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Fig. 6(d) Effect of check valve stiffness on p-v diagram of
chamber A without check valve.
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Fig. 6le) Effect of check valve stiffness on p-v diagram of

chamber B without check valve.
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Table 3 Effect of valve stiffness on volumetric and adiabatic
efficiency
chamber A chamber B
oa (26) (%) 17,%)
no ¢/valve 98.147 90.59%6 93.726
bl ky=0.25 97.864 90.466 93724
Rl ky=1 97.776 90.385 93723
k By=4 97.341 89.940 93,775
1.0
[ Yrlymo=1
0.8
. 0.6
= n/ymo=0.44
> 04
i \y,,,/Ymu=0.22
0.0 |
[} 9;] 18lO 27I0 360

Crank angle [deq]
Fig. 7(a) Effect of check valve lift limit on valve motion

————..

o
& Ymlymo=0.44

096 1 1 .
0 90 180 270 360

Crank angle [deg]
Fig. 7(b) Effect of check valve lift fimit on discharge port
pressure
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Fig. 7(c) Effect of check valve lift limit on mass flow rate
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Fig. 7(d) Effect of check valve lift limit .on
chamber A without check valve.
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Fig. 7(e) Effect of check valve lift limit on p-v diagram of
chamber B without check valve.
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Table 4 Effect of valve litt on volumetric and adiabatic efficiency

M A | B
Daa (96) ez (%) 7,(%)
Yl 9o =022 97.470 90111 93722
Voul Vg =044 97.783 90388 93723
Il V=1 97.776 90.385 93723
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