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Ferformance analysis of rolling piston type rotary compressor

Janghee Lee, Tae sik Min
Daewoo Electronics Co., Ltd.
Inchecon, KOREA

ABSTRACT

In this paper, numerical and experimental analysis of rolling
piston type rotary compressor for refrigerator is performed. In order
to analyze rotary compressor, computer programing is develaped teo pre—
dict the behavier of compreszor’s moving parts and the leakage phenom—
ena through clearances between parts such asz roller, cylinder, shaft,
main-~bearing, sub~bearing and vape. Dynamice of valve motiom is also
considered. Optimal dimensions of the compressor are calculated asing
this program and a prototype is made according to the predictions.

Several experiments and numerical predictions reveal character-
istics of rotary compressor. The results show that there are certain
ranges of clearances which maximize the performance and gas leakage
through clearances acts an important role im COmMpressor refri—-
gerating capacity.

NOMENCLATURE

B Vane thickness Mr Mass of roller
Crec Roller and cylinder clearance My Mass of vane
Crp Roller and bearings " n Polytropic coefficient
Cre HRoller and eccentric shaft " Nr Angular veclocity of roller
Css Shaft and bearing " P(8) Fressure in cylinder volume
Cyr Vane and bearing " Pa Discharge pressure
Cye Vane aund cylinder slet " Ps Ssuction pressure
D Cylinder depth Q Refrigrating capacity
E Shaft eccentricity Rc fnper radius of cylinder ‘
Fa Normal force on comtack point He Radius of eccentric shaft

of roller and cylinder wall Rr outer radius of roller
Far Friction force on contact poi- Hs Radius of shaft

at of roller and cylinder wall Tw Motor torque
Fr Pressure force Tr Frictional torque on roller
Fv Normal force on vane tip Ts " on eccentric shaft
Fvr Friction force om vane tip y(8) Cylinder volume
H ¢ylinder height Wr Force on roller
ho Minimum Ffilm thickness Ws Force om shaft
Ir Moment of inertia of roller X Vane displacement
k Spring constant ¥ Valve 1lift height
k Isentropic coefficient E Solubility difference of R-12
Lrp Coefficient for firsa, Wrps f(8) Pensity of R-12 im cylinder
Lre Coefficient for jre @.i; Density of lubricating oil
Lypr Coefficient for fvs [ Density of suction gas
Lye Coefficient for Mvca, Mves @rr Acting angle of Fr
m(8) Mass of R-1Z in cylinder dr Acting angle of Wr
v Mass discharge rate via valve s Acting angle of Ws
mrpra Mass leakage rate througt Cro [} Angular displacement of shaft
fras " n Viscosity of lubricatimg oil
bre Mass leakage rate through Cre Friction ceoefficient
fivca Mass leakage rate through Ccv at vane tip
lilt’(..'S "

INTRODUCTION

Rolling pisten type rotary compressors Aare widely used for re-
frigerator and air conditioner because of its high efficiency and com—
pactness in size. The performance of a compressor depends op the
refrigerating capacily and required power to drive it. There are many
factors that influence the performance such as over compression loss,
friction loss, over heating and gaz lecakage through clearances. And
several investions about compressor performance are presented by means



of amalylical and experimental analysis. But there are few experimen-
tal data about the cffecl of clearances on compressor performance,
even though theoretical analysises are reported by many authors.[2.41
About roller and bearing clearanes, references [5] and [6) present ils
effect on performance.

This paper places special emphasis on the effect of gas leakage
through clearances between parts so that engineers can predict the
compressor’s performance before production. Theoretical analysis is
done using computer simulation. In this analysis, we consider each
part as a frece body. Calculating forces acting on the parts, dynamic
behavior of the parts and required power to drive shaft can be
conjoctured. For bearings, we assumed it as infinitc one dimensional
jeurnal bearing and valve system is modeled as a simple single degree
of freedom.

Gas in the cylinder voluwme is pressurized as the volume is
reduced. The pressure difference between suction and discharge cham-
bers causes gas and lubricaling oil to leak through the clearances and
discharge via valve system. To evaluate the effect of clearances, two
kinds of model equations arc lried, one is nozzle tlow model and the
other is laminar poiseuille flow model.

Experiments meausring input power and refrigerating capacity were
performed for various size of clearances with a prototype CoOmpressor
mounted on caloriemeter stand., These results show that the leakage
pattern is laminar poiseuille flow rather than nozzle flow.

THEORETICAL ANALYSIS

Theoretical apalysis dealing with dynamic motions of the parts
and gas leakage phenomena is presented here to predict the performance
of rotary compressor. In this approach, each part of compressor is
conzidered as a frec boedy and force balance equations are solved by
numerical method.

Pressure ip the Cylinder Volumg¢ and Refrigerating Capacity

By considering continuity of mass, refrigerating capacity and
properities of the gas in the cylinder volume can be obtained as
follows:

Q= ﬂ%_%‘maj{m- (iros + Brsa + fivcs + dvea)) - dt (1)

) o - Ghre + e -~ diroa - Eves) — i (2)
I.c: m(0) = F-v(o)

eco) = B3 (3)

P(8) = P(8-60)  (—pEL80 ) (2)

Dynamics of Roller

Equations of motion of the roller for the free body diagram rig.1l
are given as Eq.5,6 and 7, where laminar viscous friction force and
torque are applied for upper and lower sides of the roller.

0 = —Fp-cosBrp +Wr - cosPyr +Mr E-Q2 ~F, - -Fr-cos(B8+a) +tFyr-sin(8+a) (5)
0 = Fr-sin@pp - Wr-sinfr + Frs + Far — Fr-sin(B8+&) — Fpe (6)
Ir-Nr = Far-Rr — Tr - Tre — Frr-Rr (7)
Fr = /2 {P(8) - P.}-AE-u
Yrp = - atan( ABA/ 4-R,2-3F )
N
Freg 4-2:7-8 “E-(Rre - RoZ)

Crop

155



2. %7 Nr.
Cra

TI'S =

(Rr?* - Re%)

Dynamics of Shaft

Referring to Fig.2, the motion of shaft is governed by Eq.8,2 and
Eq.10. The rotational speed of the shaft is nearly constant.

0 = Ms-E-02 -cos® — Wr-cos(9+08,) ~ Ws-cosfs (8)
0 = Ms-E-82-5in8 - Wr-sin(8+8r) - Ws-=in@s - Fss-cosé (9)
0 = Tw ~ Wr-E-sin®r — Tr — Ts — Tss — Fss-E (10)
Fez = _ELELI;Q_.E,REZ
Cer
K-
ros = ~2EEE(Res - i)

Dynamicg of Vape

To get the forces acting on the roller, it is necessary to koow
normal and tangential forces acting on the point B’ at Fig.3, and the
resulting equations are '

Pyo= - k-(X-Xo) - MR+ 4B (g + o)X+ DM Po - S el
- A-BB’-(P(8) — Ps) (11)
Fre = "y-Fv-%%l— (12)
X = R - E-cos@ -/ Rr? - E2.3in?@
BB = Rv-E-sin@

Rr + Ry

E - - in2
Vor = H.-«-[*E-B-cose-{\/lu(EE)a 8inz@ A (%)2 -—:“;9——}— Nr]
J1-E—)%sinz0
Rr

Contact Point A of Roller and Cylinder

We think it as a rolling contact with z2lip, and seolving Reynolds’
equation Eq.13 for one—-dimensional rolling contact gives Eq.14 and 15.
Detail procedure veaching Lo the results is shown in reference [1].

dF h - h
T: &- [/11 = (13)
Fa= (2 - —S—pc ) uonBgemy (14)
- 3-K L H. 2-Rcom . - - _g-... - _.8_ . .
Far = . n-H/ ho { ~Vre¢ ( 3 3 7-p*) -V } (15}
2
Pt = — -(P(8) - Pa)
V2 -Recom-ho 6-U-7
Hews = R Re
e T TRe + We

U= 2H9 - Vrc
Vre = E-8 - Hr-Ne

Journal Pearing

Therc are two journal becarings in rotary compressor, one 1is
roller and eccentric shaft and the other is bearing(sub and main) and
shaft. 1t is cosidered as one dimensional infinitely long journal
bearing with ipcompressible fluid. By solving Reynolds equationl?l,
eccentric ratio and attitute angle are discribed as Eq.17 and 18.
Petroff’s law is used te evaluate the frictiomal toerque.
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d . Py sy g.dh vy R 16
RrrASHl oy A AR S R EE (16)

dt

2-d@+e) _ | _a W siny (17)

a-dk 6-T.-&-b
2:de W ocosy (LeryE 2 E(L-€)T /{47557 1) - cosep o (18)
a-dt T 3-mM-b 3-x2-b2
W = X
7-a-R-H-(R/CJ2
a = (2 +g2)(1 - g2yt ‘
_ C 4 2-de
b = =i = T when o dt >0
c 2-de
e when ndr ¢ 0
_ - e Q-dt - 2-dy+g) 2 1 -+
¢ = (1 £2)¥-{( 2 TdE P 2 ¥
T =2y —O-BH (19)

c

Valve System

Valve system is modeled as simple onc degree of freedom(21, wWith
incompressible pozzle flow assumption, the mass flow flow rate through
valve is calculated from Eq.21.

£y, 23-wa =2 yzy - op(yy (20)
B0(0) = aer(0) /EE p0) p(0) ((EEF - (pray) F (21)
Leakage

Gas leakage through Lhe ¢learances as shown in Fig.4 iz upavoid-
able and it is important to know how the gas leaks. In this section,
Gas leakage model is tried to predict the Phenowena. An assumption
that refrigerant gas leaks as mixture of lubricating oil and refriger—
ant gas R-12 is considered to be resonable. Calculating oil flow rate
and the difference of solubility between high apd low pressure sides,
we can predict the gas leakage rate.

Refrigerant gas leakage through roller and cylinder wall is
driven from Reynolds® equation Eq.13, and reads as fellow.

o414 -H- 4- P*
PIIZH b . U + )

Mmre = Lrc-E(P(B),Ps) - 3 3

(22)

Gas leakage through roller sides and vane sides take place when
the lubricating oil flows as laminar flow.

Bros = LroR(Pa,Po) {2 G2y ReB o) (23)
Hroa = Lra-m(Pa,P(e))-—‘lig—f,%--(%—")a--—“ﬁz—f—;iil-(n—?(a))-z (24)
fivcs = Lve-f£(Pa,Ps)- ‘;’;f.fz G B'ﬁ”a -2) - (Pa-Ps) (25)
Boca = L.,c-ﬁ(pd,p(a))-—l‘c'—‘z’f—;l{-gfg—"i_-cr-d-—p(e)) (26)

On the contrary to the above equations, incompressible nozzle
flow model is used to evaluate the leakage between vane and bearings
because it is thought that there is mo enough 0il to fill the gap and
its width is relatively small when compared with the other parts.

Rvo = m-c,«b-x-Pcs)-\/i_'f -P(e)-p(e)-u;‘(’—g)-)*m (P—’(’—;—))*f‘} (27)
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EXPERIMENT

A prototype compressor with flanged case was made for experimen-
tal purpose. Various sizes of clearances can be obtained by replacing
parts which were machined precisely. Thirty iwe rollers, two shafts,
twelve vanes, five main-bearing and five sub-bearing are used in this
experiment. In assembling cylinder and main-bearing, we used electric
micrometer to control copcentricity within Zum, 1t was attached to
calorimetric test stand to measure refrigerating capacity and power
input at ASHRAE condition shown below:

Condensing Temperature 54.4 *C (130 °F)
Evaporating Temperature : -23.3 *C (~10 °F)
Return Gas Temperature 32.2 °C ( 90 °F)
Ambient Temperature ;32,2 *C ( 90 °F)
Sub-cooling Temperature : 32.2 °C ( 90 °F)

The case temperature of the compressor was set to be 80 °C by
forced cooling which may be usual case temperature when attached to
refrigerator. Alse several two phase induction motor were made to
drive the mechanical parts. 1t has sbout GB% of efficiency at nmormal
running comdition and designed for 220 volt and 60 Hz.

HESULTS AND DISCUSSTON

Fig.5,6,7.8,9 and Fig.l0 show the results. Mark o represents
experimental result and solid line represents predicted result.
values of input power, capacity and clearances in these figures are
nondimensionalized. The predicted capacity curves are obtained from
Eq.1l with coefficients Lre, Lra, Lvc and Les which are 0.22, 2.0, 2.0
and 0.95 respectively im Jeakage model equations.

From Fig.5, we know that refrigerating capacity and power input
decrease as the clearance Cre incrcases. The clearapces related to
the leakage througt roller apd cylinder wall, #rc, are Crec, Cre and
Csp. But the effect of Cre and Csp on capacity is relatively small
when compared with the effect of Cre. This cffect is due to the
ececentric ratios of the journal bearings, which vary according to the
size of clearances and jnfluepce the film thickpness between roller and
cylinder wall.

fhe coefficienl Lre¢ is a kxind of time constant and can be thought
to be m portion im which refrigerant gas R-12 dissolves into and
separates from lubricating oil. The rotating speed of the shaft is =so
fast that there is no enough time for gas to fully dissoclve into and
separate from the lubricating oil. Phis coefficient is thought to be
function of rotational speed of the shaft and 0.22 in this prototype.

Leakage through clcarance Crp and Cyc acts as the most important
role in compressor performance. Gas leaks from compressor case
chamber to cylinder veulme. The leakage to szuction side reduces
refrigerating capacity, and Lhe leakage to discharge zide increa=es
input power. TE is supposed Lhat the 0il im the chamber contains much
farmy refrigerant gas because moving parts such as vane and eccentric
shaft whirl the oil. Seo when the oil flows through this clearances,
the refrigerant gas R-12 lcaks mot only in a state of solution but
also in foam mixed with oil. Taking into account of this phenomena,
we set the coefficicnt Lra and Lvc as two. this podel is in goeod
agreement with experimental result.

For the leakage hvs through clearance, Crvo, between vane and
bearings, nozzle flow model with nozzle coefficient of 0.95 gives 2
good result. This c¢learance also has an effect on the leackage Mcvs,
which is included in fiq.25.
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FREE BODY OF ROLLER FREE BODY OF SHAFT

Fig.l ¥Free body diagram of Roller Fig.2 Free body diagram of shaft
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