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The developed optimization methods for the geometric parametcers
of Sae piston rings enables a theorebtical determination of g slicing
prolils for a proper friction behaviour and for a minimum viston
I‘l:‘l i Vear.

‘he optimizetion of design parameters of Lhe piston sesling sn-
ables either an efficiency increase of 25=30% or a reduction of the
aumber of sealing elements,

2ae piston ring of a recivrocating compressor which usually

consists of to or three piston rings and one oil scraper ring is
one of the main limitations for the compressor's durabilicy. -or ghe
optinizetion of +the Feometric parameters of vhis piston sealins ang
ics clements a complex theoretical ang experimenval investizacion

of tne working conditions of a piston ring in a refrigerant compres—
S0r vas carried out in a wide range of design characteristics ang
operation modss, Mhe principles of bydrodynamic lubrication thecry
have been aspliec for the theoretical analysis of the uemencéence of
the oil film thickness on the compressor's operation mode and on She

nzle of rovation, reswectively.

«ywrodynanic process of lubricaving the friction couple »isvon
& =~ =ylinder being analyzed preliminary has showm that a bilave-
ral skewing of “the sliding surface of the plston ring is nscessany
r the formasion of vhe 0il wedze in integration during che uove
of the piston at one rﬂvolutlon of the compressor's shaft. The sar-
rying capacity of She oil layer in invegration is Letermined by btne

seomevrical paremeters of such a bilateral conical skewing tozathsr
Wwicihi the $lidine charasceristics 0f the working process in the son-
pressor's cylinder: this brin-s 35 us to the izez of moa ielling and
oniimization.

Zor modslling, ble oparaticn of a Tiston ring i:s =liling sur-
~2cs .25 lescribes nashematically with a wice variation of iss zo-

s8ranessrs, e peranelic 3liding profile .as Tresuzoose:l Zor

invesvigations because ig offers the bags

L 25y
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semgaclic orofile of sae niston rint ninaligned

LT0n the .1) ¢ifers opporvunivies Ior ilscuselng the jeo-
surzace on She lubrication conditions in Ttihe
1nssyration niston ring = cylinder. For such a wrofile cie eguasicn
she oil laver's vhiclkness between vhe cylinder anc the pleston

T
ring acqouires the form of:

H:/Haa/—g-/a D)

where H=- the oil laysr's thickness at the distance of B from che S0P
0f bhe marabolic »rofile of The piston rinz's 3liding surface, m;
¥ _ tloabing cisvance of the gap's cross—section along the height of
sas ring from che top of the profile,m; @ - the width of ths lower

vart of tne pisvon ring's drofile, m.

seynol.s' equavion for computing hydraulic pressure's force in
she oil layer being used we hold The lubricant's viscosity vo be con-
czant alonz vhe perimever of the piston ring but the viscosity chan-
zes in dependence on temperature along che cylinder's element. .e
also hold that the system is symmetric in the direction of rotation,
i.e. the problem is solved as being one=dimensional,

cow we sre solving Reynolds' equabion under the assunptions
afe. lhen we find the mecdian of the hydrodynamic pressureé% for Two
~ases: when the piston moves from the lower dead centre to the upper

B = Z‘i/‘f,adz +pa 2

and when the piston goes fpom the upper dead centre towards the low=

er _ead cenvre: a
1
p - Z—Cfpdz ~pé (3)

whagre Z. - she piszton ring's heighv,m; /9 ~ the oil pressure in The
uelze S2D% é - The width of the upper part of the piston ring's
pﬁozile,m;lq“%— sas pressurs above and under the piston rinz,ra. ‘he
~inimal thickness becwesn the oil layer betwesn %he pisvon ring and
zrlinler h of tine rotation angle of the compressor's shafttd is be=
ins establisie. as a result of mathemetical transformations of eiua-
sione and solution of Reynolds' equation. .hen vhe piston moves ITom

jead centre

cne lower dsad centre towards the upper -cal Cenvrs
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E - ﬁlasticity module of the piston ring; fq/; = racdial vhickness
and the radius of the niston ringzju - factor of the dynamic visko-
sity of 0il; 1/ - the velocity of the piston.

fhe valuzz of the stesm DPressure apove the piston ring f% and
dneer is FL 1s used as the boundary conditions for <etermining the
tressure in the lubricant layer.between the piston ring and tke oy~
linder. A special vheorstical investigation has been carried out
alminz at establishing the mode of bressure disvribution in the Tis-
on z2aling of the refris Zerant compressor. [he belance of masses,
she cguation of gas energy, the ecuation of the ideal gacs state, anc
also the eguacions for wevernining the instantaneous exnen’iture of
;a8 through a slit have besn uses as initial equations ior this in-
vssuigasion.

-he »iston sealini of a rsfrigerant compressor consisss of one
ST zoze ssealing elemenws, and neighbouring niston rinzs form boundi-
iriss Zor chambers in bebuesn them. wodelling the piston sealin~
v-2ravion we comsilered at firsk only one sealing element, The SOT .-
“ng ¢rele of gthe COLLIresE0r was Lescribecd by a schemazic indicasor
~lz.ran, Dae statve of the tas between neighbouring piston rinzs and
She current sas flow Shrough the biston ring 58n was Cescridbel na-
Themavically b7 a seb of diffsrential ecustions.
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M - instantaneous expenditure of steeam throuxh “he sap in she lock
0f 5he sesling rings c& - rotation sngle of the shaft; k - adiabavic
SXDonent; 7'— sheam temperature;co - angular velocity of the shals;
f7— wregsure of steamﬂévolume of the chamber between the rin;siﬁhp—
crucial relation betwsen btne pressures; j% aﬂd.jg - area of the zans’
sections in the locks of the first and the second sealing rings re-
cuectively; T - sxpenditure factor; R - gas constant; ¢ - sue face

el

- s - o -
or .everaininz the egvenditure av 5T .-sﬁ‘.
b Prre 74

.or each of the possible cases Thers 1ls presenvern a sysbem of
Jirvfereavial equations iescribing the state of steam in the champar
bebveen The rings which is analogous to the system of eguations
0 esgablish the dependence of changes in the -thermodynamic parame-
ars of susam 1n She sealing element between the rings on the rova-
tion anszle of the shaft per one revolutiom it is necessary to solve

<l

cten of Jifferential ecuations one by one which deseribes szch
csase of the element operavion dependins on the stage of the working
ccss in the compressor ¢ylinder. I the piston sealing consists
taree or more pilstoa rings two or more comblned sets of Jifferen-
al equasions nave to be establisned for each space beTwesn Thz
se2ling elements. Zy the application of aizfily efficient compuvsr
wo.els is is possikle ©o analyze the piston sealing operation in &
wize range of working condivions of refrigerans compressors. lhe lia=
thamatical moisl was used ho lovestigate COwprecssors with eylincex

n
wii
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al.ing et aaking the resalts of theorevical investigations =ore
stecific, :l1l che computations according vo bthe suzgesved formulas
2l Jheir eiperimental checking nave besn conz Tor a Jompressor itie
oul ssaling, che cylinder liameter being J7.5 am vhile vorltiaz vith
i dz2 refrizerant. In this compressor the ring sealin; is set up

22 rings: tvo compression and one oil scraver., ‘e Jisrerar.s:

ths sz2aling capacity of the oil Scraper ring and thercfore we cone
siisred The nressure above vhe UDDEr compression ring to be equal so
che »ressure in the cylinder. Je also comsider the Dressure unéer
The lower compression ring to be equal to tne Pressure in the cranlt-
tase. .2 also assume chav the chambers in the eylindsr anJ vhose of
The crankecase ars connected wivh the space betwesn the rings only oy
=27s in the locks of +he rings. The changes in the thickness of the
0il layer for one revolution of vhe compressor shaft were comnuteal
accoriing so specially worked out DPYOZTans.

be2 Bhovs Ghe comvube’ relavions as o the minimal thiclnesz
0L tThe oil layar hﬁa Irom vhe geometrical parameter of the stesoness
of ¢k iston ring profile a,/a?. At sach fixsd relation of ths sE0-
mevtrical parameters of the ring Lﬂ&'the value afﬁﬁ is af the mexinum
20 0,f¢= (1=0.3) 107, Tig.2 shows Shat the relationship  also de-
vermines to a large degree the mode of friction in the interrasion
Tiston ring - cylinaer. fhe comrutations have chovn that the narabo-
lic 51iding profile of the piston ring with the axial line skewve:
as %o She median with Lﬁl: o4 1s to be considered optimal, Dhis
wrofile -~rovides for the sufficient thickness of the oil layer in
Yhe intesration ring - c¢ylinder, the viston Ting possessing She oil
S2rEner capacity, that favours the operation of the compressor aps

]

The refrigeration machine as a whole. ‘

-2z uodelling of the single scaling element® Operation nale iv
nossible to establish the wependence of the relative pressure in the
£nace betwesn the rinzs and the relative mass sxmenditure of refri-
zerznt Shrouzn the gap in the lock in the lower Diston ring uvon che

rovavion anslc of Tne shalt, she freguency of the shafi revoluagion

s

an. sle .igvance betu.sen She ssaling rinss (Yig.3). Jhis iovesvi a-

Sion siowsl that it is rossible co rstuce shes nusber Of zisvon rinus

Tron four So Tiares and fwmom “hree <o ruo, Tesrectively by an orGi-
€

wdisusion ol bthe yisson gealing and she iistance b

T.eE0 Jhe sca
clzmenis, without &Ny aecrease in the volumeurie ant 1

lsentrozic eflfi-

ciency oif the compressor.
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L lZ.—=3 shows waz iniluence oi Ghe lisvanss bLzvvacn dhe sealing
sinos on she eiiiciency of sns sealing operasion av difisrant Ire

Q
eéncy oF Gthe comorassor saart revelution. Jhus, vne opsluizavion of

LT

she Jistancss vewvesn viae separaté rinzs is a consi.crable rescrve

“or raisini gae efficiency of the viston sealing operation.

_he Geveloped onvimization amebhods for chs peometric parangsers
of vhe piston rings enables & theoretical determination of a gliding
—roiile ror a nproper friction behaviour and for a minlmum piston
ring wear. Llhe gliding surface should be designed as a parabola with
:gs axis 20=-25, below the widdle of the piston height To ensure ny--
rodynamic lubrication between the ring and the eylinder wall. zxipe-
rivzental investisations at a refrigerant compressor with standara
and with new usesigned piston rings showed significant advanteges for
the piston rings with the recommended profile. The wear should vbe
recuced by a factor of 2=2.5.

Jhe optimization of iesign parameters of the piston g2aling en=-
stles eibher an efficiency increase of 25-3(% cr a reduction of chu
number of sealing elements. Decause of a considerable influence of
leazare av the piston ring clearance on the efficiency of the piston
cealinc the piston ring design should be fitted well to the consii-
gred svplication which is especially important for R22 compressors
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Tig.1 Profile of the piston ring's
zliding surface
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Computed dependence of “he relative minimal
oil layer h/a on the geometrie parageter of
the working profile's steepness no/Q°

of the piston ring at different values of the
relation of geomefric barameters of the opro-
filelL/a. -

Angle of the shaft rotation

Fig.3

+he dependence of the relative bressure in
the between—therings cavityg/% and in the
cylinder of the compressor Pu/Po _ om %the ro-
vation angle of the shaft « at different
frequence of the rotation of the shafs n :

Py, :Pi,gg ~the pressure of steam in the cylie
nder,in the between—the—rings cavity and in
the compressor's crankease,
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Tig.4 The dependence of the relative mass ex-

penditure Mz/M through the gap of the
lower sealing ring on the rotation angle
of the shaft « .

a -at different values of the frequence of
the rotation of the shaftng

b -at different values of the difference bet-
ween the sealing rings L; M = the mass
of the steam in the between-vhe-rings ca-
vity under the conditions of suction.
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Figs5 The dependence of the value of steam
leakages , through the piston packing
of the compressor without sealings,the
packing consisting of two rings,on the
distance between fhe piston rings I at
different rotation frequence of the
shaft n, compression ratio & = 6.4
and the .operation of the COmpressor
using R 22 refrigerant.
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