1 Specification of the patent of invention for: "A Pl STON AND CYLI NDER
ASSEMBLY W TH A VARI ABLE DI AVETRAL CLEARANCE, AND A CYLINDER FOR USE IN A
Pl STON- AND- CYLI NDER ASSEMBLY W TH A VARI ABLE DI AVETRAL CLEARANCE". 5 This
application clains priority of brazilin patent case No. P10503019-6 filed
on July 22, 2005 which is hereby incofporated by reference. The present

I nvention relates to a piston-and-cylinder assenbly, as well as to a
conpression cylinder, particularly applicable to alternating conpressors
used in cooling systens that nay include, for instance, 10 refrigerators,
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Description of the prior art on the basis of figures

As known from the prior art and as can be seen in figure 1, in
15 alternating piston compressors 1 used in cooling, the compression of the
cooling gas is achieved through the alternating movement of a piston 10
within a cylinder 11 (which configures a compression chamber C of varying
size) between minimum and maximum displacement limits provided by the
driving mechanism, respectively called lower dead point and upper dead
20 point. The compression chamber is open at one of its ends and closed at the
other by said valve plate 5. In order for the movement of the piston 10 to take
place in a proper manner, there has to be a difference between the diameters
of piston and compression chamber. In the compressors 1 known at present,
the piston diameter and compression-chamber diameter are kept constant,

25 characterizing a constant or constantly variable diametral clearance F.

During the functioning of the compressor, the clearance existing
between the piston and the compression remains filled with lubrication oil, so
as to provide a bearing support to the piston 10, thus preventing it from
coming into contact with the compression-chamber walls, which would result

30 in wear of the piston 10 and/or of the compression chamber. This is due to a
dissipation of mechanical energy to overcome the viscous friction provided by oil
and by the relative movement of the piston with respect to the compression



30 in wear of the piston 10 and/or of the conpression chanber. This is due
to a dissipation of nmechanical energy to overcone the viscous friction
provided by oil and by the relative novenent of the piston with respect to
the conpression 2 chanber. When the piston 10 noves fro the | ower dead
point to the upper dead point, the ga& existing inside the conpression
chanber is conpressed, which increases its pressure with respect to the
pressure of the gas existing 5 in the conpressor housing. This creates a
pressure differential that tends to expel into the housing a portion of the
gas to be chamhefssed, which then |eaks through the dianetral clearance F.
Thi s phenonenon chgyﬁ |ze a vol uneﬁ Ioss t he cooling
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piston 10’through the clearance existing between the piston and the compression
chamber are strongly influenced by the value of this clearance, so that the
lower its value the greater the dissipation of mechanical energy and the
15 smaller the leakage of gas. On the other hand, the higher its value, the lower
the dissipation of mechanical energy and the larger the leakage of gas. For
this reason, high-efficiency compressors seek to reach a clearance value
considered to be optimum, at which the leakage of gas and the dissipation of
mechanical energy are such that the energetic efficiency of the compressor
20  will be maximized.

In addition to the diametral clearance F between the piston and
the compression chamber, the following factors have an influence on the
dissipation of mechanical energy and leakage of gas:

i)  diameter of the piston 10,

25 i)  length of the compression chamber and of the piston 10,

i) distance traveled by the piston 10,

iv) rotation velocity of the driving shaft,

v) geometry of the driving mechanism,

vi) type of cooling gas used,

30 vii) fype of lubricating oil, and

viii) conditions of functioning of the compressor (pressures and

temperatures).



iv) rotation velocity of the driving shaft, v) geonetry of the driving
mechani sm vi) type of cooling gas used, 30 vii) type of lubricating oil,
and viii) conditions of functioning of the conpressor (pressures and
tenperatures). 3 A conpressor has a nonent when the volunetric loss is

maxi mrum This can be observed in figurde 2, which shows the position of the
pi ston novi ng between the | ower dead point (LDP) and the upper dead point
(UDP). 5 As can be seen, between the displacenment fromthe | ower dead point
to the and the upper dead point the volunetric loss is negligible between
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increases significantly, and so one should take the necessary measures to
prevent this low efficiency at this stretch of the piston 10.
One of the forms known from the prior art for overcoming this
15 problems is described in document DE 236148, which describes the use of a
piston-and-cylinder assembly having a variable diametral clearance.
According to the teachings of this document, one foresees a cylinder that has
half the stroke of a piston that has a constant diametral clearance and the
other half having a diametral clearance that decreases constantly down to
20 the LDP. In spite of improving the problem of leakage of gas in the leakage
region LeaR, it is necessary that the upper portion of the piston should be
specially configured, so that, close to the upper dead point UDP, the
diametral clearance does not decrease excessively, which would result in a
high friction and the consequent loss of efficiency of the compressor as well
25 as fatigue of the piston. In this way, in spite of the fact that the solution de-
scribed in this document reduces the loss of gas in the leakage region LR, it
becomes necessary for the piston to be manufactured with differentiated
characteristics, which raises the production costs of the piston-and-cylinder
assembly.
30 Another prior-art solution is known from document WO 94/24436.
According to the teachings of this document, one foresees a cylinder profile

that is configured as a truncated cone, wherein the cylinder diameter at the



high friction and the consequent | oss of efficiency of the conpressor as
well 25 as fatigue of the piston. In this way, in spite of the fact that the
solution de- scribed in this docunent reduces the loss of gas in the | eakage
region LR, it becones necessary for the piston to be manufactured with
differentiated characteristics, whicttraises the production costs of the

pi ston-and-cylinder assenbly. 30 Another prior-art solution is known from
docurment WD 94/ 24436. According to the teachings of this docunent, one
foresees a cylinder profile that is configured as a truncated cone, wherein
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not meet the meet the interest of having a erduced loss of gas in the leakage

15  region LR.

Summary and objectives of the invention

In order to solve the problems of volumetric loss (or loss of
cooling capacity) of the compressor (or of similar device), according to the
present invention one foresees configuring the cylinder of the compression

20 chamber in such a way that the friction will be as low as possible in the phase
where the gas being compressed still does not exert a significant force onto
the piston top and will only have a significant effect during the phase in which
the gas to be compressed exerts a greater force onto the piston, a moment
when the volumetric loss impairs the efficiency of the compressor.

25 Thus, the present invention is based on the fact that the leakage
of gas through the clearance existing between the piston and the
compression chamber is a function of the difference in pressures of the gas
inside the compression chamber and the housing (not shown). Since the
great increase in pressure inside the compression chamber takes place only

30 when the piston is quite close to the upper dead point, the leakage of gas
occurs only at the final instants of compression. Thus, one concludes that the

diametral clearance existing between the piston and the compression



where the gas being conpressed still does not exert a significant force onto
the piston top and will only have a significant effect during the phase in
which the gas to be conpressed exerts a greater force onto the piston, a
nonent when the volunetric loss inpairs the efficiency of the conpressor.
25 Thus, the present invention is baséd on the fact that the | eakage of gas
t hrough the cl earance existing between the piston and the conpression
chanber is a function of the difference in pressures of the gas inside the
conpressi on chanber and the housing (not shown). Since the great increase
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clearance separating a slide surface of the piston and a cylinder-guide

15 surface, the guide surface of the cylinder being configured so that the
diametral clearance will be variable along the displacement of the piston from
the lower dead point to the upper dead point. Said objectives are also
achieved by the fact that the variation of the diametral clearance along the
displacement of the piston is not linear; the cylinder slide surface, in one of

20 the embodiments, having a first displacement stretch in cylindrical profile and
a second displacement stretch in truncated-cone profile, the first displace-
ment stretch being positioned close to the upper dead point; and, in another
embodiment, the cylinder having a first displacement stretch in truncated-
cone profile and a second displacement stretch in truncated-cone profile, the

25 first displacement stretch being positioned closer to the upper dead point, the
cylinder diameter at the upper dead point being smaller than the cylinder di-
ameter at the lower dead point, and the relation of the cylinder diameter to-
wards the side of the upper dead point and the cylinder diameter towards the
lower dead point in the first displacement stretch being different from the rela-

30 tion of the cylinder diameter towards the side of the upper dead point and the
cylinder diameter towards the side of the lower dead point in the second dis-
placement stretch.



achieved by the fact that the variation of the dianetral clearance along the
di spl acenent of the piston is not linear; the cylinder slide surface, in one
of 20 the enbodi nents, having a first displacenent stretch in cylindrical
profile and a second displacenent stretch in truncated-cone profile, the
first displace- nment stretch being poSitioned close to the upper dead point;
and, in another enbodinent, the cylinder having a first displacenent
stretch in truncated- cone profile and a second displ acenent stretch in
truncat ed-cone profile, the 25 first displacenent stretch being positioned
closer to the uppeFUdb%l theiabjectivee ofdbeuma%entdnmfﬂmaﬁﬁ aelmevecb@e;r dead

poi nt bein (Z he cyl i nd rdi He(t’er at t ﬁle d point,

and the r %fcy"llu er{grlur?&e?n & %?QP g0 %va?%?sen? Ia%céf e upper
dead poi nhaemg at BRofite/ Withd8 varthBIEEdiS et VERE Srrialer cio@lé’% tﬂé%i’mdpé’ﬂ #e in the
first displacénent stretch being different fromthe rela 30 tion of the

cyl i nder dirakesttbe \aaoraaou:ofttheedsamﬁieobemgmthmard%d qytinder may have cyl i nder

di t t f th ., POI t h d dis-
ol acerion: acliRbBRIacEmar atikee) 1t RAMSEIcaLBraTiEs 20 2 RECPRESAHATaMEN | on ar e
achi eved GyoRaf (Hinchisd bbAgrofiR] Hrs%tlﬂ“apfu%i Wisphfént NdcR SReD | es.

the cylinder having a pro e Wth a variable di a ter and smaller close to
t he end otrunbaededamkprofltmanda setcorahdisplackmeni atretelr inrbtruncatedrconenear. The

cylinder may, haye first dis Iacerrent stretch in cylindrical profile and
=Y second IR Abeandle o the serons JSRRRENEH. Sirieh Heing peen: ten e o 1 r o

di spl acenﬁﬂéles&frtﬁ%?lgbt'd'b e’“%*ﬁ%@ff“&mne profile and a second di spl acenent

stretch in Yrunca t'he angle of the second di spl acenent

stret¢h bei ng openWithimathed hposalm'ﬁlu@ obf t havifig r ¢his didiarhetralmevdriationet ch. 10
Wthin the possibilities of hay this dianetral variation proportional to
t he for cePignostipnaldogthe i%cebéN @ gasdtocke qompressed iexerts; ententheone may

o esee R G . ledherd Ayl LA SE RS LR e 00
cyl i ndri ceduringthielphase ih high Begasiexdrislowen predsiire onts ted pistor) @ntihe i ni num
a cylindrical profile in the phase in which the piston is close to the minimum
15 at the upper dead point, thus preventing volumetric loss; a combination of
two conical profiles, the cone closest to the upper dead point having a more
closed angulation, so as to decrease the diametral clearance and thus
prevent volumetric loss; or a solution in which the cylinder profile is non-linear
and configured so as to decrease the diametral clearance in a manner
20 inversely proportional to the pressure exerted by the gas onto the piston.
Brief description of the drawings

The present invention will now be described in greater detail with
reference to an embodiment represented in the drawings. The figures show:

- Figure 1 is a schematized view of a compression chamber of

25 an alternative compressor built according to the teachings of the prior ar;

- Figure 2 is a graph showing the relation between the position
of the piston and leakage of gas through the clearance existing between the
piston and the compression chamber in a function of the crank angle;

- Figure 3 is a schematized view of the compression chamber

30 shaped as two truncated cones according to the teachings of the present in-
vention;

- Figure 4 is a schematized compression chamber having a cy-



15 at the upper dead point, thus preventing volunetric |loss; a conbination
of two conical profiles, the cone closest to the upper dead point having a
nore closed angulation, so as to decrease the dianmetral clearance and thus
prevent volumetric loss; or a solution in which the cylinder profile is
non-linear and configured so as to décrease the diametral clearance in a
manner 20 inversely proportional to the pressure exerted by the gas onto the
pi ston. Brief description of the drawi ngs The present invention will now be
described in greater detail with reference to an enbodi nent represented in
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cylinder guide surface 12 (inner surface of the cylinder 11).
In order to achieve the objectives of the present invention, the
slide surface 9 of the cylinder 11 is configured such that the diametral
15 clearance F will vary along the displacement of the piston 10 between the
upper dead point UDP and the lower dead point LDP, and this variation may
be either liner or non-linear.
One of the embodiments of the present invention can be
observed in figure 4, which aims at approximating the diametral clearance F
20 to the behavior of the volumetric loss illustrated in figure 2. According to this
embodiment, the compression chamber will be configured in such a manner
that the slide surface 9 of the cylinder 10 will have a first displacement stretch
LR in cylindrical profile and a second displacement stretch LC in truncated-
cone profile, the fist displacement stretch LR being positioned close to the
25 upper dead point UDP. As can be seen in figure 4, the diameter of the
truncated-cone profile is minimum close to the upper dead point UDP, and
more specifically at the beginning of the displacement stretch LR in
cylindrical profile, and is maximum at the lower dead point LDP.
Thus, there will be a region close to the upper dead point UDP in
30 which the diametral clearance F existing between the piston and the
compression chamber will be minimum and constant, and a region in which

the clearance will be variable in each position of the piston 10, being



cylinder guide surface 12 (inner surface of the cylinder 11). In order to
achi eve the objectives of the present invention, the slide surface 9 of the
cylinder 11 is configured such that the dianetral 15 clearance F will vary
al ong the displacenment of the piston 10 between the upper dead point UDP and
the | ower dead point LDP, and this varf ation may be either liner or
non-1linear. One of the enbodi nents of the present invention can be observed
in figure 4, which ains at approximating the dianetral clearance F 20 to

t he behavior of the volunetric loss illustrated in figure 2. According to
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different from the relation between the diameter of the cylinder 11 at the
upper dead point UDP and at the lower dead point LDP in the second

15 displacement stretch LC.

In other words, the relation between the cylinder diameter at the
upper dead point UPD and towards the side of the lower dead point LDP in
the first displacement stretch LR is higher than the relation between the
cylinder 11 diameter towards the side of the of the upper dead point UDP and

20 at the lower dead point LDP in the second displacement stretch LC.

The version in which the profile of the cylinder 11 is non-linear
and is configured so as to decrease the diametral clearance in a manner
inversely proportional to the pressure exerted by the gas onto the piston is
not illustrated in the figures, but should have a slide surface adjusted

25 according to the behavior of the gas pressure/gas leakage, as illustrated in
figure 2. One should make the necessary adaptations for each particular
solution of a piston-and-cylinder assembly on which the teachings of the
present invention are to be applied.

In all the embodiments described, it is possible to achieve the

30 objectives of the present invention, that is to say, to provide a minimum
displacement resistance and, at the same time, prevent leakage of

compressed gas, with a diametral clearance adjusted so as to accompany



of the truncated cone in the second displacement stretch LCis nore open 10
than the angle in the first displacenent stretch LR which results in that
the relation between the dianmeter of the cylinder 11 at the upper dead
point UDP and at the | ower dead point LDP in the first displacenent stretch
LRis different fromthe relation beffween the di ameter of the cylinder 11
at the upper dead point UDP and at the | ower dead point LDP in the second
15 di spl acenent stretch LC. In other words, the relation between the

cylinder dianeter at the upper dead point UPD and towards the side of the
| oner deadh®Eehavippef the gaswithin the epraplessionschanberce cthusrovescomiiger t han

the rel ati ppder 11 dianeter towards the side of the of
t he upperkﬁgggﬁggfng(%Eﬁﬁgﬁé}bgo at the | ower dead point LDP in the second
di spl acenent str et Phefeffed Thenbatigieats iHavinyg dednhalegeribed e ole tsheully! i nder 11

is non-linear and is configured so as to decrease the dianetral clearance
i n a mann&indersiang thatythgrssepetafdhalpresentiaventionsembragesr etbgr pessile gas ont o

t he pigton_j.s,..not, i. . i e fiaures t_s v l'i de

surf ace. adpliever zeing RN, 8Py By HIF sohfERr ope a3 fikeny R Bigtus gas

| eakage, @hi¢H In¢fidethepdsBiblé efuivBleats. One shoul d meke the necessary

adapt ations for each particular solution of a piston-and-cylinder assenbly
on which the teachings of the present invention are to be applied. In al

t he enmbodi nents described, it is possible to achieve the 30 objectives of
the present invention, that is to say, to provide a m nimum displacenent
resi stance and, at the sane tinme, prevent |eakage of conpressed gas, with a
di anetral clearance adjusted so as to acconpany 9 the behavior of the gas
wi thin the conpression chanber C, thus overcom ng the drawbacks of the
prior art. Preferred enbodi nents having been described, one should
understand that the scope of the present invention enbraces other possible
5 variations, being limted only by the contents of the acconpanying clains,



whi ch include the possible equivalents. 10 CLAIMS 1. A piston-and-cylinder
assenbly, the piston (10) being displaceably positioned inside the cylinder
(11), the cylinder (11) having a conprg@ssi on chanber (C), the piston (10)
novi ng between an upper dead point (UDP) and a | ower dead point (LDP), a
di anetral clearance (F) separating Lm'm"s)n (10) slide surface (9) and a
cyl inder (11) guide surface (12), the cyltnder (11) guide surface (12) is

configured so that theA gistoniana-cylinder aassenitdly, \hé | pigtorv Ar1opbbeing! ong t he
di spl acenent, of the piston (1Q) the assenbl ei ng characterized in that
the di amet réisplareablypositioppdinside thesylimder 6l he 1 ower dead point (LDP) to

t he upper dead poi ntthéLé?ﬁ%qerrz(?g%h%w%tc&nﬁrle%@h%%rmgéj(b slide surface (9)

has a first displacengnt s posi ose t0” the upper dead

point (UDP) and a seherpistdhs@loaanswng tsétweenhar upper tdead p@iﬂDEQD@i)Sp' acenent
stretch having a truncated-cone profile, the truncated-cone dianeter being
| arger and ¥NbadowerdeatbpeighdDRkad point (LDP) than the dianeter closer to

claim b char act er (BAANIAA RisdteRs I SePRre A B ERDRMRE ABEER (LR has
a cylindri@phngrzodylinger @1.1)@@§§@fa@n@2?,yl I nder assenbly according to claim

| or 2, characterized in that the dianmetral clearance (F) in the first
di spl acenment st r et dhe (ayitpdem (| guide isusfacer(dR) isecorfigirad morthat .the

Phat the. o Smelar sieABST (il e wamieb: Bidfscthe disteontnent AEdB8 o the
upper dead Fpgt'bﬁt(m}JDP) and maxi num at the | ower dead point
the assembly being characterized in that

the diametral clearance (F) is variable from the lower dead
point (LDP) to the upper dead point (UDP), and in that the cylinder (11)
slide surface (9) has a first displacement stretch (LR) positioned close to
the upper dead point (UDP) and a second displacement stretch (LC), the
second displacement stretch having a truncated-cone profile, the
truncated-cone diameter being larger and closer to the lower dead point
(LDP) than the diameter closer to the upper dead point (UDP).

2. A piston-and-cylinder assembly according to claim 1,
characterized in that the the first displacement stretch (LR) has a
cylindrical profile.

3. A piston-and-cylinder assembly according to claim 1 or 2,
characterized in that the diametral clearance (F) in the first displacement
stretch (LR) in cylindrical profile is minimum.

4. A piston-and-cylinder assembly according to claim 1, 2 or 3,
characterized in that the diameter of the truncated-cone profile is minimum
close to the upper dead point (UDP) and maximum at the lower dead point
(LDP).

5. A piston-and-cylinder assembly according to claim 1,
characterized in that the cylinder (11) has a first displacement stretch (LR)
in truncated-cone profile and a second displacement stretch ( LC) in
truncated-cone profile, the first displacement stretch (LR) being positioned

closer to the upper dead point (UDP),



(LDP). 5. A piston-and-cylinder assenbly according to claiml,

characterized in that the cylinder (11) has a first displacenent stretch
(LR) in truncated-cone profile and aq1$econd di spl acenent stretch ( LC) in
truncated-cone profile, the first displacenment stretch (LR) bei ng positioned

cl oser to the upper . { nder (11)
at the upper dead péﬁ?ggﬁ)ﬂégjafoel ng}'\Pdéllgﬂ?E Wérgd 6HF$)®?}1e cylinder
(11) at théeimrargetehanthediametdpRf tharglitder (ﬂ&) at thmldwﬁrvmu pbiat cyl i nder
(11) dianeter of the side of the upper dead point (UDP) and the cylinder

di aneter aflPRb andie of the |ower dead point (LDP) in the first

di spl acenent stretc i i en the

cylinder (11) di ame#hé Irﬁ%“'&hg%g?l%é“ f“iee ?'ﬁdéréqﬁh%%t%ﬁﬁﬁg%&&and t he
cylinder ditegeipper deatinsoint (:t@Dp; ahtiethel eplinded dRengter 2t thé B)e bh thidie second
di spl acenent stretch (LO). pi st on-and-cyl i nder assenbly according to

claims5, dowencead peint ﬂ-Qlﬁhﬂntm fiestadisplaceBiant esireted i g of the

bver - dead B PoEES elatBn dFbed i MR (LHTerRlt.of Fedidt of | oy gc

than the reghatippar dbaavwnt (@BP?'aﬂaﬁthércyﬁﬁdéhalatiﬂétbf‘@?'thé ide 8f thde side of

t he upper dead point he si de "of | ower dead point (LDP) in the
second di MMI%IMpOIst flelblehm(the:)secand Alqpﬂanemerﬁrsdre(cqh (leder assenbly

according to claim characteri zed in he dia | clearance (F) is
proportional to the%f o c BIStoRARA-GY ﬁ'édedasasts‘snw c gg' 30 il t’ﬂegcorrpr essi on

chamber ( Cohgigitérized®it that IRe REREBA Hebieen the diameter of the cylinder at

the side of the upper dead point (UDP) and the side of the lower dead

point (LDP) in the first displacement stretch (LR) is larger than the relation

between the diameter of the cylinder (11) at the side of the upper dead

point (UDP) at the side of the lower dead point (LDP) in the second
displacement stretch (LC).

7. A piston-and-cylinder assembly according to claim 1,

characterized in that the diametral clearance (F) is proportional to the force

which the gas to be compressed in the compression chamber (C) exerts

onto the piston (10).



