2136511 1 MJUFFLER SYSTEM FOR REFRI GERATI ON COMPRESSOR Thi s i nvention
'FES“g%nerally to hermetic refrig- eration conpressors of the type used
dtﬁsusehold applii ances, and nore particularly to suction and discharge
rruffler /sys- tenms for single reciprocating piston conpressors. \I;\gltlssls)sil
refLigerators and freezers generally use relatively | ow horsepo
cogpressors I n'the range of 1/6 to 1/3 horsepower, and tend to run the
conpressor on a rela- tively long-duty cyche to obtain the necessary
cooling, so that under very . hlgh -anbi ent tenperature conditions, the duty
cycle may approach- 100 per cent.. One of the reasons for this approach IS
not only the low original cost of a relatively small conpressor, but also
because smal |l er conpressors tend to produce |ess noise, which is a very
i nportant factor w th househol d appliances of this type. Generally, the
conpres- sors are ofyyPPLER HYSTEN | FORCREFRIGERATIONACOMFRES SR OF
conpressor unit resiTrently nounted on Springs W inin the hernetrc. case,
and enploy a single cylinder with a recipro- cating piston therein, usually
driven by -a two-pole notor, so that the operating speeds tend to approach,
under relatively [ ow | oad running conditions, the maxi mum speed of 3600 rpm
wth a 60 Hz power supply. Likew se, for reasons of sinmpli- city of
construction and long life, these conpressors use reed-type suction and
descharge valves to control the flow of gases into and out of the cylinder,
and such val ves are oper- ated, of course, by the flow of the gas itself,
and therefore 2 open and cl ose quite abruptly. Because of the high speed
and the action of the valves, as well as the normal punping ac- tion, such
conpressors tend to nmake a conS|derabIe anount of
This invention relates generally to bermetic refrig-

eration compressors of the type used in household appliances,
and more particﬁlarly to suction and discharge muffler sys-
tems for single reciprocating piston compressors.

_ Household refrigerators and freezers generally use

-relatlvely low horsepower compressors in the range of 1/6 to
1/3 horsepower, and tend to: run the compressor on a’ rela-

. tively long-duty cycle to obtain the necessary cooling, so

" that under very high ambient temperature conditions, the duty
cyole may approach 100 per cent. One of the reasons for this
‘approach is not only the low or1g1nal cost of a relatively
small compressor, but also because smaller compressors tend
to produce less noise, which is a very important factor with
household appliances of this type. Generally, the compres-_
'SOrsﬁare of the hermeticaliy sealed'type-contaihing a motor

€

s B compressor un1t resillently mounted on springs within the
' hermetic case, and émploy a single cylinder with a recipro-
catlng piston therein, usually driven by -a two-pole motor, so
that the operating speeds tend to approéch, under relatively
low—loadlrunnipg conditions, the maximum speed of 3600 rpm
with a 60 Hz power supply. Likewise, for reasons of simpli-
.city of construction and long life, these compressors use
. reed-type suction and discharge valves to control the flow of
.gases into and out of the cylinder, and such valves are oper-~
ated, of course, by the flow of the cas itself, and 'therefore



Ri se as a result of the gas flow through them apart from other nechanical
Qoj ses. Thus, to. achieve the desired quiet- ness of operation, it has been
gcessary to supply suction and exhaust nmufflers to silence both the intake
*gf air frominside the casing into the cylinder and the flow of com
pressed gas out of the discharge valve to the di scharge line fromthe _
conpressor -casing. Because the intake pressure is relatively |ow, the‘\hd
suction val ves do not require as nuch dgnpeni ng action on the pul ses and
must al-l ow hi gher rates of flow, while the discharge val ves operate under
hi gh pressure but |ower volume of conpressed gas, so that the construction
of the suction and discharge nufflers tends to be quite dif- ferent. Wile
normal Iy such nmufflers are designed primarily with respect to their effect
“in quieting the conpressor while retaining | ow cost of nmanufacture, it has
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relatively low, the suction valves do not require as much
dampening action on the pulses and must{allow*higher rates of
flow, while the discharge valves operate under high pressure
but 1ower1volume of compressed gas, so that the construction
of the suction and éischarge muffle:s tends to be guite dif-
ferent. - . o £ . B |
While normally such mufflers are deéigned-primarily '

with respect to their effect in guieting the éompreSSOr while
‘"retaining low cost of manufacture, it has become increasingly

" important in recent yearS'to.increaSe the overall efficiency
of the compressor to thereby increase the overall efficiency
of the appliance-to-obtain:at least equal amounts of cooling 4_
u51ng less power to drive the conipressor. However, it is
recognized that w1th relat1vely small compressors of. the type: *
used in. refr1gerators and, freezers, the design parameters can."
become quite different from those employed to increase effi-
ciency in much larger compressors such as multiple piston
compressors used in large air'conditioning installations.
Increasing the overall efficiency ef_a refrigeration compres-
sor mest take place generally in one of three éreas: . first,
by increasing the: efficiency of the electric motor driving
'the'compressor; second, by decreasiné mechanical friction
losses in the moving parts; and third, by increasing the



the effici ency of the suction and di scharge vaI ves, the clearance volunme if {
t he, 'cyl i ider when the piston is at tgp dead center, and the tenperature of\
the | ow pressure return. refri gerant “gas -entering t he conpressor suction,
anot her area where substantial- i-ncreases in efficiency can be obtained is
|mthe ef VioJjumetr i efficiencyrofinthei comprgssent.f | dihikehdalupgtads . e.
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connecting sal er wth sald |rs muf f I er chanbe

restri ct e®onEgEREEian (P é‘s‘tﬂag'é“ E6LRES: i 75 waly asr thenpthes: Pélﬁ'é?ﬁ‘b@rf to
sai d secor;q,ernggn{!ﬁreéganber a| d second passage bei ng Ionger and of
smeter ' According to one aspect of the inventlon there is
} prov:l.ded a hermetic refrigerat:.on compressor compr1sing a case
hav:mg dlscharge and return lines secured thereto .a motor
compressor wnit mounted :ms:.de said case and :mcludmg a cyllnder'
housmg having a cyl:l.nder and a plston there:Ln, an electrlc motor
secured to said - cylinder housmg to dnvingly rec:.proca.te said
plston in said cylinder, y 8 cylinder head secured- to said cylinder
housing, said cylinder ‘head i.ncluding an inlet chamber and a
"discharge chamber suct:l.on muffler means connecting said inlet

% chamber - to said return line, d:.scharge muffler means connecti.ng.
said discharge chamber to said dlscharge line sald discharge
& miffler means includingj first and ‘second muffler chambers

connected 1n' ser:l.es,' sa1d chambers being substantially equal.
in volume and each chamber hav:Lng a volume oi-' at’ least threetimes '
the swept volume of sa:l.d pistoninsaidcylinder, a.nunrestr:l.cted '
'large d:Lameter first fluid passage connecting said d:.scharge
chamber uith said first muffler chamber 'a restricted second
fluid passage connect:.ng said. flrst mffler chamber to. sa:Ld second
muffler chamber, said second passage bemg longer and of smaller
cross-sectlonal area than said first passage to provide an
' mpedance to flow from said first muffler chamber to said second
muffler chamber, and a third fluid ‘passage from said second
- guffler: chamber to-said discharge line on said case. |



C b@s sectional:-area than said first passage to provide an inpedance to
fhNow/fremsaid first nuffler chanber to said second nmuffl'er chanber, and a .
(THird fluid passage from said second nmuffler chanber to said discharge |ine
on said case. - .According to anot hef aspect of the invention, there is
prOV|ded a hernetic refrigeration co pressor conprising a case, a notor
conpressor umit nmounted inside said case and including a cylinder hou3|ng‘\g
having a single cyllnder and a.piston thereln -an electrlc not or secured to

the upper side of saidbopiing @grd&u@*@g tﬁgg% sai d
piston in said %éﬂﬂadeﬁﬁﬂﬁ le ﬁ%i ‘hea ecure to sal housi ng,
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chanbers bej na} posi t | oned one-on-each side of axi s | ne sal
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chanber to salqhambemmdconﬂebm hasendies, | sakhohagbexs eieg sbbstamtimlly
features, of S0t ohinufcson eihle'd Totbe LAY b B ok Fpicr
invention as e eeAlf eEkinfescheesimgsr 6% @é@fﬁlemmmbmbﬁthtmned
.one on each side of the axis defined by sald cyl:.nder, each of
said muffler chambers hav:Lng a volume of at least three tines
the swept volume of said piston in said cvl:.nder, an unrestiricted
large diameter first fluid passage co'mect:l.ng said discharge
chamber w:l.th sald f:l.rst mu.tfler ch.... r, and a re_str_ictec sscond
' 'fluid passage connect:.ng sa:.d first '-ui'iler chaizber to seid 'second |
muffler cha.mber, said second passa ge be-ng lovxger and of spaller
’ crbss-sectional area than. said f:.rst pessage to provide an
mpedance to flow from said first. mufﬂer chs -nbe_r to said second
muffler chamber. | |
Tt should be noted that other features of the apparatus |
described here:Ln are clamed in our u. K. Patent Application No. 8212270
(2097866) . - |
f ' The preferred embodiment: of the present 1nvenuon
as heremafter descr:tbed provides a. novel consr.ruction
_ for both the suction and discharge mufflers: to mcrease the
' volumetric efficiency of the compressor without any. corres-
ponding increase in noise. The preferred embodiment of this
mvention is applied to a hermetic refrigeration compressor
utilizing a cylinder block resiliently mounted w1thm a sheet
metal case. ' An electric motor is mounted on top of the cyl-
mder block to drive a crankshaft rotating about a vertical
axis and a smg_le c_ylinder extends radially to the crank-
shaft, which utilizes a conventiohal_ connecti.ng rod to recip-
rocate a piston _v'cit_him_the cylinder on the lower side of the



for both the suction and di scharge nmufflers to increase the volunetric
ef ficei'ency of the corpressor without any corres- ponding increase in noise
The preferred enbodi ment of this invention is applied to a hernetic
refrigeration conpressor utilizing a cylinder block resiliently nounted
Wi thin a sheet netal case. An electric notor is founted on top of the cyl-
i ndér block to~drive a crankshaft rotating about. a vertical axis and a
single cylinder extends radially to the cgank- shaft, which utilizes a
conventional connecting rod to recip- rocate a piston within the cylinder
on the | ower side of the 5 cylinder-block. A cylinder head is nounted
on the cylinder block at one side and;contains suction and di scharge plenum
chanbers which are connected to_the cylinder through appro- priate reed .
val ves -f ocydd nders hiqeak of Apeyidinder nhead dis meuptedpenddie t(¢¥linderder
head and blockyldtndiie k. anlle conta PRsMshidition Saﬁauaﬁﬁmﬁ PPl énain
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a defl ect ®@ylinder iheadbsandt congistseofi salheplhoe bodyexifeoralinononetald y
the’ nter ST PEific dugekial WnioR bheding WREEIPA1197 HipafR g TohGL0
i ncomi ng fide dheymoter| kes fite wikthin: &heyrppane between ikhe anotar gasd
can separ glyfe Umg¥bssor case. The suction muffler includes a central
partition dividing the interior into two compartments each of
which connects to the plenum through a separate suction
tube. The inlet to these chambers is through a generally
horizontal suction péssage'whiqh_opens'tq the exterior on the-
sidewail-of'thé'mhfflérashgil;;which'has'éqdefleétor-lying in
'subatantiéllyfé:ﬁérﬁiéaiﬁbléhéféﬁd éitendiﬁg outwardly adja-
" cent thefﬁotOf;'"The”rethrﬂfliné to the compressor casing
opens into the intefior:in_substantial'alignmeht with the
deflector, so that the incoming suction gas strikes the

deflector and any'oil in the return gas can separate out on
the deflector plate and drip off its lower edge into the

- interior. After the gas strikes the deflector, it passes.
| ' through the suction passage, into the interior of the muf-
« fler, and from there through the suction tubes into the suc-

”iion'plenum'chamber“infthe_cylindér-head._
| Thé:discharéé.muffieffconsists of a pair of chambefs
formed on the lower side of the cylinder block on opposite
sides of a line passing'ﬁhrbugh"the'cylinder and' the crank-
shaft. The discharge gasés pass from thé'discharge plenum
chamber in the cyiinder head thfough a rélétively large



y@he deflector plate and drip off its lower edge into the intérior. After
‘tthe gas strikes the deflector, it passes through the suction passage, into.
ADhe interior of the nuf- fler, and fromthere through the suction tubes
“-into.the suc- tion plenun1chanber in the cylinder head. The discharge
muf fl er consists of a pair of chanbers forned on the lower side of the .
cylinder black on opposite sides of a |ine passing through the cyllnder‘a&ﬂ
the crank- shaft. The di scharge gases pass fromthe di scharge pl enum
chanber in the cylinder head through a relatively |large 6 di aneter
passage to the first nuffler chanber i Pt he cylinder block. Each of the
muf fl er chanbers is substantially the sanme in volune, and consists
partially of a' portion formed as a recess within a cylinder block,
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chamber through the necessary convolut1ons to allow flexing,
and to the exterzor of the casxng. Because of the relatively
large diameter passage between the cylinder head plenum and -
the first muffler chamber, the gases pass ea811y and with

- 'minimum restriction into the first muffler chamber, while the
restrxcted transfer ‘tube slows down the passage as a choke as
the gases pass over 1nto the second muffler chamber. The
second chamber ellows addlt1qna1 expanslon, and each of the
muffler chambers is sized to have a volume between three and
six times_the swept-displacement of the cylinder. Thus, the
muffler system does provide two large expansion volumes in-
terconnected by a relatively long transfer tube that tends to
act as an’ 1nduct1ve choke to the chamber's capacxtance to.
form an effectlve low bandpass filter, whlle .the overall
resxstance of the system is kept relat1ve1y ‘low by the large ,
volume of the muffler chambers and the unrestr1cted passage |
from the cylinder head plenum to the f1rst muffler chamber.

The comblnatxon of these_two_mufflers w1th the suc-

tion muffler adapted'to-receiVe.gas airectlyffrom the return
line with a minimum of heating withintthe.cempreSSOr case _
provides a high degree of volumetric efficiency for the com-
pressor, while retaining multiple'ehamber filters which allow



terconnected by a relatively long transfer- tube that tends to act as an 225
I nductive choke to the chanber's capacitance to forman effective | ow

b@ndpass filter, while the overall resistance of the systemis
kept-relatively low by the large volume of the muffler chanbers and the
unrestricted passage fromthe cylinder head plenumto the first nuffler
CQaner The conbi nation of these two nmufflers with the suc- tion nuffler
adapted to receive gas directly fromthe return line with a m ni nrum of
heating within the conpressor case prOV|d3% a high degree of volunetric
efficiency for the com pressor, while retaining multiple chanber filters
which allow - 7 a satifactorily high degree of sound reduction so that the
conpressor can o erate as qU|etI as possi bl ug;’he eferred e od|

‘the inventa ntifackeridy bdgh | %éﬂtﬁf chiap 89 Fhate SS t he
drawi ngs i n‘é&l‘éﬁbﬁr F&bn bperatél 88 ﬂuﬂ@él nak Yopsipkelially in sec-

tion, of a metic refrlgeratlon COnpr essor |ncorporat|ng the resent
i nvention, showi ngThetrrefereed embodimento Rfnthe | invenkion sddhpay behar ge

muffler Ch&éée?ibeﬂ?wa’y iof ExdmASSuSES iriglRRbnc 12 thi AFawiNg @w taken on
line 2-2 of FIG_ 1, show ng additional details of the suc- tion nuffler;

FI'G 3 is 3psbdeResectional view, taken on line 3-3 of FIG -2; and FIG 4
is a cross-sectional view, taken on'line 4-4 of FIG 2, shomﬁng t he general

gfrangement of the di,s-. char muf banbers.. The i SRQW Qm_
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‘househol d £pénj 9ofoa hermetic orefrigeragiont compressor rmnhrpbrafsm ed

casing . the present invention, showing details of the suction muffler
and second discharge muffler chamber;

FIG._2 is a cross—sect1ona1, elevational view, taken
on line 2-2 of FIG. 1, show1ng addlt1ona1 details of the suc- °
tion muffler-_ '

_ _ i FIG. 3 1s a cross-sect;onal vrew, taken on 11ne 3-3
Jof_?IG. 2- and o |
FIG. 4 is a crose—sectional view, taken on line 4-4
of FIG. 2, showing the general arrangement of the two dis-
charge muffler chambers. |
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'"The“arawings?ahow'afherneticosealed refrigeration
compressor of the type commonly used in household refrigera-
tors and other refrlgerat1ng un1ts, in whlch a sealed casing
conta1ns a compressor having a s1ngle piston rec1procated by
a crankshaft and conneotlng rod: arrangement within a cylinder

' block and the crankshaft in turn is driven by a suitable.
electric motor. The_electric motor and cylinaer_b;ock form a
unitary subassembly which is resiliently mounted-on springs



~3ontains a conpressor having a single piston reciprocated by a crankshaft
:L‘ d connecting rod arrangement within a cylinder block and the crankshaft -
XN AN turn is driven by a suitable electric notor. The electric notor and
cyllnder block forma unitary subassenbly which is resiliently nmounted on

springs 8 wthin the casing, and the return line fromthe refrigeration.
system opens into the interior of the casing which is there- fore filled ™
with refrigerant and a suitable lubricating oil in a reservoir in the

bottom The outlet fromthe conpressor then passes through an el ongated
passage arranged to permt resilient novenent of the notor cylinder block
assenbly out- wardly through the .casing go the inlet side of the refrigera-
tion system It will be under stood that since the present invention
relates to the suction and discharge nufflers of the conpressor many
details of the conpressor are not shown except as a background for the
presentw&thinlthescna;ngwyahdrMha);ntUIQfhﬁna[izﬁmnthen!eitmgenatxﬁﬁ
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support ¥axdlyotheough deheCagdnmitenthe 1ndet zidewef tbe refrigera-
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the compressor many deta11s of the compressor are not shown
except as a background for the present invention since they
form no part of the present inventlon itself.

The compressor . therefore has a casing or shell 10
preferably formed from a relat1vely heavy steel sheet and
-includes a cupllke lower section 10 and similar inverted cup-~
like ugper 'section 13 which fit together telescoplcally and
are secured and sealed by & welded seam 15. The compressor
subassembly 1nc1udes a cylinder ‘block or hous1ng 18 which is

- spaced away from the 51dewalls of the case 10 and is resil-
iently mounted by.a_plﬁrality of prdjections 19 on the lower
side of the cylinder block which are received in support

springs 21 engaged at their other end in support legs 22 se-

'cured to the bottom wall of the lower section 12. Although
_the support sprlngs 21 are shown as being. four. in number’,
‘this is by way of 111ustrat10n only and other resilient
mounting arrangements may be used as is well known 1n the art.
On the upper side of the cy11nder block 18 is lo-
cated an electric motor indicated generally by numeral 24
which is adapted to rotate a crankshaft 25 extending along a
generally vertical axis within the case 10. 'Ar_its_lower
end, the crankshaft 25 has a suiteble eccernitric (not shown)

-



On the upper side of the cylinder block 18 is lo- cated an electric nutor(i%ﬁ)
i ndi’'cat ed' general ly by nuneral 24 which is adapted to rotate a crankshaft
2%extending along a generally-vertical axis within the case 10. At its
| ower end, the crankshaft 25 has a suitable eccentric (not shown) 9
arranged to drive a connecting rod 27 (see FIG 4) and there- by
recf.procate a piston 28 within a horizontally extending bore 30 in the
cylinder block 18. At the radially outer end of bore 30, the cylinder block
18 is fornmed with a flat end 'face 31 to which are se- cured a valve plate

- 33 and cylinder head 34 by suitable neans ch as bolts 35. It wll be
understood that the valve plate 33 nounts the suction and di scharge val ves
in the usual man- ner and suitable gaskets are provided petween the val ve
plate 33 and end face 31 as well ‘as between the cylinder head 34 and the
val ve plate 33. As shown in greater detail in-FIG 2, the cylinder head 34
defines an anganged tecﬂrquolaemaemm rodc3indseasi BiGand)nland hheare-

38 th h |
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i's mount ed hore 30 char gbeva:xﬂeméeroh uﬁ%er side, the cylinder head 34
Carries a pair of |ejg «'Eh% g a l!ft Hﬁféf‘béﬁd‘l%!ﬁ%flél 30| Cehd' @y¥Sinder

cured mnthln bor es ggand 46 in I'i nder head 34 to comt municate at

their- | onerPRck nkl 1gn&OoTMad, ‘?;Ehl Al &lak cend Sace 3k tQcvhish ares ser
and ‘44 ext affre®@rai oalve wIEEe 33bghan B2 Head ntﬁyeaﬁfit@ﬂﬁ mekhs

iﬁd
ol enum 34, “$iAb e PORE: %S“a.yoié’néx?ad:ﬁ Bieriaed (WiatEhe, dalye Plate
nuffl er its33 fmoudEsothenguction anat I@Iséuhege%aarvbéﬁhatneamﬁair man-
beads 48 f%%”Ed QS éggtaﬂfgegagfetg are prov1ded between the valve plate
33 and end face 31 as well as between the cylinder head 34 '
and the valve plate 33. As shown in greater detaii_in.FIG.
2,'the cylinder head 34 defines an inlet or suction plenum 37
which is connected by an inlet port 38 through the suction
.valve to the interlor of cy11nder bore 30. ‘The cy11nder head
.34 also includes a dzscharge plenum chamber 40 w1th1n wh;ch
is mounted the d1scharge valve 41. _

' . On its upper side, the cy11nder head 34 carries a
pair of left and right suction tubes 43 and 44 which are se-
cured within bores 45 and 46 in the cylinder head 34 to com-

‘municate at their lower or inner ends with the inlet plenum
37. The suction tubes 43 and 44 extend vertically upward

) substant1a11y parallel with each other'and serve not only as
‘a passageway to admit the- refrlgerant ‘gas into the inlet
pleuum.34_.but_also the- pos1t10n1ng and support means for the
suction'muffler'itself’n Accordlngly, the suction tubes 43
and 44 have annular beads: 48 formed on their outer peripher-
“jes a spaced dxstance_above the cylinder head 34 and the suc-
tion tubes 43 and 44 extend upwardly through the bottom wall
53 of a suction muffler bottom member 50. As seen in FIG. 2,

X

the bottom member SO"ihcludeS'a pair of hollow bosses 57 and
- 58 extending around the suction tubes 43 and 44 and having'
bottom end faces 59 and 60 bearing against the beads 48 on



155 a spaced di stance above the cyllnder head 34 and. the suc-" tion tubes. 43
1 44~ ext end upwardly - through the bottomwall 53 of a suction nuffler

pottom nenber 50. As seen in FIG 2, the bottom nenber 50 includes a pair
“of holl ow bosses 57 and 58 extending around the suction tubes 43 and 44 and
having bottomend f aces 59 and 60 bearing against the beads 48 on 10 ..
the tubes. -One or nore suitable retaining rings 62 are fit- ted on the =~/
suction tubes above the bottomwall 53 and serve to. hold the bot t om menber
50 in place on the suction tube by a resilient clanping ring between the
retainer ring 62 and the beads 48. Thmgs, for ease of assenbly, the holl ow
bosses 57 and 58 need nake only a loose sliding fit with the suction tubes
43 and 44, since mnor gas |eaks at t hese poi nts do not -adversely affect.
the performance of the nmuffler. The bottom nenber 50 includes an upwardly -
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herei naf- ter However e use of this material al so tself to easy
assenbl §d8erepdy atifechs the per kormanee nfea%hempgfim-y macHi ned, the

suction tubes 43 Hdtebm ﬂ@iﬁéﬂ 50 Ehé!hdébtaﬁ bﬁﬁ@idﬁ%feﬁkéﬁdiﬂé
ok Iff %%b%e%r'ﬁéﬁékégirwa11 54 extendxng upwardly from the bottom

wall 53 and each side outwardly of the suction tubes 43 and
44 the flange or wall 54 is provided with vertical slots 56.

~ The suction muffler also includes a top member iodicated'at
65 haV1ng a per;pheral wall 66 adapted to telescopically to |
fit w1th1n the bottom member flange 54 and. this per:pheral
wall 66 1ncludes an outwardly projecting lugs 64 adapted to

'£it within the slots 56. The two suction muffler members 50
and 65 are preferably formed from a thermoplastic material
which not ‘only has the advantages of belng relatively l1ght
in weight but also has thermal and acoust1ca1 .insulating
properties as will be described in greater detail hereinaf-
ter. However, . the use of this mater1a1 also lends itself to. _f
easy assembly of the unlt.; After the cyllnder 'head 34 1s o |

©. fully mach1ned, the suct1on ‘tubes 43 and 44 are pressed. in -
place in the bores 45 and 46 and may » Af de51red be furtherf
held in place by bra21ng oL | the use of an adhe51ve. After

- this is done, the suction muffler bottom member 50 is placed
over the_suctlon tubes 43 and 44 until the boss end faces 59
and 60 abut_agaihst the_beads'48- Thereafter, one or more
retainer rings 62 are placed over the suction tubes 43 and 44
and pressed downward while gripping the outer surface of the
suction tuhe_until.the bottom member is firmly held in place
on the two epction tubes. After this done, the top member 65

»



held in place by brazing or the use of an adhesive. -After-this is done,
“suct i"on, nuf f | er bottom nenber 50 i's. placed over the suction tubes 4
and?44 until the boss end faces 59 and 60 abut against the beads 48..
Thereafter, one or nore retainer rings 62 are placed over the suction tubes
43 and 44 and pressed downward while gripping the outer surface of the
syction tube until the bottom nenber is firmy held in place on the two
suc¢fion tubes. After-this done, the top nenber 65 11 is placed so that
the peripheral wall 66 fits within . the flange 54 on the bottom menber with
the lugs 64 in engagenent with the slots 5¢9 After this has been done, it
is merely necessary to apply heat and pressure such as can be provided by a
soldering iron or the like to fuse the | ugs 64 and press theminto the
slots 56 so that they fuse: together and .provi de a permanent attachnment
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wal | 68. The upper- n of the |nter|or of the top nenber 65 ig divided
by a trans¥bese H&Rlﬁhﬁnsé?t&t%oﬁﬂg &ﬁnm#‘bﬁ?t Fr? %I anggprovide

termnate gt p@rhawn@daetﬁamﬂv séeweeaertwdewélsaah% Qiuibfeﬁuﬁﬁehﬂn
tubes 43 and“44 and_therefore, in effect, é)rt 67 duy%des h
interior obeffieasofhRPlastiss ’W\'E%’Fé\a-t “éﬁf ﬁ’U@r? welgsyitss
shown in g@@a&e&d@ﬁﬁhéxln FIG 2. The portlon of the top nenber 65 . -

The suction muffler top member 65 includes a periph-
eral wall 66 of generally oval configuration, but in any
case, arranged to give the ‘desired enclosed volume for si-
lencing purposes wh;le maxnta;n;ng adeguate clearance from .
the e1ectr1c motor : 24 and the case 10._ - The per1phera1 wall -
66 has a substantlally constant cross-sect1ona1 shape upward

'from the lower end and termznates in a top wall 68.. The

upper - port:on of the inter;or of the top member 65 is d1v1ded
by a transverse part1t1on 67 extending downward from the top
wall 68 to termlnate at a lower edge 69 below the upper ends
- : 51 and 52 of the suction tubes 43 and 44 and therefore, in

-' effect, the part1t1on 67 d1v1des the interior of the top mem-

A -~ ber 65 into left and rlght chambers 70 .and 71 as shown in -
~ greater detail 1n FIG.;? The portlon of the top member 65 .
s ~ above the rlght chamber 71 1s substant1a11y solid except for

'a transverse passage 73 extendlng from the exterior of the
‘muffler to adm1t the returnlng refrlgerant gases from the
space w1th1n the case 10 1nto the 1eft chamber 70. The gases
that then flow into the left chamber 70 may either pass di-
rectly 1nto the 1eft suction tube 43 or can move around the
partition 67 into the right chamber 71 and hence pass through
the right suction tube 44, but in each case the gases in the:
two suction tubes are comingled in the inlet plenum 37.



ove the right chanber 71'is substantially solid except for ‘a transverse

ssage 73 extending fromthe exterior of the nuffler to admt the

feturning refrigerant gases fromthe space within the case 10 into the | ef t

chanper 70. The gases that then flowinto the |eft chanmber 70 may either

" pass di- rectly into the left suction tube 43 or can nove around the .
partition 6% into the right chanber 71 and hence pass through the right «/
suction tube 44, but in each case the gases in the two suction tubes are
cqﬂlngled in the inlet plenum 37. 12 In order to direct the returnlng
réfrigerant gases directly into the pa,ﬁfge 73, the top menber 65 is
provi ded with an integral projecting def ector portion 75 extending -
horizontal |y outward fromthe peripheral wall 66 adjacent the passage 73.
The defl ector -75 includes a central portion 76 extending substantially
vertically within the conpressor and has a.curved top and bottom portion 77
and 78, respect i §8 praer pkedireqt ithe cetyurning rxefrigezant gqases ine
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central portion 76 and can then flow laterally into the pas~
- sage 73. The top portion 77 tends to prevent the gases from
deflecting upwardly while the bottom portion 78 not only
serves to deflect gases against.flowing downwardly, but also
- serves to collect and condense the lubricating oil in the
" return line and since this bottom portlon 78 is below the
lpassage 73, any of the oil: condensing on the deflector w1ll
drip off the bottom portion 78 and flow downwardly into the
reservoir at the bottom of the compressor.

Since the incoming return refrigerant gas from the
return line 80 impinges immediately on the deflector 75 and
enters the muffler through'passage 73; it undergoes a minimum
of heating either by_ﬁixing-with'the other'gases witbin:the_
casing 10 or -exposure- to other - components'of the'compreSSor._t“
Because of the. change of ‘direction through approxlmately a
'rlght angle between the return line 80 and the passage 73,
any droplets of 1ubr1cat1ng 011 are effect1ve1y removed and
do not enter the passage 73 but, ratner, collect on the de-
flector 75 to flow off the'botton portion 78 into the reser-
voir'at the bottom of the compressor casing. Since the'en—
tire muffler shell is made of'afrelatively_insulating mater-
ial, the refrigerant gases can continue through the muffier

~. and into the plenum 37 at the lowest possible temperature,

and hence highest density, to ensure maximum volumetric



ca5|ng 10 or exposure to other conponents of the conpressor. Because of t He A}
ge of” diorecti on tthrough approximately a right angl e between the return
|hQ§ 80 and the passage 73, any droplets of lubricating oil are effectively
removed- and do not enter the passage 73 but, rather, collect on the de-
flector 75 to flow off the bottom portion 78 into'the reser- voir at the
boft'om of the conpressor casing.. Since the en- tire nuffler shell is nade
of a relatively insulating ' mater- ial, the refrigerant gases can continue
through the nuffler -and into the plenun137 at the | owest possible i
tenperature, and hence highest density, to'%nsure maxi mum vol unetric 13
efficiency. By providing the dual 'suction tubes 43 and 44, not only is the
muffler. securely nounted in place but al so the muffler provides a nininum
of flowrestriction while nax- i mi zing.the reductlon of sound fromthe
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past t he dlscharge valve 41 into the dischar: enum 40, which is nmade
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operation. The refriger gﬁses in the discharge plenun140 ss throu h a

di scharge openi.ng sFherédiacharge ‘0‘&5#3% #Axstem &ﬁdlﬂﬁ"; ’reathe
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In the Cyl'nde%arge valve 41 into the discharge plenum 40, which is
made'fazrly large in volume so as to cause a minimum pressure
build-up from the'discharging gas that would reduce the effi-
ciency of the compressor operatxon. " The refrigerant gases in
_theid;soharge plenum 40 pass through a dxscharge open1ng 89 -
‘formed in the valve plate 33, and 1nto a discharge passage 90 .

:tformed in the qylznder block 18._ This d1scharge passage 90

:'has a relatively large diameter to provide a minimum of re-

'str1ct1on to the gases, and passes dlagonally away from the

‘cylinder bore 30 to open into a first discharge muffler cham~

ber 92.. This chamber 92 is.formed partially in the cylinder

“block 18 by a cylindrical wall 93 and upper wall 94, and is:

»  _ -enclosed on the lower side by a generally hemispherical, hol-
' . 1ow, sheet metal cover . 96 Wthh fzts w1th1n a- counterbore 97
«- . in the cylxndr1cal wall 93, and is: held in place by a suit-

able bolt 99 pass;ng ax1a11y through the cover 96 and making -
threaded erigagerent* w1th ‘the "cylifi@ef block. ' o .

- On the other side of the cylinder block, generally
symmetr1ca11y p051tioned Wlth respect to the axis of the cyl-
llnder bore 30, is a second muffler chamber 102.. This chamber

 is also formed partially in the cylinder block 18 by a cylin-
" drical wéll 103 and upper wall 104. The lower side of the
chamber is closed by a generally hollow, hemispherical, sheet
metal cover 106 substantially similar in shape to ccver 96,




Rlock 18 by a cylindrical wall 93 and upper wall 94, and is. enclosed on
3¢he | ewer side by a generally hemi spherical, hol- |ow, sheet netal cover 96
(“Which fits within a counterbore 97 in the cyllndrlcal wal | 93, and is held
"7=in place-by a suit- able bolt 99 passing axially through the cover 96 and -
maki'ng t hreaded engagenent with the cylinder block. On the other side of .-~
the cylindet block, generally symretrically positioned wth respect t.o e
axis of the cyl - |nder bore 30, is a second nmuffler chanber 102, This
chanber is also forned partially in the ¢ylinder block 18 by a cylin-
drical wall 103 and upper wall 104. Thetifjower side of the chanber is
closed by a generally hollow, hem spherical, sheet netal cover 106

" substantially simlar in shape to cover 96, and this cover 106 in turn

fits within a counterbore 107 fornmed |n t he cyllndrlcal wal I 103. An axi al
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openi ng102r bawei substantiallys. simarommmu ande seh@emg,anét aref the
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transfe S o relatlvel S conpare her
di schar géxp&imegethe pweptderoémmfntaneomlmderow i rrpedance to the

;:H: gerant gasespndlSy Sﬁﬁ;?ﬁﬂe&:@ %bfaéﬁ& 9922idrd'e¢Shnaktes pyhe
gerant gases In t e secon hu
a transfer tube 112 having one end 113 passing through an
opening formed in the cover 96, with the other end 115 ex-
tending in like manner through a suitable opening formed in
the cover 106. To prov1de positive sealing, both of the ends
113 and 115 are brazed in: place 1n their respectlve covers,
and the transfer tnbe 112 ie of relatively small diameter as
- compared to the other dxscharge passages to provide a.certain
. amount -of flow 1mpedance to the refr;gerant gases, as ‘'will be
described in greater detail hereinafter. )
_— efrlgerant gases in the second muffler chamber
’ . 102 areiéfzzaf;;a through a d;scharge tube 118 having one end
secured in the cover 106 and brazed in place in the same man-
ner as the transfer tube. The discharge tube 118 has a ver- -

tically extending'leg 121 eXtending'upward along the side of
-the compressor: to the upper end where it 301ns a ‘loop portlon.
122 extending around the. perxphery of. the .compressor_ and ter-.
m1nat1n9 in a downwardly extendlng leg 123 .~ The downward leg
123 is connected then to an outlet tube 125 extending out-
wardly through the casing 10 for connect;on ‘to the rest of
the refrigeration system in the manner well known in the art.
This discharge muffler'arrangement provides not only
a high degree of silencing action, but also a very low effec-
tive impedance to the flow of the discharge gases from the
_ pumping cylinder to the outlet tube 125. THe two discharce:



102 ar (dic arged through a di scharge tube 118 having one end secured in _
thegbbvef 106 and brazed in place in the sane nman- ner as the transfer

tue. The discharge tube 118 has a ver- tically extending leg 121
extending upward al ong the side of the .conpressor- to the upper end where
It joins a |oop portion. 122 extending around the periphery of the
cqnpressor. and“ter- mnating in a dowmmwardly extending |l eg 123. The
downward | eg 123 is connected then to an qutlet tube 125 extendi ng out -
wardly through the casing 10 for connectio® to the rest of the
refrigeration systemin the manner well known in the art. This discharge
muf f| er arrangenment provides not only a high degree of silencing action, _
but also a very |low effec- ‘tive inpedance to the flow of the discharge :
gases frorﬁl!’d!gﬁﬁrpﬁﬁgaﬂyl' Lk sesvenhas; GapRacitasces; a%etbﬂorﬁilﬁm
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i amet er sfer tu effectively_serves_as, gn'inductanc 0 prqvide a
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pressure blesgthp doring. ttile cdilscharige sttokesofolithe pistani they gases
end of tneit REMRPOETIG AL GBI RETRdh e BaCrial NEnRr R s
and the dichacgegcpassagesBQ|into, thee firxst muffiermdhiamberhf2her Betause -
then pass dAroHgMiPge' V8Nihd ok Bhe'sd dpfed ? el HLdEsafeOBli1dUp
toward the end of the Piston stroke is relatively low, re-
. sulting in a minimum terminal pressure in the clearance
volume at the end of“tpé fiston stroke. ' As the piston then
._ﬁoves;oh the;shgtibﬁ,éﬁr@ke.énafthe discharge valve 41 3
. closes, the gases in the muffler chamber 92 can then pass .
through the .inductive transfer tube 112 into the second large
- volume or capacitance of the second discharge chamber 102 at
a relatively lesser rate of flow until the next discharge
_stroke of the piston takes Place. The gases can then leave ,
" the second muffler chamber 102 through the discharge tube 118
and outlet tube 125 with a minimum of noise-producing puisa-
tions.




| ume or capacitance of the second di scharge chanber 102 at a relatively
kser“rate of flow until the next di scharge stroke of the .piston takes

\pVace. Jmuﬂjﬂﬂiu}ii“"mr | eave the second nuffler chanber 102 through the
di scharg | et tube 125 with a m ni mrum of noi se-produci ng
pul sa- tions. 6 T dLamvs 1. A hernetic refrigeration conpressor.—_
conprising a“case having di scharge and-"€twrn lines secured- thereto, a~w
not or conpressor unit mounted inside said case and including a cylinder
housi ng having a cylinder and a piston,t ein, an electric notor secured
to said cylinder housing to drivingly rocate said piston in said

- cylinder, a cylinder head secured to sai,d cylinder housing, said cylinder

" head including an inlet chanber and a di scharge chamnber,- suction nuffler

means connecting said inlet chamber to said return line, discharge muffler

means connectlieng sai dﬁdhm&i‘geremmo sameaaenrmmisinge,a casel
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ot s o ool fieE? el cydfidby it 13883Ge SabiAUE RIRITEIEES (O
?hl rd fluid gaiseharees chambexi,d suebiond mbfler: rmeeng nigonnacting enid dahetge | ine
n sai d case.chdmber to s&@%clﬂr'ﬂwnmeﬁéﬁfs ddmeihg  th in
claim 1, whereén &lag muf f | ebercr%gnbsaﬁ gjr_sechggrrreﬂNt Iea tdlscharge
mffler means 1nchxhng fxnm; and - second mMﬁﬂsr chambers
connected in series, said chambers being substantially equal
in volume and each chmem'haminge;vblumecﬁ?ax least threetimes
~ the swept volume of suul;ns&n1in.ammlqﬁhnder an unrestricted -
large cﬁameunr first fluid ;nssage cnnnmﬂﬁng said discharge
chember with said first mffler chamber a restricted second
fluid passage connecting said first muffler chamber to said second
mffler cmmﬂmr &ﬁﬁ.semmﬁl;ns&uyalxﬂng Lmnnm'and of mmﬂler
cross-sectional area than said first passage to provide an
- impedance to flow from said first muffler chamber to said second
) . muffler chamber, and a third fluid passage from said second
' miffler chamber to said discharge line on said case. .-

i ¥

2. A hermetic . refrigeration ccmpresscr as set forth in
claim 1, wherein said muffler chambers are formed at least
;nrthﬂla'in mﬁd.qﬂan&nrhomﬁmg amd;nrtﬂﬂly:hlccwnrmaﬂﬁrs
semnmd'uasayd(aﬂimkn'hmmnng '



partially in said cylfnder housi ng and parfially I n cover nenbers secured f
tosal d €yl i.nder housing. 3. A hernetic refTigeratton-conpressor

ag’ ‘set forth in claim 2, wherein said nuffler chanber siti oned on
sai d cyl i nder- housi ng, one on each side of the axis of ﬂ@”ﬂ&, rl”m
i d

A hermetic refrigeration conpressor as set forth in cla+

first fluid passage is a straight passage 1@ <ai d cylinder hou5| ng 5"
Atermetic refri geration conpressor as set forth in.claim3, wherein said
second fluid passage is, an external tube extending between said cover
menbers. 6. 2+ A herfederustic | gefnigesRti peumRasssE A8 883 (1T dPai m

5, wherei.n sai em rg, f Wlbsbin sseai@e UWW posithenéd Ve emdber
of said second er chajber . : A refrl r at
- conpr essor hH"‘E& %’n%o@%r?&gﬁsg r gﬁ Eﬂi‘i)rﬁ?%l’%d?al d

case and includlng a cyllnder housi ng haV|ng a S|ngle cyl i nder and a piston

. therein, an electric sec edt er S|de of saldc '
housing to drlzrngly reé gr"rﬁ é/ %&&
head secured tclathpyﬁhem.n Isaﬁlalﬂ:a'stsmaypame H:sad simdightngaasage
di scharge cha er neans .connecting said discharge
¢hanber to sai ?d%%%&%’gg"% di scharge nmuffler . neans including
first and second nuffler chanbers connected in seriés, said chanbers

kei.ng substantigally equgl.jid mébid ng,fP%eg'ﬂrﬁrﬁjl e%ﬁg gq)te,‘%l posi t i oneclj.

| oner. side of $ai-d-c I|nder
one on each"<i €dail 3jhewhsmeindenid &lpidy prasrge im@n gwxterpel ntnbe or

chanber s havi, N@xBen(Bing Be ecH shggséwregrﬁ&wrges the swept volune of said
piston in said cylinder, an-unrestricted large dianmeter: first fluid

passage connecting said di scharge charber with saj'd fi. rst muffler chanber ,

and a restrictg secondaf |h§!d:eﬁiés&§£r£g§1&%ibm n@oﬁﬁréhédrr Sds nHé'!i'ﬁér&uhaiﬂDer
.to said secondcmm 5, wherein said third fluid passage is a tube connected
to the cover member of said second muffler chamber

7. - A hermet:l.c refrlgerat:l.on compressorr - comprising a case, a .
e © .- 'a motor compressor unit mounted inside said case and including
e '_.--'._-:_-'a cyl:mder hous:.ng hav:l.ng a smgle cylinder and a p:.ston therein,

“ian’; electr:.c “motor” secured . to. the upper side of said cylinder

housing to- driv:n.ngly rec:.procate ‘said plston in said cylinder,
a cyllnder head secured to said cylinder housing, said cylinder
head including a discharge chamber, - discharge muffler means
comnecting said discharge chamber to said discharge line, said
discharge ‘muffler means including first and second muffler '

_ _ .chambers 'connected in series, said chambers be:_ng substantially

& e _equal in volume and ‘formed at least partla.]ly by the lower side

' it Tof ] sald cy'.L'Lnder hous:mg, ‘said muffler chambers bemg positioned
‘oné on each s1de ‘of -the a.x:.s ‘defined 'by sa1d cyllnder, each of

said mufﬂer chambers “having a. volume.- of at . 1east three tlmes'

the swept volume of said piston in said cyl:l.nder , an unrestrlcted-

large dlameter fz.rst fluid passage connecting said discharge

chamber with said flrst muffler chamber, and a restricted second

fluid pessage connecting said first muffler chamber to said second.
muffler cheamber, said second passage being longer and of smeller
cross-sectional area than seid first passage to provide an

impedznce to flow from seid. fl"‘St ruffler chamber to said second
muffler chax:*'ber, '



ffler chamber, said second passage being |onger and of snmal’ler ,
':"SSnSPFTinnal area—than. said first passage to provide an*inpedance.
20 flom/fron1sa|d first nmuffler chanber to said second nuffl er chanber.

mmwuu“mm E tic refrigeration conpressor as set forth in claim
7 mhe

| ui d passage is a straight cylindrical bore in said—
cyllnder hou5|ng 9. A hermetic refrigeration conpressor ds set fordsd
in claim7, wherein said nuffler chanber38are partially formed by sheet

nmetal covers secured to said cylinder housing and sald second flui d passage
Is a tube connected to both of sald ‘covers.

L

8. A hermetic refrigeration compressor as st forth in

dhdn‘?,ﬂhamﬁntaahdiﬁrat:ﬁhﬂd.pasmquis alﬂnaightcaﬂim&ﬂsal
bumainlsaid:aﬂjnderlxnnﬁng

7
9. . - A hermetic refrigeration compressor as set forth in
- claiw 7, whereinsa.id:nufflercham‘bersareparhiallyfomedby *
_5sheet . metal covers secured to said cylinder housing and eaid
~ - -secomd flnid passage is a tube connected to both of said covers.
¥ .
uﬁé
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