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present invention relates generally to the art of conpressing a gas. ‘'Mre
particularly, but not 5 exclusively, the present invention relates to
the conpression of a refrigerant gas in an oil-injected rotary screw ;
conpressor. Conpressors are used in refrigeration systens to raise the (’k
pressure of a refrigerant gas froma suctlon 10 to a di scharge pressuré,

which permts the ultimte use of the refrigerant to cool

a desir

Many types of conpressors, including rotary screw conpressors, ar

enpl oyed to conpress refrigerant gas in refrigeration

syst ens.
15 conpl enentary screw rotors, a male and a fenale, are | ocated
wi thin a working chanber within the housing of a screw conpressor

ed medi um

e commonly
Two
2

The

wor ki ng chanber can be characterized as a volune generally in the shape of
two parallel intersecting cylindrical bores closely toleranced to the pair

of nmeshed nale and fermal e screw rotors di sposed therein.

The 5

SCrew

conpressor housing has | ow and hi gh pressure ends defining suc- tion and
di scharge ports respectively. Refrigerant gas at suction pressure enters

the conpressor suction pgsgcrirt SEITDRVWRLVESOLE gﬁﬂAﬁﬁmbﬁe conpr essor

housing and is there envel oped in a pocket forned be-
APPARATUS IN A SCREW COMPRESSOR

The present invention relates generally to the

art of compressing a gas. More particularly, but not

5 exclusively, the present invention relates to the

compression of a refrigerant gas in an oil-injected

rotary screw compressor.

Compressors are used in refrigeration systems to

raise the pressure of a refrigerant gas from a suction

10 to a discharge pressure which permlts the ultimate use

. of the refrigerant to cool a deSLred medium.
types of compressors, including rotary

compressors, are commonly employed to

refrigerant gas in refrigeration systems.

15 complementary screw rotors, a male and a female,

located

Many
screw

compress

Two

are




‘t ween t he ,rotating conplementary screw rotors. The vol ume of the gas 10
pocket decreases and the pocket is displaced to the high pressure end of
Jthe conpressor _as- the rotors rotate and nesh within the working chanber

The gas within such a pocket is conpressed, and therefore heated, by virtue
of the,decreasing volume in which it is contained, prior to the pocket's
opening to tC§ di scharge port at the high pres- 15 sure end of the
conpressor. he pocket, as it continues to decrease in volune, eventually
opens to the conpressor discharge port at which point the conpressed gas is
di scharged fromthe working chanber of the conpressor. One advant age of
rotary screw conpressors resides in the 20, ability to easily nodul ate
“their capacity and therefore the capacity of the systemin which the screw
conpressor is enployed. Such capacity variance is normally acconplished

t hrough the use of a slide valve assenbly. The valve portion of the slide
val ve assenbly is built into and fornms an integral part of the rotor
housi ng of a screw conpressor. 25 Surfaces of the valve portion of the
slide val ve aswsigtithya genimgl thamber wisbimttbevidusitdi@fr enmireeleompfesishe. The
COMPr eSS0 S I G Rl gl USHILE bn 48 biMEalBE190E s FHRHD YonlbdilyNsd Re shape
conpressor. The slide valve Is axially novable to expose a poftion of the
wor ki ng chanbe?f grotparatinipiakergecting gyldadninalcbonesf clasely tedpwancpdrto and

which is not ngHeThiy o@Xmaned haleSad iFOHk1R ESEM fotor® &t spOsed itREredht hithet he
conpressor, other than at the suction port, which is at suction pressure.
The portior of St95¥ SUPERTRPTchotadar hasi teuerd WgBnRiesenrs GRet SRfirie8stice by

movenent of theidn andldiseharge ires tedspecyively.onRefaTgdraitelys davasitieam of
tlﬁgdeIFH at pressure enters the compressor suction port at the lbw preésure end of
- ' the compressbr housing and is there enveloped in a pociét formed be-
tween the rocatiﬁg complementary screw rotors. The volumé of the gas
10 -~ pocket decreases and the pocket is displaced to the high pressure end
of the compressor as the rotors rotate and mesh within the working
chamber. The gas within such a pocket is compressed, and therefore
heated, by virtue of the decreasing volume in vhich it is contained,
prior to the pocket's opening to the discharge port at the high pfes-
15 ° sure end of the compressor. ' The pocket,.as it continues to decrease in
' volume, eventually opens to the compressor discharge port at which
point the compressed gas is discharged from the working chambér of the
' COmPressor. ' '
One advantage of rotary screw compressors resides in the
. 20 ability to easily modulate their capacity and therefore the capacity of
the system in which the screw'comprésso'r is employed. Such capacity
variance is normally-accomplished'through the use of a slide'vélve
assembly. The valve portion of the slide vaive assembly is built into
anq forms an integral part of the rotor housing of a screw compressor.
25  Surfaces of the vaive portion of the slide valve assembly generally co-
operate with the remainder of the compressot's rotor housing to define
the working chamber within the-compressdr. The slide valve is axially

. movable to expose a portion of the working chamber of the compressor,



whi ch conpression of the refrigerant gas would normally begin w thi.n the’
wor ki ng chanber. As the slide valve is opened further, a greater portion
of the working chanber and the screw rotors therein are exposed to suction
pressure. Capacity reduction is obtained by effectively re- 10 duci mg-t he
portion of each rotor used for conpression. Wen the slide valve is . bsed
t he coQE)essor Is fully | oaded and operates at full capacity to conpress
refrigerant gas. Wien the slide valve is fully open, that is, when the
portion of the screw rotors axially exposed to suction pressure other than
at the suction port is greatest, the com 15 pressor is unloaded to the
maxi mum ext ent possible. Positionind of the valve between the extrenes of
the full load and unload positions is ac- conplished without difficulty
with the result that the capacity of a screw conpressor, and the systemin
which it is enployed, is nodul ated snoothly and efficiently over a | arge
operating range. The slide valve 20. is nost often hydraulically
operated, Screw conpressors used in refrlgeratlon applications will, in the
| ar ge na‘}%’PFESFa&f of Fheaticsion imCE (ATd Bhichi 1& if RATmBRIY SXPRE. tO | i s

i nj ect edsdcion tpressurielsi £ ach@dﬁmén @;fithhe the Nqonpbéesior , dthet tizaf &4 € i nto the

refrigergnt gas beln en the rotqrs therein,,. for -
sever al ﬁbeaé‘g ci’q‘t}:‘éhe m# T“ﬁj T SFEPRES t h eV\B?%iﬁﬁ %fhgﬁ%er act's as
a seal antorikehg\mhnm‘mdte inysthlmg apene&iy tpotwitdompdtebsineeby molemenyt of $hand t he
surface ofs 4L N 9er K Hdaf %@Pﬁ{n &Hméﬂl‘ai?{]hyt Bﬁwz{s@:@&? o@r@hed'péﬂ&sgg Second,

the oil acts as a Ft br1 cant

two rotors I'n the screw
conpr ess@richscampreasgionp of |t@5nr65yimaekt@@na¢u1§oa¢@@113 lh?BiasI”ia'hiIEI ectric
notor, wWhid ﬁoiﬂyﬂgO@ﬁHﬁBefcniﬁs the G1ideCPali% Y& IdpdBedffubtter, a greater o

portion of the working chamber and the screw rotors therein are exposed
to suction pressure. . Capacity reduction is obtained by effectively re-
10 ducing_the'portion_of each rotor used_for compression. When the slide -
valve is closed the compressor is fully loaded and operates at full
capacity to compress refrigérant gas. When the slide valve is fully
open,'that is, when the portion of the screw rotors axially exposed to
suction pressure other than at the suction port is greatest, the com—
15 pressor is unloaded to the maximum extent possible. Positioning of the
valve betwesn the extremes of the full load and unload positions is ac~—
complished without difficulty with the result that the capacity of a
screw compressor, and the system in which it is employed, is modulated
smoothly and efficie&tly over a large operating range. The slide valve
20 1is most ofteﬁ hydraulically operated.
| Screw compressors used in refrigeration applications will, in
the large majority of instances, include an oil-injec:ion feature. 0il
is injected into the working chamber of the compressor, and therefore
into the refrigerant gas being compressed between the rotors therein,
25 for several reasons. First, ths oil injected into the working chamber
acts as a sealant between the meshing screw rotors and between the
rotors and the surface of the working chamber in which the rotors are

disposed. Second, the oil acts as a lubricant. One of the two rotors

v



‘meshing relatifonship with the externally driven rotor. The injected oi
prevents excessive wear between the driving and driven rotors. Fi- 5

nally, in some applications, oil which has been cooled to increase its
“viscosity and fts ability to act as a sealant is injected into the working
chanbgr, to cool the refrigerant undergoing conpression therein which in
turn allows fqor tighter rotor clearances at the outset. Ol injected into
the working ¢hanber of a screw conpressor 10 i s atoni zed and becones
entrained in The refrigerant .gas undergoing conpression therein. Such oil,
to a great extent, nust be renoved fromthe oil-rich m xture di scharged
fromthe conpressor in order to make the oil avail abl e for, anong other
things, reinjection into the com pressor #or the.purposeS'enunerated
above. Further, renoval of excess 15 i njected oil nust be acconplished to
I nsure that the performance of the refrigerant gas is not unduly affected
within the refrigeration cir- cuit. Previously, oil separation and slide
val ve actuation schenmes have essentially been both structurally and

functionally unrelated 20 within screw ¢ essqr assenqgﬁﬁs Such
di sassoci at i ort*h4B® (SEEEY (“QBPTSFSPE| L POTNA} %%T’%‘k Ind FEGEF TR P WEF uSUGRI ve
appar at us ent |arselay aeptriay absod, oimliehehoiokhare ratat iiondrEdppartsgt ubrtwet 6 nts

SCT e COMP &3S0 R el flShands 181 1AL UKL OAT, AN L SI of ©, Ahed Fhiuigl ur e

are entirely ressor asse
functions are @3 preyenys xcegtioeavdar. betmtee&hm diving @dnp:ierssorotassenﬁty.

The former sis délhgsﬁf a&g%t Q¥p1lic§u£ét e8i1 %h%hé@%e\éﬁléo%lweco ctz‘éasé Sts

|IIustrated b 4 478 e di sassoci ati on of suc ar at us
Wit hin 5 viscosity and its ability to act as a sealant is injected into t e

'working chamber to cool the refrigerant undergoing compression therein
which in turn allows for tighter rotor clearances at the outset.
0il injected into the working_chamber_of a screw compressor

10 is atomized and becomes entrained in the refrigerant gas undergoing
compression therein. Such o0il, to a great extent, must be removed from
the oil-rich mixture discharged from the compressor in order to make

" the oil available for, among other things, reinjection into the com-
pressor for the purposes enumerated above. Further, removal of excess

15 injected oil_mustlbe accomplished to insure that the performance of the

- refrigerant gas is not unduly affected within the.refrigeration cir-
‘cuit.
Previously, oil separation and slide valve actuation schemes
U - have essentially been both structurally and functionally unrelated -

20 within screw compressor assemblies. Such disassociation has resulted
in relatively complex and dedicated slide-valve apparatus entirely sep-
arate from the oll separation apparatus within screw comp:essors. At
'uorst, the two functions and their.telated structure are entirely dis-

h associated within a compressor assembly. At best, the functions are

25 only peripherally related within a compressor assembly. The former is
illustrated by U.S. Patent 4 335, 582 while the latter is illustrated by
U S. Patent 4,478, 054. The disassociation of such apparatus within



screw conpressors exists despite the fact that in nost instances both
~apparatus relate directly to the processing and use of oil within the screw
conpressor assenbly. \Wereas the separator functions to separate 5 oi |
fromthe refrigerant gas-oil mxture discharged fromthe conpressor in-
order to allow the oil to be reused, Ehe slide val ve assenbly, in nosihe

I nstances, is actuated by such oil. Clearly, it would be advant ageous
to conbi ne th sI| a Iy/ e t ungt to the
‘ext ent pos§| r%ga%%gr%%&ggnp9§§§8%8a§?§ ?EQ %haE %ﬁnggg%unnecessary

dupl i Catiogngfta%@gct%%h SR @Jgg el tle T&'fré&%!fg“ﬁa | ppludes

appar atus fof varying the cap a conpr essor mbly-in a

refrigerat b?{-BcL§SLn§Y%trﬁfn&éwp6f s609° wiBhoh! thB) geledr eompras8el POrtion
defining a“dischargé port; an oil separator portion in flow comnication

With said aesem®IsQr Wherdeas dheckapataker! funditiodd toseepaaade portion
I ncl udi ng a pressure housing wthin an oil separator; and a slide valve
assenblsy i pdlludfhema thel veeppigérantogasciodd tmiztyret dischairdedi st on bei ng
di sposed for novenment within-said pressure housing of said oil 25
separ at or faom ctheandompupsesari g vwn'de:satd prlémurﬁlmml ngo be define a
pressure chanber, said valve

reused, the slide valve assembly, in most instances,

is actuafed_ by. sucn oil. Clearly, - it would be
advantageous to combine the slide valve assembly/oil
10 separator functions to the extent'possible within a o/
| scﬁew compressor assembly to eliminate unnecessary
- duplication of structure,-expense and weight.
The invention includes apparatus'for varying the
caﬁecity.of:a compressor assembly in a refrigeration
15 system comprising:
an oil injected conpressot .portion defining a
discherge port; -
an oil separator portion in flow communication
with said compressor portion discharge port, said
20 'separator portion including a pressure housing within
an oil separator; and |
a slide valve assembly inciuding a valve portion
connected to a piston, said.piston.neing disposed for
mo#%éent within said pressure housing of said oil

25 separator portion and cooperating with said pressure

housing to define a pressure chamber, said valve



% portion being positionable in said conpressor portion between a position
I n which said conpressor portion is | oaded and a position in which said
conpressor portion is unloaded, novenent of said piston in said pressure 5
housi My correspondi ngly positioning said valve portion in said conpressor
porti ® The invention also includes an integral oil separator and slide
val ve apparatus in a screw conpressor assemgly, where the conpressor
assenbly 10 i ncludes a screw rotor housing defining a discharge port in
f1 ow communi cat i poxrwion dedorgkipas ictiorable Nimhsabd sconpressoEs paition
meshi ngly di sposed, conprising: a slide valve portion disposed in said
rotor housing, 1between aaposiiltiospdmawhichostidnconpiresworopouitioat ien

wi th said discharge port and including a pressure housing within an oi
separator; a pi soadeddiangodeposigdionminewbich waifi gompxesspre poutéon
housi ng; and 20 . . heans for connecting said slide valve portion in
said rotor housiA§ wnlkpadady geveRrent, ki gaidcrigEanhénspagdoPressyrs |
separator portion so.that novenent,.o id piston in saidﬁgressure housi ng

f
in said oil epa “§oFPF&.‘??&’&'&@%‘%&?P@?&&&&P&&%&%% 13e pertion g

slide val ve porti.on i id rotaor .19 The invention also includes a
scre\/\/com:)ressorl"?l saﬂdﬁ%d%pf%s orh%%&tﬂ%nf

The invention also includes aﬁ' integral oil
separator and slide valve apparafﬁs in a screw
cOmptessdr assembly,' where the dompreésor assembly

10 inciudes a screw roﬁor housing defining a disdhargé
port in flow_communicétion with a working chamber in
which screw rotors'are'ﬁeshingiyldiSposed,léompfising:

a slide valve portion dispoéed. in said rotor
housing; . | | | .

15 an oil separator'poitidn in floﬁ communication
‘with said discharge port and inCludihg a pressure
housing within an oil separator; o

a piston disposed.'for jmovement' ﬁithin said

U . pressure housing; and |

20 °  means for connecting said slide valve pbftion in

said rotdr:hoﬁsing_witﬁ'said pistoh in said pressure

hogéing of said oii'separator'portion so that movement

‘of said piston in said“pressgiélhousing'in said oil

' separator portion causes corresponding -movément of
25" - said slide valve portion in said rotor housing.

The invention also includes a screw compressor



7 assenbly conprising: a conpressor portion including a suction portion and !
a discharge port, said conpressor portion defining a working chanber in
fl ow cormunication with said 5 discharge port; an oil separator portion
having an inlet, said inlet in flow conmmunication with said di schargezpeort
of said conpressor portion and said separator portion including a presefire
housing wthin an oil separator; 10 nd a slide val ve assenbly including

a val ve portjig qg;ﬁg t piston, said piston being disposed for
novenent in%ﬁﬁéﬁﬁﬁigsu eﬁé%ﬁéhg within said oil separator whereby the
novenment of sai da{)i&g@% 5 SpéétioHDZﬁEEﬁ iR egaisqlc\@.lo‘ﬁe digp and

wher eby novenent of alve"portron 1 s adapled to vary the capacity of

the conpressiiq BrdHidnaryd &, ShiMtigPsdY ddi P Rdidigntion

conprises an integral - slide Vvalve-oil 20 separator apparatus in a

SCrew conpr gss orddaybblambeyhi £h tfkow abvaimanitcheronl wiehs!d«hy val ve is
di sposed in the conpressor portion of ‘the assenbly while the slide valve

actuati rg) appisctarge paktsposed in the oil separator portion of the
assenbly in what would 25 ot herwi se be unused space therein. The oi
separator porti oran noiddeseparatdmdperhiey - dayiad cemt Anflegal said
inlet in flow communication with said discharge port
of said compressor portion and said separator portion
including a_preséure hoﬁsing within an oil separator; .
10 and o S | o/
| ‘a slide ﬁalvé assembly including a valve portion
connécted to a piston, said pistdn being dispbsed for
moGement in said pressure housiﬁg within said oil
sepafator whereby the mbvement 6f said piston causes
- 15 movement of said valve portion_and whereby movement of
| said valve portion.is adapted to vary the capacity of
the compéessor. |
Briefly a _preferred embodiment"_pf the present
invention comprises an iﬁtegral slide- valve-oil
20 separator apparatus in a screw compressor assembly in
which the ﬁalve pqrtion of the slide valve is disposed
in'thé éompreésor portion of the assembly while the
slide valve actuating apparatus is disposed in the oil
separator pﬁitiqn of thé assembly in what would
25 otherwisé be_ﬁnused_space therein. The oil separator

portion includes a ' cylindrically-shaped céntrifugal



~7a oirl separator in which a helical ramp is disposed around an inner
cylinder. The ranp and inner cylinder are located wthin a perneable
outer housing. Disposed within the inner cylinder of .the oil 5
separator is a pressure housing which defines a pressure chanber in which

t he pistvon portion of the slide valve assenbly is disposed. The
pernmeabl e housing is located within aasealed oi | sunp housing attached to
the rotor housing portlon of . the conpressor assenbly.

"connecting rod PFYi FASPARRAICt {ng h@hkﬂ‘d@ vBpddcadt yeane ﬁﬁst‘@)hsm%%sed
th th | t t | t f_th lid
vglv;nasseﬁblglIoﬁﬁ?gﬂdafgL+ﬂg$%eé§g45¥£50us$h§ ﬁ%ﬁ?y 8#“%%% éﬁkhﬂéééoL ©
nbl The 15 d trat h d ch rt, of th

fotor housing. GFFS; dCSHETde BHEDAR o BooPRTREANE o Ty MR
subsequent to DEIP ? g@*@tgp éﬁfﬂ1t9ﬁe”‘ihﬂéﬁ d| Ec ggd fyLom 1%“? %ffr

housing and is s mttedtot epressue nber W t

oi| separatorgto Psrsl jge yal N Nbh t S
As a result o? sugﬁyﬁfétoﬁ rrjﬁven%ntﬁf?ﬁéeﬁ%/al v?p%%ﬁo%#?h?éﬁﬁ%@ﬁve

assenbly is novgfessiirél Ichambeirchiin WhgchC aily ?S;E@Eoﬂﬂogaraﬂoho JficERase
the degree to which the conpressor 25 is |oade vented fromthe
pressure chanber slidén vakrvei |lassgmbvbyoris s diispesiedd t 0 Phearparnieédlble
| housirg is 1oca£ed-within a sealed o0il sump housing
attached  to the rotor housing portion of the
— - 10 compressor assembly. -~ A connecting ' rod rigidly
connects the slide  valve actuator piston diéposed
within the oil ' separator portion with the wvalve _
.portion of the slide valve assembly located within the
rotor housing portion of the compressor assembly. The
15 connecting rod penetrates the discharge port of the
rotoxr housing. -Oii at discharge pressure pools in the
oil sump housing subsequent to being separated from
the mixture discharged from the rotor housing and is
U :  selectively admitted to the pressure chamber within
20 the o0il separator to move -the slide valve piston
within ‘the pressure ‘chamber. As a result of such
piston movement, the val§e.portion of the slide valve
-assembly -is moved  axially  within the compressor
housing to increase the degree to which the compressor
25 - is -loaded.. 0il vented. from the pressure chamber

- within the oil separator is directed to an area within



7b the conpressor portion of the assembly which is at suction “pressure.’
such venting results in the novenent of the slide valve, under the

. i npetus of conpressor discharge pressure, toward the position in 5 which

t he conpressor assenbly is unloaded. In order that the invention nmay be:
wel | understood, the abovenentioned enbodi nent thereof, which is givbﬁ?by
way of exanple only will now be dRscl osed in nore detail and with reference
to the 10 acconpanying drawi ngs, in which: Figure 1 is a schematic view
of a screw EeRpronpresser: i BRYBEPRN Ofy sthfn S8SRMRS Yt HEtThpl&ssF in cross

section and its,_ conponents are positioned when the c ressor js fully
| oaded. 15 Suctionp BEeEsYres 5 péﬁ‘t‘#‘al VARG (FRP reSSor*™®® Figure 1

Dt o CORRSEERE SRS SLBAE, Vel MR N OTRRERE b S
conDr o550 Borbigiad? ofedferalt el UHe U Woodfiod iy o ol
i et b
parallel, axialyy ropad¥. thiAtel ¥ | "tne¥hicidn Calay be well '
understogé, the abovementioned embodiment thereof,
which is- given by way of example only will now 'be
disclosed in more detail and with reference to the
10 _accompanying drawings, in which:
Figure 1 1is a schematic view bf a screw
dompressor refrigeration system showing the compressor
in cross section and its components are positioned
when the compressor is fully loaded.
15 Figure 2 is a partial view of the compressor of
| Figure 1 but with compressor components position as
when the compressor is unloaded.
Referring to: the Figures, screw compressor
assembly 10 includes &a compressor portion 12, a | g;)
20 bearing housing portion 14 and an oil separator
portion 16. Compressor portion 12 includes a rotor
housing 18 which defines a working chamber 20, a
suction portion 22 and a discharge port 24. Working
chamber 20 -is a volume configured generally as two
25 paréllél, axially running, intersecting cylindrical

bdres within rotor housing 18. Helical screw rotors

T



‘bores within rotor housing 18. Helical screw rotors 7c 26 and 28 are

di sposed in a neshing rel ationship w thin working chanber 20 which is
closely toleranced to the outside I ength and di aneter di mensions of the
rotorse Rotor 26, in the preferred enbodinent, is a 5 female rotor while
rotor"R8 is a male rotor. Suction portiqan 22 of the rotor housing 18

i ncl udes suction inlet area 30 and suction areas 32 and 34, all of which
are in flow communiscahhan 284 Ate SWElpP3eR CSAUTEL WahilRe ¢eTBkSESAShip -
assenbly is in operation. 10 .. A suction screen is disposed within SUCFIOH
inlet 30 to predehinBideitinyg chamisdZ 2QrwRicéh Lbaglaspledeoderbicddnesh
size frombeing admtted to suction portion 22 of conpressor portion 12.
Screw rotors 26 ame Ztheooptside dbengthowad hbisetspr]&lioternsiqgmssebr the
portion 12 in suction area 30 to define a suction port 36. Rotors 26.5

and 28 and rotor ko¥omsy 18ROt@EWREe doopdrentprefexidd nembodimentge pere 24.
Di scharge port 24 is an irregular|ly shaped area | ocated between and above
the rotors at 3 he femgleprrakar é"*é\‘%e oFokRE 048 hbgisi ngale. reRershafuciign

vol une of discharge part 24 wl ]| vary dependi ng upon the the position of
slide val ve assenﬁﬁg%ﬁ?QMﬁghQQI#h?aFQFgﬁe%HFg&H&yiﬁ_ﬁﬂpludgs suction
Beari-ng housing 14 i.s .di sposed, at_the high pressure d of .rqtor sing 18
and includes a bed‘f‘i?‘r?d", sﬁ??ﬁcg’%fn&bﬁéﬁcﬁ‘dro 1 RS 32" ana' 34, 460

which are in flow communication- and at suction

pressure when the compressor assembly is in ope_z"atién.

U 10 A suction screen is 'disposéd within suction inlet 30



defines a discharge passage 40. Munted within bearing housing 14 are‘the
bearings, not shown, in which the shafts extending fromthe high pressure
ends of screwrotors 26 and 28 rotate. Di scharge passage 40 15 of bearing =
housing 14 is in flow comunication with discharge port 24 defined by.r
rotors 26 and 28 and rotor housing 18 in conpressor portion 12. G| e
separa portion 16 of conpressor assenbly 10 includes a sealed oil sunp
housi ng_42 di sposed around centrifugal oil separator 44 20 and attached
to rotor housing portion 18. Centrifugal oil separator 44 has a perneabl e
outer housing 46 and is disposed within sunp housi-ng 42. Separator 44
defines an inlet 50 in flow comunicgtion with dis- charge passage 40 while
end wal | 48 of sunp housing 42 defines an out- |et 52. Disposed within oi
separator 44 is inner cylindrical housing 25 54. Inner cylindrical
housing 54 is preferably.concentric within per- neable outer housing 46 and
is mounted within a helical ranp structure 56, the outer edges of which
abut inner surface 58 of pernmeabl e housing 9 46.° A pressure chanber 60

is definggd priefed@hbttddy o TRFSHA BOLTeRO AR WMreledesndhsPRESH sk hi n i nner
cylindrical hOUSIng 54 of oil separator 44. Pressure hOUSIQ%hﬁé I ncl udes a
base por fFoh bekng, @ABALEEE ot FYCTIOR PRRAPR 68 QhicORPERIRB RS L er 60 with

0i | condpétewasotiirs! 26 ah@rageobperatesanibator Wuessding hbusnpuesedri s capped

openi g PHTARRR A CHEERE® e i B despie S red8aeb i, REarlSe O i e
50. 3t and 28bendapporhousimgt 18 ibeviseustapgrae anddefine slisehdrgespors 62
m ght bez&.ommrg? gorti 0118 HDir AL 1 0PHS RGhR SFBNM Lo AShedt aS
structural support tor _ T AR
and above the rotors at the high pressure end of rotor housing 12.
The shape and volume of discharge port 24 will vary deBending'upon'the
the position of slide valve assembly 72 which will later be discussed.
10 . Bearing housing 14 is disposed at the high pressure end of
rotor housing 18 and includes a bearing surface 38. Housing 14 also
defines a discharge passage 40. Mounted within bearing housing 14 are
the bearings, not shown, in which the shafts exteﬁding from the high
pressure ends of screw rotors 26 and 28 rotate. Discharge passage 40
15 of bearing housing 14 is in flow communication with discharge port 24
defined by.rotors 26 and 28 and rotor housing 18 in compressor portiom
12,
0il separator portion 16 of compressor assembly 10 includes a
sealed oil sump housing 42 disposed around centrifugal oil separator 44 W/
20 and attached to rotor housing portion 18. Centrifugal oil separator 44
has a permeable outer housing 46 and is disposed within sump housing
42. Separator 44 defines an inlet 50 in flow communication with @is-
charge passage 40 while end wall 48 of sump housing 42 defines an out-
let 52. Disposed within oil separator 44 is inner cylindrical housing
25 54. Innef cylindrical housing 54 is preferably concentric within per-
meable outer housing 46 and is mounted within a helical ramp structure

56, the outer edges of which abut inner surface 58 of permeable housing
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*10 end cap 68 and housing 62 within the oil separator portion. Perneable
housi ng 46, inner cylindrical housing 54, helical ranp 56 and end wall 48
;,Of oil separator portion 16 all cooperate to define a helical pass- age
between inlet 50 of separator 44 and outlet 52 in end wall 48 of oil sunp
housi Bg, 42. For ease of manufacture separator 44 will prefer- 15 ably abut
but not be cgrpected to end wall 48 of sunp housing 42. As seen nore
readily in F{Sﬁre 2, slide valve assenbly 72 in- cludes val ve portion 74,
connecting rod portion 76 and piston 78. Pis- ton 78 is sealingly disposed
for axial novement within pressure chanber 60 of pressure housing 62 within
oil separator 44. Valve portion 74 of 20 slide valve assenbly 72 is

di sposed in rotor housing portion 18 of cofr pressor assembly 12 and
cooperates with rotor housing 18 and bearing surface 38 of bearing housing
14 in the definition of working chanber 20. Valve portion 74 includes | ow
pressure end face 80 which is pref- erably a flat surface. Connecting rod.
portion 76 of the slide valve 25 assenbly rigidly connects piston 78 and
val ve portion /4 such that f. pLston r.ess

chamber 60 cauts c?rrfﬁ?l-repgﬁalc?'l%_lﬁﬁr@xggﬁ%&geedﬂeﬁ? pc?frtZ%yygg%:fl?’f?ohﬁ“?g{%f’?h
respect to rotwrish2ts disp@edridd tR8n vinhiar eyl btdnicabuonsingl 84 ofsoll |septrabed,
e A ol
respectivel y. dtsé@ahieh cagnedtgi ehapbeedr eltthell ipoaduirapy evidd statgr e
portions tg eaddiceiti@l. Fress&i¥ASEding067 Qd JddppR@natl ERd nd dbprebffdBafd pbrl4
of rotor housin 1&? gasses t %OU:QW Lsch%rge pas%gge_40 of %g%%ing housi ng
14;and pene- t TR Bt 04 fRR(85 qde e Bp¥h PR f FHreusthhdn tt? pt%8 of
oi I™~sepa- terior of housing 62 communicates with inlet 50. It will be apparent
that inner housing 54 and pressure housing 62 might be_combined as a
single unitary housing element. Ribs 70 act as structural support for
10 end cap 68 and hoﬁsing 62 within the oil separator portion. Permeable
hbusiﬁg 46, inner cylindrical housing 54, helical ramp 56 and end wall
- 48 of oil separator portion 16 all cooperate to define a helical pass~
age between inlet 50 of separator 44 and outlet 52 in end wall 48 of
0il sump housing 42. For ease of manufacture separator 44 will prefer-
15 _.ably abut but not be connected to end wall 48 of sump houéing 42,
_ As seen more readily in Figure 2, slide valve assembly 72.in-
cludes valve portion 74, connecting rod portion 76 and piston 78. Pis-
_ ton 78 is sealingly disposed for axial movement within pressure chamber
g~) " 60 of pressure housing 62 within oil separator 44. Valve portion 74 of
20 slide.valve assembly 72 is disposed in rotor housing portion 18 of com-
pressor assembly 12 and cooperates with rotor housing 18 and bearing
surface 38 of bearing housing 14 in the definition of ﬁorking chamber
20. Valve portion 74 includes ldw.pressﬁre'end face 80 which is pref-
erably a flat surface. Connecting rod portion 76 of the slide valve
25 assembly figidly connects piston 78 and valve portion 74 such that
axial movement of piston 78 within pressﬁre chamber 60 éauses_cortes—

ponding axial movement of valve portion 74 with respect to rotors 26



rator portion 16. Piston 78 is novable within pressure housing'62 bet ween a

10 first position as illustrated in Figure 1 and a second position as il -
lustrated in Figure 2. When piston 78 is in the position within pres- sure
housing 62 7illustrated in Fi.gure 1, |low pressure end face 80 of valve.,”

portion 74 of the slide valve assenbly abuts stop 90 which is a struchral
portion_of rotor housing 18. In the position in which valve 15 portion 74
of the(?}ide val ve assenbly abuts stop 90, -conpressor assem bly 10 is
fully Ndaded, that is, only the portion of rotors 26 and 28 which cooperate
in defining suction port 36 in suction area 30 are ex- posed to suction _
pressure within rotor housing 18. Wen piston 78 is in the position within
pressure housing 62 illustrated in Fl@ure 2, 20 val ve portion 74 of slide
val ve assenbly is noved away fromstop 90 in rotor housing 18 to expose a
portion of screw rotors 26 and 28, other than that portion which cooperates
with the rotor housing to define suction port 36, to suction pressure
within rotor housing 18. In the preferred enbodi nent, novenent of valve

portion 74 away from stop 90,25 expo screw rotors 26 and 28 to suction
pr essur e 28 E R %ﬂ’:@ﬁp"f?é‘sb'l’g 8¢ o shgﬁgﬁsgﬁatfg.’ %né’ef)%ignﬁt ?%d?\ Pg?tis?l(ai de
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conpr essor_ assenbl Qi opsLat lga le5e. VRLVE sgsSsfTly 72
is nnvabféra\%\net cl’rglil‘ ﬁ%%r%’r“e?? aggr‘p_agggeé#g??/&qggbgﬁ%gg%étvlﬁgyf u?{" ﬁeoad posi tion
i || ustra8@®drighd i gecwurel thendhrer vahveo agspridyt poitions fogeacd othesd is furt her
capahj e pf,etigk Yok MeAbdRst rated Al betlaR 8i 44 QBSrarRYVREEnd Nahet ween t he
posi ﬁ ons tllrF g& | ust rgt edri ne Fi ureasétﬁ,I %ﬁd 2. V\hef v?l ve . assenbly 72 is.
in the fBPFSEPOLRFOYER|dYsphatge pIgpgRe 40 © ng

trates both inlet 50 and the opening defined by end cap 68 of oil sepa-

bearing hous and pene-
rator portion 16.
_ Piston 78 is movable wi;hin pressuré housing 62 between a

10 first position as illustrated in Figure 1 and a second position as 1il-
lustrated in Figure 2. When piston 78 is in the position within pres-
sure housing 62 illustrated in Figure 1, low pressure end face 80 of
valve portion 74 of the slide valve assembly abuts stop 90 which is a
structural portion of rotor housing 18. In the position in which valve

15 portion 74 of the slide valve assembly abuts stop 90, compressor assem-
bly 10 is fully loaded, that is,.only the portion of rotors 26 and 28
which cooperate in defining.suction port 36 in suction area 30 are ex- '

posed to suction pressure within rotor housing 18. When piston 78 is

in the position within pressure housing 62 illustrated in Figure 2, ./

2d valve portion 74 of slide valve assembly is moved away from stop 90 in
rotor housing 18 to expose a portion of screw rotors 26 and 28, other
than that portion which cooherétes with the roto: housing to define
suction port 36, ﬁo suction pressure within rotor housing 18. In the
preférred embodiment, movement of valve portion 74 away from stop 90

25 exposes-sérew rotors 26 and 28 to suction pressure in suction area 32
of rotor housing 18. The position of slide valve assembly 72 illus-
trated in Figure 2 is the position in which compressor assembly 10 is

L

.



‘1 refri-gerant ‘gas entering suction port 36 begins to undergo conpres- sion
as soon as suction port 36 closes. Suction port 36 closes as the neshing of
rotors 26 and 28 proceeds to the extent that a volunme is 10 formed within
‘wor ki g chamber 20 which is not exposed to suction area 30 of rotor housing
.. 'Such vol unes are chevron shaped and are gen- erally defined by the
clrosed, neshgd screw rotors and the wall surface of working chanber 20 .
wi t hin which\the rotors are :di sposed. As valve portion 74 of slide valve
assenbly 72 is noved away fromstop 90 of 15 rotor housing 18 toward the
position of Figure 2, an increasing portion of screwrotors 26 and 28 is
exposed to suction pressure within suction area 32 of rotor housing 18.

" The effect of this movement is to delay thélpoint at which the conpression
of gas sucked into the nmeshing ro- tors through suction port 36 begins to
occur within the conpressor as- 20 senbly, irrespective of the fact that
suction port 36 has closed with respect to a particular chevron-shaped
vol ume. Thus, the nnvenent of valve portion 74 away from stop 90 exposes a

portion of Wh pfgg % 5@{' Ses?fd avgive gn%nfbt.l.y?(}evgomrovgpfen%gthin comperes-

bet ween rotors I n Wor ron press
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ed 1 refrigerant gas entering suction port 36 begins to undergo compres-
sion as soon as suction port'36'ciosesl Suction port 36 closes as the
meshing of rotors 26 and 28 proceeds to the extent that a volume is
10 formed within working chamber 20 which is not exposed to suction area
30 of rotor housing 18. Such volumes are chevron shaped and are gen-
eral;y defined by the closed, meshed screw rotors and the wall surface
~of working chamber 20 within which the rotors are disposed. As valve
portion 74 of slide valve assembly 72 is moved_away from stop 90 of
15 rotor housing 18 toward the position of.Figure 2, an increasing portion
" of screw rotors 26 and 28 is exposed to suction pressure_within suction
. area 32 of rotor housing 18. The effect of this movement is to delay
the point at which the compression of gas sucked into the meshing ro-
W ‘tors through suction port 36 begins to occur within the compressor as-
20 sembly, irrespective of the fact that suction port 36 has closed with
respect to a particular chevron—shaped volume. Thus, the movement of
valve portion 74 away from stop 90 exposes e portion of what would
otherwise be a closed'off'cheernéshaped volume between rotors 26_
‘and- 28 within working chamber 20 to suction pressure, although in sue-
25 s:tion area 32 of suction portion 22, as opposed to in suction area 30.
The net effect of the movement of valve portion 74 away from stop 90 is
to effectively shorten the length of rotors 26 and 28 and to decrease



5 to suction pressure and the less is the initial volune of gas available
for conpression as the screw rotors nmesh wthin working chanber 20.
Movenent of .piston 78 within pressure housing 62 is achieved by the

sel ective adm ssion of pressure fluid to and venting of such fluid froi
pressure chanber 60. Chanber 60 is defined by pressure 10 housi ng ‘8 and
I nteripr, surface 92 of piston 78. Piston novenent is further affected by

t he e%?&sure of exterior surface 94 of piston 78 to conpressor discharge
pressure as communi cated from conpressor discharge port 24 in rotor housing
18, through discharge passage 40 in bearing housing 14 and through inlet 50
of oil separator portion 16. The size 15 of the area of exterior surface
94 of piston 78 is larger than the axially projected area of high pressure
end face 126 of valve portion 74 which is exposed to discharge pressure.

As. a result, when all other forces acting on slide valve assenbly 92 are

I gnored, the slide valve assenbly is biased by discharge pressure to the
unl oad position within 20 conpressor assenbly 10, as illustrated in

Fi gure 2the Bioésmmgfrmwbeimcm;aessgﬁ.i nghaefdrsposedabativyent end-cap 68 and
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oil in SL”nj areEiﬁ%vement of piston 78 within pressure housing 62 is achieved o/
by the selective admission of_pressure fluid to and venting of such
fluid from pressure chamber 60.. Chamberiﬁolis defined by pressure
10 housing 62 and interior surface 92 of piston 78. Piston movement is
further affected'by the exposure_of_exterior surface %94 of piston 78 to
compressor discharge ﬁressure as communicated from compressor discharge
port 24 in rotor housing 18, through discharge passage 40 in bearing
housing 14 and through inlet 50 of oil separator portion 16. The size
15 of the area of exterior surface 94 of piston 78 is larger than the
. axially projected area of high presspre_end face 126 of valve portion
74 which is exposed to discherge pressure. As a result, when all other
forces acting on slide valve assemblj 92 are ignored, the slide valve
assembly is biased by discharge pressure. to the unload position within ;;/'
20 compressor assembly 10, as illustrated in Figure 2. Biasing means,
such as spring 96 disposed between end cap 68 and piston 78, may be em—
ployed to ensure a positive_bias of the slide valve assembly toward the
unloed position, " Such biesingjmeans are particularly useful in ensur-
ing that the slide valve assembly is returned to the unload position
25 _when chamber 60 is vented.whether due to a mechanical malfunction or at
. compressor shutdown and remains in that position until the compressor

is next started.



“i s expesed to and mai ntai ned essentially at conpressor discharge pres- sure
when conpressor portion 12 is in operation. Conpressor portion 12 5 Is in
,operation when the driven rotor of rotors 26 and 28 is rotated by a driving
‘meansssuch as notor 100. Mbtor 100 drives shaft 102 upon which the driven
rotor'gf rotors 26 and 28 is nmounted for rotation. In the preferred

enbodi nent |e rotor 28 is the driven rotor. As men- tioned previously,
oil is enplo ed for several . purposes wthin conpreés- 10 sor assenbly 10.
One purpose is to lubricate and cool the screw rotors w thin working
chanber 20. Therefore, oil at discharge pressure in sunp 98 is directed out
of sunp 98 and is injected into working chagber 20 under the inpetus of the
pressure differential which exists between the interior of sunp housing 98
and the point of oil injection into the-15 working chanber 20 within
rotor housing 18. The passage through which oil is injected into working
chanber 20 of rotor housing 18 is not shown but, in the preferred

enbodi ment, is a passage which | eads fromsunp 98 to an inlet disposed over
female rotor 28 in thesi,uppehmpﬂmgilcfno@fo:IlheepmakémgActnam‘eaneametthervolume

pur pose for ""‘Hrft*&};?&:l of Ns 0P 095 Ev.gngz iﬂégégzge%%x{lgdgx%t ‘6@1 SLJ;Ppe

assenbly 72. Q actuating 1ve recte rom
sunp 98 t hr ought ewpPrRAsHt t%é@thwnimedf Fa’rsgptéﬂléfneﬁ &ownes*eorl@és%geeterﬁs-

steCEI I onh108 | Nd 2 ePHIESS ua&pr@ea&wlpbréﬁnvwi RisN1Piohe SARBARAL Qﬁmmskbprbo;@ionod
a I SC ar

pr essure en%frl conduit 104 is |rected |nt %r S- sure
chamber ndistf‘s”(?ﬁaF “e?'{;'%f gﬁr TSN FOLOR ohi BX9RS AP £B t?'l § t‘ﬁéa"sﬁdl )3
vaI ve assenbl ya tdoitdrg fhedds boecd apasdttoromoof rmtgurmoldtnveuhsMcl 02 ppassure
B0 P7 DB PRl S 8467 g1 R, 3L frt o’ BesR o
the preferred embodiment, male rotor 23 is thn drivcn Totor. -As men~
tioned previouély, oil is employed for several purposes within compres-
10 . sor assembiy 10. One purpose is to lubricate and cool the screw rotors
within_working chamber 20. .Therefore, oil at discharge pressure in
sump 98 is:directed out of sﬁmp 98 and is injected into working chamber
© 20 under the impetus of the pressdfe differential which exists between
the interior of sump housing 98 and the point of oil injection into the
15 working chamber 20 within rotor housing 18. The passage through which
oil is injécted'into working chamber 20 of rotor housing 18 is not |
shown but, in the preferred.embodimeht, is a passage which leads from
sump §8 to an inlet dispoéed over.femaie rotor 28 in the upper portion
'pf the working chamber. Another purpose for which oil in shmp'98 is
20 used is to actuate slide val&e aséembly 72.
0il for a;tuating.slide.valve assembly 72 is directed from
sump 98 through conduit_section 104, first solenoid valve 106 and tee-
section 108 into pressure conduit 66 ﬁ1thin oil separator portion 16.
011 at discharge pressure entering conduit 104 is directed into pres-
25 sure chamber 60 and acts 6n intqrior_surface 92 of piston 78 to bias
" the slide valve assembly to ﬁhe full load position of Figure 1 in which
low pressure end face 80 of.valve portion 74 is forced to abut stop 90

~of rotor housing 18. It will be remembered that in operation discharge



14 pressure acts both on exterior surface 94 of piston 78 and on high
pressure end face 126 of valve portion 74. As a result, the net axial
force on slide valve assenbly 72 resulting fromthe discharge of the ..
m xture of conpressed refrigerant gas and oil produced in conpressoriﬁ& :
portion 12 is not significant as conpared to the force brought to bear on
slide val ve assenbly 72 by the admi ssion of oil at discharge pres- sure to
chanbemr 60. When sol enoid 110 is opened while solenoid 106 is closed, so as
to untead conpressor portion 12, both conpressor dis- charge pressure and
the force of spring 96 act on surface 94 of piston 10 78 to force oil out
of pressure chanber 60. Such oil passes through conduit 66, tee-section
108, and second sol enoid 110, prior tBsentering conduit section 112.
Conduit section 112 opens into suction portion 22 of conpressor portion 12
such as through passage 114 whi ch conmuni cates with suction area 34 of
suction portion 22. G| vented from chanber 60 15 I nto suction portion 12
of rotor housing 18 is drawn, along with suc- tion gas.entering suction
inlet ar i n i qn. - gt her ef S$d h |1 injected
directl y%lqﬁ?our\ﬁo?%)snggéﬁgﬁbﬁ’&%gfﬁg%u?ﬁ%ecgﬁIol%n {&s"gaﬁ?\aééagﬁ‘dgf%tr'i cating of
t he screwressunesend tfaqe |426pef volesl pohtdonsiies | 48 prressietast aaxtiabn | ow
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t he novenment of the val ve assenb Fi rst ‘sol enoi d val ve 106 and second

sol enoi d W&FYRe of(compEetsSAt FAATLERE 0GRt REE StePradneed daqempresrer '
refri ger gloirforS Y8t BiTnbfl s4Bh LAt c@AAHSCE6AYaras STPhy FbBcd HrodgHoYedhebACT €ASES,

first solenojd valve 106 i | sed ;,open to cause slide val ve assenbly
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~charge pressure and the force of spring 96 act on surface 94 of piston
10 78 to force oil out of pressufe chamber 60. Such oil passes through
~ conduit 66, tee-section 108, and second solenoid 110, prior to entering
conduit section 112. Conduit section 112 opens inﬁo-suction portion 22
of compressor portion 12 such as through passage 114 which communicates
with suction area 34 of suction portion 22, 0il vented from chamber 60
15 iato suction portion 12 of rotor housing 18 is drawn, along with suc-
tion gas entering suction inlet area 30, into suction port 36 and
therefore assists the oil injected directly into working chamber 20 in
the cooling, sealing and lubricating of the screw'rotors._ It will be
noted that suction pressure does act on low préssure end face 80 of
20 valve assembly 72 and is therefore a factor in the movement of the
valve assembly. - _
First solemoid valve IQG'and second solenoid valve 110 are
" controlled such that when the load on the fefrigeration_system in which
compressor assembly 10 is employed'incréases, first solenoid valve 106
25 is pulsed'bpen to cause slidé valve asseﬁbly'72 to move toward the full
load position of Figure 1. When a decrease in systemTIOadlis sensed,

second solenoid 110 is pulsed open to vent pressure chamber 60 to suc-—
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« 15 tion portion 22. At constant |oad conditions first and second sol e-

noi ds 106 and 110 are cl osed and pressure chanber 60, pressure conduit 66
~and tee-section 108 are filled with oil at discharge pressure. Pis- ton 78
“ and vgl ve portion 74 will thus be .hydraulically locked in a 5 static.

posi t{gn at or between full load and unload positions when both sol enoids
are closed Valve portion 74 is thus positionable between the extrenes of
~the-full d>and unl oad positions sinply by selective- |y pulsing the

approprlate 6l enoid valve to adnit or vent pressure fluid to or from
pressure housing 62. The control of solenoids 106 and 10 110 and the
system paraneters to which their controls respond is not the subject of the
present invention. At conpressor startup, $bide valve assenbly 72 is in the
un- load position illustrated in Figure 2 since chanber 60 is vented to
suction upon conpressor shutdown. Hi gh pressure end face 126 of slide 15
valve 72 is contoured and the shape of discharge port 24 is such that in
the unload position illustrated in Figure 2 the conpression and dis- charge
of gas from conpressor portion 12 will continue to occur when the rotors

rotate, althouftPta8APrieasts cAbLortpnh 19adpeorditierfefyritodnd jsegond sole-
approxi mately a6és 106 andi f10ahre/ @LogEA @Ad HRESSFEr ammbgassodl ﬁresgﬁ)re cehadiged

from conpresso or,t Lon 12 aft star ressuri t he
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gas and oil disc rom com pressor portion 12 passes t

di schar ge passtjenetdpRrpglopedy a%’é‘f?bP?rtM“aHd iénﬂélrsquﬁil“-é?n@@e dfet6F¢ﬂ
sepdr at or Porttﬁﬁ1ei§redeﬁ ¥¢ lthe full load and unload posit;ons simply by selective-

~ ly pulsing the appropriate solenoid valve to admit or vent pressure
| f1u1d1to or from pressure housiﬁg 62. The control of solenoids 106 and
19 ..110 and the system parameters to which their controls respond is not
thé éubjec; of the present invention.
- At compressor startup, slide valve assembly 72 is in the un~
load position illustrated in Figure 2 since chamber 60 is vented to
. .suction,updn.compressor shutdown. High pressure end face 126 of slide
15 .valve 72 is contoured and the shape of discharge port 24 is such that
in_the unload position illustrated in Figure 2 the'COmpressidn and dis-
charge of gas from compressor portion 12 will continue to occur when
the:rotors rotate, although compressor capacity will be extremely low,
W .i.e., approximately 10Z. The initial volume of reftigerant gas dis-
20 .:éha:ged from compressor portion 12 after startup acts immediately to
' - pressurize the interior of oil sump housing 42 which in turh'provides
the oil necessary for slide valve actuation and causes oil to immedi-
'aﬁely be injected into working chamber 20 of rotor'housiﬁg'ls as well.
_ . The mixture of refrigerant gas and oil discharged from com-
25. préssot po}tion 12 passes through discharge passage 40 of bearing
_,assembly 14 and enters inlet 50 of oil separator portion 16. It will
 be noted that the flow path of the mixture discharged from the compres-



be noted that the flow path of the m xture discharged fromthe conpres-

16 sor to separator portion 16 is short, straight and clean thereby m ni-

m zing pressure drop in the mxture which is of significant inportance in
refrigeration applications. The sane can be said of the flow path of- the

m xture through and-out of separator 44. The m xture is forced 5 t O
follow the helical passage defined by ranp 56 within separator 44 and is
thereby inparted a swirling notion. The oil entrained within the mxture,
bei ng avier than the refrigerant gas portion of the mx- ture, is
centrifugally forced to mgrate radially outward and toward perneabl e
housing 46. Such oil passes through perneabl e housing 46 and 10 settles
by force of gravity within sunp 98 of Bealed oil sunp housing 42 while the
conpressed gas from which the oil has been separated con- tinues to travel
essentially unidirectionally through separator 44 and out of sunp housing
42 through outlet 52. The oil is then enployed in conpressor assenbly 10
for the purposes previously enunerated. It is 15 to be noted that
perneabl e, as defined in WEBSTER S NEW COLLEG ATE DI CTI ONARY, copyri ght
1975 by GS5°& ¥ SRBITAAM RGHPAMYS 1% sherinabraight mandi ekpasorkereby mdpémi ngs

t hat per mntizlhgquh:dsszﬁﬁl @?&eﬁa ttmedpﬂs&f ui‘@l’vﬂhmlgth"i-sl éf ﬁglfi'fai.chﬂt? i?}aéﬂ»t%&'ée of
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- separat or tﬁ@rﬁﬂﬁiﬂxéisbéiﬁk h8avier than the refrigerant gas portion of the mix-

’ ' ture, is centrifugally forced to migrate radially outward and toward
pérmeable housing 46. Such oil passes through permeablé-housing 46 and

10 settles by force of gravity within sump 98 of séaled oil sump housing
42 while the compressed gas from which the oil has been separated con-
tinues to travel essentially unidirectionally through separétor 44 and
out of sump housing 42 through outlet 52. The oil is then employed in
compressor assembly 10 for the purposes previously enumerated. It is

15 to be noted that permeable, as defined in WEBSTER'S NEW COLLEGIATE
DICTIONARY, copyright 1975 by G. & C. Merriam Company, is defined as
"having pores or openings that permit liquids or gases to pass
thfough"._ As such, the structure of housing 46 may be meshlike, may
define a plurality of discrete openings or may be of any manufacture

20 which permits the through passage of liquid while presentirg enough of

. a barrier to gas flow so as to contain and channel such flow within oil

separator portion 16 between inlet 50 and outlet 52. Refrigerant gas,
at discharge pressure and. from which oil has been separated, exits out-
let'52, passes through end wall 48 of oil separator'poftion 16 and is

25 directed into dischafge conduit 116.  The gas is then employed in a
cpnventiqnal fashion to produce refrigeration as by passage'at least
through a éondenser 118, an expansion device 120 and an evaporator 122,
prior to being returned to suction inlet 30 through suction screen 124
of compressor portion 12.



25 directed into discharge conduit 116. The gas is then enployed in a
conventional fashion to produce refrigeration as by passage at | east
;through a condenser 118, an expansi on device 120 and an evaporator 122,
priorzto being returned to suction inlet 30 through suction screen 124 of
conprassor portion 12. 17 The iIIustrate? integral slide valve-oi
separator mnimzes structure and wei ght w Kin a screw conpressor assenbly
while minimzing pressypg diap Beii 985 RLAHineh bY £8 QL OmpL £5800 AN
allows 5 for a conpact screw conmpressor ins a%ion. § Wi be

appreci ated that dhone@ase MM | sR-LeRSrePah !Iigh’cbgir: e SIFHoi{N alg

whi ch can be made t'o the 1 nvention taught herein within the scope

of the claimed i niardw OtomprebBorl AadEemBly APRAAIMEnihOEiNg! Wrtsduee

capacity of a conpressor assenbly in a refrigeration systemconprising: 5
an oil injected ahroy ebsotheoghsoproducednpya thies compiessor amh dlilows
separator portion in fl'ow communi cation
5 for a compact screw compressor installation. It will
be appreciated that there are many modifications,
particularly structural, which can be made to the
invention taught herein which are within the scope of

the claimed invention.



W th said conpressor portion discharge port, said separator poftiom

I ncl udi ng a pressure housing within 10 an oil separator;

and a slide

val ve assenbly including a valve portion connected to a piston, said piston
bei ng di sposed for novenment within said pressure housing of said oil &

separator portion and cooperating with said pressure 15

housing t o™

define a pressure chanber, said valﬁ@[MNtlon bei ng positionable in said
conpr essor portion between a position in which said conpressor portion is

| oaded an

novement of said plston In said pressure 20

n in which said conpressor portion is unloaded,

housi ng correspondlngly

positioning said valve portion in said conpressor portion. 2. Apparatus
accordi ng

1 f h f.
connunicatiag acb?gg;ﬁPBaF%&£ﬁe{88§ 6%%*ﬂ&%ntlng (Q%%essspt UId

cyl i nder.

us accor

25

fromsaid pr%ssur g{)@nbgrsst dxI(ﬁn%e $qi dgpi ¥&ﬁ'w§é BbRion 1% igg._gmpressure

toclaim1l or

erein safd oil

separator i pgl, # ggperneable outer housing. 4. Apparatus according to
sal

claim 3 wherel
sunp howgsi ng di spgsegdiar

within said oil separator portlon from

10

15

20

25

discharge port;
an oil sep&rator portion in flow communication
with said compressor portion discharge port, said
separator portion including a pressure housing within
an oil separator; and
| a slide valve assembly including a valve portion
connected to a piston, said piston being disposed for
movement within said pressure housing of éaid oil
separator portion and cooperating with said pressure
housing to define a pressure chamber, said valve
portion being positionable in said compressor portion
between a position in which said compressor portion is

loaded and a position in which said compressor portion

is unloaded, movement of said piston in said pressure

housing correspondingly positioning said valve portion
in said compressor portion.

2. Apparatus according to claim 1 <further
comprising means for selectively communicating a
pressure fluid to and for venting a pressure fluid

from said pressure chamber to move said piston within

A

oil separator portion includes a sealed oi
Aifected m@blserouportmumdﬁjumﬁg separ at ed



the refrigerant gas-oil mxture discharged fromsaid conpressor portion
passi ng through said perneable 10 outer housing and into said seal ed oi

;sunp housing, said separated oil being the pressure fluid selectively
comuni cated into and vented fromsaid pressure cylinder to nove said
pi ston. 5. Appar atus according to claim4 wherein said 15 conpressor

portion defines a suction area including aXuction port and wherein said
oil vented fromsaid pressure cylinder in said oil separator is vented to
sai d suction arefi2ifl pEPgsusape¥dsndere. Apparatus according to claim

3, 4 or 5 20 wherein said perneable outer housing is cylindrical and
wherein a helical .ramg+is BPEBBQEHSaPSGﬁﬁdéagdtﬁrégéﬂﬂb-hd%%l%gWhFﬁ@lbuter
edge of said helical ragp guxtagose e i nner surfah of sald erneable
outer housing. 28aid oilys PAGRaPat 68¢ BGS?anBeFBeﬁ i e Qutsr B 3?%@93 to
6, further conprising,a be rlnga Qusi_n sai d

permeabl e out er houdirng ARRAF2ERPJ 3K §5H&Bpe 6PP1W:$E§E ﬁel%oﬁﬁigssor
briTon Seks s g0 SELIAR SALSINS, PSR AP
housing. 8. AppRbRkYRg @Q%%b@bﬂgafﬂ%n&”Bhi&"Eérﬁgabiémbuter housing,
oil separatéd within said oil separator portion from
“the refrigerant'gas-oil mixture diSéharged from said
compressof portion passing through said permeable
‘outer housing and into said sealed o0il sump housing,
said separated oil being the pressure fluid
- selectively communiéated- into and vented from said
- -pressure cylinder to move said pistonl
5. - Apparatus according to claim 4 wherein said
15 compressor portion"defihes a suction area including a
suction port and wherein said oil vented from said
pressure cylinder in said oil separator is vented to
said suctioﬁ area in said compressor.
o - 6.  Apparatus according to claim 3, 4 or 5
20 wherein said permeable outer housing is cylindrical
and wherein a helical ramp is ‘disposed around said
pressure housing, the outer edge of said helical ramp
?juxtapbsed the  inner surface.of said permeable outer
housing.
25 . 7. Apparatus according to any one of claims 3

to 6, further comprising a bearing housing disposed

* c L ] S *



precedi ng clains wherein said piston and said val ve portion are connect'ed
by a connecting rod, which penetrates said discharge port of said )
conpressor. 10 9. Apparatus according to claim8 when appended to
claim 7, wherein said slide valve assenbly connecting rod passes z
through said passage in said bearing housing. 10. Apparatus accordi"hﬂr to
any one of the 15 preceding claimﬁoymerein-one face of said piston is

Whor el n sai BOSHRER veFaidas ERRGAE Lo b BEES Ty AAANE cRng SERbRge
Porton i s AKPEROEES 1POTEnt Al alPand SEPRT RO e PR Oa 88 e atus
Scr ow T ot or BRBERHg Hos T, e e e S e i th a
comr | 81 ng: e P ot or “housing; an
oi | sepgrat gpjROpbirABablel bateeoRBUBiAGLI on with said discharge port and

i ncluding a presSure 5 housing within an oil separator;

8. Apparatus according to any one of the
preceding claims wherein said piston and-said.valve
portion are connected by a connecting rod, which
penetrates said discharge.pprp_pg;said,compressor.

10 9. 'Apparatus according to claim 8 when appended o/
to claim 7, wherein said slide valve assembly
connecting rod passes f.h-:_r:ough said. passage in said
beariné housing. .

10. Apparatus' according to any one of the

15 preceding claims, wherein one face of said piston is
exposed to compressor discharge pressure within_said
separator portion and wherein said slide valve
assembly is biased by compressor discharge pressure to
position said'valve portion so that said compressor | \)

20 portion is unloaded;

11. Integral oil separator and slide valve
apparatus_in_a screw compreésor assembly, where the
Compressor assembly includes a screw rotor housing
defining a discharge port in flow communication with a

25 working chamber in which screw rotors are meshingly

‘disposed, comprising:

—
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“a piston disposed for movement W thin said pressure housing; and neans for
connecting said slide valve portion in said rotor housing with said

¢piston in said pressure 10 housing of said oi

novengnt of said piston in said pressure housing in said oil separator

porti ®~ causes

correspondi ng novenent of said slide valve portion in

rotor housing. 12. Apparatus according to cdkim 11 wherein said 15 oi
separator conprises a_centrifugal,oil separator. di'sposed, within an oi
Piide” et :

housing of said oil s&pa

Yo, O3 L OB o SPBECG (1 n Sy Fotor

centrifugal sepagafaf hging deposited in said oil sunp housing, said
apparatus further conpri‘sing nmeans for 20 - communicating oil from said

UMD Mousi ng 100 Sal ol S6PURRpAMMILA0 pdrk1APPIAA ¢ CEgRHATCRB1EhAT

12 wherein said centri

oi | “separ at cludes a perneable outer

separator portion so that

sai d
I
sunp

oi |

housing in whichyg3hd sRLASSHH Sch@E§é Npdrt hRBOSEe1¥@ingt e pREEELRE Of
sai d perneabl e housing being in flow comruni cation with said di scharge.
port. and saisd hoddipg Wiahlie anowiilngepaealerating wth said . press
define a helical passage wthin said perneabl e housing

housi ng _
exterior of said pr-esaur.@irsmm' nglidpbsetppaficat usmaeamenit ngwithihai gaid,

or

13

to

10.

15

20

25

pressure housing; and -

means for connecting said slide valve portion in
said rotor housing with said piston in said pressure
housing of said oil separator portion so that movement

of said piston in said pressure housing in said oil

separator portion causes corresponding movement of

said slide valve portion in said rotor housing.

12. Apparatus according to claim 11 wherein said
oil separator comprises a centrifugal oil séparator
disp&sed within an o0il sump housing of said oil
separétor portion, o0il separated within said

centrifugal separator being deposited in said oil sump

- housing, said apparatus  further comprising means for

. communicating oil from said oil sump housing into said

pressure housing.

13. Apparatus according to claim 12 wherein said

-centrifugal oil separator  includes a permeable outer

housing in which said pressure housing is disposed,
the interior of said permeable housing being in flow

communication with said discharge port.  and said

||!cLHS*

ure

12



5 wherein said rotor housing includes a suction portion, and further

conprising neans for venting oil

© portion of
10

fromsaid pressure housing to said suction

said rotor housing. 15. A screw conpressor assenbly conprising:

a conpressor portion including a suction portion and a dischk

"~ port, said conpressor portion defining a working chanber in flow
communi cation with said di scharge port42 an oi'l separator portion having an
inlet; said 15 inlet in flow comunication wth said discharge port of

sai d conpr epesmeadle ohonaing| FoQRANARIAY pdfithn satfudPrRESE

so¢

-

pPessure

housing wthin an oil separator; an .slide_val ve assenbly incluyding a
a" phelifal Ehil oPesd

val ve port

i BRusdng c&RnedeLdne, saPaspRr9Bon"h dPep

sed for

(O id h ' it i kd Qi . by th
Tovenent of PERPERLE, B ARGk StareREnp Lo oLt HroaBGRY RREgHOT 7Y crcny
t of id I Lon i ) h '

Compr essor. 16, Alconppbeenrth AcGMIRET b, Xlatd (ELFTRICISY 33

conprisgng
housi ng~by
pressure

10

15

20

25

25 t he
further

AR s 105 1H0 I Holue 1By hiRG18AEE BT SheRioR pRIrdiBagssur e

mtiing pressure
and further comprising means for venting oil from said

pressure housing to said suction portion of said rotor
housing.

15. A screw compressor assembly comprising:

a compressor portion including a suction portion
and a dischargé port, said compressor portion defining
a .wﬁrkiﬁg "chamber in floWK:cammunication. with said
discharge port;

an oil separator portion having an inlet, said
inlet in flow communication with said discharge port
of said compressor portion and said separator portidn
inciuding a pressure housing within an oil separator;
and |

a slide valve assembly including a valve portion
connected to a piston, said piston being disposed for
movement in said pressure housihg' within said oil
separator whereby the movement of said piston causes
mbveﬁent of séid valve portion and whereby movement of
said valve portion is adapted to ﬁary the capacity of

the compressoxr.

16. A compressor_assembly according-to-claim 15

g

0o and venting pressure fiuid from said

L



hou5|ng 9 ' 17. A conpressor assenbly according to claim 16 wherein
fhe supply of pressure fluid for said means for hydraulically noving said
spiston is oil separated within said oil separator portion and wherein
presswre fluid vented fromsaid pressure housing is vented to 10 sai d
suctio~ portion of said conpressor portion. 18. A conpressor assenbly
according to claim15, 16 or 17 wherein saig3valve portion is novable
within said conpressor porti-on between a position in which said conpressor
assenbly is ful | furdheed comprdsing meanist ifoxr hydrauiichllyamdviagmpaggsor
"assenbly is unloaded, adm ssion of said pressure fluid to said pressure
chamber noving s@M@ﬁanmn1saldnvzbssmrsebauaing byradmmtgmnghpresauievalve
portion is caused tq nmove toward said | oaded position in said conpressor 20
portion and vent £d§if teapadpvessding presgumeo fladddIprassaid presisure
causing said piston to nove in said separator portion so that said valve
portion is cause ou§ingre toward said unl oaded position in sald conpr essor

tion, ' t hyd I I 25 d
bressure haudi ng vhon J9reodu PERRAFAR, HRAeRRI R et T8 s?”e,@h?tééa'

from 24 said gresayre HUSERBpIFYof SRUBLERSOE1RTRRYY 208" fulds! ©

any one
for hydraulically moving said piston is 0il separated

within said 0il separator portion and wherein pressure
£fluid veﬁtéd from said pressure housing is vented to

10 said suction portién of said compressor portion.
18. a compfeSsor assémb1y3according'to claim 15,
16 or 17 wherein said valve portion is movable within
‘'said compressor portion between a position in which
said compressor asSembly is fully .loaded and a
15 position in which said compressor assembly is
unloaded, admission of said pressure fluid to said
pressure chamber moving said piston in said oil
separator portion so that said valve portion is caused
\_/ to move toward said loaded position in said compressor
20 portion and venting of said pressure fluid from said
pressure chamber causing said piston to move in said
separator portion so that said valve portion is caused
‘to move toward said unloaded position in said
compressor portion, said piston being hydraulically
25 locked in position in said pressure housing when

pressure fluid is not being admitted to or vented from

-
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of claims 15 to 18, wherein one face of said piston i.s exposed to
conpressor discharge pressure and said 5 slide valve assenbly is
"biased to wunload said conpressor portion under the influence of
conpressor discharge pressure. 20. A conpressor assenbly according to -agy
one of clains 15 to 19, wherein said oél separator portion 10 included a
seal ed housing and said oil separator 3nprises a centrifugal oil separator

el enent int e;srd e &ifgm giousi ng.. 21. A screw oper ated vapour
conpr essor d5se refrigerating systemsubstantially as described
15 herEin‘Mtr1rf§?fQQCthﬁréggoﬁc%%@@ﬂﬁﬂfmhégéyafﬁﬁ-to any one
of claims 15 to 18, whérein one.face of said pistbn is
exposed to compressor .diséharge pressure and said
5 slide valvé assembly is biased to unload said
compressor portion under the influende of-compressor
dlscharge pressure. |
20. A compreséor assembly accordlng to any one
‘of claims 15 to 19, wherein said oil sepa:ator portion
10 includes a sealed housing and said oil separator H)
comprises a centrifugal oil separator element interior
of said sealed.houéing.
-ﬁhﬁl. A.écrew-operaied vapour compressor assembly
for a refiigerating.system supstantially as described

15 herein with reference to the accompanying drawings.
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