VARI ABLE PI PE DI FFUSER FOR CENTRI FUGAL COMPRESSOR The préggmymﬂ’aﬁy
.i\nvention relates to centrifugal conpressors in general and in particular

to a diffuser structure for ceéntrifugal conpressor. One of the nmjor
problens arising in the use of centrifugal vapor conpressors for
applications where the conpressor |oad varies over a wide range is flow
stabilization through the conpressor. The conpressor inlet, inpeller and

di ffuser passages mnmust be sized to provide for the maxi mum volunetric fl ow
rate desired. \Wen there is a |low volunetric flow rate through sy a
conpressor, the fl oWAiAbhd RERE NEFUSER (HOR (HNLRENGE -0
decreased froma stable range, a range of slightly unstable flowis’
entered. In this range, there appears to be a partial reversal of flowin
the di ffuser passageThermaisent nioiwant onl teohaenda eendemiuesdor
efficiency. Below this range, the conpressor_enters t J Syq S surge,
wher ei n t her €AMRFERITRI LT ST Eﬁ)‘%v&r} %&slaq%laér,\w}ta%ea Zillfkffkgéggrrapassage,
destroyi ng t he @idtek&nNEyr ferhtei ARGHI NeompEe edstangering the integrity of

t he machine el enents. Since a wi de range of volumetric flowrates is :
desirabl e in many cdPf e okheppr] ekt PHARLeMgmR Hiioidt fiReattthLhave been
suggested to |J V I L ' r

Many schenes %%%P%&%ég&%gg %%&%ﬁ%ﬁ%?%v %%hg%niaicﬁ‘#e% f‘ia{ceie%nctihees over
a wi de oper at¢ompresger load r&ri€atovéb. a4yDdd, d@3e the Smvre i npel |l er

wheel configurati is.varied i response to | oad anges jn effort to
mat ch the nagﬁ?%%iﬁg??5+%%ntgrﬁ#$h Yﬁg Compressor . RO S e

inlet, impeller and diffuser passages must be sized to

provide for the maximum volumetric flow rate desired.
When there is a low volumetric flow rate through such a
compressor, the flow becomes unstable. As the
volumetric flow rate is decreased from a stable range,

a range of slightly unstable flow is entered. In this
range, there appears to be a partial reversal of flow in
the diffuser passage, creating noises and lowering thg
compreésor efficiency. Below this range, the compressor
enters what is known as surge, wherein there are
periodic complete flow reversals in the diffuser
passage, destroying the efficiency of the machine and
endangering the integrity of the machine elements.

Since a wide range of volumetric flow rates is desirable
in many compressor applications, numerous modifications
have been suggested to improve flow stability at low
volumetric flow rates.

Many schemes have been devised to maintain high
machine efficiencies over a wide operation range. In
U.S. Pat. No. 4,070,123, the entire impeller wheel
configuration is varied in response to load changes in

an effert to match the machine performance with the



2 changi ng | oad denmands. Adjustable diffuser flow restrictors are also
.described in U S. Pat. No. 3,362,625 which serve to regulate the flow
within the diffuser in an effort to inprove stability at |ow volunetric
flow rates. A common techni que for maintaining high operating
efficiency over a wide flowrange in a centrifugal nachine is through use
of the variable width diffuser in conjugction with fixed diffuser guide
vanes. U S. Pat. Nos.. 2,996,996 and 4,378,194, issued to a common
assi gnee, describe variable width vaned di ffusers wherein the diffuser
vanes are sebanging adifadegmansishy Boiustgbie 6Aéfuperhélews fuser walls.

The vanes arg _adapted tq pass through . ni.ng or i -the other wal
thus-pernitffﬁ rfﬁécﬁgbﬁﬁfr%‘gf F%%ggﬁgggség ?dgbegggén§8d in response to

changi ng | 0aq 36endi2is antich serve kiocxedgulamentheg flbe dithiserhkl ades to

one of the diffuser walls presents a nunber of E@qblens pﬁrticularly in
regard to tRédEfaseradiur® efdiofite fondBEIRYCosEARE LN Yo tt HOYmachi ne

Littl e spacgisinffarded Juplrage@Uring the vanes in the assenbly. Any
m sal i gnment of the vanes will cause the vane to bind or rub against the

opposite wall as itA icommgpodiedhonanie Sior maingainfingndigh wpegadmgs in t he
series has tecf:' f%%ie%ﬁ:lyaco%jezj i twhl%ea%sl%qulr)é’ngteh%ne%t icre%trzr% Jg%ei general ly
machine is through use of the variable width diffuser in
conjunction with fixed diffuser guide vanes.
U.S. bPat. Nos. 2,996,996 ahd 4,378,194, issued to

a common assignee, describe variable width vaned
diffusers wherein the diffuser vanes are securely
affixed, as by bolting to one of the diffuser walls.

The vanes are adapted to pass through cpenings fofmed in
the other wall thus permitting the geometry of the
diffuser to be changed in response to changing load
conditions.

| Fixedly mounting the diffuser klades to one of
the diffuser wélls presents a number of problems
particularly in regard to the manufacture, maintenance
and operation of the machine. Little space is afforded
for securing the vanes in the assembly. Any
misalignment of the vanes will cause the vane to bind or
rub against the opposité wall as it is repositioned.
Similarly, if one or more vanes in the series has to be
replaced in the assembly, the entire machine generally
has to be taken apart in order to effect the
replacement.

According to its major aspects and broadly

stated, the present invention relates to a variable

geometry pipe diffuser for a centrifugal compressor.



has to be taken apart in order to effect the replacenent.- Accordi ng
;to its major aspects and broadly stated, the present invention relates to a
vari abl e geonetry pipe diffuser for a centrifugal conpressor

A vari abl e geonetry pipe diffuser which may al so be ternmed a split-ring
pi pe di ffuser according to the present invention includes a first, inner
ring and a second outer ring. The inner zand outer rings have conpl enentary
inlet flow channel sections fornmed therein. That is, each inlet flow
channel section of the inner ring has a conplenentary inlet flow channel

section formed in thevantadle igrpretiy iHme diffysad oiiieh Mayg arse
rotatabl e respective.one_anather. P I e '§n§w~¢' Qhpd es
ci rcunf erent?‘gl YW T hésnsgaln‘e' o'hﬁltne% élﬁgneg& f\)/{\‘/lesvéellr]' t he o"uqtledrdq%c{lg 1ﬁgatan i nst ead
be made rot appbdenti Inwederentimtlydedoutf iarst atiromsr yringemd iang.

When one ring is rotated respective the other, the aljgnnment between each
pair of conp?%%%@a?‘}t%?rrﬂénn&h%eﬁr?%sa'}é ALY | %ﬁ%vgee The rings
are adj UStabéﬁmeéM@ﬁea@yfiﬁﬁéa PRSP ARShid Drsaelshd Eo¥md@mentary channel
sections of the rings are aligned to allow a maxi num anount of fluid to
pass throughthéeeinnerThat beit eeach nifsl etankil ew seleanrel cserfedPpiat ti on

wherein fluid flow through h | trl d () ed vol une
of fluid pasggg fﬂ?%ﬁgﬁl%%n%?%d%ﬁ%%ﬁéié%ﬁégéf?o%ﬁgégnggggéggF%%%E of the
i nner and oukeetibAJSormBe ihNgle NBytet spiheg. MeTiee aihnest abi ey tandny nunber

of internediate positions between the ogen and cl osed positions.
outer ring are rotatable respective one another.

Preferably, the inner ring rotates circumferentially
within the outer ring. However the outer ring can
instead be made rotatable circumferentially about a
stationary inner ring.

Wnen one ring is rotated respective the other,
the alignment between each pair of complementary air
channel sections of the rings change. The rings are
adjustable between a first, open position wherein
complementary channel sections of the rings are aligned
to allow a maximum amount of £luid to pass through the
inner and outer rings, and a second, clcsed position
wherein fluid flow through the channels is restricted
and decreased volume of fluid passes through
complementary inlet flow channel sections of the inner
and outer rings. The rings may also be made adjustable
to any number of intermediate positions between the open
and closed positions. _

In the second, closed position, at least about
10% the volume of flow as in the fully open position
should flow through the diffuser so as to prevent
excessive thermodynamic heating of component parts of

the machine. To the end that thermcdynamic heating is



In the second, closed position, at |east about 10%the volune of flow as
:in the fully open position should flow through the diffuser so as to
prevent excessive thernmodynam c heating of conponent parts of- the’
machi ne. To the end that thernodynam c heating is
4 prevented, the amobunt of relative rotation between the two ring sections
should be linited to an anbunt of rotatiog necessary to effect a second,
cl osed position. In other words, the rings should not be adjustable to
completely close off a flow of fluid therebetween. The degree of allowable
rotation bet wo&§ R o HiEnGINB LI O ARl AEE VBY TORA LAOH Led weesw HRSt ween
the rings in aydillingrlased Rasideg 3ad.k0e LAUTHE ANdreglhiume of i nl et

0

air channels in the ring sections. Conplete closure an"inlet flow

channel can alrogaltd opr eeessdrlyy tor @fifeictg aaseiconer, Klogedapiosd tiamn-.channel

portions thereqf sized to a w dth |l ess than e mnimumw dth of an outer
ring flow chanﬁe .Ot%er WOTES  a T AT St FE ;EI %telbﬁ [f?‘éljdﬁsftf“l?g@r Yowar d a

cl osed positi eompllee edyr ga R RIffi B F 1R LI FARGA RNl it wes QNP eSS Or
having the present diffuser is adjusted toward a |lower flow rate. The

pressure genelf®SE @ wia addmyieddsorosatiiens begweernf Ithe taice Yiggsppeoxi mat el y
the same as t iH SO 20K, j N A4 nthe . fully _open

posi tion. Acc%ie%qu, tg psr%sgr?{éq:yﬁ\@gﬁ?iog}nfoieg%gseﬁle%haﬁ nylf“ Setdl % or

adj usti ng conpredyoc los®daposriitstornes aswl tthaet nambenrpaess aolame ket a | ow

flow rate, high.pressure.ratiq candition. Such an operating._condition is
required,: forq&g‘ BT \phannelfe 18 itg‘ea qlgﬁgéeﬁtﬁpasencgm i ndoor “and
out door anbi el dsRiRe R Wre irdlee |fAWWs KHaeMe102d&lso be prEVRritidd ciency

of a conpressor at a given ) .
by providing an inner ring having non-channel portions

thereof sized to a width less than the minimum width of
an outer ring flow channel.

By adiusting thé variable pipe diffuserltoward a
closed position, the surge point in a performance plot
for a compressor having the present diffuser is adjusted
toward a lower flow rate. The pressure generated by a
compressor at this lower flow rate is approximately the
same as that of a compressor having a diffuser in the
fully open position. Accordingly, the present invention
is especially useful for adjusting compressor
characteristics so that a compressor can meet a low flow
rate, high pressure ratio condition. Such an operating
condition is required, for example, where there is a
large difference between indoor and outdoor ambient
temperature, but low system loading.

The efficiency of a compressor at a given
operating condition can often by optimized by comcining
.an adjustment of a variable diffuser as described herein

with an adjustment of a compressor's inlet guide -anes.



operating condition can often by optim zed by conbining an adjustnent of a
.vari abl e diffuser as described herein wth an adjustnent of a conpressor's
i nl et gui de wvanes. - 5 In the
drawi ngs, wherein like nunerals are used to indicate the sanme el enents

t hroughout the vi ews, Fig. 1 is a cross-sectional side view of
conpressor according to the invention havighg a vari abl e pipe diffuser;

Fig. 2 is a perspective view of a variable pipe diffuser according to the
i nvention; Figs. 3 and 4 are cross-sectional front views of a '
vari abl e pipe diffuselnifhacdmrvings. Wwhereir Jikemungrals arfeé nsied open,

oot anron®, €0 0PdL080L  LRE: 4 RS REFLRY Ehrquahorll Shne Yk Porformnce

diagramfor a varrla user  accordi ng e i nventTo

Fig. 6 is a perfornmanEigdi Agianafoross cosgt aasll ke ngiewl®f gui de vanes
only; Fig. 7 is a perforpmance diagramfor, a conpressor according to
the i nvention ’F\%S%P’F/ag?‘é‘ﬂélw kP P e uiRreninkPn MaYing e asmiakle
Referring now $0p&i@iffuséhe invention is shown as installed in a
centrigual conpressor 10 having an inpeller 12 for accelerating refrigerant
vapor to a high vel ocFig; 2 Usf&uperspective deost evfita mgariabkefpiper ant -t o

a low velocity L o] | kinetic enerqy, to pressure energy, and a
di scharge pl en%%%g?ﬁegﬁg%r;%i%ggaé%o?]il%cjtrme%?rb' col l ect the discharge

vapor for subsequent Figs.t® andofndehsetrodvesct TondE frewet | eied 5
provi ded by an el ectric notor ﬁgnot shown) which_is hernetically sealed in
the ot her end ®fVaRtaRLAPPERS 0P 1 BHESHRi Bk 2RRIEAIRCE WiBR atRe a” hi gh speed

- shaft 19. invention in a first, open, and a second, closed
position, respectively;

Fig. 5 is a performance diagram for a variable
pipe diffuser according to the invention;

Fig. 6 is a performance diagram for a compressor
having inlet guide vanes only;

Fig. 7 is a performance diagram for a compressor
according to the invention having a variable pipe
diffuser and inlet guide vanes.

Referring now to Fig. 1, the invention is shown
as installed in a centrigual compressor 10 having an
impeller 12 for accelerating refrigerant vapor to a high
velocity, a diffuser 14 for decelerating the refrigerant
to a low velocity while converting kinetic energy to
pressure energy, and a discharge plenum in the form of a
collector 16 to collect the discharge vapor for
'subsequent flow to a condenser. Power to the impeller
12 is provided by an electric motor (not shown) which is
hermetically sealed in the other end of the compressor
and which operates to rotate a high speed shaft 19.

Referring now to the manner in which the

refrigerant flow occurs in the compressor 10, the



Referring now to the manner in which the refrigerant flow occurs in the
conpressor 10, the 6 refrigerant
enters the inlet opening 29 of the suction housing 31, passes through the
bl ade ring assenbly 32 and the gui de vanes 33, and then enters the
conpression suction area 23 which | eads to the conpression area defined on
its inner side by the inpeller 12 and on i ts outer side by the shroud 34.
After conpression, the refrigerant then flows into the diffuser 14, the
collector 16 and the discharge line (not shown). As seen in Figs.
1-3, a vari abkefgigeetny pngerd fthesénlé4 epeoidgngddt oft hbepsasenbn

' ti i ncl,ud first, ' 40 d out ' 42. Th
| nner and out SPGRYRGS HavBARGHR ERERLEPy CPEoR BRnToNds BEPRBRLY44%and 46

fornmed therei iindMide ighidRAGAdsOWIchanackheackheBréd thk EB&HEEQQEQH ng 40
has a conpl ementary channel section 46 formed in outer ring 42. Inner ring
40 and outer EuRFism area FBatdtich AeggectiryvEhgneocrpsersionpagear abl y,

i nner ring 40 J o Y&S o WG IAldey by LRk E%?ﬁ.e&'i H9 ﬁf\d WEYE'
outer ring 42 can I nstead be nadé rotatabl e circtnferentially about a
stationary inrerter jdéd by the shiked Gde r Afigers coopaessgioaspete ve the

other, the ali nt between egch pai.r of coml, ntary inlet flow channels
_of the inner THASHAN | rbﬁéﬁﬂé%1§§°b§§ﬁn§F$E%F8Féﬁénc§ fo Figs. 3 and
4. Rings 40 anbeHt ad Wi keleeriqge fiihst (pReN shietwnhi.on, as

illustrated in Fig. 3, wherein conplenentary channel sections are aligned
and a maxi num anount Asf gaan dpdigss timlough veFiablengesmesxyr Pige 40 and

gg’ and a Secocl‘;ﬁf f\%elors % %Oéé'é;iﬁ% %3: I U%&fe%te%‘l ifenich HISLALY

npl ement ary channel's "are m sa lé%e and 1 ow
a first, inner ring 40 and a second outer ring 42. The
inner and outer rings have complementary flow channel
sections 44 and 46 formed therein. That is, each flow
channel section 44 of the inner ring 40 has a
complementary channel section 46 formed in outer ring
42. Inner ring 40 and outer ring 42 are rotatable
respective one another. Preferably, inner ring 40
rotates circumferentially within outer ring 42.
However, outer ring 42 can instead be made rotatable
circumferentiélly about a stationary inner ring 40.

When one ring is rotated respective the other,

the alignment between each péir of complementary inlet
flow channels of the inner and outer rings changes as
seen with reference to Figs. 3 and 4. Rings 40 and 42
are adjustable between a first open position, as
illustrated in Fig. 3, wherein complementary channel
sections are aligned and a maximum amount of £luid
passes through inner and outer rings 40 and 42, and a
second, closed position, as illustrated in Fig. 4,
wherein complementary channels are misaligned and flow

through the channel sections 44 adn 46 is restricted..



t hrough the channel sections 44 adn 46 is restricted.

-7 The flow of fluid through diffuser 14 in a second cl osed _
positionin relation to the open position flowrate is determ ned by the
rati o of the mninmum cross- sectional area of a flow channel of a diffuser
in a closed position to the m ni mum cross-sectional area of a flow channel
(defined by conpl enentary channel sectigns 44 and 46) in an open position.
This mnimum fl ow channel area, known as the "throat area" will generally
be determ ned by the snallest dianmeter of the flow passage 52 of the inner
ring channel 44 whenheli fiogesf 181usd i thwougipeti ffosser okt nk weqonsk
controlled by the width 53 at the interface between the.innerﬂﬁpd out er

rings 40 andcLoSeRcPOsiF1oR et 158120191 £ I PREDRY Lokt i Bie™ For

exanpl e, if P?E’éf{é'séété%ﬂﬂédi BfSt e NF4Y IBINBAIE7e (hiviDRim atwsgs-of 1/8 in.
in a second closed position, and a mninmumarea (throat area) of 1/4 in. in
an open posiséoniohah aheavefuaeflee ¢hanpehtef A diLfesehrYugh a diffuser

in a closed sition Wil be_ab 9 t fo) | lly open
posi ti on. ThErePed Pg?éL(L)?RfF%i gﬂ%h‘?’gﬁ% %ogn%?%éss%éé%gnﬁnéﬁ??f#;e% 14 is
in a second, frbwseHapaelt ildaf inell byecenpl éneieabet ceannebosecdddbsmnd 100%

of the flowrate of fluid through conpressor 10 when diffu £5 Is in afirst
open positioft and 46) LR ansEPERJPEFLSEAN post +%Hmf&?@?m4§,°%t | east

about 10%th8h¥8h%ﬁea9faaf,l RUoRS b8 the #thiya©PePeaPORill ogenbaal yf | ow
t hrough diffuser 14 so as to Erevent excessi ve thernnd%nan1c heat 1 ng of

conponent phet debermdmpdebyotheosmadlese dhamerer afcbhai f1eW of

- excessive thgggggggagECo%e%hgnthira¥9hgeghaﬁnglaﬂ?”@ﬁen diffuser 14
is in an open pbsition, and will be controlled by the
width 53 at the interface between the inner and outer
rings 40'and 42 when diffuser 14 is in a second closed
position. For example, if a diffuser channel has a
minimum area (throat area) of 1/8 in. in a second closed
position, and a minimum area (throat area) of 1/4 in. in
an open position then the volumetric flow rate of fluid
through a diffuser in a closed position will be about
50% of the flow rate as in a fully open position. The
flow rate of fluid through compressor 10 when diffuser
14 is in a second, closed position, will generally be
between about 10% and 100% of the flow rate of fluid
through compressor 10 when diffuser is in a first open
position.

In a second closed position (Fig. 4), at least
about 10% the volume of flow as in the fully open
position should flow through diffuser 14 so as to
prevent excessive thermodynamic heating of component
parts of compressor 10. To the end that a condition of
excessive thermodynamic heating is avoided, the amount

of relative rotation between the two ring sections



of relative rotation between the two ring sections

.8 should be limted to an anount of rotation necessary to effect a second
cl osed position. In other words, the rings should not be -adjustable to
conpletely close off a flow of fluid therebetween. The degree of all owable
rotation between the two rings is determ ned by the desired fl ow between
the rings in a fully closed position, and the nunber and vol une of inlet

fl ow channel sections 44, 46 in the ring sections 40 and 42 in relation to
the volune of the ring sections 40 and 42. Conplete closure of an inlet

fl ow channel skl dilis® Dimired end esh amqprmyicdi nEptat iomeregesaAYA0 Yravi ng

non- channel portions thereof_ sized to a width |ess than the ni mum wi dt h
of an outer ?E ‘E:k%rﬁi%‘l:o%‘gc‘f]r%%e‘idaos“lon Cont i 9@? %”r repftber ence to
Fig. 4, R dle{xﬁ@ sﬁ&m%@%@faa taped s ddxﬁpla[@w]cnﬁéé et tdhe

‘radius of inner"ring 40, and R err] defines the radius of outer ring. By
maki ng the tﬁl@kn@és£102¢|hbdr©96¢WRﬁm3nuﬂhQ3ﬂ€BEe¢{Q§r§11¢W%P¥ﬁ of i nner

ring 40 no |arger.than c t [ (e.g. 50% of
flow of £1 ohPER ¥ H0h %t‘t’%ggrigﬁéa% %n’gr)nle‘%sozﬂjs% a‘?%‘?’%’f‘%&?%%‘h% through
di ffuser 14 gagibedefiowi batwyerothe orimgs fﬁnéufmﬁuyﬁclbmednner ring with

respect to the outer rlng w Il reduce the dlffuseé ioat ﬁrea bef ore any
di f f usi on haBosiki@np| a8 thﬁu§“ﬁ?%§eﬁﬁ@r¥F#WWﬁN ehifbeWarter

diffusion. ALfGnoLiCsSPRLLAE LS KBNPR EROG-LR CkOEESond. 48 hengrgg i er the

turning angl és o ow throlgh the partialTy closed-off variable pipe
di ffuser. Both pélahéoabbwetlesvolumd ef fehe srirgdsectiapsode @vdpressor
efficiency ugg?r ngéiege CQBEL%E'QQ ggngﬁiégnflow channel can also
be prevented at providing an inner ring 40 having non-
channel portions thereof sized to a width less than the
minimum width of an outer ring channel section 46.
Continuing with reference to Fig. 4, R, defines
the radius of the impeller tip.,-R3 defines the radius of
inner ring 40, and R, defines the radius of outer ring.
By making the thickness, defined by the Quantity T = R;-
-R.2 of inner ring 40 no larger than is necessary to block
a desired portion (e.g. 50% of flow) of flow through
outer fing channels 46, the flow of fluid through
diffuser 14 can be efficiently controlled. Rotation of
the inﬁer ring with respect to the outer ring will
reduce the diffuser throat area before any diffusion has
taken place, thus preventing flow acceleration after
diffusion. Also, the smaller the inner ring thickness,
T, the smaller the turning angles of the flow through
the partially closed-off variable pipe diffuser. Both
of the above-described effects tend to improve
compressor efficiency under part-load operating

conditions.



9 A variable pipe diffuser in accordance with the invention can

-al so be made by providing an inner ring 40 that is noveable axially in
relation to an outer ring 42. Such an enbodinent is nornmally not as
preferred as the pair of circunferertially rotatable rings described
because, in a pair of diffuser rings noveable axially in relation to one
another, there are high turning | osses regulting fromthe 90[err] turns

i nvolved. The rings-axially in relation to one another can be provided
simlar to those described in comonly assigned U S. Pat. Nos. 4,527, 949;
4,378,194; and 4,219a3@ariablei pipepdififedebyinefecendenber wikhhthe
Operation and use of the present invea%{gn can_be.understood with rgBerence

to Fig. 5 shodN§ &1R8 &0 heaje ¥r PEO¥ S AHPEs 88 *RRFFnG*89vaPi abl e

pi pe di ffuser (pgeondi Rgviearilee a!x'l\éQ'lgi 9R irB1agiahedot Bar suBerTheng
performance diagramof Fig. 5 includes a plurality of perfarnmance plots,
each correspod@-ng Sucha ath sohestinessi dsopprpabdywees rEnBredRErSdt 88 ring

sections 40 and 42. .Eac r I A1al S r Is by a
Surge poi nt. &N BAIT ik an runadensialiy, Sollarabal >4iR BELEEIRER Y ©
Operating a coEyaRss)r ial aa gdiawofaidd ffuser lréhgew tmoveablge apdiadilywihl

likely result in a surge condition, as discussed in_ the BaCk93%%%%SOf t he

I nvention sectiedtigreitp one anothey, §s8Teobigh FIErdtEh

i nvention, plgles BQ Y G AIROD° £Akn8X8APbEvelO aThel 8ingSP&Rially

position, plot éﬁ may correspond to an internediate 2 degree closed

posi tion, pl otirb4reimt iz rtes panrl anpther jqame bee Piravd dedd sgimdd a@ $ed

bost i on, and Bl e OB dBi &R [ RS 3HIYRY"S £10PRE Hogaed
4,527,949; 4,378,194; and 4,219,305, all incorporated by
reference herewith.

Operation and use of the present invention can be
understood with reference to Fig. 5 showing a
performance diagram for a compressor having a variable
pipe diffuser according to the invention integrated
therein. The performance diagram of Fig. 5, includes a
plurality of performance plots, each corresponding to a
discreet positioning between inner and outer ring
sections 40 and 42. Each performance plot, e.g. 60, is
characterized by a surge point, e.g. 70, which is the
point of maximum available pressure. Operating a
compressor at a flow rate at or below the surge point
will likely result in a. surge condition, as discussed in
the Background of the Invention section herein.
For purpoées of illustrating the invention, plot

60 may correspond, for example, to a first, open
position, plot 62 may correspond to an intermediate 2
degree closed position, plot 64 may correspond to an
intermediate 4 degree closed position, and plot 68 may

correspond to a maximum 8 degree closed position.



10 It is seen that adjusting ring sections 40 and 42 toward a
-cl osed position has the effect of adjusting the surge point e.g. 70, 72 in
a performance plot for a conpressor toward a |ower flow rate. Thus, a surge
condition can be avoided during periods of |ow flow demand by adj usting
di ffuser rings 40 and 42 toward a cl osed position. It is helpful to
under st andi ng the invention to conpare R%rfornance diagramof Fig. 5 for a
conpressor having a variable diffuser t0 the perfornmance diagram 7 shown in
Fig. 6 corresponding to a conpressor having adjustable inlet guide vanes
only. In Fig. 6, plotsiB8Oseéd, tBdt adju86ingdrBigceecespnad40oandsse?eet
positioning of guide vanes 33 in.anreasinﬁIy gkosed osi.tions. It is seen
Effge

A {
that closi ngt@Hfe @aftesed PPPkEiPReNEFO ekt PhsBRIRPhingetPfons 40

and 42 has th ephbifRE Loyer By §HejfauLIBe PROPhaht8VbLBECEoFhYS, a surge
condi tion cangg %%nﬁgé avoiggd bg adjﬁstingeinletaguigg vaneg 33 toward a

cl osed positcompressor tewarden, lpwersfiewnratem t Bhuger foBungee di agr am of
Fig. 6 that adjustin uide vanes .33 toward a cl d_positi as the
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relatively high pressure cannot be satisfied by adjusting guide vanes 33
al one. clppedopPPasionit is seen fromthe performance di agram of Fig.
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cl osed posit compabenperdoropaceat diggramdofi §agr e§ui Eorrgaacloopressor
having a variable diffuser to the perfcrmance diagram 7 -
shown in Fig. 6 corresponding to a compressor having
adjustable inlet guide vanes only. In Fig. 6, plots 80,
82, 84, and 86 and 88 correspond to discreet positioning

" of guide vanes 33 in increasingly closed positions. It

is seen that closing guide vanes 33, like the closing of
diffuser ring sections 40 and 42 has the effect of
lowering the surge point flow rate. Thus, a surge
condition can often be avoided by adjusting inlet guide
vanes 33 toward a closed position.

However, it is seen from the performance diagram
of Fig. 6 that adjusting guide vanes 33 toward a closed
position has the further effect of lowering the head
pfessure available from compressor 10 at the surge
point. Hence, a low flow rate operating condition
requiring a relatively high pressure cannot be satisfied
by adjusting guide vanes 33 alone.

Bj contrast, it is seen from the performance
diagram of Fig. S that surge point pressure available
from compressor 10 remains essentially stable when
diffuser rings 40 and 42 are adjusted toward a closed

position. Hence an operating condition requiring a low



flow rate and high conpressor pressure can be satisfied by adjusting

-di ffuser rings 40 and 42 toward a closed position. An operating
condition requiring a low flow rate and a high pressure ratio relative to
the full | oad operating pressure ratio (e.g. 90%of full load) is conmon in

the case where there is a large difference (e.g. about 50[err] F or nore)
between the anbient air tenperature and i ndoor tenperature, but occasi onal
l'ight loading in a building being cooledl In such a situation, a relatively
hi gh conpressor pressure ratio (e.g. above about 2.5) is required by the
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shows a performance diagram for a conpressor having both adjustable guide
vanes and a PRFr&BPB-pi pe diffuser in accordance with the invention. It is

seen that effici enc¥nObr@-4PIRECESANI EABnOLEGN] PENGPRI IbGCE1BY £aERI NI NG an
adj ust nent of guide vanes th an adjustment of “diffuser rings 40 and
42. Wth ref andnaehtighFipgesgudesiratioveslativeit the3fullsqloads and 116

show performance pl.ots for a_conpressqr havi a r.hab A [
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conpressor having closed (here, -there is about 40%of original flowrate in
the closed pdsi-g-o@poyitt BseF PrnHIrat hearveeR EH?démpéﬁ%gp6%¥tioning. As

Is wel | temperature and indoor temperature, but occasional light
loading.in a building being cooled. 1In such a
situation, a relatively high compressor pressure ratio
(e.g. above about 2.5) is required by the refrigerant
saturation pressures corresponding to the condenser, and
evaporation temperatures, but only a reduced flow rate
e.g. 25% of full load is needed to remove the heat
generated within the building. Fig. 7 shows a
performancé diagram for a compressor having both
adjuéfable guide vanes and a variable pipe diffuser in
accordance with the invention. "It is seen that
efficiency of a compressor can often be optimized by
combining an adjustment of guide vanes 33 with an
adjustment of diffuser rings 40 and 42. With reference
to Fig. 7 dash curves 111, 112, 113, 114, 115, and 116
show performance plots for a compressor having a
variable diffuser in a full open position for various
positioning of inlet guide vanes 33, while solid curves
101, 102, 103, 104 and 105 show performance plots for a
compressor having closed (here, there is about 40% of
original flow rate in the closed position) diffuser
rings at various guide vane positioning. As is well

known to those skilled in the art, a compressor operates



known to those skilled in the art, a conpressor operates '
»12 at optinmum efficiency when operating at the "knee" (e.g. 81 at Fig. 6)
of the performance pl ot characterizing performance of the conpressor. Wth
reference to diagram 7, the operating condition requiring, for exanple, a
pressure of about 0.7 maximum and a flow rate of about 0.3 maxi num woul d
be nost efficiently satisfied by a conpressor operating in accordance with
pl ot 104, realized by adjusting diffudér rings 40 and 42 to a cl osed
position and by adjusting guide vanes 33 to a 10 degree position. A
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120, integmlal aw tFig.ndar ofi nypelperéprandsecpirtenhavrelcgefi@ingnner ring 40

d has fixedl ttached thereto fl 122 .whi ch _ext end di al
out o dl y RGO T 30 FBESPENG 1 ofALPoRSheehTHeaRGo 122 15 gear

124 whi ch igs adjdawery ,VithedpRerhtl nby conbiek 1b4A8 retfalierinky)8 floy sel ected and
controlled to effect novenment of inner ring 40 in relation to outer ring 42
bet ween fulgXpmden ahPresfaren@icebong fodi MRFATMAY amd fufdew of
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b ouh ol U D0 sahens sl AR e e, BT 1LY
e 3(2), r;’iﬂg;sa Y ISHEN P f R Py Tlagud tlitiO Al de&randlL 336, bet ween
a 10 degree position. '
A simple mechanical apparatus for rotating inner
ring 40 circumferentially within outer ring 42 is
described with reference again to Fig. 1. Cylinder 120,
integral with inner ring 40, extends coextensively from
inner ring 40 and has fixedly attached thereto flange
122 which extends radially outwardly from cylinder 120.
In gearing relation with flange 122 is gear 124 which is
driven via axle 126 by motor 128. Motor 128 is selected
and controlled to effect movement of inner ring 40 in
relation to outer ring 42 between fully open and a
second closed position and any number of intermediate
positions therebetween. Axle 126 is housed in a
conventional containment housing 130 which hermetically
seals axle 126 from compressor interior 132 and which
prevents leakage of fluid out of compressor 10 through
containment housing 130. °
As best seen in Fig. 2, outer ring 42 may have
seat 136 for assuring ‘alignment Between inner ring 40
and outer fing 42, and for preventing leakage of fluid

through the interface between the two rings.



13 What is clained is: 1. In a centrifugal

forned.therein; a second, outer rimg, said outer
plurality of second flow guide channels formed therein,

gui de channel@% @R ntRE} e F P ¥ iU SteH4h

_ conpressor having a
-casi ng Tanmd—an—inpeHerrotatably mounted therein for bringing a working

fluid fr ninlet to the entrance of an annular radially disposed
di ffuse'r_,muiﬂmi \"' ﬂmf)ei ng characterized by: a first, inner ring,
said in cl B! plurality of first flow guide channel sections

ring having a.

sai d each second

fl ow gui de channel section having a conplenentary first flow guide channel
section; andWhat is drladmedediss for rotating said first and second rings in
relation to one another between a first, open position wherein said
conplementary first and second flow channel sections are aligned to allow a
maxi mum fl ow of fl uix. t hriough ceaitc idhrgs le ewpares sshrah@siinge @t icg®dngand a

second, cl osed positjon, wherein said first second I fl ow
5650 Fens i

hiou

conpl ement ar ¥, Shaiie! FHELd I O an inlet td thelhwRmyesoamf claim 1,
wherein said drive means rotates said inner ring circunferentially wthin
sai d outer riamgpular radially disposed diffuser, said diffuser beirg

characterized by:

a first, inner ring, said inner ring having a

plurality of first flow guide channel sections formed

therein;

a second, outer ring, said outer ring having a

plurality of second flow guide channels formed therein,

said each second flow guide channel section having a

complementary first flow guide channel section; and

drive means for rotating said first and second

rings in relation to one another between a first, open

position wherein said complementary first and second

flow channel sections are aligned to allow a maximum

flow of fluid through said complementary channel

sections, and a second, closed position, wherein said

first and second complementary flow guide channels are

misaligned to restrict flow of fluid through said

complementary channel sections.

2. The compressor of claim 1, wherein said

drive means rotates said inner ring circumferentially

within said outer ring.

3. The compressor of claim 1, wherein said

drive means rotates said outer ring circumferentially

about said inner ring.



3. The conpressor of claim1, wherein said drive neans rotates said outer
ring circunferentially—abeut—said i nner ring.

14 4, The conpressor of claim1, wherein said drive neans

i ncl udes i nH“mHu l‘t“! rl”i mting rotation between said inner and outer
rings so thatiusigst . cl osed position, a flow of air through said
channel's is ndt 1ess than about 10% of a f4ow of air t hough sai d channel s

when said diffuser is in said first, open position. 5. The
conpressor of claim1l, wherein said drive nmeans conpri ses: a
cylinder extendi ng coextensively fromsaid inner ring; a flange

extending radially oy ver dine idip:aalsb:Cdd RA%im 1, wher@dd gEANs in
gearing relation with said flange for rotating said flange; an

nmot or neans f clridre vieansaintlysies ngariding means f@r 1thd tdagpr essor of
claim1l1, wherei ai d i,nner ring .Jdpcludes a plurality of sali on- channel
secti ons,  sai & AL bR TSRS A g, St £ 1FE% 8% dPRY 88 than a
m ni mum wi dt h £fi dadebond efldddtl) gd<H it daa FNBNIE EH ithitdugh said
channels is not less than about 10% of a flow of air
though said channels when said diffuser is in said

first, open position.

5. The compressor of claim 1, wherein said
drive means comprises:

a cylinder extending coextensively from said
inner ring;

a flange extending radially outwardly from said
cylinder;

gear means in gearing relation with said flénge
for rotating said flange; and

motor means for driving said gear means.

6. The compressor of claim 1, wherein said
inner ring ihcludes a plurality of solid non-channel
sections, said each non-channel sections being sized to
a width less than a minimum width of said outer ring

flow guide channel sections.

7. The compressor of claim 1, wherein said
inner ring is sized to a thickness no larger than is
necessary to block a desired portion of flow through

said outer ring flow guide sections.



7. Thé‘CUonessor of cIa|n11 wherein said inner ring is sized to a
-thlckne | arger than Ts necessary to block a desired portion of flow
through g &””m fl ow gui de sections.

Eﬂ rlfugal conpressor having a casing and an inpeller
rotatably nDunted'tHereln for bringing a working fluid froman inlet to the
entrance of an annul ar radially. di sposed diffuser, said diffuser being
characterized by: a first, inné&b ring, sai d i nner ring having a
plurality of first flow guide channel sections fornmed- therein; a’

second, outer 1108y, ST QULghyEL PG 0RL O AL BLALAhLL gl Seend, ) ow g de

a conpleneanérgnfnmgelﬂbmmmguadebmpam@@ﬁté@CﬁhQﬁe1ﬁnﬂor bringfiigVve neans

for moving, 82 ¢ni"23h:3M4x3' Sh 1h148 L8 B Anl SL3LL 0! 9p00¢ another.
annular radially disposed diffuser, said diffuser being
characterized by:

a first, inner ring, said inner ring having a
plurality of first flow guide channel sections formed -
therein; |

a second, outer rlng, said outer ring having a
plurallty of second flow guide channels formed therein,
said each second flow guide channel section having a
complementary first flow guide channel section; and

' +drive means for moving said inner and outer rings

in axial relation to one another.



