1 DESCRI PTI ON CENTRI FUGAL COVPRESSOR Technical Field [0001] The present
invention relates to centrifugal conpressors, and in particular, to a
centrifugal conpressor that conpresses |owtenperature gas (for exanple,
et hyl ene gas at -60C or |ower). Background Art [0002] An exanple of a
known centrifugal conpressor is disclosed in Patent Docunent 1. Patent
Docunent 1: Japanese Unexam ned Patent Application, Publication No.

2001- 3893. Disclosure of Invention pf0OR3ETWEN | owtenperature gas (for
exanpl e, ethylene gas at - 60C or |ower) is conpressed using the
centrifugal conpressor disclosed in the above-nentioned Patent Docunent 1,
thermal contraction may occur at a casing (housing), particularly at one

end of the casing (at an end Eﬁﬁi g ~inQﬁ%%%§H§§8 and the clearance
RRs Y R

between the rotating shaft an

Technical Field

[00061]

The present invention relates to centrifugal compressors,
and in particular, to a centrifugal compressor that compresses
low-temperature gas (for example, ethylene gas at -60°C or
lower) .

Background Art

[0002]

An example of a known centrifugal compresscr is disclosed
in Patent Document 1.

Patent Document 1: Japanese Unexamined Patent

Application, Publication No. 2001-38093.

Discleosure of Invention

[00C3]

When low-temperature gas {(for example, ethylene gas at -
60°C or lower) is compressed using the centrifugal compressor
discleosed in the above-mentioned Patent Document 1, thermal
contraction may cccur at a casing (housing), particularly at
one end of the casing (at an end having an intake port), and

the clearance between the rotating shaft and the radial



2 bearing may be decreased (the clearance cannot: be kept at an
appropriate value (a predeterm ned value)) due to the thermal contraction,
t hus causing seizing up of radial bearing at the |location (portion) in
guestion. [0004] The present invention is made in consideration of the
above-descri bed circunstances, and it is,an object of thereof to provide a
centrifugal conpressor in which, when | ow tenperature gas (for exanple,

et hyl ene \gas, at,-ROE 9L LOWeL) s (£QAPLessedr khermmlbccapt racki gn af, a
housing, 1n particular, thermal contraction at one end of theée housing (an

L BEb 1 e POLL £20,DeqaPaorhedy 9810050 B.ORLORE (HAT |1

cl earance 'ng™s eari can 'be preven

cl earance can be maintajned at an appropriate val ue, redet erm ne
Caraey) R ety Prby et T gatel 29 nathh BF HHGPLI "BEARnGet LfHe A ocdfi on
(portion)_in question. [0005] The present invention adopts the follow ng
sol uti onst @At 59T vePe Rl @bbvel d@sestbed- probl ems. A centrifugal conpressor

that supports a rotating shaft having a nulti-stage inpeller through
bearings and thai04k

The present invention 1s made in consideration of the
above-described circumstances, and it is an object of thereof
to provide a centrifugal compressor in which, when low-
temperature gas (for example, ethylene gas at -60°C or lower)
is compressed, thermal contraction of a housing, in
particular, thermal contraction at one end of the housing {an
end having an intake port) can be absorbed, sc that a decrease
in the clearance between the rotating shaft and the bearing
can be prevented (the clearance can be maintained at an
appropriate value (& predetermined wvalue)), thereby preventing
selzing up of radial bearing at the location (portion) in
question.

[0005]

The present invention adopts the following solutions to
solve the above-described problems.

A centrifugal compressor that supports a rotating shaft
having a multi-stage impeller through bearings and that is
provided with a casing having an intake port, at one end of
the rotating shaft in the longitudinal direction, for taking

in working fluid; wherein at least one groove extending along



provided with a casing having an intake port, at one end of the rotating
shaft in the longitudinal direction, for taking in working fluid; wherein
at | east one groove extending along 3 the length of the rotating shaft is
provided in an area positioned at one end of the housing and at the
outside in the radial direction of the bearings. [0006] Wth this
centrifugal conpressor, when |lowtenperature working fluid (for exanple,

ethyl ene gas al,560G, prehower) .k s, CONREEssedy, Lhe qbher nal contraction of
the casing, in particular, the thermal contraction at one end fan end

having t I por t f the gasing, is.absorbed by,the groqgve.. That
o The cRgrhar ST ctrErebt o hethBonal a0 BB He kit e2RaReTan TR
Iom#tenperq%ure rking fluid js absorbed by the groove. This can prevent
a decrease” %@%h%gﬁ?%% Fhcel betweBR2FhB9Sr ot ating shaft and the bearing
(can maintain the clearance at an appropriate value (a predeterm ned
value)), thereby9pteventing seizing up of radial bearing at the |ocation
(portion) in question. [0007] It is preferable that the above-described
centrifugal With this centrifugal compressor, when low-temperature

working fluid (for example, ethylene gas at -60°C or lower) is
compressed, the thermal ceontraction of the casing, in
particular, the thermal contraction at one end {an end having
the intake port) of the casing, is absorbed by the groove.
That is, the thermal contraction of the casing due to the
intake of low-temperature working fluid is absorbed by the
groove.

This can prevent a decrease in the clearance between the
rotating shaft and the bearing {(can maintain the clearance at
an appropriate value (a predetermined wvalue)), thereby
preventing seizing up of radial bearing at the location
(portion) in guestion.

[0007]

It is preferable that the above-described centrifugal
compressor be configured such that the bottom of the grcove is
formed in a rounded shape.

The bottom of the groove is subjected to a concentrated
stress due to the thermal contraction of the casing. However,
since the bottom of the groove is formed in a rounded shape

{an R shape), the stress concentrated on the bottom of the



conpressor be configured such that the bottomof the groove is forned in a
rounded shape. The bottom of the groove is subjected to a concentrated
stress due to the thermal contraction of the casing. However, since the
bottom of the groove is forned in a rounded shape (an R shape), the stress
concentrated on the bottomof the 4 grogve can be uniformy dispersed in
different directions, thereby preventing the occurrence of cracks. [0008]

The prese £ob@¥eééhoﬂeoﬁﬁﬁiérﬁﬁ‘g a@ggat@ga that, pphen | owslenperature gas

(for exanple, ethylene gas | ower) |s conpressed the therma

contract|0Q thergousing hn 8art%%unar L %rnal contraction at one
end (an ende %a¥|% the |ng ke por?f of fﬁe 055|ﬁg is absorbed so that a

decrease in thf @&g rance between the rotating shaft and the bearing can
be prevented ( # { earance can be maintained at an appropriate value (a
predeterm ned value)), thereby preventing seizing up of radial bearing at
the | ocation T%@r@¥©ﬁ?n¥nlﬁﬁééti@ﬁ OBfEsF DescripensAdIst theaw mgsn [ 0009]

[FIG 1] Fig. 1 is a sectional view show ng an
low~temperature gas (for example, ethylene gas at -60°C or

lower) is compressed, the thermal contraction of the housing,
in particular, the thermal contraction at cne end (an end
having the intake port) of the housing, is absorbed so that a
decrease in the clearance between the rotating shaft and the
bearing can be prevented (the clearance can be malntained at
an appropriate value (a predetermined value}), thereby
preventing seizing up of radial bearing at the location

(porticn) in guestion.

Brief Description of Drawings

[0009]

[FIG. 1] Fig. 1 is a sectional view showing an
embodiment of a centrifugal compressor according to the
present invention, showing the overall configuration of the
centrifugal compressor.

[FIG. 2] Fig. 2 is a sectional view taken from arrow II-
IT in Fig. 1.

(FIG. 3] Fig. 3 is a front view as viewed along arrow A
in Fig. 1.

[FIG. 4] Fig. 4 is a cross-secticnal view taken from



enbodi nent of a centrifugal conpressor according to the present invention,
showi ng the overall configuration of the centrifugal conpressor. [FIG 2]

Fig. 2 is a sectional view taken fromarrowlIl- Il in Fig. 1. [FIG 3] Fig.
3is afront viewas viewed along arrow A in Fig. 1. [FIG 4] Fig. 4 is a
cross-sectional viewtaken from5 arrowlV-I1Vin Fig. 2. [FIG 5] Fig. 5

is an enlarged perspective view of a relevant part of the centrifugal

conpressof . shownyifyFig.pl, fFIG 6] Fig. 6 is a diagramshow ng an
enbodi ment of the centrlfugal conpressor according to the present

i nvention, sh g spe ie evant part of the
centrifugal co ¥¢€35§f qgégtqﬁgﬁp |%dm%% ?ﬁ% f%v%ﬁ Voﬁﬁ %0010] An
enbodi ment of a centrlfug qgress? icordlng Ee Rresent i nyention
will be deStTidHed Bith ¢ fE}F%n‘B TTEggs. CYUPHEESOE; GOyl dNa"déct ifonal
vi ew showi ng the overall conflguratlon of the centrifugal conpressor
according to t hfEG. €] Fig. 6 is a diagram showing an embodiment of

the centrifugal compressor according to the present invention,

showing an enlarged perspective view of a relevant part of the

centrifugal compressor.

Best Mode for Carrying Out the Invention

[0010]

An embodiment of a centrifugal compressor according to
the present invention will be described with reference to
Figs. 1 to 5.

Fig. 1 is a sectiocnal view showing the overall
configuration of the centrifugal compressor according to this
embodiment; Fig. 2 is a sectional view taken from arrow II-IT
in Fig. 1; Fig. 3 is a front view as viewed along arrow A in
Fig. 1; Fig. 4 1is a cross~sectional view taken from arrow IV-
IV in Fig. 2; and Fig. 5 is an enlarged perspective view of a
relevant part cf the centrifugal compressocor according to this
embodiment.

(0011}

As shown in Eig. 1, a centrifugal compressor 10 is
provided with a multi-stage impeller 12 (in this embodiment,

three stages) fixed to a shaft (rotating shaft) 11; & casing



enbodinent; Fig. 2 is a sectional viewtaken fromarrowlIl-Il in Fig. 1;
Fig. 3is afront viewas viewed along arrow Ain Fig. 1; Fig. 4is a
cross-sectional view taken fromarrow IV- IVin Fig. 2; and Fig. 5 is an
enl arged perspective view of a relevant part of the centrifugal conpressor
according to this enbodinent. [0011] As shown in Fig. 1, a centrifuga
conpressor 10 is provided with a nulti-stage inpeller 12 (in this

enbodi menthouthngp shages) fbxed hogarghabt (rotating shaf bbrl%ahe%yc@% ng 6
(housing) 14 that fornms a diffuser 13 around the periphery of the inpeller

12; and J%”ﬁk%gﬁfék”% (bgar 289.%)1&5 EQ?F Iggr %ea%lﬁg% 1%6% hetween the

casing 14 and the shaft 11. Th centrl uga onpressor accor |ng to this

enbodi nen n red such at the shaft 1 rlzontal shaft
type MhIC% égad?s%%%gdb%orlzon%a?l “55Re fhe?™ %ﬁﬁgSTift of a

hori zontal Iy divided t which is d|V|ded hori zontal |y 0012] The
centri fugal co%%?e%%%?gggu%%ﬁp?%@gé§sﬁa§ tRorkERGILPLUL 8 t%éﬁ exanpl e, | ow

tenperature (-60C or |ower) ethylene gas) g drawn through an intake port
16 and tr@wpqmg@%%ﬁgé% gpnifigured such that the shaft 11 is of &

horizontal shaft type which is disposed horizontally, and the
casing 14 is of a horizontally divided type which is divided
horizontally.

[0012]

The centrifugal compressor 10 compresses gas (working
fluid: for example, low temperature (-60°C or lower) ethylene
gas) g drawn through an intake port 16 and then discharges it.
That is, the gas g that is drawn through the intake port 16 is
given a centrifugal force due to the rotation of the impeller
12 teo increase in speed and pressure and is fed to the
diffuser 13, where it is compressed in accordance with changes
in the channel area of the diffuser 13. The gas g is further
compressed while passing through each stage of the impeller 12
and 1s discharged through an outlet port 17.

[0013]

The impeller 12 is a disc to which a large number of
blades is attached, forming an impeller channel 18 between the
blades. The gas ¢ that has entered the impeller channel 18
from the center is blown by the rotation of the impeller 12 to

increase in speed and pressure and exits from the



That is, the gas g that is drawn through the intake port 16 is given a
centrifugal force due to the rotation of the inpeller 12 to increase in
speed and pressure and is fed to the diffuser 13, where it is conpressed
in accordance with changes in the channel area of the diffuser 13. The gas
g is further conpressed while passing through each stage of the inpeller
12 and is discharged through an outlet port 17. [0013] The inpeller 12 is

a disc to-whkehrarkargginymberi9f, bhades rirg sattaghed, forning an inpeller
channel 18 between the blades. The gas g that has entered the inpeller

channel 18 frogyihe center is blown by the rotation of the inpeller 12 to
increase in speed and pressure and exits fromthe 7 circunferential side

into the diff 3_. [0014] The diff 13 | tus that red
the speed of The GaS Y that-phSsaé CRPOAGH Ené Ehariel frerdst B6 Therease

the pressure thereof bg changing the cross-sectional area of the channel
and for ms-2% chann@l CRatrBRaSERethES UGN T FORi RGAOGEL SherReTi el Nér sdifanne
18 into the inlet of the downstream inpeller channel 18. As shown in Figs.
1 and 2, Siacereheure npeereel 12vi shpnedindedheonticrgosskyianong atiee @fi s,

the
the channel and forms a channel to feed the gas g flowing out

of the impeller channel 18 inte the inlet of the downstream
impeller channel 18. As shown in Figs. 1 and 2, since the
impelier 12 is provided continuously along the axis, the
diffuser 13 is formed so as to extend radially outward from an
cutlet 19 of the impeller chanrnel 18, bend at the outermost
periphery, then return radially inward, and communicate with
an inlet 20 of the impeller channel 18.

[0015]

The shaft 11 that rotationally supperts the impeller 12
is mounted to the casing 14, with both ends supporited by gas
seals Z21. One end (the left end in Figs. 1 and 2) of the
shaft 11 is alsc supported by a thrust bearing 22.

On the other hand, as shown in Fig. 1, the casing 14 is
provided with an upper housing 14a and a lower housing 14b.

[0016]

As shown in Figs. 2 to 5, the lower housing 14b of the
centrifugal compressor 10 according to this embodiment has
slits (grooves) 23. The slits 23 are provided at the cutside

in the radial direction c¢f the journal bearing (bearing) 15



diffuser 13 is forned so as to extend radially outward froman outlet 19
of the inpeller channel 18, bend at the outernost periphery, then return
radially inward, and communicate with an inlet 20 of the inpeller channel
18. [0015] The shaft 11 that rotationally supports the inpeller 12 is
nounted to the casing 14, with both endsgsupported by gas seals 21. One
end (the left end in Figs. 1 and 2) of the shaft 11 is also supported by a

thrust beasifige@2at Onthengt berthandnhaas shownd BrEl 9n Jeacﬁqh%fcac%leng 14 is
provided with an upper housing 14a and a | ower hou5|ng 14b. [0016]

shown 1n FLgs: 2040;5¢cthe. Lover baush poleRcof e sgentiibugal %%grl%ssor

10 according to this enbodi nent has slits (grooves) he sli'ts are

prOV|ded_g§%£ge outside in the radial direction of the journal bearing
(beari ng) | ocated at one end of the shaft 11 and one in each of the

right and left 2 %E of the | ower housing 14b, that is, two in total.
[ 0017] Assunng t the shaft dianmeter of the shaft 11 is 140 mmand the

outside dianmeter of a housing 26 is 300 m each
Assuming that the shaft diameter of the shaft 11 is 140

mm and the outside diameter of a housing 26 is 300 mm, each
slit 23 is formed to have a length (the length along the axis
of the shaft 11) L1 = 140 mm, a width (the horizontal length)
L2 = 40 mm, and a depth (the vertical length) L3 = 170 mm.

[0018]

Reference numeral 24 in Figs. 1, 2, and 5 denotes a
lubricant discharge channel, and reference numeral 25 in Figs.
1 and 2 denotes a thrust collar. When the depth L3 = 170 mm,
the angle formed by the line connecting the end (the lower
end) of the slit 23 in the vertical direction and the central
axis {rotation axis) C of the shaft 11 and the upper surface
of the lower housing 14b is about 25°. The end (bottom) of
the slit 23 in the vertical direction is formed in an R shape.

[0019]

The centrifugal compressor 10 according tc this
embodiment is configured such that, for example, when low-
temperature gas (for example, ethylene gas at -60°C or lower)
g is compressed, the thermal contraction of the lower housing
14p, in particular, the thermal contraction at one end (an end

having the intake port 16) of the lower housing 14b, is



slit 23 is formed to have a length (the length along the axis of the shaft
11) L1 = 140 mm a width (the horizontal length) L2 = 40 mm and a depth
(the vertical length) L3 = 170 nm [0018] Reference nuneral 24 in Figs. 1,
2, and 5 denotes a |ubricant discharge channel, and reference nuneral 25
in Figs. 1 and 2 denotes a thrust collag. Wien the depth L3 = 170 nm the
angle fornmed by the line connecting the end (the lower end) of the slit 23

in the vespicabedi secthonsandsthe. cemtd@l s axise (£10ahd Oncaxi sdc€ 6f Hhe
shaft 11 and the upper surface of the |ower housing 14b is about 25. The

end (bottom ofyct h@oé%izt]?2§4b”d&@ewe{héc%tgkée%t' @Bv;'—%efnﬁ%%@u'r@
shape. [0019] The centrifugal conpressor 10 according to t enbo |nent

is conflgy &f%’ﬂbeé t%g(}gf@gp&g when | ow tenperature gas (for

exanpl e, ene gas lower) g is conpressed, the therna
contractlon of t he | ower housjn 14b, in part cuI the t

contraction atliohe @MY XERVERU 2 hASFhgeEhe PnF gSPFaTﬁ? gFtWﬁgnIGREr

housi ng 14b, |s 9 absorbed by the slits 23. That i s, the thermal
contract i O of 11 mndowes houbiay 19brHue {BeERenDnt ARe (6R1 BALDEAPET at ur e

gas is absorbed by the slits 23.
the clearance at an appropriate value (a predetermined

value) ), thereby preventing seizing up of radial bearing at
the location (portion) in question.

[0020)

The ends of the slits 23 in the vertical direction are
subjected to a concentrated stress due to the thermal
contraction of the lower housing 1l4db. However, since the ends
of the siits 23 in the vertical direction are formed in an R
shape, the stress concentrated at the ends of the slits 23 in
the vertical direction can be dispersed uniformly in different
directions, thereby preventing the occurrence of cracks. 1In
the event that (if) cracks occur at the ends of the slits 23
in the vertical direction, the cracks extend vertically
downward, thus causing no interference with (having no
influence on) the operaticn of the centrifugal compressor 10.

[0021]

'urthermore, as shown in Fig. 5, the lubricant discharge
channel 24 is formed to communicate only with the upper part
of one end of the slit 23. That is, the lubricant discharge

channel 24 is formed so that the locus of the bottom face of



This can prevent a decrease in the clearance between the shaft 11 and the
journal bearing (bearing) 15 (can maintain the clearance at an appropriate
value (a predetermined value)), thereby preventing seizing up of radial
bearing at the location (portion) in question. [0020] The ends of the
slits 23 in the vertical direction are jgubjected to a concentrated stress
due to the thermal contraction of the |ower housing 14b. However, since

the ends toé therstats 28stnathe vehrhiheal 2di keeld an sake fiormed AraRnR
shape, the stress concentrated at the ends of the slits 23 in the vertical

di rection.gan-be- @i spersed-ypi fpLpLysin different directions, thereby
preventing the occurrence of cracks. In the event that (if) cracks occur

at the ends of its. .iLn the, vertical irection, ,the.cra Xt end
Bertrearle® Sorhbe ShhiRifPn LD RIERYRTLLCRE PHECTLLEN nblisFRoTEs Bk

i nfluence_.on), the operation of the centrifugal conpressor 10. 0021]

Fur t her mor % %%gSHEQniﬁmrF?@?tS?l?ﬁgaFﬁﬁrFégﬁpegigéhéF&ecaEhﬁﬁﬁ F€24 i s
formed to conmuni cate only with the upper part of one end of the slit 23.
That is, Thefichiitantobiserapfethendnrer 2aupsngoddld so that the | ocus of

the bottom face of 10
[0022]

The present invention is not limited to that of the
above-described embodiment and may be in the form shown in
Fig. 6. In this embodiment, a lubricant discharge channel 24a
is formed so as to communicate with the whole of cne end of
the slit 23. That is, the lubricant discharge channel 24a is
formed such that the locus of the bottom face thereof extends
by a predetermined distance from both ends in a direction
approaching each other along the horizontal direction and then
draws an arc downward.

Thus, when low-temperature gas (for example, ethylene gas
at ~60°C or lower) g is compressed, the thermal contraction of
the lower housing 14b, in particular, the thermal contraction
at one end {an end having the intake port 16) of the lower
housing 14b, can be absorhed more than in the above-described
embodiment. That is, the thermal contraction of the lower
housing 14b due to the intake of low-temperature gas is
absorbed more than in the above-described embodiment.

This can further prevent a decrease in the clearance

between the shaft 11 and the journal bearing (bearing) 15 (can



t he T ubricant discharge channel 24 draw a semcircle fromone end to the
other end thereof. This can mnim ze machi ning of the | ower housing 14b for
form ng the lubricant discharge channel 24 and can ensure sufficient
rigidity of the |ower housing 14b. [00221 The present invention is not
limted to that of the above-described jgnbodi nent and nay be in the form
shown in Fig. 6. In this enbodinent, a |ubricant discharge channel 24a is
formed somasnteisognuntcateawtthathanwhpbeopf-iere end .f (sAhe slit 23. That
is, the lubricant discharge channel 24a Is forned such that the |ocus of
the bottomface-thereaf vext.ends Ay apprgdetermined di stance firempaoth ends

in a direction approaching each other along the horizontal direction and
then dr . . Thus, en | t erature gas (for exanple,
ethyleneaggsgpa?ﬁgGggggﬁgﬁgmégfyg1P§®céﬁp%§%§§ggnfhe t hermal contraction of
the | ower hous£€9‘14b ig articular, the hhernal contraction at one end
(an end havi ngttht®i REGH egSrFolé?yth?ﬁet BWEP LTGRO Rg 1146 1 Scaf F&n
absorbed nore than in the above-described enbodinment. That is, the thermal
cont ract i ¥ efet hel f oGepntholigiAgt¥4abTdaBet doRE ivt@kadofl 4oow t enper at ur e
gas is absorbed nore than in the above-described enbodi nent.



This can further prevent a decrease in the clearance between the shaft 11
and the journal. bearing (bearing) 15 (can 11 nmaintain the clearance at an
appropriate value (a predeterm ned value)), thereby nore reliably
preventing burn- in at the location (portion) in question. It is needless
to say that the formshown in Fig. 6 cany ensure sufficient rigidity of the
| ower housing 14b. 12 CLAIMS 1. A centrifugal conpressor that supports a
rotating shaft having a multi-stage idgmpeldser through bearings and is
provided wth a housing having an intake port, at one end of the rotating
shaft in the longitudinal direction, for taking in working fluid; wherein
at | east one groove extending along the length of the rotating shaft is
provided in an,area positioned at one end of the housing.and at th

butsi de i Bt her & Bl ol Feet FOREL 6P Che Hakr PHISC RS The CGentrit dgal ®
conpressor accordi ng to CJaim1l, wherein the bottomof the groove is
formed i &Y+ NS

hhﬁgﬁage impeller through bearings and 1s provided
with a housing having an intake port, at one end of the
rotating shaft in the longitudinal direction, for taking in
working fluid;
wherein at least one groove extending along the length of
the rotating shaft is provided in an area positicned at one

end of the housing and at the outside in the radial direction

¢f the bearings.

2. The centrifugal compressor according to Claim 1, wherein

the bottom of the groove is formed in a rounded shape.



