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DESCRI PTI ON  EXPANSI ON VALVE OF REFRI GERATI NG
APPARATUS 5 TECHNI CAL FI ELD The present invention
relates to an expansion valve for a refrigerating
apparatus. More particularly, the present invention
relates to a techni que for reducing noise 10 produced
when a refrigerant flows through an expansi on val ve
for a refrigerating apparstatsrfr@asy ai r condi ti oner or
the |ike. BACKGROUND ART 15 A refrigerating
apparatus normal ly has an expansion valve, for

exampl e, BRsELEch GpetRARH SRsH3LKRATALERGRMRAT S

bet ween a condenser and an evapora nese
Lai d- Open Patent Publication No. 2000-274886
descri bes an electric ex of the type

ﬁggsion val ve
descri bed above. The elfctHilexpdidi on val ve has a

val ve body provided with refrigerant pipe connection

ports, which define an inlet and outlet for

refri geramresant al vedviel @5 thiatbes foraredtiwrsion valve

ngdlergglyeegggrg beIIovvst whi IS . C nnegll%%~ tot%he

need! e Var v%, are %rar%%ag%%l 5t he ValRié -4 Y In'e

phesehectivenexpanst D yal ve, a thechepshe Fat Veediscid® noise

noved vertically by the power of a pulse notor and the

B eSP R foheRe dfrehel drranhwsi tovadiuseudth petxamiign valve
: i OPS..as V,

BT T R R e R e el [ foner ox the

toktrols the flowrate of 1 liquid refrigerant.

flowng into the val ve chanber through the inlet port

before the liquid refrigerant is sent to the

BACKGROUND ART

A refrigerating apparatus normally has an expansion
valve, for example, an electric expansion valve, arranged

between a condenser and an evaporator.

Japanese Laid-Open Patent Publication No. 2000-274886
describes an electric expansion valve of the type described
above. The electric expansion valve has a valve body
provided with refrigerant pipe connection ports, which
define an inlet and outlet for refrigerant, and a valve
chamber formed therein. A needle valve and a bellows, which
is connected to the needle valve, are arranged in the valve

chamber.

In the electric expansion valve, the needle valve 1is
moved vertically by the power of a pulse motor and the
biasing force of the bellows to adjust an open amount of a
valve hole, which functions as a variable orifice. The

orifice reduces the pressure and controls the flow rate of
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evaporator through the outlet port. 5 PROBLEMS THAT
THE INVENTION IS TO SOLVE However, in a refrigerating
apparatus, such as an air conditioner, due to
installation conditions or changes in operation
condi tions, gas bubbles are apt to be produced in 10 a
liquid pipe leading to an inlet port of the expansion
ES. e -1 gui g two-phas

Ve craht PR SR B B A Ot VR BB P rrepon
tine W tdit | g gie lg@sorduble esiqiedi néerigétemt | ys sent to the
enerated in the refrigerant flow. The generation of

(R g £ HowPeeh ph gy PRBIRT eR0FEs in a 15 state in
which liquid refrigerant and gas refrigerant

alternately pass through the orifice thereby causing

non- conti MROBLEMT | BHATDATHE eBSUENT TONICEUatd GHELVEThi S
produces non-continuous refrigerant flow noise. 20
Wth regards to this problem Japanese Lai d- Open

Pat enth Ry d €at i0ns Noe £ it JdbdB32ngesspd besud N S @8- ad an air
and 2 a technique in which a porous body or fine .
Rkt bere s rddgee 1mstkabl plel anlj eerfitienamexprarieon in
t : finel ' r g b S ] .

TN oORPELONs; oA HERE SR A5 MO B e Bucea in
Holveyetrqd piwee redadgey and 4h oimhhgt pdrough tihe @Eosausion

: boq¥ or &gg fine tubes is s%bjeqted toa flow

TSt arde s PHEYESt @ S8 b Hoardase fsfrigerant flow

ded réDesanta f4 oag ney bt Or eXPagSE Of VL ieh B NRFEOVa s
the controll able range of the open anount adjustnent

Piklete e Be provrdedteytiviegencthrted Eor ther retfixvdgerant flow.

0 . e i n b re susceptible to
B S A S b AT G WL G 10
dtove Al sehich opDhugd My s OTgetant Natdiegpor OaSr Dpslya vt

‘fine tubes through which the 2 refrigerant passes,

FHETT G et bri2 F oW T HEN et abf1§1§2 ofhereby causing non-

continuous variation pressure fluctuations. This produces

non-continuous refrigerant flow noise.

With regards to this problem, Japanese Laid-Open
Patent Publication No. 7-146032 describes in Figs. 1 and 2 a
technique in which a porous body or fine tubes are arranged
in a pipe adjacent to an expansion valve port sc as to
finely disperse gas bubbles in the refrigerant flowing into
the expansion valve. However, the refrigerant flowing
through the porous body or the fine tubes is subjected to a
flow resistance. This restricts the flow rate of the
refrigerant flowing into expansion valve and narrows the
contrcllable range of the open amcunt adjustment function
provided by the orifice. Further, the porous body or the
fine tubes are susceptible to deformation due to the
pressure of the refrigerant flow. Alsco, c¢logging may occur

in the porous body or fine tubes through which the
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t he expansi on val ve. Japanese Lai d- Open Patent
Publ i cati on No. 7-146032 5 also describes in Figs. 3
and 4 an expansion valve including a second orifice,
whi ch has a fixed open anount, in the inlet side of
the orifice. However, when the second orifice is
provided in such a manner, the controll abl e range of

%{Fﬁiﬁeﬁ@ ' rste it C‘th‘ég%t 'f%%t‘é" &h 1%Q%re)é83”§'e‘iga%§'l‘i‘éy of

t Ran the case desc
abovwecpactiadiviglys. it is difficult to maintain high
reliability for the expansion val ve. The present
i nvention has been made in view of the 15 problens in

the priQrlde ﬂéldibﬁgh(ﬁﬁﬂgﬁt(guﬁﬂﬁﬁéyﬁﬁﬁﬁkn 7-146032

i nvention to provide an expansi on val ve capabl e of .
adeajuciefg:rlrhasr |JgerEatrgs pa%wgia harseexpiri s eenstarivey including
h reliabi Xpa

hi , |
LTI ATy Y AT QS ored Pt AT, 0 the

deantd ofe tax mlcﬂe@m@xpm&e@er\;akqmnemel |slé@021@ orifice
fine dis erS|on of gas bubbles in a gas-| |

itSvaR d gt r9UY St f |1V r@r}trﬁ%ula?@%xw ¢ the
\ﬁﬁé (guétqner{'@lf#r?éﬂd}g vg Iﬁ%’r ftLHeCt cg‘?d‘}éﬁé N% further
e open 0 IS

anount vari abl e orl |ce
raeathiert egbjtéctn dafhd rteaspaf &E&Iﬂrlbﬁ&l’ﬁbcﬁm X oAcp:loomiiidgla, it is

iégiggerating apparat e% ggléﬁér%gﬁy$alex %gsgg%m

dde;eabove obj ect, the present invention is related to
an expansion valve for arrangenent in a refrigerant
circuit of a refrigerating apparatus. The 3 expansion

ValVefﬁgﬂﬁggg%ﬁ%\gﬁ@g%éﬁgﬁﬁﬁgé B%EA'Méﬁeifhfé¥éwﬂ%f the

problems in the prior art. It is an object of the present
invention to provide an expansion valve capable of reducing
refrigerant passage noise while ensuring high reliability of
the expansion valve. More specifically, it is an object of
the present invention to provide an expansion valve enabling
fine dispersion of gas bubbles in a gas-liquid two-phase
refrigerant flow flowing into the expansion valve while
maintaining the function for adjusting the open amount of a

variable orifice.

It is another object of the present invention to
provide a refrigerating apparatus employing the above

expansion valve.
MEANS FOR SOLVING THE PROBLEMS

To achieve the above object, the present invention is
related to an expansion valve for arrangement in a
refrigerant circuit of a refrigerating apparatus. The
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in the val ve chanber and connected to an upstream
refrigerant pipe to draw a refrigerant flow into the
valve chanber. An outlet is fornmed in the valve
chanber and 5 connected to a downstream refrigerant
pi pe to discharge the refrigerant flow fromthe val ve
chanmber. A refrigerant passage is fornmed between the

i t d t val
%%ﬂé% leég f%ﬁgl J%%(mmﬁéave Q?&?ﬁ{ re?rrgé?gﬁ is formed .
ﬂH(ﬁMéIvdﬂﬁbrdﬁdmhyﬂYﬁﬁd[ﬂﬁﬁﬁﬁﬂtedAﬂdﬂdﬂﬂdﬁﬁtﬁﬁhm

portion causes refrigerant flow turbulence in th
HefTi e RS dde FodiRIT G4HE T i, Lo the valve

Henfde 1 Ag BQ%&SE yal \f%rﬁ%@t aln"‘"ﬂh%hva%fe%ﬁﬁﬁ'rbb? ahhe

val ve chanber and has a val ve hole, and a val ve
qﬂnﬂﬁﬂned:m&fandqnnskﬂaam;nﬂfnmgﬁrannnnmpaﬁtqrdaaaﬁange the

hol e. The t bule t rtion.js fqrmed by ridges.an
adﬁla%?s‘-" Sy bt Gt oy IR ac8 P CEgerent

s\é%_]ecﬁ%ﬂtﬁfrn@d Pt WAErEreUrface: oind itvialtvein the valve
el ement. 20 The turbulent portion is a spiral groove.

Cheanbiqy- bur%enprééﬂpeoﬁarféabéﬁme@nrsyfoéSrreaﬁdérlprrrgrate of the

r%?:’%%% OJ'?]Tdovpyl derd eq{é}ecmrtEf 't Ra$53881ent
t1eam o

m the orifice ween t ve el enent
cand itdre cavadase mlgemmrﬁu@mﬂmmgan rnteudes

an. axi al passage, which guide the r ef rant fl ow
Sef FPSHAH RATEES SPHret ‘%ﬁswet f{ﬂ%ﬂent bet ween

the valve el enent and a wal | surface of the valve
chanmber, and an oblique passage, which obliquely
changé“élet r@eflqﬁlr@cturmlhm‘ea e weafe geradnt WHigh firsorRormed in

%e vaa)ﬁ_v% &aa%%b e and ﬂ%e Obl\}aqll‘{?e p.rir’})SfLSagear{dS fc{fﬁe\ﬂe bé’lement

recess forne
for adjusting an-open amount of the wvalve hole.

The turbulent portion is formed by ridges and valleys
in either one of an inner surface of the valve chamber or an

outer surface of the valve element.
The turbulent portion is a spiral groove.

The turbulent portion is formed by a meandering
rassage formed by meandering the refrigerant passage
upstream of the crifice between the valve element and the

valve seat.

The meandering passage includes an axial passage,
which guides the refrigerant flow in an axial direction of
the valve element between the valve element and a wall
surface of the valve chamber, and an oblique passage, which
obliquely changes the direction of the refrigerant flow from

the axial passage.
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di stal surface of the valve elenent and a prOJectlon
formed in the valve seat, the recess and the

proj ection have 5 opposed, spaced surfaces extending
substantially parallel to each other. The turbul ent
portion includes a gap for varying a cross-sectiona

area of the refrigerant passage. 10 The refri gerant

passage i ncludes a gap enlarging a passage

cross-sectional area between the turbulent portion .

and t hEn®rddl fue kasldegd WHU @itte Py iONrdSedOriPthed in a
upstream and downstream of the valve seat in the

Fettd yetuntagraselagee kv flenentendid aklr ¢ HRegy eformed
r f d t ownst
ENTRE ol e | RS e LEOR AN SN SESR A have
drwdsr Nt sypordd anut Bades nextt énd g | sunestavat 1al syrgacel lel to
of eacqlof t he val ve chanmbers or an outer surface of
t1%%e val ve el emrents, and the two valve el enents
are connected by a shaft extending through the valve
hole of the wvalve seat. 25 A refrigerating apparatus

of thells dgarhulaniendniniormioyslahe attﬁn/efcmpmi@tm a

YAYE.  EREED L ¢ NENTLCH 20, e gxpansd on
ve O E:h presen |nven I on causes Lﬁl nce in

t he refrlgerant flowng into the expanS|on valve with

a turbulent é%;tlon formed in a refrigerant 5 passage
upst r e HiFtc P2t e bt e i hd T PR ATt @

ﬁ%é'ﬁb@g—g@&%@i esrdd) B8, gas-{AdU Grf\snt portion

and the orifice.

The turbulent portion is formed upstream and

downstream of the valve seat in the refrigerant passage.

The valve element and the valve chamber are formed
upstream and downstream of the valve seat in the refrigerant
passage. The turbulent portion is formed in an inner wall
surface of each of the valve chambers or an outer surface of
each of the wvalve elements, and the two valve elements are
connected by a shaft extending through the valve hole of the

valve seat.

A refrigerating apparatus of the present invention

employs the above expansion valve.
EFFECTS OF THE INVENTION

The expansion valve of the present invention causes
turbulence in the refrigerant flowing into the expansion

valve with a turbulent porticon formed in a refrigerant
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phase refrigerant flow wi thout reducing the pressure
of the refrigerant. Accordingly, pressure
fluctuations in the gas 5 |iquid two-phase refrigerant
flow are reduced at the orifice downstream of the
turbul ent portion. Hence, noise produced when the
refrigerant passes through the expansion val ve

ori fice and non-conti nuous noi se are reduced. 10 The

RRT BRI NP PoT T1Bn° a3 bRF bt ned AddrS SR@Rdas ifdée [pd

HRL P RE &DEpL HE DU ent c?é’é 1981 8s ai Med he sS4 S aCE9fd B wo-
val ve chanber housing the valve elenent of in an
Bixaee nag frsgefacte diow helvVadve eédneing e sopakegretof the

ossible to revent. s. buhbbl es i.ch_ have been
PERE S S e B e s B A B (g P the gas
I eduigetaetphd oW, rédf oI being £last eFredred@ddd HEfOHe orifice
reaching the orifice. Further, by formng the
MBI BPAM pof t tiom Baru bt aPOr bt dove Heatspi ralisy gwoduced
SOCRONGD! 4 by AUOPLL L Gl DEe L & K1 FERM ne Dufa O oAy 2 ve
resul t, turbulence affects the refrigerant oW nore
ef f ette vazhg mak+aont hreugas boubidd esré i neduaad. nor e

uniform A neandering passage is fornmed i nmedi ately

before the 25 orifice in the refrigerant passage by

meandefi ge e T8 I g8k @dn PRSP age RetNeemdde Mad Verifice
el enent and the valve seat formng the orifice. The

e afeieni g Pas stgeb et i pestiar B0 tarvul ntupbres onf @

i tur b t] '
PO 5 AR50 ARG LUGOULENY. ROCLL Ohed® LOSR o cperna
dunafaddecf eclod Uusd Bvé nglafietihe Jas ulebleas iwhipeizdidnde to

been nade fine by the turbul ent. portion js suppressed

B PN 6120 LT URR YRS Rt Hieh , 12T e derT TG FRLSuges siyPY the
Derp e dPUs £ 1O f@ﬁﬁi@é‘r%’& ak 1 Bas SALSm f1ok bELYESPed

the valve 6 el enent and the val ve chanber walT surface

agp guikkef ey reaching the orifice.

Further, by forming the turbulent portion as a spiral
groove, a spiral flow component is added to the refrigerant
flow. As a result, turbulence affects the refrigerant flow
more effectively making the gas bubbles finer and more

uniform.

A meandering passage is formed immediately before the
orifice in the refrigerant passage by meandering the
refrigerant passage between the valve element and the valve
seat forming the orifice. The meandering passage functions
as a turbulent portion. In this case, the turbulent portion
is located upstream of and immediately before the orifice so
that the re-clustering of the gas bubbles which have been
made fine by the turbulent portion is suppressed more
effectively. Further, the meandering passage may be
configured to have an axial passage formed between the valve
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refrigerant flowin the axial direction of the valve
el ement, and an obligue passage forned between a
recess in a distal surface of the valve elenent and a
projection on the valve 5 seat to change the direction
of the refrigerant flow In this case, the neandering
passage IS easily formed upstream of and imedi ately
before the orifice, Furthe the turbulent portion
BE P et sot i 6L epatentber eyl ngothace B8" dulde "Be

§é9§§q§§§ﬁt05§bwa&ﬁatﬁé thealr efiregerant oFasIRI&Slre element,
that the turbulent portion causes refrigerant flow

¢ ban eplebidie hoassaabsfapredl pytvedncd ngecepe in a distal
gugﬁggée ?ft%% SviE élgféﬂg%tfggﬁla é#gjeégfoga n %¥e valve

e refrigerant are fin and uni
déspetsedhaﬂ§eAt@épdiﬁéﬁ?dobebﬂBEHetheffﬂg@uhﬁﬂtflow In
Eortlon and the orifice to enlarge th

R%scaeet | bhal MarRdS 51 MY B2 Pa’SEgRS %%%%%% f OFBEH erpatream
b gm £ﬁ%éa9§£éﬁ§/ Eé@&w thet BesiFurbul ent  portion,

and the turbulence of the refrigerant flow by the 20
gap produces a synergistic effect so that the gas
bubble ecome_fingr_an i formw

reduci 2T bpei® BAHLR egajgg{ %§ m%%g%eofo¥%ed as a

a&éCﬁ@rlmakygn@asﬁe0£ragseg@aﬂsb@alvafa@ bA whech
the 25 refrigerant passes reverS|b%% a turbul ent
pofrigarastf ppagaJeupst Fam hhe HowhdieRBnPOFtipR causes

¥akyeqs Féﬁg'?%&Qetﬁfﬁﬁi8§§énﬁlt98§?aQGbsEQH@;aﬂQ¥SFeduclng

produ d e passage o rigerant is reduced
tbgapdéessrefofhéhdirefrngerahe fleﬁrig@namx fleowss bubbles

Accordin an_expansi gn_val ve_havin

ST ohe et LodRaRT cabretror 4 fe tgﬁbﬁﬁr?%¥r$§8P%ﬁ?ed
cycling system such as a heat-punp air conditioner

which the direction of refrigerant flowis rever5|m

swi t chkdgaoforned hetseeprbdacedriheant heoFeiep g@’ﬁ%n{he

8§§ff§etpéoggba£88 the cross-sectional area of the passage
causes turbulence in the refrigerant flow with the turbulent
portion, and the turbulence of the refrigerant flow by the
gap produces a synergistic effect so that the gas bubbles
become finer and more uniform without reducing the open

amount adjustment range of the orifice.

In the case of an expansion valve in which the
refrigerant passes reversibly, a turbulent portion is formed
upstream and downstream of the valve seat in the refrigerant
passage. Thus, noise produced by the passage of the
refrigerant is reduced regardless of the direction the
refrigerant flows. Accerdingly, an expansion valve having
such structure is applicable for a heat-pump refrigerant
cycling system such as a heat-pump air conditioner in which
the direction of refrigerant flow is reversibly switched, so

that noise produced when the refrigerant passes through the
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7 orifice and non-continuous noise is reduced by the
sane expansion valve. In this case, when the

turbul ent portions are formed respectively in the
inner wall surface of the valve chanbers or in the
outer surface of the valve elenents 5 upstream and
downstream of the valve seat, the valve elenents are
connect ed g a shaft, ext endi ng thro%gh t he, .valve

ot &t “TH é?%T"r‘?r?ferm%%‘és SIPRG ur'e TiotHE Sparlst gifme

kg s Wb Gha T-REUCITRY tAAisS @ ReQdyeRd WRRN tih®ulent portions
reversible refrigerant flow passes through the

VFe FeEnethdr e Ol CORT | Hudus® nisiss. Wahleh swieface of the
x?ﬁ(lwsé}?ﬁnﬁleq}éleogfir% htenéjrcgegteé’]} %ﬁ’]f/ anéé Me e axPaPll\'feedelements
to a refrigerating apparatus, the opeéeration nolse of

et reednn | yed addwrgs tappan ad fIst hecoibse | asst, EhBRERe

DESCRI PTION OF THE DRAWNGS Fig. 1 is a_.

TrELs2 AT DrizTRA B S HOM h g 1t i e i ingrthggpugh. the
‘%KPQQQkQRSyabﬁgsagg%@qﬁﬁﬂegotﬁef%E%hc%ﬁggdb??Q%eo%x_%%sion
20 present invention, Fig. 2 1s a cross-sectional view
whowd i iechaiedypaimg rofiss mxpansidnwhal vehacooraligigle

to . a second enbodi ment of _the present. invention; Fig.
o8 S s LB TR Vi SHbwiTiy OF el G gy 195 of
ahtexpensd aibvad ve according to a third enbodi nent of

the present invention; Fig. 4 is a cross-sectiona

view showi ng a main part of an expansion val ve

accor gy t . i t . '
i nvent il%gl; tg]neg J%%&Eh%??gfogshesé{}fﬁ%{g-f%ﬁveeﬁtlon is
sxfoviety o reire pairge radfirem apgpansion vl epmooridimgoise of

éﬁ%*%éégféééé fﬁgrgggafgtégm%ecomes less.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view showing a main part
of an expansion valve according to a first embodiment of the
present invention;

Fig. 2 is a cross-sectional view showing a main part
cf an expansion valve according to a second embodiment of
the present invention;

Fig. 3 is a cross-sectional view showing a main part
of an expansicn valve according to a third embodiment of the
present invention;

Fig. 4 is a cross-sectional view showing a main part
of an expansion valve according to a fourth embodiment of
the present invention; and

Fig. 5 is a cross-sectional view showing a main part
of an expansion valve according to a fifth embodiment of the

present invention.
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present invention. 8 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An expansi on val ve according to a first
enbodi mrent of the present invention will now be
described wth reference 5 to Fig. 1. The expansion
valve arranged in a refrigerant circuit of a
refrigerating apparatus includes a val ve body 1 having
a val ve chanher 12 Cross-section.

‘val ve 10 cHQﬁ{-}BFPHONSOEoFHEcPBEiFFBREH E%@?Pé@ﬁ%‘]??qun d

refrigerant pipe 8 via an inlet port 2 and to a

downstream pipe 9 leading to an evaporator via an

out | etArpcmtpalsirche @a(bms,aimprdﬁaig/etcb rec | fidesst tampgbiment of
u

o S AT BT T AT Rilte S dS T yer e forence

pasgage # forned in the valve body 1 to connect the
ports 2 and 3, an orifice 5 having a vari abl e openi ng
is forned in the refrigerant passage 4, and a

t ur bul ' 1y, I £
val ve ﬁ%ﬁ%ﬁéirﬁ%m%ﬁ% ar réange |An ]% ch?fér?@ clreul
@f}airbleasfﬂﬂgeh&usilag Ok psyb &t & teunssl macﬁlmnlem@ a ava:bm datdwal vieaving
ort 4. The frjgerant ssage 4 enabl es, passage
D e G bLE W e oS RS S hol des valve
ehybde seats Idohvdngd ac &1 4% %@étﬁ/@érﬂeli@hfd 10e Aflgerant
25 part|t|on|ng the refrigerant passage 4. The

RipdUt enta por tiphet parises and b em@wmsw%arﬂ | BiPe of

t
(AR RL 0oLt B8P0 LIl A1 Bespnge & TS, cpparesn
ol B39 ihel wdk ertedrpeces of aﬂnﬂa Tyforkd cah tpas tvalive heody 1

valve e|lenment 13. Mre s eC|f|caII¥ t he_t ur bul ent
E%r??%ﬁF%P?sa% a%p+q%@tga %V%ut et for refrigerant, a

refrigerant passage 4 formed in the valve body 1 tc connect
the ports 2 and 3, an orifice 5 having a variable opening is
formed in the refrigerant passage 4, and a turbulent portion

6.

A substantially cylindrical valve element 13, which is
arranged in the valve chamber 12, has a distal end defining
a conical valve portion 14. The refrigerant passage 4
enables passage of refrigerant between the ports 2 and 3 and
includes a valve seat 11 having a circular valve hole 10 and

partitioning the refrigerant passage 4.

The turbulent portion 6 causes turbulence in the flow
of the refrigerant passing through the passage 4. The
turbulent portion 6 includes ridges and valleys formed on
the outer surface of the cylindrical part of the valve
element 13. More specifically, the turbulent portion 6 is a

spiral groove.
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9 The variable orifice 5is fornmed by the valve

el ement 13 and the valve hole 10. The val ve el enent
13 is noved in the vertical direction as viewed in
Fig. 1 by a pulse notor (not shown) so that the valve
portion 14 selectively noves 5 toward or away fromthe
val ve hole 10 and adjusts the open anount of the

val ve hole 10. Further, a %ip 15 is forned between t

e
tur bul'8Mt Voraii6h F Hrife he lor iFEES B HE plve element

Nl AP Hdh e LrassJk seft i enal vaneR @fichetr efriigemdied in

passage 4. In other words, the gap 15 varies the

greoseeBeiotd ordl regteiorofag heleweaf rilgdfiant Jpdwsageoulse motor
etween the wall surface of the valve hanber, .12 an

PR Vo) St L e VAR B hoves

o dheaws) vier seathd vatvd heshottomed ddpaaad wehdl open
chanmber 12, which is a cylindrical space. In the above

BPHNsi On Wt veLihea ki bl ent portion 6 causes

turbul ence in the high-pressure gas-liquid two-phase
refrigerant flow, which contains gas bubbl es and

ent er s'drdmar,2(G tdep 111 dts porme] BEievegas thuwbblwedulent

contained in the refrigerant flow are fjinel nd
ST ETe e G T e 2 s O et 1 P e
dd o ofatt herdefdf gatante fhife r £1Y s dde 08P 15 bRther words,
whi ch the cross-sectional area of the paszgge is
i

i arafed.S mlsiemrttk;ﬁaycm@sse;%eicgh%l 2ge
B okt o (8 G e e A TGETe e vauve

qreassir €l 2 fdruttiled ivonsve retdweerdr i 13 cel tth dausetbibycdhevalve
gas bubbles in the refrigerant. flow. Thus, in the

T oht vl 6114 RE LI 8 or o e M A e Of che valve
defdaerent i 0w pessesciugn-dhes@orifice 5 is
reduced.” Further, the refrigerant passage noi se
becones conti nuous and reduces non-conti nuous noi se

such A% the above expansion valve, the turbulent portion 6
causes turbulence in the high-pressure gas-liquid two-phase
refrigerant flow, which contains gas bubbles and enters from
the inlet port 2. The gas bubbles contained in the
refrigerant flow are finely and uniformly dispersed by the
turbulence. The turbulent flow of the refrigerant then
enters the gap 15 in which the cross-sectional area of the
passage is enlarged. This further makes the gas bubbles
contained in the refrigerant finer and more uniform before
flowing into the orifice 5. This reduces pressure
fluctuations in the orifice 5 caused by the gas bubbles in
the refrigerant flow. Thﬁs, in the expansion valve, the
noise produced when the refrigerant flow passes through the
orifice 5 is reduced. Further, the refrigerant passage noilise
becomes continuous and reduces non-continuous noise such as

that produced in the expansion valve of the prior art.
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that produced in the expansion valve of the prior art.
10 The reduction in refrigerant flow noise and non-
conti nuous noi se would still be enabled even when
elimnating the gap 15, which enlarges the
cross-sectional area of the refrigerant passage 4
between the turbulent 5 portion 6 and the orifice 5. A

second_enbodi nent of the present |nvent|on MA|| ow
be desTt§ beRFYF tHPD éfl’érliﬁ’rf{)@qeor&}i‘}tg ow nNpige ang non-

EOMPONEMS nd N8 v%@lci he: S8, AS 4108 'J\rérh%l{ér[ st

enbodi nent MA|| be 10 denoted by the same reference
filaTerrsd Siegndovg | damol S bevhideds cen ety e At fex parsi oreect tonal

(ALY S AL 5 PRSI Do 1) AT 4L U o

ﬁ&rﬁiwhtgwimdemﬁep@giﬁp@aa5has been altered from that
in the expansion valve of the first enbodi nent.

Specifically, a turbulent portion 26 is fornmed in the

\gﬁltler%go sucg} ace}"&tﬂfd \ﬁﬁée vaﬁzm)?eé)ge?nstér{l}’;t %rpgl&h%”ll now

H&Hd&ﬂ@ﬂﬂb¢ﬂﬁWltﬁ]ﬁﬁfefEndémtseEDmd 2nbddi Ment. &l,s@omponents

takes the formof a iral n the sa n
YT TRET 1547 G ertos Acor i35t FPSG AT ot LL be

RHA 4o RS d4fe SR AVENAGRS ASs ey twi bul @ be
gortlon of the first embodi nent. 25 As descri bed

ibgdhe expansion valve of this enbodi nent al so
reduces noi se produced when the refrigerant passes
through the orifice 5 and non-conti nuous noise. 30 A
thirdaaﬂnxﬁaﬁﬂﬂonﬁvaﬂuﬁ;HﬁﬁﬁﬁﬂsiemhﬂujmyhﬁMHdsruh@ dxame
descri bed with reference to Fig. 3.

W‘iﬁfbﬂﬁﬁ 23t Het h?é“k%%\cﬁgé“%t't H‘ao?é%e?m ]trhetkﬁq sthe
soodi grerd s Wid Aerbulent portion 6 has been altered from

that in the expansion valve of the first embodiment.

Specifically, a turbulent portion 26 is formed in the
wall surface of the valve chamber 12 instead c¢f the outer
surface of the valve element 13. The turbulent portion 26 in
the second embodiment also takes the form of a spiral grcove
in the same manner as the first embocdiment. Accordingly, the
turbulent portion 26 has the same advantages as the

turbulent portion 6 of the first embodiment.

As described above, the expansion valve of this
embodiment also reduces noise produced when the refrigerant

passes through the orifice 5 and non-continuous noise.

A third embodiment of the present invention will now
be described with reference to Fig. 3. In Fig. 3, components

that are the same as those in the first embodiment will be
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11 denoted. by the sane reference nunerals and wll
not be described. In the third enbodi nent, an
expansion valve is used 5 for a refrigerant flow of
which flow direction is reversible. Therefore,
turbul ent portions 6 and 36 are provided on the
upstream and downstream si des of the valve seat 11,
respectively. 10 In copparison with the first

AEBO ey, T ReS VAT vEST BOthog. TN ERber nd it bl AT e
shavbesedl is forned between the valve seat 11 and
the port 3. A substantially cylindrical valve

el enent 32 is arranged in the valve chanber 31. The

al ve t ' e | Nl -
cont e yarwet bRt areaEt R T SR T SudPie g e
vatve refeigatadB ailewcomnedtetl tfoosach refdtdionbysa reversible.

smal | -di aneter. shaft 34, which extends throu%h,%hg
Vas el Pbfe 1orPuleRbriPhgh st ferRthos Vaibve RYeHEMS Q3 the

@S B2a Rl €n & OALNOL L BLa t 95 ADY e E NERGT @l Ve Dy &t P S€
notor (not shown) for driving 20 the valve el enent

18spgheivalve portion 33 of the valve elenent 32 is
controlled to nove toward or away fromthe val ve hol e
10 by the pulse notor to adjust the open anount of

the vatwecdigd£r 250 Ovi i Shé of MBs A NemsddimenSp iy inglve
a vari abl e. open anmount. The val ve el enent 32 has _an
ederl siis f heedoh Wi h? av2 5 ranagpobyval | 53 f bp e akefreen

fhebulent pOLL! PN H0a! i NSo-cafe MRAL A% A Mal ve

el emrent 1 the tirst enbodinent. 30 Further, "a gap
8ylisdforakdvdbrseehendmet t B2 bus emtrapoedi om Bife andl vhe

%f?é{‘%%frgfr isgré']%zrﬁa v:els’]lseg.gegneeﬁth%frhoasss_a 2 icsttiao.tnae!nc?rdeeafining a
conical valve portion 33. The valve element 32 and the valve
element 13 are connected to each other by a small-diameter
shaft 34, which extends through the valve hole 10.
Accordingly, the two valve elements 13 and 32 are controlled
to move integrally by a pulse motor (not shown) for driving

the valve element 13.

The valve portion 33 of the valve element 32 is
controlled to move toward or away from the valve hole 10 by
the pulse motor to adjust the open amount of the valve hole

10. This forms an orifice 35 having a variable open amount.

The valve element 32 has an outer surface on which a
spiral groove is formed as a turbulent portion 36 in the

same manner as the valve element 13 of the first embodiment.

Further, a gap 37 is formed between the turbulent
portion 36 and the orifice 35 so as to enlarge the cross-

sectional area of the refrigerant passage 4.
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12 The expansion valve of the third enbodi nent has the
sane advantages as the first enbodi nent when
gas-liquid tw- phase refrigerant flows into the valve
through the inlet 5 port 2 and is capabl e of reducing
noi se produced when the refrigerant passes through
the orifice 5 and non-continuous noise. \Wen

hi gh- pressure gas-1iquid two-phase refrigerant, 10
whi ch contains gas bubbles, flows through the port 3,

the M vy &aQfv e RE thier o A0 dinBRiat rfeC HiaeNS he
as descrlbe bel ow. This usage takes place when the

eparsiventagiy @g $hesdd st @mmuwr’ﬁp whery iggddnitguid two-

S e e T ST O U el TR dmet

dde pordnd ibe coipes, taurdiulentuduey trﬁbjlé'ﬂé ptru:rdf}uﬂeehtwhen the
portion 36 when flow ng through the passage 4 forne
IshigsT atthe s Isish 9F aid fife vaidid thuous
mliselNis finely 20 and uniformy di sperses gas bubbl es

In the gas-liquid two- phase refrigerant flow. The
gas-liquid two- phase refrigerant flow which becones

a turbylent flow_ flows into.t.he

o1 056 el P Prear e i geltudE S B T L REent
WrBkes dd"ra;agtarss kpablespd e d,hef gass dmduhH Wirepipase: 25 the
refrigerant finer and nore uniform As a result, when

FIRMI PN rite tehe@ fortilta dign! amkodisran gt s mea
%ﬁstrﬁhuteggiﬁﬁ fwﬂgsgaga?gbhgﬁssagqﬁgelngg1¥he expansion

reduces pressur ['uctuations in
wehlereoriisf i B5.n Ehusa tf-grum efefigisyeannt lowawgi i rerche
reverse dlrgﬁggon the expansi on 30 valve of the third
% i¥se produced when the
refrlgerant passes through the orifice 35, and

The gas-liquid two-phase refrigerant flow flowing
through the port 3 becomes turbulent due to the turbulent
portion 36 when flowing through the passage 4 formed between
the valve element 32 and the valve chamber 31. This finely |
and uniformly disperses gas bubbles in the gas-liquid two-
phase refrigerant flow. The gas-liguid two-phase refrigerant
flow, which becomes a turbulent flow, flows into the gap 37
in which the cross-sectional area of the passage is enlarged.
This makes the gas bubbles in the gas-liquid two-phase
refrigerant finer and more uniform. As a result, when
flowing into the orifice 35, the refrigerant is in a state
in which fine gas bubbles are uniformly distributed. This
reduces pressure fluctuations in the orifice 35. Thus, for
refrigerant flowing in the reverse direction, the expansion
valve of the third embodiment also reduces noise produced
when the refrigerant passes through the orifice 35, and

continuous refrigerant passage noise reduces non-continuous
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conti nuous refrigerant passage noi se reduces

non-conti nuous 13 noi se such as that produced in the

expansi on valve of the prior art. A fourth enbodi nent

of the present invention will now 5 be described with

reference to Fig. 4. In Fig. 4, conponents that are

the sane as those in the first enbodinment will be

denot ed me_reference neral s and wil | 1not:pq:
ve o he

rboejs%‘?u%%fgy A i Lpatsi o vl ve of g Fout t'H

wodigent is formed by nodi fying the turbul ent
portion in the expansion valve of the first
enbodinent Accordingly, t he val ve body and the valve

seat %Enboffg% c{# e B:)egessoeﬂp% f\}e%dc o 311 now

turbule por a mean
}ﬁa$%%ﬁkfbﬂdﬁﬁhﬂﬂﬂﬁﬁﬁéﬁéﬂqekKﬂCngIhE vamjahbe dr,i tiom@onents
|n t he refrlgerant passage, 4 hy neandering the

Tidfet dnte RS A Deteet! tHe VBl R drbrehinet ghidtl be
&J}?oﬁ’@ci ¥y seal dine 20 dheercyd il ool s valy g ol e

has a distal end defining a needle valve 44. Further,
degerdssia5 having a V- shaped cross section is f or med
in the distal end of the valve elenent 41 between the
outer circunference and the needle valve 44. A valve

seat 44 hagpan Lt nal 1 Rordf ahd NEAb-tihiditbal vddnite ol rmed
46 is formed. The valve seat 42 includes a projection

L7 ot iyl i aer ik ee AT Pt ofectih PR iqthevalve of
gﬁg'ffﬁsﬁfghaﬁﬂ%ﬁéﬁp'e %o&@@%?qi'tQ%e 3%1%eeb%@§n%nd the

and an 1 nclined surface descending from
taojpvofsddte ofv e siurf sic eerddad troevalr e tdhea it enodified.
circunference of the valve 30 body 1. The part of the
val ve seat 42 outward fromthe projection 47 forns a

flat surdagsidda pdie descendi e fitdd N8l = uid Atk bty

of the projection 47 is generally
passage formed immediately before the variable orifice in

the refrigerant passage 4 by meandering the refrigerant

passage between the valve element 41 and the valve seat 42.

The cylindrical valve element 41 has a distal end
defining a needle valve 44. Further, a recess 45 having a V-
shaped cross section is formed in the distal end of the
valve element 41 between the outer circumference and the
needle valve 44. A valve seat 42 has a central portion in
which a valve hole 46 is formed. The valve seat 42 includes
a projection 47 including a wide surface 47a projecting from
the wall of the valve hole 46 towards the valve element 41,
and an inclined surface 47b descending from the top of the
wide surface 47a toward the outer circumference of the valve
body 1. The part of the valve seat 42 outward from the
projection 47 forms a flat surface 42a. The descending

inclined surface 47b of the projection 47 is generally
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14 parallel to an inclined surface 45a forned in the
outer portion of the recess 45. An axi al passage 48
is defined at the bottomof the 3 valve chanber 12 at
the side of the valve seat 42 between the valve

el ement 41 and the wall surface of the valve chanber
12 so that refrigerant flows through the axia

48 in the axial dir ctlo of .the valv eIe
RERPER b LS A e LA o BTeded et S (e
gdes ildh il imedrsagdaces 47b of the projection 47 and

the inclined surface 45a of the recess 45 so as to
change the direction of the refrigerant flowin the

axi al fa s tavar t 18! th
41. The |rect|05%qfdthe refrlgerrg%% %{Ie&:yvlaél\s{,%furt er ©

‘ \calﬂamge:d’lambetmelmmdertm&nie tde thlb \uh]hjeqmms%geetween

9, or.the to he r c ss 45,_so that th
dhg f ag]e‘fearﬁlef 4 RV VEIHASE AL B vaive

SHEH 2Nt poy tiren: %ﬁ%é&d@& tie X rRagsage 4kial
and the oblique passage 49. 20 In the fourth
RERFoH Sredft | 1gdshg iagulial td/%tegﬁi‘alsﬁ@ Crfeftrh€gérea]rﬁe felemang 41.

BN the BOr{of RASSERd TOUAD #iGed SIdL AR AN

passag€e et'ween e va ve Bl
iwed 11 rsat fsaoef 20fe t470 val viehee hamdopsc tlibranl raaat s tiheclined
bq%§5t2£ortion 43. The direction of the

IV M 4 DUbh Theadialcipngaddagiection
@W%Mrfé@raﬂﬂjrﬁ%#%n RALd 100 A3 dnaldh the oblhlquely

obl i que passage 49 so as to cause turbulence int
faafaidrertdm Wakme émﬂmemmkéb t Abegds relotbonesfi mhehe

- t Se I f erant_fin d 3Q unifar
%ﬁ%sl,g aendtgaﬁg‘O ubjb r:‘at %ed}ae |gea§:a r}]%l K e e|n oOf the
oblique passage 49, or the top of the recess 45, so that the

refrigerant flows towards the valve hole 46.

The turbulent porticn 43 includes the axial passage 48

and the obligque passage 49.

In the fourth embodiment, gas-liquid two-phase
refrigerant flowing through the port 2 passes through the
refrigerant passage 4 formed between the valve element 41
and the wall surface of the valve chamber 12 and reaches the
turbulent portion 43. The direction of the refrigerant
flowing through the axial passage 48 is changed by the
turbulent portion 43 toward the oblique passage 49 so as to
cause turbulence in the refrigerant flow. This makes the gas
bubbles in the gas-liquid two-phase refrigerant fine and

uniform.

Thus, the gas bubbles in the refrigerant flowing into

the orifice 5 become fine and uniform due to the turbulent
15
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the orifice 5 becone fine and uniformdue to the
turbulent 15 portion 43 located i medi ately before
the orifice 5. This reduces pressure fluctuations in
the orifice S. As a result, the expansion valve of
the fourth enbodi nent reduces noise produced when the
refrigerant passes through the orifice S. 5

t ongal | the refri er.ar e noi se bec .
coldttl nuoﬁés %%C ee%ulclgrs', (%Jo %o%es ﬂb s%rlpfflo%euced This

T éduEXP Jhr5d K veal ﬂl&ﬁcﬂiaﬁf}ﬁmrir@rtmtorﬁfdé th, As a result,
enbodi nent of the present invention will now 10 be
e FFRAE 181 e eferehded e of BigLh empepiment sreduces noise

t
Srmanel el e F e NG SAT PR il B rice 5.
Adohier adrsa g, wihé r&ﬁrigerahﬁxpaiﬁﬁbe|mn#¥eebqnﬂme$n
valve of the fifth enbodinent djffers fromt

EXPTE B VY & BIRGHe FYUrT T et et §5 Rlﬁ%ﬂuceﬁwem

d:f i B RONFEOHAS K dhesf oard h enbodi ment is
provi ded on both the upstream si de and downstream si de

of the valve seat to enable the refrigerant to flow

rever SA b;é yf %?TLbr hc%.n(e%é ov% %%ngcr Ie@{%%nnr}%gnd:lo%e will now

focused ences " fro ment'.
BHKﬁQSQKNEHdﬂwiMH\MEﬁﬁrédEEfﬂdt?&@ﬂﬁbﬂlH&ﬂFl@aSSa components
val ve chanber 50 defined between a val ve seat 52 and a

it 255 We S3mg i dirstiniths WiEyshefingnt will be
Jal v shamale Sndhe valye- el ammnts Bl 45 fWprmed Y ve

shortening the cylindrical shaft of the valve el ement
dglscuilded t he val ve elenent 41, the valve el enent 51
has a distal end defining a 30 needl e valve 44 and a
recess 45, which has a V-shaped cross- section. 16

An expansion valve cof the fifth embodiment differs

from the expansion valve of the fourth embodiment in that
the turbulent portion 43 of the fourth embodiment is
provided on both the upstream side and downstream side of
the valve seat to enable the refrigerant to flow reversibly.
The following description will be focused on differences

from the fourth embodiment.

The expansion valve of the fifth embodiment has a
valve chamber 50 defined between a valve seat 52 and a port

3. A valve element 51 is arranged in the valve chamber 50.

The valve element 51 is formed by shortening the
cylindrical shaft of the valve element 41. Like the valve
element 41, the valve element 51 has a distal end defining a
needle valve 44 and a recess 45, Which has a V-shaped cross-

section.
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The val ve seat 32 of the fifth enbodi nent has a
central portion through which a val ve hole 56 extends.
In each of the two val ve chanbers, the valve seat 52
further has a projection 47 including a w de surface
47a, which 5 projects fromthe wall surface of the

val ve hole 56 towards the two val ve el enents 41 and

a [ [ suy f 47 0
the tomSrvthit (e S 18Eerng el b SEREENE nds o
centoat epenceonf thheuyal vieiblody dal¥datobarf@cested@a. In

are forned on the valve seat 52 extending toward the
QBB UPEr LRF r BUNT ER BT eCRAMPHES pr bR cYR OYF 4783 el vaweher

§£§”§n%r§}e&§18Q”E¢01591&81£€eaV@l&@ sheppat 44& byn feh

shaft 5la extendi ng through the valve hole 56 and 1s
pn@j$©t$eﬂr@w ahgqubln@MDfa¢ao®fshb&mvalme|m®bgréﬁlyowards

th t Ie nt.41. The need|le v
B b ie Al Gl S B SIE M O and [0 TREE] £pdd Y8 race
MWEPFW§E&EC&é§@éNd§OE@éﬂ ond a¥@Yyof rone thede Vathvea bol £7a to
56 so as to adjust the opening of the valve hole 20

gge %@%%?d¢h@¢vmf@ﬁ%nﬁ%e@fetb%|v@lua Pdy hk- vdlhaL surfaces
%§”§P£ Prmd Q7 IR @hgaééfQ tfBﬁe%égﬁﬁginﬁdt&ééfﬁgthe

e open anount of ~ the va
®@tergera@mmfén®scenofhEheepeo$ectﬂ®me¢Y1on. 25 In the
expansi on valve of the fifth enbodi nent, an axia
passage 48 is fornmed in the bottom of each of the

val ve ghanbel ge 121 aieh ©0s At & heoshdec &f thecyal V&lﬁ@aélement

42 between the valve elenents 41 and 51 and the wal l
Surkbace %mafth%l@a$w©e@%am%etbrqgghnahgovgbV¢h@@l@h%G and is

j I t h ' pass '
eHRtLIFLRE oy 2 BRSO REE  APE BB NPE A9 d Ll move
wLieh helie @ml@@lén@me@assage 49 is forned between the
inclined surface 47b of the projection 47 and the

i nclined surface 45a of the recess 45 so that the
The needle valve 44 of the valve element 51 is moved

by the pulse motor selectively toward and away from the
valve hole 56 so as to adjust the opening of the valve hole
56. Accordingly, the needle valve 44 of the valve element 51
forms a variable orifice 55 for adjusting the open amount of
the valve hole 56 when the refrigerant flows in the reverse

direction.

In the expansion valve of the fifth embodiment, an
axial passage 48 is formed in the bottom of each of the
valve chambers 12 and 50 at the side of the valve seat 42
between the valve elements 41 and 51 and the wall surface of
the valve chambers 12 and 50 so that the refrigerant flows
through the axial passage 48 in the axial direction of the
valve elements 41 and 51. Further, an oblique passage 49 is
formed between the inclined surface 47b of the projection 47

and the inclined surface 45a of the recess 45 so that the
17
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17 direction of the refrigerant flowis changed and
the refrigerant flows obliquely fromthe axia
passage 48 towards the valve elenents 41 and 51. The
direction of the refrigerant flowis further changed
at the upper end of the 5 oblique passage 49 so that
the refrigerant flows towards the valve hole 56. A

diyrRulient Rortjon A3 ii&féczlagﬁ;i N9 N8 2l RS SAge 148
and the oblique passage 49 is thus forned upstream and
¥ rdawnrsinte drhoofs tdivd ivaledy Seatim S2e Exd aéx passiage 48

val ve of .the fifth enbodi nent has .t he ame, advant age
AR R O S G ER: Sufidn 4o qurBS PAOSphASE of the
desfriig@ezant filewifd ews thiroudhidders ROr tthe uPples Eoid of the
reduces noi se produced when the refrigerant passes

abRriciigh pasis@ asr 149 ¢ 3 hand thed yedy insragdntfilswsugowards the

nai.se. e i gh-pressure gas-liquid two-phase

et ggﬁghgﬁﬁfIOMIcontaining gas bubbles flows into
the valve through the 20 port 3, the expansion valve
of the fifth enbodi nent functions as descri bed _bel ow.

This Bsdgebrdiesd pracéofhér 1id Uepansihon ararde PRssage 48
A3ed Hn o@)ltl‘éﬁ.\lte' RINER IR T O&TaRty Lidftidd it ream and

refrigerant ows reversibly. 25 The gas-liquid
domo-gitrase rodf rihge vanitvef Issaitng2.hr ough  the port 3
passes through the refrigerant passage 4 forned
between the valve elenent 51 and the wall surface of

the valvexghasien %0 1aRd Jreackes itfte leidddigRint has the

portion 43. The direction of the refrigerant flow.is .
TN GET B AARE 36 ﬁﬁﬁb@QMﬁtﬁuﬁthﬂimﬁﬁqWWﬁﬁqlﬂ@%ﬂé%QU1d
A 48. e QUG %ﬁ%@ﬁ@ﬁ? 2@, Thi
cau?ggﬁﬁigh en ég¥%ﬂiﬁ29gié?#1§£rant ow. This causes +e
Hedcheegasidiblpedurechevhgas th® refrigerant passes through

the orifice 5 and reduces non-continuous noise.

When high-pressure gas-liquid two-phase refrigerant
flow containing gas bubbles flows into the valve through the
port 3, the expansion valve of the fifth embodiment
functions as described below. This usage takes place when
the expansion valve is used in a heat-pump refrigerant

circuit and refrigerant flows reversibly.

The gas-liquid two-phase refrigerant flowing through
the port 3 passes through the refrigerant passage 4 formed
between the valve element 51 and the wall surface of the
valve chamber 50 and reaches the turbulent portion 43. The
direction of the refrigerant flow is changed by the
turbulent portion 43 from the axial passage 48 toward the
oblique passage 49 so as to cause turbulence in the

refrigerant flow. This causes fine gas bubbles in the gas-
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liquid two-phase refrigerant flow and uniformy
distributes the gas bubbles. Thus, also when the
gas-liquid two-phase refrigerant 5 flows into the
port 3, the gas bubbles becone fine and uniform at
the turbulent portion 43 immedi ately before the
orifice 55. Therefore, the pressure fluctuations in

the . orifice 55 are reduced in the sane .mnner as. whe
B TR TR b GEa THARTT I Gy Tbutes
o tgads s &), enabl es the expansion val ve of the

fifth enbodi nent to reduce the noise produced when

the refrigerant passes through the orifice 55.

Addi tigpal |y, ' |_gerant NASSAd ' .
becones co’ntaflnsadoﬁ‘gl,eer%g%-e[:%a[élﬁﬁo S C}‘IOI se sugsnéqoﬂdsesfert]}?aetrant
i Iovthei retxpatiss romal e e tdwes prukds] <9 thasonfee diiced.and

15 The present invention may be npdified as descri bed

et ow™ (3 AR Hotigh IR Spansidit ¥ atvediar e he G5hate the

419 £ 24 fad t hregbadionent s neach RaVe «Sifgle uakiibnges dthe
35, and 55, two or nore orifices nmay be provided as
oG e Turdnd ergdugsst tirorshs, sag wBuisr oWkl the gas-
upstreamof .the orifice 5 .35, 55., 25 Sych .
ORI TR oo et PR iR Y et 20 This
drifHle £ heP Gt 0161 dh 20l veanskE 4dch &l esicd H eshisdadiviesn{ 2o

In the third enbodi nent, the turbulent portion 6 of
5918195 riste dibigtht ftd4 e hrovatdd D otat Uikt T8 Em RRe &30

?ﬁ?gl&%ﬂ aam ofrfheyalye seal tilnahif e Q. (HRNDRE: § gerant

urbul ent portion 26 1n the second enbodi nent nay
Hres s qreoviadierk Botdomass taam ansh govmst ream iofudie nal sge such

aZsﬁgctokba}%,éjrﬂlgt}%eg%ethaensglacpn 1\75a vne tcpf_e gl{er Sgrflonrd atc’retcoinsd reduced.

-The present invention may be modified as described

below.

(1) Although the expansion valves in the first to
fifth embodiments each have single orifices 5, 35, and 55,
two or more orifices may be provided as long as turbulent
portions 6, 26, 43 is provided upstream of the orifice 5, 35,

55,

Such modification will not cancel the effect of the

turbulent portions 6, 26, and 43 described above.

(2) In the third embodiment, the turbulent portion 6
of the first embodiment is provided both upstream and
downstream of the valve seat 11. In the same manner, the
turbulent porticon 26 in the second embodiment may be

provided both upstream and downstream of the valve seat 11.
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only functions to enlarge the cross-sectional area of

the passage fornmed between the orifice 5 and the

turbulent portions 6 and 26 but al so functions to

change the cross 5 sectional area of the refrigerant
passage. The expansion device may be configured such

that the gap has only the latter function. This would

al so caps S S . -1 quid two-

refri g@aﬁ%}%aogagyequ% ﬁ'} andet PéldrusgésanAocii gsle{n‘l Cdopnragodrg!ebgjsl%eennts not
drihiey riefrrd igissrantt passesrddraughctdes-afadti ombl Hreandhf the
reduce non-continuous naise. (4) In the first and

IS e et he hrdt B HAis s, by lent

Pt ddd @A B SR a1 O Oaue A1 dIrdH R QY td Qs
may be formed as i ndependent projections 15 ©or
Yeridsyesl asrdmyf dsha heefefgd geramaddaye befbresxpansion

urbul ent. .(5) The turbul ent rtions 6, 2 43 in the
TS T s R e e A Bas wH The
taser Athdthiergas Thukbhesilidn s1ke @¢asmsll guisdiwdiekase the
refrigerant flow would becone finer and nore uniform

T CLAWE! TtwonPhagranzs onl Jairant flor ke riadgensit q9duce noise
ﬂﬁ;c{dc%q{ %er?' l”?é'“feﬂfi faq{flpgaeé’ 4 N4, q;ﬂ’és’ofirﬁce 5
5 expansi on val ve conprising: ‘a val ve chanmber; an

aml etgddam meth4aoritthimal sy enacdhsnber and connected to

an upstreamrefrigerant pipe, for drawing a

refrigerant flow into the valve chanber; 10 an

out I et(4)f orpednin rt hetvahywe sebanbeendndi faRRECt @de tArbulent
a downstreamrefrigerant pipe, for discharging the

raaftriqgertant2 § | iy ffatom inkiet /il e ahemierl groove. The

turbulent portion may be formed as independent projections
or recesses as long as the refrigerant flow becomes

turbulent.

(5) The turbulent portions 6, 26, 43 in the
embodiments may be combined when necessary. In this case,
the gas bubbles in the gas-liquid two-phase refrigerant flow

would become finer and more uniform.
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a refrigerant passage forned between the inlet and
outlet in the valve chanber; 15 an orifice for
variably controlling the flowrate of the refrigerant
flowin the refrigerant passage; and a turbul ent
portion for causing turbulence in the refrigerant
flowin the refrigerant passage upstream of the
éﬁAf%ie. 20 2. The expansion valve according to claim
, erein the orifice includes a valve seat, which
is formed in the valve chanber and has a val ve hol e,
and a valve _ elenent for adjusting an open anount of

the valve hdie. "1t FExiFariitort FFANAS IS ordi iy t o
f%f%faé%anﬁWEﬁf%dEEfEEtéﬂf&%fﬁ&ef&!idé”bﬂﬁ%Eé!d§¥’EH%

ridges and valleys in either one.of an i'nner surface

efparsel ol weel ve heonperi ©¥n@n out er surface of the val ve
el enent . %g 4. .The expansion val ve according to claim
3,  whHerdin'$ 'Y %HYul ent portion is formed in the

out er srifrace, fordntal Vial Wheel B .crhbar HIRI connected to
expansion val ve according to claim3, wherein the

FriRA ertarpore § o ¢ S lorfveee 4 if Athed 53t surfefei ggrant flow
ihe valye, shamgy %é%p, The expansi on val ve accordi ng

a r . .
to claim4 or 5, erein the turbulent portionis a
spi r alargraamest , 7. f ciree e xipansiconvalatey ecragterdiargl tawnnected

tgcli, aa;%g‘fﬁ]%t?q% erree% rnigtgehreargtu rpbiugee,ntfé)ro réll soc allrsgifr?gr n&]de
refrigerant flow from the valve chamber;

a refrigerant passage formed between the inlet and
outlet in the valve chamber;

an orifice for variably controlling the flow rate of
the refrigerant flow in the refrigerant passage; and

a turbulent portion for causing turbulence in the
refrigerant flow in the refrigerant passage upstream of the

orifice.

2. The expansion valve according to claim 1,
wherein the orifice includes a valve seat, which is formed
in the valve chamber and has a valve hole, and a valve

element for adjusting an open amount of the valve hole.

3. The expansion valve according to claim 2,
wherein the turbulent portion is formed by ridges and
valleys in either one of an inner surface of the valve

chamber or an outer surface of the valve element.

4, The expansion valve according to claim 3,
wherein the turbulent portion is formed in the outer surface

of the valve element.
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passage forned by neandering the refrigerant passage
upstream of the orifice between the val ve el enent and
the valve seat. 15 8. The expansion val ve accordi ng
to claim7, wherein the meandering passage incl udes
an axi al passage, which guides the refrigerant flow
in an axial direction of the valve el enent between
the valve elenent and a wall surface of the valve
chanber, and an oblique passage, which 20 obliquely

changes. t he The entpais 0n thel vefddgeraintg fdow faam3,
t he axi al passage. 9. The expansi on val ve accordi ng to
Whered B, thoner Bhwl ehle RBFFLRR bastagecdsin oﬁ?fh%dlrweﬂa surface

g@C@@é ggq@@dcﬁgmbg§ a distal surface of the valve
el ement and a projection fornmed in the valve seat, the

recess and the projection having opposed, spaced

surfac s extendin substantlally arallel to each
other .£30 10T STHURAIRART ofF LT AR g (9 i noT 5

wheraherend ﬁﬁﬁbﬁyémlwftp@ﬁtignalﬁﬁiwp SgPo&@P, for
varying a cross-sectional area of the refrigerant

passage. 22 11. The expansi on val ve accordlng to any

one of, claifp, L 10 n6slo"}€‘eJaehPe ted& ecra%la”ﬁr?sla g€

|ncludes a gap e I ng a passag e cr Secti ona
M@laehett/\le@nttﬁﬂ@ulémtt bpmemOmom [ ﬂ@rraml bfea ati¢ dnder 1vg
12. The Expan5|on val ve according to any one of

RASFIRE 1190 QPR hbng u‘fl?;%wéﬁﬂp%ﬁﬂf%% P3S$39%red
Wf@a%ﬁ@f‘%@@%ﬂff@én@ét%é@nV@hé/evé?@é dTedd® and the

refrigerant passage.
valve seat.

8. The expansion valve according to claim 7,
wherein the meandering passage includes an axial passage,
which guides the refrigerant flow in an axial direction of
the valve element between the valve element and a wall
surface of the valve chamber, and an oblique passage, which
obliguely changes the direction of the refrigerant flow from

the axial passage.

9. The expansion valve according to claim 8,
wherein the oblique passage is formed by a recess formed in
a distal surface of the valve element and a prcjection
formed in the valve seat, the recess and the projection
having opposed, spaced surfaces extending substantially

parallel to each other.

10. The expansion valve according to claim 1,
wherein the turbulent portion includes a gap for varying a

cross-sectional area of the refrigerant passage.

22



10

15

20

13. The expansion valve according to claim 12,
wherein the val ve el enent and the val ve chanber are
formed upstream and downstream of the valve seat in
the refrigerant passage, the turbulent portionis
formed in an inner wall 15 surface of each of the
val ve chanbers or an outer surface of each of the

val ve .el ene , t t I I ts _ar

conneéﬁéd b?hé g%%%psg§ en ﬁ&% %%Fgﬁggﬁghgovgﬁyeoﬁglgf
ddfaitfze 1 wal e seérireiz0 thd rA frdlgdrgertatdays agjepamilusies a
enpl oyi ng the expansion valve according to any one of
ke AL P 130 PRSSHIE sHASsSrPeciional area between the

turbulent portion and the orifice.

12. The expansion valve according to any one of
claims 1 to 9, wherein the turbulent portion is formed
upstream and downstream of the valve seat in the refrigerant

passage.

13. The expansion valve according to claim 12,
wherein the valve element and the valve chamber are formed
upstream and downstream of the valve seat in the refrigerant
passage, the turbulent portion is formed in an inner wall
surface of each of the wvalve chambers or an outer surface of
each of the valve elements, and the two valve elements are
connected by a shaft extending through the valve hole of the

valve seat.
14. A refrigeratingrapparatus employing the

expansion valve according to any one of the claims 1 to 5

and 6 to 13.
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