SPECI FI CATI ON

Title of the I nvention

FLUI D STl RRI NG- BASED LI QUEFACTI ON PROMOTI NG

APPARATUS | NSTALLED ON Pl PE PATH

OF HEAT PUMP SYSTEM

Techni cal Field

[0001]

The present invention relates to a liquefaction
promoting apparatus for promoting fluid liquefaction
by stirring the fluid which is disposed on a pipeline
of a heat pump system, and more specifically to such
an apparatus equi pped with a flow m xer compressing
the fluid through its slits, orifices, etc. or withy
rotary disks disposed along its axis.

Background Art

[0002]

Heat pump systems using heat pump cycles, such
asinrefrigerationcirclesystems or air-conditioning
systems, tend to have | ong pi pelines and have vari ous
installation conditions. A heat pump system mainly

consi sts of a compressor, a condenser, an expander and

an evaporator. These devices are connected by way of
a pipeline in which refrigerant is circul ated. The
refrigerant cont ai ns refrigerator oil . The
compressor has a refrigerator oil reservoir. The



refrigerator oil is m xed with or dissolved in the
refrigerant and di scharged fromthe compressor so as
to be circulated through the heat pump cycle.

Conventionally used were refrigerants made of
specified CFCs (ChloroFluoroCarbons) which are
compatiblewithrefrigerator oil but have beenrepl aced
with CFCalternatives dueto the ozone | ayer depl etion
probl em The CFCal ternatives havel esscompatibility
withrefrigerator oil thanspecified CFCs. Thi s | eads
to aproblemthat the refrigerator oil discharged from
the compressor is separated fromthe refrigerant and
retained in the condenser or part of the pipelines so
as to cause shortage of the refrigerator oil in the
compressor.

[0003]

There are other problenms with refrigerator oil
such as bel ow. Refrigerant having |l ess compatibility
withrefrigerator oil haslessfluidity. Refri gerator
oil retained in the condenser or the pipeline blocks
the flow of the refrigerant and hinders heat exchange
inthe condenser and t he evapor ator. This | owers t he
heat exchange efficiency of the heat pump. I n order
to improve the compatibility of refrigerant and
refrigerator oil, various additives such as chem cal

synthetic oils have been enployed, but it does not



provide sufficient solution. Al so proposed are
stirring means for uniformy m xing the refrigerator
oil and the refrigerant.

Pat ent Document 1 discloses stirring device for
stirring and m xing refrigerator oil and refrigerant
inacompressor for the purpose of preventi ngseparation
t hereof.

[0004]

There is another problem with refrigerant.
Gaseous refrigerant is still existent after the
| i quefactionprocessinthecondenser andit circul ates
with the Iliquefied refrigerant. As the gaseous
refrigerant passes through the expander and reaches
the evaporator, therefrigerant becomes gas-1i quidtwo
phase fluid at the entrance of the evaporator. Since
t he gaseous refrigerant does not contri butetothe heat
exchangeinthe evaporator, it | owers the heat exchange
efficiency.

Pat ent Documents 2 and 3 disclose gas - 1liquid
separators disposed on the downstream side of the
expander. The gas - liquid separators separate the
gas-liquidtwo phase refrigerant so as to forward only
the liquid refrigerant to the evaporator and return
the gaseous refrigerant to the compressor.

[ 0005]



Pat ent Document 4 di scl oses, as anot her sol ution,
a bubble removing device which removes bubbles form
therefrigerant when beingliquefiedinthe compressor
so as to completely liquefy the refrigerant. The
bubbl e removi ng device compri ses a cylindrical member
andisinstalledonthedownstreamsi de of thecompressor
(or outdoor unit). The cylindrical member generates
aspiral flowof therefrigerant soastoremove bubbl es
fromthe refrigerant by stirring.

[0006]

Pat ent Documents 5, 6 and 7 disclose stirring
devi ces which are not directly related to heat punmps.
These stirring devices each comprises a cylindrica
casi ng accommodating multi-I|layered di sks each havi ng
pol ygonal cellssoastostir (m x) high-pressurefluid
passing therethrough. These devices do not have
rotating member such as motors.

Prior art document

<Patent Document >
[0007]
Pat ent Document 1: Japanese Patent Lai d- open No.
2008-163782.
Pat ent Document 2: Japanese Patent Lai d- open No.
HO6- 109345.

Pat ent Document 3: Japanese Patent Lai d- open No.



2008-75894.

Pat ent Document 4: WO 2013/99972.

Pat ent Document 5: Japanese Patent Published No.
S59-39173.

Pat ent Document 6: Japanese Patent Lai d- open No.
H11-9980.

Pat ent Document 7: Japanese Patent Lai d- open No.
H11-114396.

Di scl osure of the Invention

<Problems to be Solved by the Invention>
[0008]

The above-menti oned first probl em of
i ncompatibility of refrigerant and refrigerator oil
cannot be solved only by employing a stirring means
i nsideacompressor suchasdi sclosedi nPatent Document
1 since there will still be refrigerator oil retained
in pipelines and other members.

Mor eover, inacompressor having |l owtemperature,
refrigerator oil droplets tend to get fused so as to
envel ope liquefied refrigerant. Such refrigerant
envel oped in refrigerator oil does not contribute to
t he heat exchange. This is |ikely to occur when the
out door temperature is |ow.

[ 0009]

The above-menti oned second problem of gaseous



refrigerant remai ni ng after i quefaction of
refrigerantinthecondenser canbesol ved, toanextent,
by empl oyi ng gas - i quid separators such as di scl osed
i n Patent Documents 2 and 3 when in cooling operation,
but not wheninheating operation. Furthermore, since
the disclosed gas - liquid separators are i ncorpor ated
in the system they are not versatile enough to be
adaptedtoother existingsystems. Inorder toi mprove
t he heat exchange efficiency of existing heat punmp
systems, it will take a stirring means whichis easily
adapt abl e t hereto.

As embodi ments of heat pump systems, there are
provi ded various ki nds of refrigerators and
air-conditioners. There are needed to be stirring
devi ces having versatility to be adapted to existing
heat pump system
[0010]

On the other hand, stirring devices generating
a spiral flowof the refrigerant such as disclosed in
Pat ent Document 4 do not have enough stirring
performance, sincethey cannot effectivelyremove from
refrigerant bubbles which have passed thorough
condensers retaining temperature higher than its
condensing temperature.

The present i nventors have confirmed by



experiment that the devicedi scl osedin Patent Document
4 generates spiral flowin a substantially horizont al
pl ane does not provide stirring performance enough to
| ower the temperature of gaseous refrigerant beneath
its condensing temperature and |liquefy it.

[0011]

| nconsi derationof the above- menti oned probl ems,
it is an object of the present invention to provide
afluidstirringandIliquefaction promoting appar atus
whi ch enabl es di ssol uti on of refrigerator oil into or
uni formm xture of refrigerator oil with refrigerant
by efficiently stirringfluidcirculatinginheat pump
systems, and thereby improving the heat exchange
efficiency of heat pump systens and reduci ngthe energy
consumption.

<Means for Solving the Probl ems>
[0012]

As a solution to the above- mentioned probl ems,
the present invention has been accomplished, the
details of which are described bell ow.

[0013]

As the present inventors have tested various
stirring (or m xing) devices, those as disclosed in
Pat ent Documents 5, 6 and 7 are found to be suitably

adapted to a heat pump systemto be disposed on one



of its pipelines as afluidstirring and |liquefaction
promoting apparatus.
[0014]

According to the present invention, there is
provided a static type I|iquefaction promoting
apparatus to be di sposed on a pipeline of a heat pump
systemfor the purpose of stirring anduniform y m xing
the fluidcontainingrefrigerant and r refrigerator oil
circulating therein comprising:

acylindrical casinghavinganinlet and an outl et
on its axial ends;

one or more channeli zing units each composed of
a pair of large-diameter disks on its outer side and
apair of small -di ameter disksonitsinner sidedi sposed
I n axial alignment inside said cylindrical casing,

said |l arge-di ameter di sks each having a di ameter
consistent withtheinner diameter of saidcylindrical
casing, being formed on its center with a flow hole
and being formed onits inner surface with a honeycomb
panel having polygonal cells,

said small -diameter disks being formed on its
outer surface with a honeycomb panel havi ng pol ygonal
cells,

t he honeycomb panel s of saidl arge-di amet er di sks

and of saidsmall -diameter di sks being arrangedtoface



each ot her such that each pol ygonal cell communi cates
with more than one opposing polygonal cells,

the flow holes of the two | arge-di ameter disks
di sposed nearest to the inlet and the outlet of said
cylindrical casing being communicated with the inlet
and the outlet; wherein

thefluidcontainingrefrigerant andrefrigerator
oil iscirculatedintheheat pumpsystemwi thapressure
of 0.2 to 10MPa.

[0015]

The static type liquefaction promoting appar atus
is characterized in that the inlet and outl et of said
cylindrical casing are mutually alternated as the heat
pump system alters between cooling operation and
heating operation.

[0016]

The static type liquefaction promoting appar atus
is characterized in that it further comprises a heat
radi ation sink surroundi ng said cylindrical casing so
as to conduct heat away therefrom
[0017]

According to the present invention, there is
provided a rotating type |iquefaction promoting
apparatus to be di sposed on a pipeline of a heat pump

systemfor the purpose of stirring anduniform y m xing



the fluidcontainingrefrigerant and refrigerator oil
circulating therein comprising:

astirring sink for stirring the fluid having an
inlet and an outlet on its ends;

arotary stirringunit fixed on a shaft connected
to arotary driving source disposed in said stirring
si nk,

said rotary stirring unit being composed of an
upper disk formedonits inner surface with ahoneycomb
panel having polygonal cells and a | ower disk formed
onits center with aflowhole and formed onits inner
surface with a honeycomb panel havi ng pol ygonal cell s,

the honeycomb panels of said upper disk and of
sai d | ower di sk being arranged to face each ot her such
t hat each pol ygonal cell communicates with more than
one opposing polygonal cells; wherein

thefluidcontainingrefrigerant andrefrigerator
oil iscirculatedintheheat pumpsystemwi thapressure
of 0.2 to 10MPa.
[0018]

The rotating type | i quefaction promoti ng
apparatusis characterizedinthat theinlet and outl et
of said cylindrical casing are mutually alternated as
the heat pump systemalters between cooling operation

and heating operation.
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[0019]

The rotating type |liquefaction promoting is
characterized in that it further comprises a heat
radi ati on si nk surrounding said cylindrical casing so
as to conduct heat away therefrom
[0020]

The static type liquefaction promoting appar atus
is characterized in that said cylindrical <casing
further comprises therein a spring member having a
diameter smaller than the inner diameter of said
cylindrical casing and being in a vibrable state.
[0021]

The static type liquefaction promoting appar atus
is characterizedinthat it comprises a heat radi ation
sink surrounding said cylindrical casing so as to
conduct heat away therefrom
[0022]

The statictype liquefactionpromoting appar atus
I's characterized in that said heat radiation sink
further comprises therein a spring member having a
di ameter small er than the inner diameter of said heat
radi ati on sink and being in a vibrable state.
[0023]

The rotating type | i qguefaction promoti ng

apparatus i s characterized inthat said stirring sink

11



further comprises therein a spring member having a
di ameter smaller than the inner diameter of said
stirring sink and being in a vibrable state.

[0024]

The rotating type | i quefaction promoti ng
apparatusischaracterizedinthat it further comprises
a heat radiation sink surrounding said stirring sink
so as to conduct heat away therefrom
[0025]

The rotating type | i quefaction promoti ng
apparatus i s characterized inthat said stirring sink
further comprises therein a spring member having a
di ameter smaller than the inner diameter of said
stirring sink and being in a vibrable state.

Effects of the |Invention

[0026]

As descri bed in the above, the present invention
provides a fluid stirring and |liquefaction promoting
apparatus which enables uniform m xture of
refrigerator oil withrefrigerant inheat pumpsystems,
and t hereby i mproving the heat exchange efficiency of
heat pump systems and reduci ngthe energy consunmpti on.

Bri ef Description of the Drawi ngs

[ 0027]

Fig. 1 is a view showing an example of a static

12



typeliquefactionpromotingapparatus appliedtoaheat
pump system. Fig. 1(a) shows the flow of fluid in
cooling operation. Fig. 1(b) shows the flowof fluid
in heating operation.

Fig. 2 is a view showi ng configuration of the
honeycomb panel s having polygonal cells. Fig. 2(a)
is a plainviewand Fig. 2(b) is an A-A cross section
Vi ew.

Fig. 3isaviewshowi ngvarious forms of honeycomb

panel s having polygonal cells. Fig. 3(a) shows one
havi ng octagonal cells. Fig. 3(b) shows one having
hexagonal cells. Fig. 3(c) shows one having
triangul ar cells. Fig. 3(d) shows one having square
cells.

Fig. 4ispartial enl argedvi ewof thechanneli zing
unit consisting of the | arge-diameter disks, the
smal | -di ameter disks and the honeycomb panels.

Fig. 5isaperspectiveviewof thesmall-di ameter
di sk.

Fig. 6 is a view showing an example of a static
typeliquefactionpromoting apparatus accordingtothe
present invention which further comprises a heat
radi ati on si nk. Fig. 6(a) shows the flowof fluidin
cooling operation. Fig. 6(b) shows the flow of fluid

i n heating operation.
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Fig. 7is aviewshowi ng an exampl e of a rotating
typeliquefactionpromoting apparatus accordingtothe
present invention. Fig. 7(a) shows the flow of fluid
i ncoolingoperation. Fig. 7(b) showsthefl owof fluid
i n heating operation.

Fig. 8 shows the configuration of the rotary
stirring unit composed of two disks.

Fig. 9 is a cross-sectional view showi ng the
detail ed configurationof therotary stirringunit and
the flow of the fluid therein.

Fig. 10 is a view showi ng various forms of

honeycomb panel s having pol ygonal cells. Fig. 10(a)

shows one having triangul ar cell s. Fig. 10(b) shows
one having square cells. Fig. 10(c) shows one having
octagonal cells. Fig. 10(d) shows one having

hexagonal cell s.

Fig. 11is aviewshowi ng an exampl e of arotating
type liquefaction promoting apparatus comprising a
heat radi ati onsinkaccordingtothepresent i nvention
Fig. 11(a) showstheflowof fluidincoolingoperation.
Fig. 11(b) showstheflowof fluidinheatingoperation.

Fig. 12 is a cross-sectional view showi ng the
detail ed configuration of the rotary stirring units
and the flow of the fluid therein.

Fig. 13isacross-sectional viewshowi ngastatic

14



type liquefaction promoting apparatus comprising a
spring member in place of the channelizing units.

Fig. 14isacross-sectional viewshowi ngastatic
type liquefaction promoting apparatus comprising a
spring member in addition to channelizing units.

Fig. 15isacross-sectional viewshowi ngastatic
type liquefaction promoting apparatus comprising a
heat radiation sink in additionto a spring member and
channel i zing units.

Figs. 16 a cross-sectional viewshowi ng a static
type liquefaction promoting apparatus comprising a
heat radiation sink having a spring member and
channeli zing units.

Fig. 17 is a cross-sectional view showi ng a
rotating type liquefaction promoting apparatus
comprising a stirring sink having a spring member.

Fig. 18 is a cross-sectional view showi ng a
rotating type liquefaction promoting apparatus
comprising astirring sink having a spring member and
a heat radiation sink.

Fig. 19 Fig. is a cross-sectional view showi ng
a rotating type liquefaction promoting apparatus
comprising a stirring sink and a heat radiation sink

havi ng a spring member.
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Best Mode for Carrying Out the |Invention

[0028]

Described hereinafter with reference to the
attached drawi ngs are detailed embodi ments of the
device according to the present invention. In the
figures, likereference numeralsrefer tolike members
whi ch have sim | ar basic composition and operati on.

<First Embodi ment >

<Configuration>

The first embodi ment of the present inventionis
shown in Figs. 1 through 5. Fig. 1 is a viewshowi ng
an example of a static type liquefaction promoting
apparatus 1 adapted to a heat pump system The heat
pump system may be an air-conditioner, a freezer, a
refrigerator, aboiler, afreezingwarehouse, achiller
and the |ike. It isnot l[imtedto a heat pump system
run by electricity but may al so be t hat by ot her types
of power source such as a gas turbine. The static type
| i quefacti on promoti ng appar atus can be adapted either
to ayet-to-be-made heat pump systemor to an exi sting
heat pump system
[0029]

A heat pump system takes heat from a | ow
temper ature obj ect and gi ves heat to a hightenperature

obj ect for the purpose of cooling the |l owtemperature
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obj ect and/ or warm ng the hi ghtemperature object. An
air-conditioner switching between cooling operation
and heating operation is also a heat pump system

The term “fluid” used herein refers to that

circulated through a heat pump cycle. It includes
refrigerant and refrigerator oil. It can be either
in a liquid, gas or gas-liquid m xed state in a heat
pump cycl e.

[0030]

Fig. 1 shows a cross-sectional schematic vi ew of
a heat pump cycl e adaptedto an air-conditioner. Fig.
1(a) showstheflowof fluidincoolingoperation. Fig.
1(b) shows the flow of fluid in heating operation.

The heat pump cycle in its cooling operation
consi sts of acompressor 83, acondenser (outdoor unit)
84, an expander 81 and an evaporator (i ndoor unit) 82.
The heat pump cycle inits heating operation consists
of a compressor 83, a condenser (indoor unit) 82, an
expander 81 and an evapor at or (outdoor unit) 84. These
components together with pipelines forman encl osed
conduit inwhichfluidcircul ates. The arrows i n Fig.
1(a) and Fig. 1(b) indicate the flowdirection of the
fluid. The voi d arrows i ndi cate transfer of heat from
and intothe condenser and t he evapor ator. The broken

arrows i ndicate transfer of heat bet ween t he outdoor

17



and the i ndoor. “LH” means | ow temperature and “HT”
means high temperature.
[0031]

In the heat pump cycle in its cooling operation
shown in Fig. 1(a), the compressor 83 has a seal ed
chamber with a refrigerator oil reservoir. The
compressor 83 compresses gaseous refrigerant to have
a high pressure and high temperature, which is m xed
with the refrigerator oil and discharged to the
condenser (outdoor unit) 84. In cooling operation,
t he condenser (outdoor unit) 84 conducts heat exchange
by having the i ncom ng hi gh-temperature high-pressure
gaseous fluid to dissipate heat to the outside and to
be cooled and Iliquefied. The liquefied fluid is
desirably auni formm xture or solutionof refrigerant
and refrigerator oil.

[0032]

Nevert hel ess, while refrigerant is liquefiedin
the condenser (outdoor wunit) 84, there remains
refrigerator oil which have not been m xed with or
di ssolved in the refrigerant or which have been fused
to formoil phases envel oping |iquefied refrigerant.
There also remains refrigerator oil in the form of
hi gh- pressure gas even after passing the condenser

(outdoor wunit) 84. Thus, the |liquefied fluid

18



di scharged from the condenser (outdoor unit) 84

possi bly cont ai ns unm xed refrigerator oi |
refrigerant enveloped in the oil phases of the
refrigerator oil and/or gaseous refrigerant.

[0033]

As shownin Fig. 1(a), theliquefaction promoting
apparatuslinitscoolingoperationisdisposedbetween
the condenser (outdoor unit) 84 and the expander 81.
The inlet 60 of the liquefaction promoting appar atus
1 is communicated with the outlet of the condenser
(outdoor unit) 84 while the outlet 70 i s communi cat ed
withtheinlet of theexpander 81. The fl ui ddi scharged
fromthe condenser 84 is effectively sheared and m xed
intheliquefaction promoting apparatus 1. Thus, the
refrigerator oil having been unm xed gets uniformy
m xed with the |iquefied refrigerant, refrigerant
havi ng been enveloped in the oil phases of the
refrigerator oil getsrel easedandtheresidual gaseous
refrigerant gets |liquefied. The fluidflows fromthe
| i qguefaction promoti ng apparatus 1tothe expander 81.
[0034]

The expander 81 has an expansion valve or a
capillary tube. Theliquidfluidwithlowtemperature
and | ow pressure passes through small tubes or pores

to have further | ower temperature and | ower pressure
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and rel eased to the evaporator (indoor unit) 82. The

| ow-temperaturel ow-pressureliquidfluidabsorbs heat

from the outside so as to evaporate into a
hi gh-temperature gaseous fl uid. This causes the
i ndoor air to be cool ed. The gaseous fluidflows into

the compressor 83.
[0035]

In the heat pump cycle in its heating operation
shown in Fig. 1(b), the fluid flows in the adverse
di rection. The heat pump systemhas a switching val ve
(not shown) for switching the flow direction of the
fluid. When in heating operation, the compressor 83
di scharges high-temperature high-pressure gaseous
fluid, which flows into the condenser (indoor unit)
82. The incomng high-temperature high-pressure
gaseous fluid di ssipates heat to the outside and gets
andliquefied. Thi s causestheindoor air tobewar med.
[ 0036]

Simlar tothecaseinthe above descri bed cool i ng
operation shown in Fig. 1(a), the liquefied fluid
di schargedfromthe condenser (i ndoor unit) 82 possi bly
contains unm xed refrigerator oi |, refrigerant
envel oped in the oil phases of the refrigerator oi
and/ or gaseousrefrigerant. I nheatingoperation, the

| i quefied fluiddischarged fromthe condenser (i ndoor

20



unit) 82flowsintotheexpander 81, whereit isexpanded

to have al owpressure and | owtemperat ure. The fluid
havi ng passed through the expander 81 still possibly
contains unm xed refrigerator oi |, refrigerant

envel oped in the oil phases of the refrigerator oi
and/ or gaseous refrigerant.
[0037]

As showninFig. 1(b), theliquefaction promoting
apparatuslinitsheatingoperationisdisposedbetween
the expander 81 and t he evaporator (outdoor unit) 84.
The inlet 70 of the liquefaction promoting appar atus
1 is communicated with the outlet of the expander 81
whil ethe outlet 60is communicatedwi ththe evaporator
(outdoor wunit) 84. The fluid discharged from the
expander 81 is effectively sheared and m xed in the
| i guefaction promoting apparatus 1. Thus, the
refrigerator oil having been unm xed gets uniformy
m xed with the |iquefied refrigerant, refrigerant
havi ng been enveloped in the oil phases of the
refrigerator oil getsrel easedandtheresidual gaseous
refrigerant gets |liquefied. The fluidflows fromthe
| i qguefaction promoti ng apparatus 1 to the evaporator
(outdoor unit) 84.

[ 0038]

In heating operation, the evaporator (outdoor
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unit) 84 conducts heat exchange by having the i ncom ng
| ow-temperature | ow-pressure liquid fluid to absorb
heat fromthe outside and to be heated and vapori zed.
The vaporized fluid flows into the compressor 83.
[0039]

As shown in Fig. 1(a) and Fig. 1(b), the
| i quefaction promoting apparatus 1 according to the
present inventionis inserted on a pipeline of a heat
pump system. Sincesuchapipelineconsists of severa
tubul ar members, theliquefaction promoting appar at us
lcaneasilybeadaptedtoaheat pumpsystembyrepl acing
one of thetubul ar menmbersthereof. It may beinstalled
on an outdoor part of the pipeline.

[ 0040]

Descri bed in the above is an embodi ment of the
| i qguefaction promoting apparatus 1 adapted to a
basi c-type heat pump systemaccording to the present
i nvention. Theliquefactionpromotingapparatus 1lcan
al so be adapted to different types of heat pump system
equi pped with various additional components. It can
be adapted to, for example, a heat pump systemequi pped
with a gas - liquid separator. It can al so be adapt ed
to a heat pump system having an ejector and a gas -
liquid separator in place of an expander.

[0041]
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The |'i quefaction promoti ng apparatus 1 shown in
Fig. 1(a) is a “static type” apparatus, which means
It has wunrotatable disks which are fixed to its
cylindrical casing 10. The cylindrical casing 10
accommodates | arge-di ameter disks 31, 32, 33, 34, 35
and 36, which are fixed and unrotatable. The
| arge-di amet er di sks are each formed with a honeycomb
panel havi ng pol ygonal cells. The cylindrical casing
10 has el astic members di sposed betweenits inner wall
and thel arge-di ameter di sks so as not topassthefluid
theret hrhough. The | arge-di ameter disks 31, 32, 33,
34, 35 and 36 are each formed with a flow hole so as
to pass the fluid therethrhough.

The cylindrical casing 10 also accommodates
smal | -di ameter disks 41, 42, 43, 44, 45 and 46. The
smal | -di ameter di sks are each formed with a honeyconmb
panel havi ng pol ygonal cells. Al t hough
smal | -di ameter disks 41, 42, 43, 44, 45 and 46 do not
have any fl owhol e, they are spaced apart fromthe i nner
wal | of the cylindrical casing 10, allowing the fluid
to pass therethrhough.

[0042]

Inthe cylindrical casing 10, the | arge-di ameter

di sks and the small-diameter disks are assembled to

compose axi ally-aligned channelizing units 21, 22 and
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23. The channelizing unit 21 is composed of the
| arge-di ameter di sk 31, the mall-di ameter di sks 41 and
42 and the | arge-diameter disk 32 in this order. The
ot her channeli zing units are composed |i kewi se. As
the fluid flows fromthe inlet 60 to the outlet 70,
it passes thorough three channelizing units 23, 22 and
21 and get effectively sheared and m xed in each of
the channelizing units.

[0043]

Fig. 2 is a view showing configuration of the
honeycomb panels of the | arge-di ameter di sks and the
smal | -di ameter disks. Fig. 2(a) is a plain view and
Fig. 2(b) isanA-Acrosssectionview. Asillustrated,
the honeyconmb panel s have t he hexagonal cells tightly
arranged wi t hout cl earance. The adj acent honeycomb
panels are arranged such that the hexagonal cell s of
the two honeycomb panels do not overl ap each other.
This causes t he pat hway of the fluid to be complicated
and thus allows the fluid to be effectively sheared.
[0044]

Fig. 3isaviewshowi ngvarious forms of honeycomb

panel s having polygonal cells. Fig. 3(a) shows one
havi ng octagonal cells. Fig. 3(b) shows one having
hexagonal cells. Fig. 3(c) shows one having
triangul ar cells. Fig. 3(d) shows one having square
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cells. The “honeycomb” panel descri bed hereinis not
limted to the one having hexagonal cells but also
i ncludes one havi ngany ki nds of regul ar pol ygonal cells
whi ch can be tightly arranged wi t hout cl earance. The
adj acent two honeycomb panels of the | arge-diameter
di sk and of the small-diameter disk are arranged to
face each other such that each polygonal cel
communi cates with more than one opposing polygonal
cells. This causes the pathway of the fluid to be
complicated andthus allowsthefluidtobeeffectively
shear ed.

[ 0045]

Fig. 4ispartial enl argedvi ewof thechanneli zing
unit 23 consisting of the | arge-di ameter disks 35 and
36, and the small-diameter disks 45 and 46 and the
honeycomb panel s. As illustrated, a flow hole is
formed near the peripheral side of the small-di ameter
di sks 45 and 46 communi cating therebetween.

[0046]

Fig. 5is aperspectiveviewof thesmall-di ameter
di sk 41. The smal |l -di ameter disk 41 is formed with
the honeycomb panel having hexagonal cells.

[0047]

<Operati on>

Fluidcontainingrefrigerant andrefrigerator oil
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is flown through the liquefaction promoting appar atus
lunder apressureof 0.2tol10MPasoastobeeffectively
sheared and uni formy m xed. This contributes tothe
i mprovement of heat exchange efficiency of the CFC
alternatives.

Al t hough Fig. 1 shows the |liquefaction promoting
apparatus 1 horizontally set, it may be set vertically.
[ 0048]

<Second Embodi ment >

<Use of heat radiation sink>

Fig. 6 is a view showing an example of a static
type i quefaction promoting apparatus 1 according to
the present invention which further comprises a heat
radi ati on si nk. Fig. 6(a) shows the flowof fluidin
cooling operation. Fig. 6(b) shows the flowof fluid
in heating operation.

There is provided a heat radiation sink 90
hermeti cally accommodati ng the cylindrical casing 10.
I n cooling operation as shown in Fig. 6(a), the fluid
flownfromthecondenser (outdoor unit) 84isoncestored
in the heat radiation sink 90 so as to take heat away
fromthe cylindrical casing 10. The fluid is then
i ntroducedintothestatictypeliquefactionpromoting
apparatus 1 through the inlet 60 and | et out through

the outl et 70. I n heating operation as shown in Fig.
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6(b), thefluidlet out of the outlet 601is once stored
in the heat radiation sink 90 so as to take heat away
fromthe cylindrical casing 10.

The heat radi ation sink 90 prevents the
cylindrical casing 10 frombei ng overheated, and t hus
contri butes to reduction of power consumption.
[0049]

<Third Embodi ment >

<Rotating type>

Fig. 7is aviewshowi ng an exampl e of a rotating
type |iquefaction promoting apparatus 101 accordi ng
to the present invention. Fig. 7(a) shows the flow
of fluid in cooling operation. Fig. 7(b) shows the
flow of fluid in heating operation.

The rotating type | i quefaction promoti ng
apparatus 101 has a stirring sink 110 and a rotary
stirring unit 130 fixed on a shaft 125 connected to
a rotary driving source 120 (such as a motor). The
rotary stirring unit 130is  rotated soas to uniformy
m x the fluid in the stirring sink 110.

[0050]

Fig. 8 shows the configuration of the rotary
stirring unit 130 composed of two disks 131 and 132.
The upper di sk 131 andthel ower di sk 132 are each f or med

with a honeycomb panel having hexagonal cells are
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di sposed such that the two honeycomb panels face each
ot her. The t wo honeycomb panel s are arranged sucht hat
t he hexagonal cells of the two honeycomb panel s do not
overl ap each ot her. The rotary stirring unit 130 is
connected to the shaft 125. The upper disk 131 and
the | ower disk 132 each are formed with a flow hole
Sso as to pass the fluid therethrough.

[ 0051]

Fig. 9 is a cross-sectional view showi ng the
detail ed configurationof therotary stirringunit 130
and the flow of the fluid therein. As il lustrated,
the fluidis introduced into the rotary stirring unit
130 mainly through its lower flow hole and flown to
the peripheral side passing through the cells. Thi s
allowsthefluidtobeeffectivelyshearedanduniformy
m xed. The uniformy mxed fluid |et out of the
stirring sink 110 through its outlet.

[ 0052]
Fig. 10 is a view showi ng various forms of

honeycomb panel s having pol ygonal cells. Fig. 10(a)

shows one having triangul ar cell s. Fig. 10(b) shows
one having square cells. Fig. 10(c) shows one having
octagonal cells. Fig. 10(d) shows one having

hexagonal cell s.

The rotating type | i quefaction promoti ng
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apparatus 101 may have more than one rotary stirring
units as described below with reference to Figs. 11
and 12.
[ 0053]

<Fourth Embodi ment >

<Use of heat radiation sink in rotating type>

Fig. 11is aviewshowi ng an exampl e of arotating
type liquefaction promoting apparatus 101 compri si ng

a heat radiation sink 190 according to the present

i nvention. Fig. 11(a) shows the flow of fluid in
cooling operation. Fig. 11(b) shows the fl owof fluid
in heating operation. This apparatus is configured

and operates in a simlar way as the apparatus shown
in Fig. 6.
[0054]

Fig. 12 is a cross-sectional view showi ng the
detail ed configuration of the rotary stirring units
140 and the fl owof thefluidtherein. Asillustrated,
thefluidisintroducedintotherotary stirringunits
t hrough their upper and | ower fl ow holes and flown to
the peripheral side passing through the cells. Thi s
allowsthefluidtobeeffectivelyshearedanduniformy
m xed.

[ 0055]

<Fifth Embodi ment >
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<Use of spring member >

Fig. 13isacross-sectional viewshowi ngastatic
type liquefaction promoting apparatus 201 compri sing
a spring member in place of the channelizing units.
As illustrated, the |iquefaction promoting appar at us
201 does not have channelizing units but has a spring
member 250 accommodated in a cylindrical casing 210.
The spring menmber is a spirally wound spring having
a diameter smaller than the inner diameter of the
cylindrical casing 210. The spring member 250 is
configured so as to be spaced apart fromthe i nner wal
of the cylindrical casing 210 (preferably by 0.1 to
5 mm). The space allows the spring member 250 to
vi brate.

The cylindrical casing 210 has an upper casing
220 and a |lower casing 230 and these members are
assembl ed to forma hermetically seal ed chamber. The
chamber is capable of accommodating fluid with a
pressure of upto 10MPa. The upper casing 220i s formed
wi th aninlet 60. The | ower casing 230 is formed with
an outlet 70. The inlet 60 and the outlet 70 are
arranged so as not to align vertically in order to
prevent the fluidflowinginthroughtheinlet 60 from
i mmedi ately flowi ng out through the outlet 70.

[ 0056]
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<Operati on>

As the fluid containing refrigerant and
refrigerator oil with apressureof 0.2to 10MPa passes
t hrough the Ii quefaction promoti ng apparatus 201, the
spring member 250 is randomy vibrated horizontally
and laterally so as to suppress fluctuation of the
pressure of the fluid and |evel the pressure. The
spring member 250 also allows the refrigerant and t he
refrigerator oil contained in the fluid to be
effectively sheared and wuniformy m xed. Thi s
contributes to the improvement of heat exchange
efficiency of the CFC alternatives. The | onger the
fluid circul ates the heat pump system the more the
heat exchange efficiency improves.

[0057]

<Si xth Embodi ment >

<Use of spring member in static type>

Fig. 14isacross-sectional viewshowi ngastatic
type liquefaction promoting apparatus 301 compri si ng
aspring member inadditionto channelizingunits. As
illustrated, theliquefactionpromoting apparatus 301
compri ses channeli zing units 21, 22 and 23 each f or med
with a honeycomb panel having polygonal cells and a
spring menmber 350. Simlar to the liquefaction

promoti ng apparatus 201, the spring member 350 is
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configured so as to be spaced apart fromthe i nner wal
of the cylindrical casing 310, which allows the spring
member 350 to vibrate.

Also simlar to the |liquefaction promoting
apparatus 201, the cylindrical casing 310 has an upper
casing 220 and a | ower casing 230 and these members
are assembled to forma hermetically sealed chamber,
whi ch i s capabl e of accommodating fluidwi thapressure
of up to 10MPa. The upper casing 220 is formed with
an inlet 60. The | ower casing 230 is formed with an
outl et 70. The i nl et 60 and t he outl et 70 are arranged
so as not to align vertically in order to prevent the
fluidflowinginthroughtheinlet 60 fromimmedi ately
fl owi ng out through the outlet 70.

[0058]

<Operati on>

The spring member 350 of the Iliquefaction
promoti ng apparatus 301 all ows therefrigerant andthe
refrigerator oil contained in the fluid to be
effectively sheared and uniformy m xed in the same
way as in the |liquefaction promoting apparatus 201.
The channeli zingunits 21, 22 and 23 al so have sheari ng
and stirring effect. Thus, the spring member 350 and
the channelizing units 21, 22 and 23 in combination

provide a multiple effect of shearing and stirring.
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This contributes to the i mprovement of heat exchange
efficiency of the CFC alternatives. The | onger the
fluid circul ates the heat pump system the more the
heat exchange efficiency i mproves.

[0059]

<Seventh Embodi ment >

<Use of heat radiation sink and spri ng member instatic

type>

Fig. 15isacross-sectional viewshowi ngastatic
type liquefaction promoting apparatus 401 compri si ng
a heat radiation sink in addition to a spring member
and channelizing units. As illustrated, the
| i quefaction promoting apparatus 401 comprises
channeli zing units each formed with a honeyconmb panel
havi ng pol ygonal cells, a spring member and a heat
radi ation sink 490, which is simlar to the heat
radi ation sink 90 (shown in Fig. 6) . Thi s
configuration enables it to suppress heat generation
of the Iiquefaction promoting apparatus 401, thereby
i mproving the heat exchange efficiency and reducing
the energy consumption.
[0060]

<Ei ght h Embodi ment >

<Use of heat radiation sink having spring member in

static type>
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Figs. 16 a cross-sectional viewshowi ng a static
type liquefaction promoting apparatus 501 compri si ng
a heat radiation sink having a spring menmber 550 and
channelizing units. The liquefaction promoting
apparatus 501 is configuredsimlarlytothe apparatus
shown in Fig. 6 but is different fromit in that the
heat radiation sink 590 accommodates a spring member
550. As illustrated, the spring member 550is tapered
to have smal |l er di amet er downwar d. The spring member
550 can al so be adapted to t he apparatus shown in Figs.
13, 14 and 15. The t apered shape enablesit togenerate
complicated follow of the fluid and thus allows the
fluid to be effectively sheared. The heat radiation
sink 590 suppresses heat generationof theliquefaction
promoting apparatus 501, thereby i mproving the heat
exchange efficiency and reduci ng the ener gy
consumption.

[0061]

<Ni nt h Embodi ment >

<Use of spring member in rotating type>

Fig. 17 is a cross-sectional view showi ng a
rotating type liquefaction promoting apparatus 601
comprisingastirringsink having aspring member. As
illustrated, theliquefactionpromoting apparatus 601

comprises a stirring sink 610 accommodati ng a spring

34



member 650, which is allowed to vibrate freely. The
rotary stirring unit 140 driven by the rotary driving
source 120 rotates at a high speed so as to effectively
shear the fluid whilethe spring member 650 suppresses
fluctuation of the pressure of the fluid. Thi s
configuration provides a multiple effect of shearing
and stirring, thereby improving the heat exchange
efficiency and reducing the energy consumpti on.
[0062]

<Tenth Embodi ment >

<Use of springmember instirringsinkandheat radi ation

sink>

Fig. 18 is a cross-sectional view showi ng a
rotating type liquefaction promoting apparatus 701
comprising astirring sink having a spring member and
a heat radiation sink 790. As illustrated, the
| i quefaction promoting apparatus 701 is configured
simlarly to the apparatus shown in Fig. 17 but is
different fromit inthat it further comprises a heat
radi ati on sink 790. The rotary stirring unit 140
driven by the rotary driving source 120 rotates at a
hi gh speed so as to effectively shear the fluid while
the spring member 750 suppresses fluctuation of the
pressure of the fluid. The heat radiation sink 790

suppresses heat generation of the [|iquefaction
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promoti ng apparatus 701. Thi s configurationprovides
a multiple effect of shearing and stirring, thereby
i mproving the heat exchange efficiency and reducing
the energy consumpti on.

[0063]

<El eventh Embodi ment >

Fig. 19 Fig. is a cross-sectional view showi ng
arotating type Iiquefaction promoting apparatus 801
comprising a stirring sink 810 and a heat radiation
sink 890 having a spring member 850. The rotary
stirring unit 140 driven by the rotary driving source
120 rotates at a high speed so as to effectively shear
the fluid while the spring member 850 suppresses
fluctuation of the pressure of the fluid. The heat
radi ation sink 890 suppresses heat generation of the
| i qguefaction promoti ng appar at us 801. Thi s
configuration provides a multiple effect of shearing
and stirring, thereby improving the heat exchange
efficiency and reducing the energy consumpti on.
[0064]

<Performance of reduction of energy consumption>

Fig. 20 shows experimental results of energy
consumptionreductionintheexistingheat pumpsystems
to which the Iiquefaction promoting apparatus 301

according to the sixth embodi ment was adapted to. I n
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the figure, “Model” i ndicates the model number s of heat
pump systens. “Type of refrigerant” indicates the
types of refrigerant such as TR410, R22, etc.
“Measurement date before” indicates the dates of
measur ement before the I i quefaction promoti ng
apparatus 301 was adapted to the existing heat pump
systems. “Measurement dateafter” i ndicatesthedates
of measurement after the |liquefaction promoting
apparatus 301 was adapted to the existing heat pump
cycl es. “Suction temperature” and "Discharge
temperature” indicate temperatures at the suction
ports and di scharge ports of air conditioners. “/

t” indicates temperature difference of the suction

temperature and the di scharge temper ature. “Qut door
temperature” i ndicatesthe outdoor temperat ure. “ Max.
Z t?” indicates the maxi mum tenmperature difference
measur ed. R- phase current, T-phase current and
average current were measured. “El ectric power” is
measuredinwatt-hour. “Reductionrate” i ndicatesthe
percentile ratio of electric power consumption after
and before the liquefaction promoting apparatus 301
was adapted to the existing heat pump cycles.

As clearly shown in Fig. 20, the liquefaction
promoting apparatus 301 according to the sixth

embodi ment whi ch was adapted to the existing heat pump
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systems has contri butedtoreduci ng energy consumpti on
in the heat pump systems by 11 to 51.9%
[0065]

The |iquefaction promoting apparatus accordi ng
tothe present i nvention can be adaptedto wi de vari ety
of heat pumps including those using electric energy
and gas energy as long the heat pumps conduct heat
exchange by circulating fluid containing refrigerant
and refrigerator oil.

Ref erence Synbol s

[0066]

1 static type |iquefaction promoting appar atus
10 cylindrical casing

21, 22, 23 channeli zing unit

31, 32, 33, 34, 35, 36 | arge-di amet er di sk

41, 42, 43, 44, 45, 46 smal | -di ameter di sk

60 inlet/outlet (in cooling/heating operation)
70 outlet/inlet (in cooling/heating operation)
81 expander

82 evaporator (indoor unit)

83 compressor

84 condenser (outdoor unit)

90 heat radiation sink

101 rotating type liquefaction promoting apparatus

110 stirring sink
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120 rotary driving source

125 shaft

130, 140 rotary stirring unit

131 upper disk

132 | ower disk

190 heat radiation sink

201 liquefaction promoting apparatus

210 cylindrical casing

220 upper casing

230 | ower casing

250 spring member

301 static type liquefaction promoting apparatus
310 cylindrical casing

350 spring member

401 static type liquefaction promoting apparatus
480 pipeline of heat radiation sink

490 heat radiation sink

501 static type liquefaction promoting apparatus
550 spring member

580 pipeline of heat radiation sink

590 heat radiation sink

601 rotating type liquefaction promoting apparatus
610 stirring sink

650 spring member

701 rotating type liquefaction promoting apparatus
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750 spring menmber

780 pipeline of heat radiation sink

790 heat radiation sink

801 rotating type liquefaction promoting apparatus
810 stirring sink

850 spring member

880 pipeline of heat radiation sink

890 heat radiation sink
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What is claimed is:
1. A static type liquefaction promoting apparatus
capabl e of being disposed on a pipeline of a heat
pump system suitable for the purpose of stirring and
uniformy mxing a fluid containing refrigerant and
refrigerator oil circulating therein comprising:

a cylindrical casing having an inlet and an
outlet on its axial ends;

one or more channelizing units each composed
of a pair of large-diameter disks on its outer side
and a pair of small-diameter disks on its inner side
di sposed in axial alignment inside said cylindrical
casi ng;

a heat radi ati on si nk surroundi ng said
cylindrical casing which communicates with said
inlet or outlet of said cylindrical casing and
allows said fluid to pass therethrough, said fluid
In said heat radiation sink in contact with an outer
wal | of said cylindrical casing conducting heat away
t herefrom,

said heat radiation sink further comprises
therein a spring member having a diameter smaller
than the inner diameter of said heat radiation sink
and being in a vibrable state,

said |arge-diameter di sks each having a
di ameter consistent with the inner diameter of said

cylindrical casing, being formed on its center with
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a flow hole and being formed on its inner surface
with a honeycomb panel having polygonal cells,

said small -diameter disks being formed on its
out er surface with a honeycomb panel havi ng
pol ygonal cell s,

the honeycomb panels of said |arge-diameter
di sks and of said small-diameter di sks being
arranged to face each other such that each polygona
cell communi cates with more than one opposing
pol ygonal cell s,

the fl ow holes of the two | arge-di ameter disks
di sposed nearest to the inlet and the outl et of said
cylindrical casing being communicated with the inlet
and the outlet; wherein

the fluid cont ai ni ng refrigerant and
refrigerator oil is circulated in the heat pump

system with a pressure of 0.2 to 10MPa.

2. The static type | i quefaction promoti ng
apparatus as set forth in Claim 1, wherein said
cylindrical casing further comprises therein a
spring member having a diameter smaller than the
i nner diameter of said cylindrical casing and being

in a vibrable state.

3. A rotating type | i quefaction promoti ng

apparatus capable of being disposed on a pipeline



of a heat pump system suitable for the purpose of
stirring and uniformy mxing a fluid containing
refrigerant and refrigerator oi | circulating
therein comprising:

a stirring sink for stirring the fluid having
an inlet and an outlet on its ends;

a rotary stirring wunit fixed on a shaft
connected to a rotary driving source disposed in
said stirring sink;

a heat radiation sink surrounding said stirring
sink which communicates with said inlet or outlet
of said stirring sink and allows said fluid to pass
theret hrough, said fluid in said heat radiation sink
in contact with an outer wall of said stirring sink
conducting heat away therefrom,

said heat radiation sink further conmprises
therein a spring menmber having a diameter small er
than the inner diameter of said heat radiation sink
and being in a vibrable state,

said rotary stirring unit being composed of an
upper disk formed on its inner surface with a
honeycomb panel having polygonal cells and a | ower
di sk formed on its center with a fl ow hol e and formed
on its inner surface with a honeycomb panel having
pol ygonal cell s,

the honeycomb panels of said upper disk and of

said | ower disk being arranged to face each other



such that each polygonal cell communi cates with more
than one opposing polygonal cells; wherein

the fluid cont ai ning refrigerant and
refrigerator oil is circulated in the heat pump

system with a pressure of 0.2 to 10MPa.

4. The rotating type |I|iquefaction promoting
apparatus as set forth in Claim 3, wherein said
stirring sink further comprises therein a spring
member having a diameter smaller than the inner
di ameter of said stirring sink and being in a

vi brabl e st at e.
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