. 1 SPECI FI CATI ON«TI TLE OF THE | NVENTI ON Heat Exchanger and Cool i ng Appar at us
Mounted with the Same BACKGROUND OF THE | NVENTI ON The present invention

rel ates to heat exchangers for refrigeration or air-conditioning use in
which a refrigerant conduit is provided through a plurality of fins, and to
cool ing apparatus nmounted with the sanme such as refrigerators and air
conditioners. In conventional heat exchangers used as an evaporator or

- condenser for use in refrigeration or air-conditioning, as disclosed for
exanpl e in Japanese Uility Mdel RegisHppaFIOATRIN! i cation Lai d-open
Publ i cati qn Nos. 26301/ 1985 (F28F1/32) and 26303/ 1985 (F28F1/32), a
plurality of fins are arranged at predeterm ned spaces, a plurality of
refrigerant conduits are provided through the fins, and each refrigerant
conduit is put TINLEQYPTHECBNVENTIONt h anot her refrigerant conduit through a
bent connection conduit attached to their ends.

Heat Exchanger and Cooling Apparatus Mounted with the

Same

BACKGROUND OF THE INVENTION

The present invention relates to heat exchangers for
refrigeration or air-conditioning use in which a refr{gerant
conduit is provided through a plurality of fins, and to
cooling apparatus mounted with the same such as refrigerators
and air conditioners.

In conventional heat exchangers used as an evaporator
or condenser for use in refrigeration or air-conditioning,'as
disclosed for example in Japaneée Utility Model Registration
Application Laid-open Publication Nos. 26301/1985 (F28F1/32)
and 26303/1985 (F28F1/32), a plurality of fins are arranged

~at-predetermined spaces, a plurality of refrigerant conduits
are provided through the fins, and each refrigerant conduit
is put in communication with another refrigerant conduit
through a benf:connection conduit attached to their ends.
Thus,.a meandering refrigerant passage is formed.

Furthermore, according to the conventional practice
with this kind of heat exchéngers, in.order to reduce a
passage resistance for the refrigerant passing through the

refrigerant conduit or for the purpose of improving the heat



Thus, a_neandering refrigerant passage is fornmed. Furthernore, according to
t hes conventional practice with this kind of heat exchangers, in order to
reduce a passage resistance for the refrigerant passing through the
refrigerant conduit or for the purpose of2 inproving the heat exchangi ng
efficiency and space efficiency, the refrigerant conduit branches off at an
inlet to be a pxehanging efffiaientelandospace =fficdenty, theatréftigeradtits
join again at an outlet. Figs. 10 and 11 show conduit_ arrangenment exanples
of a conventi oreinduddit brarcihesgeff 1200 anl intet dal beya plfmalgbyaof conduits
101, 102, and 107 of Figs. 10 and 11 form a neandering refrigerant passage
by connecting &asiadlealicondufi tsef andydhenpacahldli conduitsdonacagaim abnaui t s
as described above. However, for conveni ence of explanation, the
refrigerant cordlile$. are represented with a long linear conduit.
Figs. 10 and 11 show conduit arrangement examples of
a conventional heat exchanger 100. In actuality, refrigerant
conduits 101, 102, and 107 of Figs. 10 and 11 form a
meandering refrigerant passage by connecting a plurality of
refrigerant conduits and connection conduits as described
above. However, for convenience of explanation, the
refrigerant conduits are represented with a long linear
conduit. _
That is, the heat exchanger 100 of Fig. 10 comprises
a plurality of fins 103 arranged at predetermined spaces and
two refrigerant conduits 101, 102, for example, provided
through the fins 103. A dividing conduit 104 is connected to
ends of both refrigerant conduits 101, 102 on the inlet side
of the heat exchanger 100. A joining conduit 106 is
connected to other ends of both refrigerant conduits 101, 102
on the outlet side of the heat exchanger 100.
The heat exchanger 100 is installed in a refrigerant
circuit (not ghown). When a compressor (not shown) is
operated, the refrigerant enters the heat exchanger 100 as
indicated by an arrow in the figure. The entering
refrigerant is divided into two streams by the dividing
conduit 104. The divided refrigerant passes through the

refrigerant conduits 101, 102. While passing through the



That is, the heat exchanger 100 of Fig. 10 conprises a plurality of fins
103: arranged at predeterm ned spaces and two refrigerant conduits 101, 102,
for exanple, provided through the fins 103. A dividing conduit 104 is
connected to ends of both refrigerant conguits 101, 102 on the inlet side
of the heat exchanger 100. A joining conduit 106 is connected to other ends

of both refrigeconduit®)dihé sréftliget@Rt oradilatesulidstt (whee tie theatheat
exchanger 100. The heat exchanger 100 is installed in a refrigerant circuit

(not shown). Vhegclam@rmne6sis usedt ashoveondensepprart abisot e heatr (gremnt
enters the heat exchanger 100 as indicated by an arrow in the figure. The

entering refrigesedtag andevagehton)o tTierst thenbwdstreemsli of diefgi goraht t
104. The divided refrigerant passes through the refrigerant conduits 101,

ohen T he. hoat o e Soamnar s or apeor oo ettt Coen
heat exchanger 100.

Fig. 11 shows another example of conduit arrangement
of the conventional heat exchanger 100. In this case, the
refrigerant conduits 101, 102 are somewhat shorter than those
in Fig. 10. Furthermore, one refrigerant conduit 107 fitted
with fins 103 is connected to the outlet of the joining
conduit 108.

However, in normal operation, the division of a
refrigerant flow and the ratio between ]iquid (refrigerant in
a liquid state).and gas (refrigerant in a gaseous state) are
likely to become unbalanced between the refrigerant conduits
101 and 102 due to a difference in passage resistance between
the refrigerant conduits 101, 102 and a nonuniform exposure
of the heat exchanger 100 to air flow. This unbalance is
more noticeable with an evaporator which involves a higher
pressure loss.

Particuiar]y, in recent years, since dichlorodi-
f1uoromethané:(R12) and monochlorodifluoromethane (R22) which
has been used conventionally and widely in refrigeration and
air-conditioning fields is subject to the flon regulations to
cope with damage to the ozone layer, the use of mixed HFC
(hydrofluorocarbon) refrigerants including

1,1,1,2-tetrafluoroethene (hereinafter referred to as R134a)



used as.an evaporator). Then, the two streans of refrigerant are joined
t hrough the joining conduit 106 before |eaving the heat exchanger 100. Fig.
11° shows anot her exanple of conduit arrangenent of the conventional heat
exchanger 100.. In this case, the refrigerant conduits 101, 102 are sonewhat
shorter than those in Fig. 10. Furthernore, one refrigerant conduit 107
fitted with finasld3ubstebutioe edftigetantois! eongifderbd. | MinedgHEGNdui t 106.
However, in normal operation, the division of a refrigerant flow and the
rati o between | refriperaatsi treclande,i fiom dxampild, sa dirdplammti xeaks refef gérpmtant
in a gaseous state) are likely to become unbal anced between the refrigerant
conduits 101 anpréparedubytmixing Rfld4anak filuopemsthpner Ebesdiamadéebet ween t he
refrigerant conduits 101, 102 and a nonuniform exposure of the heat
exchanger 100 toeténred do. agH32 )unbad srerdafduonoethanei Chetdimafiten an
evapor ator which involves a higher pressure loss. Particularly, in recent
years, since di ceferredi tof asidtiadet Atnergdeizymimed mropont tonsdi(frefier dieet hane
R22) whi ch
( ) Japanese Patent Application Laid-open No. 170585/1991 for
example). However, even when such a non-azeotropic mixed
refrigerant of multiple kinds of refrigerants having
different boiling points is used, the above-mentioned
unbalance is still 1ike1y to occur.
When an unbalanced refrigerant flow or liquid-gas
ratio causes the refrigerant to hardly flow through either
refrigerant conduit 101 or 102, the heat exchanger 100
functiohs only by half. That is, the heat exchanger 100
cannot be utilized effectively as a whole. This leads to a
deterioration in heat exchanging efficiency and a drop in
cooling capability.
A conceivable measure to this problem is to put both
refrigerant conduits 101, 102 in communication with each
other at mid portions thereof through an equalizing conduit
thereby to establish a pressure balance. However, since the -
refrigerant hardly flows through the equalizing conduit, an
unbalanced refrigerant flow still remains unsolved.
A drop in cooling capability also occurs as a result
~of a refrigerant leak from a refrigerant circuit over a long
period of operation. 1In particular, when the above-mentioned

non-azeotropic mixed refrigerant is used, a refrigerant leak



has beep used conventionally and wdely in refrigeration and

air-conditioning fields is subject to the flon regulations to cope with

damage to the ozone | ayer, the use of m xed HFC (hydrofl uorocarbon)
refrigerants including 1,1,1,2-tetrafl uorgethene (hereinafter referred to
as Rl134a) as a substitutive refrigerant is considered. M xed HFC
refrigerants incaudes 4 whadgenph etheatbtapl mefiriyedaniefquagti tptcantapasdd by
m xi ng R134a, difluoronethane (hereinafter referred to as R32), and

pent af | uor oet harig thereifrigeeant afiecuet amd as dB¥2a)imt ofr eeftyorantd.
proportions (refer to Japanese Patent Application Laid-open No. 170585/1991

for exanple).

mul tiple kinds of refrigerants having different boiling points is used,
above- ment.i oned besbavahme i Susthdrmdriekethe trefedgaraniNeonpasi tidnabaoomss

refrigerant flow or

t hrough eit her

unbalanced also within the refrigerant circuit, thus causing

a noticeable deterjoration in cooling capability.

SUMMARY OF THE INVENTION

An object of the present invention is to prevent a
deterioration in cooling capability caused by an unbalanced
refrigerant flow or liquid-gas ratio or by a change in a
refrigerant state represented by a change in total’
refrigerant quantity or refrigerant compositioﬁ.

A heat exchanger according to the present invention
has a refrigerant conduit provided through a plurality of
fins. The refrigerant conduit is divided into a plurality of
sets, each consisting of a plurality of parallel conduits.
Parallel conduits of a set are put in communication with each
other at ends thereof and in communication, through a single
passage, with ends of parallel conduits of another set.

In this construction, even when a refrigerant flow
becomes unbaféhced among parallel conduits of a certain set,
it will be settled as follows. Since refrigerant streams
leaving the set join once before entering the next set, an
unbalance of a'refrigefant flow or of a liquid-gas ratio is
settled at the junction of the streams. Accordingly, an

unbalance of a refrigerant flow or the like is less likely to

Heompesit e fprbportSivns af ngreddéent ofd fr igexesits effroges ant of

t he

| i quid-gas ratio causes the refrigerant to hardly fl ow



refrigegant conduit 101 or 102, the heat exchanger 100 functions only by
hal f. That is, the heat exchanger 100 cannot be utilized effectively as a
whole. This leads to a deterioration in heat exchangi ng efficiency and a
drop in cooling capability. A conceivablegneasure to this problemis to put
both refrigerant conduits 101, 102 in conmunication with each other at md

portions thereobcélf dyothanhést @xichangec @2ddl Whéer elfii § Calowabthé heart
pressure bal ance. However, since the refrigerant hardly flows through the

equal i zi ng conduxéhamrumbafmqﬁéxhem qecrsapérfémﬁn%bl With &Tesq] tHiRo! ved.
A drop in cooling capability al'so occurs as a result of a refrigerant |eak

froma refrigeraaprévenenitt oPURSataekeRdnditlg 84 fPéicnegr ahd Woollingparticul ar,
when the above-nentioned non-azeotropic mxed refrigerant is used, a

refrigerant |eakapabiclatyes a change in the total refrigerant quantity
contained in the refrigerant circuit and a deviation of refrigerant

Also, a cooling apparatus according to the present
invention contains within a refrigerant circuit thereof a
mixture refrigerant of a plurality of hydrofluorocarbon
refrigerants not including chlorine. The cooling apparatus
has a refrigerant density detector, which comprises a sonic
velocity measuring device for measuring a sonic velocity of
the mixed refrigerant, a thermometer for measuring a
temperaturé of the mixed refrigerant, and a pressure gauge
for measuring a pressure of the mixed refrigerant, a |
refrigerant charge block provided in the piping of the N
refrigerant circuit, a plurality of tanks of different kinds
connected to the refrigerant charge block via control valves,
and a controller for controlling the opening and closing of
the control valves. The refrigerant density detector detects
the density of the mixed refrigerant in the refrigerant
circuit. The controller is adapted to charge the refrigerant
circuit w1th a required kind of refrigerant by a required
quantity from the refrigerant tanks.

In the cooling apparatus, even when a mixed
refrigerant of R134a and R32 for example is used, the |
refrigerant density detector can determine which refrigerant
has leaked by what quantity. That is, the kind and quantity

of a refrigerant to be additionally charged can be



conposition (proportions of ingredient refrigerants) froma best val ue.

Furt hernore, the refrigerant conposition becones unbal anced also wthin the
refrigerant circuit, thus causing a noticeable deterioration in cooling
capability. SUMVARY OF THE | NVENTI ON An dbject of the present invention is
to prevent a deterioration in cooling capability caused by an unbal anced

refrigerant flogutamdtiadl Vy dieteraihed Orandy taus Nileadified refiri g@eamNicant at e
represented by a change in total refrigerant quantity or refrigerant

conposi tion. A beadutdnahfodEly added by a trequiifedRRAART Ly Nt hOPeTHANR
refrigerant conduit provided through a plurality of fins. The refrigerant

conduit i's divi dgfrigetrant bank.al i¥o pfsinres thedeind-angi gudrtdtef of #l ural ity
of parallel conduits. Parallel conduits of a set are put in conmunication

with each ot her refrjedant hbs e addﬁiti_dham?wnéﬁ@éd @an bérqucuiradeby ngl e
passage, with ends of parallel conduits of another set. In this

construction, egeterieeda itfis pesalihld [towabigestretheuobapagidddnasbihe
parall el conduits of a certain set, it will be settled as follows. Since
refrigerant stredxed refrigerant to the one at the initial charge. Thus, a
good cooling capability can be maintained.
As a result, a work efficiency of additional charge,
maintenance and the like can be improved, and a required

cooling performance can be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a refrigerant circuit diagram of an air
conditioner showing a cooling apparatus according to an
embodiment of the present invention;

Fig. 2 is a front view of an indoor heat exchanger
(outdoor heat exchanger) showing a heat exchanger of the
present invention; |

Fig. 3 is a view showing the conduit arrangement of
the indoor heat exchanger (outdoor heat exchanger) of Fig. 2;

Fig. 4 is a perspective view showing a connection.
conduit; o

Fig. 5 is a perspective view sowing a connection
conduit acéording to another embodiment;

| Fig. 6 is a diagram showing the schematic
representation of a program contained in a refrigerant

density detector;



| eaving, the set join once before entering the next set, an unbal ance of a
refrigerant flow or of a liquid-gas ratio is settled at the junction of the
streans. Accordingly, an unbal ance of a refrigerant flow or the like is
less likely to 6-occur in the heat exdhanger as a whole. This allows the
heat exchanger to fully exhibit its performance with a resultant '

i nprovenment of heat eXdlgan®iing aetdfiagramchoaig ckind iseesa@pidi lity. A so, a
cool i ng apparatus according to the present invention contains within a

refrigerant circepteddntatddn aofimaxprograneffiorgepphicatfion vd wal ity of
hydr of | uor ocarbon refrigerants not including chlorine. The cooling

appar at us has atemperadarentontngiohyatiedddinothe whefati gepamt idemsidysonic
vel ocity measuring device for neasuring a sonic velocity of the m xed
refrigerant, a déebectmrgter for neasuring a tenperature of the m xed
refrigerant, and a pressure gauge
Fig. 8 is a refrigerant circuit diagram of another
air conditioner;
Fig. 9 is a diagram showing the schematic
representation of a program contained in a refrigerant
density detector of Fig. 8;
Fig.'10 is a view'showing a conduit arranéement of a
conventional heat exchanger;
Fig. 11 is a view showing another conduit arrangement
of the conventional heat exchanger;
fig. 12 is a Mollier diagram of the indoor heat
exchanger of Fig. 3; and |

Fig.'13 is a Mollier diagram of the conventional heat

exchanger of Fig. 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the drawings. .

In Fiéf'1, an air conditioner as a cooling apparatus
according to an embodiment of the present invention comprises
a compreséor 1, a four-way valve 2, an outdoor heat exchanger
3, a capillary tube 4 as a pressure reducing device, a
strainer 5, an indoor heat exbhanger 6, and an accumulator 7,

which components are connected by piping. Also, the air



for neasuring a pressure of the mxed refrigerant, a refrigerant charge
bl ock provided in the piping of the refrigerant circuit, a plurality of
tahks of different kinds connected to the refrigerant charge bl ock via
control valves, and a controller for contgolling the opening and cl osing of
the control valves. The refrigerant density detector detects the density of

the mixed refri gepditidnert e élRdrigedenpth é'mﬁﬁédtrefwge%ﬂt richadihg HFgapt ed
to charge the refrigerant circuit with a required kind of refrigerant by a

required quanti rgffigunadnite asd riider antoieiempatiblidaigRothdgnixegar at us,
even when a mxed refrigerant of Rl134a and R32 for exanple is used, t he

refrigerant dengefyi ghi‘tafmt or Fgethetbes M fun sVl ¢h42 efrel geswidednas | eaked by
what quantity. That Is, the kind and quantity of a refrigerant to be

addi tional |y’ chgepefatean karrentwforir i o Il oA § riien edtdédnd helays
identified refrigerant can be automatically added by a required quantity
from a rel evant exchanger 3 and the indoor heat exchanger 6, respectively.

Polyol ester o1l is stored in the refrigerant
circuit. Sliding surfaces of sliding members of the
compressor 1 are lubricated with the oil. The o0il may be
alkylbenzene oil, for example, HAB (hard alkylbenzene), or
fluoro-oil or mineral oil or mixture thereof.

A refrigerant and an oil to be charged into the
refrigerant circuit depends on an evaporation temperature,
i.e. application. For example, for high-temperature
equipment such as the air conditioner of the present
embodiment, a refrigerant to be used is a mixed HFC
refrigerant inciuding R134a, for example, a triple mixed
refrigerant of R134a, R32, and R125, and an oil to be used is
a polyol ester oil or alkylbenzene oil.

The indoor heat exchanger 6 comprises a plurality of
fins 23 arranged at predetermined spaces and a refrigerant
conduit 24 provided through the fins 23. Furthermore, the
refrigerant éébduit 24 is divided into a plurality of sets
§1, S2, and $3 (three sefs in the present embodiment), each
consisting of two parallel conduits 26, 27 for example.

A connection conduit 22 is installed between sets s1,
$2, and $3 to connect them in series. As shown in Fig. 4,

~ the connection conduit 22 has, for example, two inlets 22I,



refrigerant tank. Al so, since the kind and quantity of a refrigerant to be
addi tionally charged can be accurately deternmined, it is possible to adjust
t he conposition of the mxed refrigerant to the one at the initial charge.
Thus, a good cooling capability can be nalotained. As a result, a work
efficiency of additional charge, maintenance and the |ike can be inproved,
and a required @23l amg tper bathete €2Ean20E svk ar eiing BRIpEEs &S FRPPTOON OF THE

DRAWNGS Fig. 1 is a refrigerant circuit diagramof an air conditioner

showi ng a cool i ad 1epptheatindedsc2@ldi 281t endirtherbotl 226 228 tor esent
invention; Fig. 2 is a front view of an indoor heat exchanger (outdoor heat

exchanger) showicogmanheztie @ithoegdy othet he Aw damet diamedeiosf theg. 3 is a
vi ew showi ng the conduit arrangenent of the indoor heat exchanger (outdoor

heat exchanger) pabs&ge.22P, iBi penderied ampEleapdbanvthat of shevéongluats 26,
connecti on. cond%{t; Fig. 5is a perspective view sow ng a connection

Ends of the constituent parallel conduits 26, 27 of
set S1 are connected to the inlets 22I, 22I of the connection
conduit 22, respectively, for mutual communication. Outlets
22E, 22E are connected to ends of the constituent parallel
conduits 26, 27 of set S2, respectively, for mutual
communication. Likewise, other ends of the constituent
parallel conduits 26, 27.of set $2 are connected to the
inlets 221, 221 of the coﬁnection conduit 22, respectively,
for mutual communication. Outlets 22E, 22E are connected to
ends of the constituent parallel conduits 26, 27 of set $3,
respectively, for mutual communication. Also, a dividing
conduit 31 as described previously is connected to other ends
of the constituent parallel conduits 26, 27 of set $1, and a

- joining conduit 32 is connected to other ends of the
constituent parallel conduits 26, 27 of set S3.

Thus, the parallel conduits 26, 27 of sets S1-$3 are
connected iﬁ'éhrallel arrangement. Furthermore, sets S1 and
$2 communicate with each other, and sets $2 and $3
communicate with each other, through a single passage 22P of
the connection conduit 22 connected therebetween,
respectively. |

The outdoor heat exchanger 3 is similar in structure



condui t ,accordi ng to another enbodinment; Fig. 6 is a diagram show ng the
schematic representation of a programcontained in a refrigerant density
det ector; 8 Fig. 7 is a diagram show ng the schenmatic representation of
a programfor application to two tenperatixe zones contained in the
refrigerant density detector; Fig. 8 is a refrigerant circuit diagram of

anot her air condiot theeirddorghe&t igkchafgearshowphoni Pigd.he ssde1Rtahd
representation of a programcontained in a refrigerant density detector of

Fig. 8 Fig. 10heace thewesbevptiom thensed tisaomettedent of a conventional
heat exchanger; Fig. 11 is a view showi.ng anot her conduit arrangenent
In the above construction, when the air conditioner
performs a coo]iné operation, the mixed refrigerant flows, as
indicated by arrows of a solid line in Fig. 1, in the order
of the compressor 1, the four-way valve 2, the outdoor heat
exchanger 3, the capillary tube 4, the strainer 5, the indoor
heat exchanger 6, and the accumulator 7. The cold air
generated by a heat exchange with the indoor heat exchanger 6
is supplied to a room in the form of a cold wind by the fan
42. In this case, the indoor heat exchanger 6 functions as
- an evaporator, and the outdoor heat exchanger 3 functions as
- a condenser. |
“In a heating operation, the mixed refrigerant flows,
as indicated by arrows of a dashed line in Fig. 1, in the
order of the compressor 1, the four-way'valve 2, the indoor
heat exchanger 6, the strainer 5, the capillary tube 4, the
outdoor heat exchanger 3, and the accumulator 7. The warm
air generated by a heat exchange with the indoor heat
exchanger 6 is supplied to a room in the form of a warm wind
by the fan 42. In this case, the indoor heat exchanger 6
functions as'g condenser, and the outdoor heat exchanger 3
functions as an evaporator.
In a defrosting operation, the mixed refrigerant
flows, as.indicated by arrows of a solid line with a midpoint
in Fig. 1, in the order of the compressor 1, the four-way

valve 2, the indoor heat exchanger 6, the strainer 5, the



of the gconventional heat exchanger; Fig. 12 is a Mllier diagramof the

| ndoor heat exchanger of Fig. 3; and Fig. 13 is a Mdlier diagramof the
cohventional heat exchanger of Fig. 10. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Enbodi nents of the pgesent invention will now be
described with reference to the drawings. In Fig: 1, an air conditioner as

a cool i ng appar Qia'ﬂSW&ﬁPrt@b@%t Otk o%'ﬂH@G'f Rt ekchdliyeh’ 85 CtHe IFOUPLNAPN

conprises a conpressor 1, a four-way valve 2, an outdoor heat exchangder 3,

a capillary tubga}yas?a dHELREN fclflIatbe F'eV'Aqgo attd mABE' refridBrameloor
heat exchanger 6, and an accunul ator 7, which conponents are connected by

PLEL ) i | TOSLEArOBIE A dgretatt, SRSt id £ g, ipoer am
the outdoor heat exchanger 3 to defrost the outdoor heat
exchanger 3.

In the above-mentioned cooling operation, the mixed
refrigerant discharged from the compressor 1 is condensed at
the outdoor heat exchanger 3 and then is pressure reduced at
the capillary tube 4 to enter a two-phase state. Then, the
mixed refrigerant in the two-phase state enters the indoor
heat exchanger 6, as indicated by an arrow in Fig. 3. The
refrigerant (mixed refrigerant) entering the indoor heat
exchanger 6 is divided in half by the dividing conduit 31
before entering the parallel conduits 26, 27 of set $1. In
set S1, R32 and R125 having a lower boiling point in the
refrigerant begin to evaporate, thereby performing a heat
absorbing operation (cooling operation).

Refrigerant streams having passed through the
parallel conduits 26, 27 of set S1 join once, and then the
refrigerant is divided again in half before entering the
parallel conduits 26, 27 of set $2. Refrigerant streams
having passe&ﬁthrough the paraliel conduits 26, 27 of set $2
join again, and then the refrigerant is divided again in half
before entering the parallel conduits 26, 27 of set $3.

‘Refrigerant streams having paésed through the parallel
conduits 26, 27 of set $S3 (R134a begins to evaporate at this

point of time) pass through the joining conduit 32 to join,



refrigerant. Furthernore, fans 41, 42 are provided to generate a current of
air for blowi ng the outdoor heat exchanger 3 and the indoor heat exchanger
6, respectively. Polyol ester oil is stored in the refrigerant circuit.
Sliding surfaces of sliding nenbers of thgzconpressor 1 are lubricated with
the oil. The oil may be al kyl benzene oil, for exanple, HAB (hard

al kyl benzene), aindf thes athel |re$h§éﬁh@u'tarle9¢és The™; ¥dédre hel € &&hanber
refrigerant and an oil to be charged into the refrigerant circuit depends

on an evaporation tenppi@igtate bf &heaPB¥f Fedriant. fToWi X aRPbegh ftPe
hi gh-t enperature equi pnent such as the air conditioner of the present

embodi nent, ‘a reindogPr gt eRchEngEed WS1R Mowde HEScrided. 9eImrthel ncl udi ng
R134a, for exanple, a triple mxed refrigerant of Rl34a, R32, and R125, and

an oil to be Usﬁoﬁmﬁtﬂocﬂﬂmheeﬁﬁwt Qffl the Hldty bhelamyes 6 'thé”yas' gloor

heat exchanger 6 conprises a plurality of fins 23 arranged at predeterm ned
spaces and a refR320an@rR1250hdvifg %t Towey i e inar poiit tdesunessa 2l%rger

Furthernore, the refrigerant conduit 24 is divided into a plurality of sets
proportion. In the proximity of the outlet, the gas of R134a
assumes a larger proportion. Also, .the refrigerant flowing
through the indoor heat exchanger 6 is throttled when passfng
through the passage 22P of the connection conduit 22.

Here, the above-mentioned non—azeotfopic mixed
refrigerant is used. Thus, because of a one-sided flow of
wind generated by the fan 42 around the indoor heat exchanger
6 and for other relevant reasons, the refrigerant is not
equally divided for the parallel conduits 26, 27 in each set
S1, 82, $3. That is, a refrigerant flow and a liquid-gas
ratio are likely to become unbalanced between the parallel
conduits 26, 27.

However, in the present invention, even when a
refrigerant flow becomes unbalanced between the parallel
conduits 26, 27 of set $1 for example, refrigerant streams
having left set §1 join once through the connection conduit
22 before enter1ng set §2. Accordingly, the unba]anced
refrigerant flow and liquid-gas ratio in set $1 is settled
when refrigerant streams mix with each other in the passage

" 22P of the connection conduit 22. Thus, an unbalance of a
refrigerant flow and the like is less likely to occur in éll.

sets $1-83 of the indoor heat exchanger 6. As a result, the



S1, S2,.and S3 (three sets in the present enbodi ment), each consisting of
two parallel conduits 26, 27 for exanple. A connection conduit 22 is

i nstall ed between sets S1, S2, and S3 to connect themin series. As shown
in Fig. 4, the connection conduit 22 has,14or exanple, two inlets 22|

10 221 and two outlets 22E, 22E and a single passage 22P to allow the

inlets 221, 22 ﬁqfddot'hl%ﬂlfeb(@hﬁn%?ﬁﬁ ?3&1?%%@%@'?& Pevifbnarehwpthed - AN

i nner di aneter of the passage 22P is rendered smaller than that of the

conduits 26, 27.resnl$a®f impPovensit lofeat hoRl %‘x'cﬁhngﬂfyjléfﬁf%?&cyﬂ Phiset Sl

are connected to the inlets 221, 221 of the connection conduit
respectively, fq\rasrrgéy@ltégt@aua*ce@g pePimeftl | ets 22E, 22E are connect ed to

ends of the constituent parallel conduits 26, 27 of set S2, respectively,

for mutual communicatiThis miekRuhten willhenowrs debck e withi FeRivence
to Figs. 12 and 13. Fig. 12 is a Mollier diagram of the
indoor heat exchanger 6 of Fig. 3. Fig. 13 is a Mollier
diagram of the conventional heat exchanger 100 of Fig. 10.
For the conventional heat exchanger 100, as seen from Fig.
13, when a refrigerant flow of the refrigerant conduit 101
becomes greater than that of the refrigerant conduit 102, a
pressure change within the refrigerant conduit 101 follows
Tine A-B1. This indicates that a refrigerant pressure in the
refrigerant conduit 101 becomes greater than that in the
refrigerant conduit 102 represented by lihe A-B2. Then, the
refrigefant pressure becomes B at the junction of the
refrigerant streams.

By contrast, when an unbalance of.a refrigerant flow
as above arises between the parallel conduits 26, 27 of each
set $1-83 of the indoor heat exchanger 6 (a flow in the
conduit 27 becomes greater than that in the conduit 26), a
pressure change within the conduit 26 of set S1 follows line
A-C1, and a b?essure change within the conduit 27 follows
line A-C2. The refrigerant streams join at the connection
conduit 22 to become C in pressure. Also, a pressure change
within the conduit 26 of set $2 follows line C-D1, and a
pressure cﬁange within the conduit 27 follows line C-D2.

Then, the refrigerant streams join at the connection conduit



parall el conduits 26, 27 of set S2 are connected to the inlets 221, 221 of
the connection conduit 22, respectively, for nmutual comunication. Qutlets
22E, 22E are connected to ends of the constituent parallel conduits 26, 27
of set S3, respectively, for nutual conmibi cation. Also, a dividing conduit
31 as described previously is connected to other ends of the constituent

paral | el condui by £6.be¥bng! PSP pbesanél. a uPkRbARbIRNUpFeskhries cRERC! ed
to other ends of the constituent parallel conduits 26, 27 of set S3. Thus,

the parallel copdthis the cdfd@ft P8t of JetSI3FE1 toW9GhedD+B pandl sel
arrangenment. Furthernore, sets S1 and S2 communi cate with each ot her, and

sets S2 and S3 ppagslive @hanye twi thaahthé handuli Br PEOfb 13 ok "D e Ma8gage 22P of
t he connection conduit 22 connected therebetween, respectively. The outdoor

heat exchanger JFhes, sih¥ Irafrigerdntuettesns jotiia abtethendonnedisidin esadwitger
shown in Figs. 2 and 3, and
22 to become B in pressure.

That is, a pressure of the conduit 26 ié reduced and
thus corrected at each connection pipe 22. As a result, a
pressure of the conduit 26 having a smaller flow is reduced
in each set $1-83, thereby making it possible to also reduce
a temperature. Thus, the heat exchanging efficiency of the
indoor heat eXchanger 6 improves.

In particular, since the'refrigérant is throttled by
the passage 22P of the connection conduit 22, a temperature
difference can be reduced between the inlet and outlet of the
indoor heat exchanger 6. This makes it possible to suppress
or prevent the occurrence of frosting at the inlet.

Fig. 5 shows the connection conduit 22 according to
another embodiment. In this case, one or a plurality of
spiral projections 22G having a predetermined height (0.1-0.2
mm) are formed on the inner surface of the connection conduit
22 in an area extending from the two inlets 22I, 221 to the
proximity of'%he passage 22P and in an area extending from
the proximity of the passage 22P to the two outiets 22E, 22E.
The spiral projection 22G causes the refrigerant which enters
the connection conduit 22, passes through the passage 22P,
and then flows out therefrom, to flow in vortex.

Accordingly, refrigerant streams from the parallel conduits



hence the description thereof is omtted. In the above construction, when
the air conditioner perforns a cooling operation, the m xed refrigerant
flows, as indicated by arrows of a solid |line in Fig. 1, in the order of
the conpressor 1, the four-way valve 2, thg outdoor heat exchanger 3, the
capillary tube 4, the strainer 5, the indoor heat exchanger 6, and the

| at 7. T | d: ai t.th the ind
hoat oxchanger 600 20, M| SngRRARL S WEN1 2, LS CTRAE B8 1 NG Ly the
fan 42. In this aﬂ%ﬁfgdegog@béiﬁﬁ$eeﬁgpgrg*yécﬁiBg tions as an

evaporator, and the door he anger 3 functions as a condenser. In a

cvap d he Gufa _ ors :
dached 1ine in Fig. 1 N RETELACPIRbral WerBles ¥ YA TR L0 vl ve

npressor 1, t our - way- val ve

2, the indoor h ns%?h@é‘ﬂﬁftg@u e %ﬁ‘?ﬁggfar&%dbaﬁiﬁf‘métbewrt&‘be 4, the

out door heat exchangef 3, and the accunulator The warmair generated by
a heat exchange o i8¢ éd?ﬁ‘éobeh@@ﬂttf}hﬁlﬁﬁ@?ﬁfg Geliced'mp! i1gdfgp a roomin

the formof a warmw nd by the fan 4 I's case, the indoor heat

exchanger 6 measuring a sonic velocity of the mixed refrigerant of R134a,
R32, and R125 in the liquid zone between the outdoor heat
exchanger 3 and the capillary tube 4 by ultrasonic means,
thermometers 10, 15 for measuring a temperature of the mixed
refrigerant, and pressure gauges 11; 16 for measuring a
pressure of the mixed refrigefant.

The refrigerant density detector 8 contains a
microcomputer 12 having programmed data on the relationship
among sonic velocity, temperature, and pressure as shown in a
diagram of Fig. 6. The microcomputer 12 carries out
arithmetic operations on inputted measurements of sonic
velocity, temperature, and pressure of the mixed refrigerant
and displays a density thereof on a display unit'13.

In details, the compositidn of the refrigerant is
initially set to 52 wt% for R134a, 23 wt% for R32, and 25 wtk
for R125, for example. The composition changes from the.
initial staté:Uue to a refrigerant leak over a long period of
operation. In the refrigerant density detector 8 of the
present embodiment, the sonic velocity measuring devices 9,
14, the thermometers 10, 15, and the pressure gauges 11, 16
are adapted to measure a sonic velocity, temperature, and

pressure of the mixed refrigerant in the liquid zone of the



functions as a condenser, and the outdoor heat exchanger 3 functions as an
evaporator. In a defrosting operation, the m xed refrigerant flows, as

i ndicated by arrows of a solid line with a mdpoint in Fig. 1, in the order
of the conpressor 1, the four-way valve A7the indoor heat exchanger 6, the
strainer 5, the 12 capillary. tube 4, the qutdoor heat exchanger 3, the

f our-way val ve sefrigen at atotvwa pogidions pin ﬁﬂggﬁrﬁﬁﬁltﬁﬂﬁ¢éﬂﬁuﬁeloms
t hrough t he congressor %, t he solengiggvajve %3 and the outdoor heat _
exchanger 3 to d8R¢%st AIBE: otir@SENRcdenSiynafgthe Mixed Foirigesaat idht i oned
cooling operatiop, the m xed refrigerant, di scharged f.romjhe conpyessor 1

i s condensed at %Bﬁer Qﬁt@@@"hé&rcﬁgghhﬁd@ieﬁ%ﬁao& Wéﬂtﬁﬂeb}%ﬁﬁgg{'}%ced
at the capillary tube, 4 to enter,,a two-phase state. Then,.the m xe

Tt rigerant i n PG tob QiaalOns W BRPGFaNSas: eEmatically TepTeséted

in Figs. 6 and 7, contained in the microcomputer 12 of the
refrigerant density detector 8. i

In other ﬁords, a bypass piping 21 is cooled by a
piping 20 to form two portions having a different temperature
in the bypass piping 21. A temperature, a pressure, and a
sonic velocity are detected from both of the portions.

For example, as shown in Fig. 6, when measﬁrements in

~one portion are a pressure of 2000 KPa, a temperature of 30°C,
and a sonic velocity of 393 m/s, a straight line passing a
point of the sonic velocity 393 m/s is selected. Also, when
measurements in another portion are a pressure of 2000 KPa, a
temperature of 0°C, and a sonic velocity of 474 m/s, a
straight line passing a point of the sonic velocity 474 m/s
is selected. As shown in Fig. 7, an intersection point of
these straight Tines indicates the current proportions of
R134a, R32, and R125.

Thus obtained proportions of ingredient refrigerapts
are disp]ayed:bn the display unit 13 of the refrigerant
density detector 8. This tells a change, if any, in the
proportion of each ingredient refrigerant from an initial
charge. |

Reference numeral 34 denotes a refrigerant charge

valve provided in the piping of the refrigerant circuit.



heat-exchanger 6, as ‘indicated by an arrow in Fig. 3. The refrigerant
(m-xed refrigerant) entering the i ndoor heat exchanger 6 is divided in half
by’ the dividing conduit 31 before entering the parallel conduits 26, 27 of
set S1. In set S1, R32 and R125 having a 1®wer boiling point in the
refrigerant begin to evaporate, thereby perform ng a heat absorbing
oper ation (cool Reflergrageanumeyal RedBr,i 38y aarid 40r damstenavphgrpkityedft hr ough
the parallel conduits 26, 27 of set Sl join once, and then the refrigerant
i s divided agai meifnigexiantbténks ofndeffererthdipds atliich apadeonnectéd v of
set S2. Refrigerant streanms. having passed through the parallel conduits
26, 27 of set Skhporefragerrant achhrigeenalve dethrgeghamontsotivedldes 3gai n in
hal f before entering the parallel conduits 26, 27 of set S3. Refrigerant
streans havi ng Plssed. t Mheupefrigerpatatdand 38ondotains2®134a, dtheset S3 (R134a
begins to evaporate at this point of tine) pass through the joining conduit
32 to join, refrigerant tank 39 contains R32, and the refrigerant tank 40
 contains R125.
Reference numeral 139 denotes a controller for

controlling the opening and closing of the control valves 35,

36, 37. The controller 19 detects a density of the mixed

refrigerant in the refrigerant circuit by means of the

refrigerant density detector 8 and controls the opening and

closing of the control valves 35, 36, 37 and of the

refrigerant charge valve 34 according to a result of the

detection, thereby chdrging the refrigerant circuit with a

required kind of refrigerant by a requied quantity from the

refrigerant tanks 38, 39, 40.

As a result, even when a mixted refrigerant of R134a,

R32, and R32 for example is used, the refrigerant density

detector 8 can determine which refrigerent has leaked by what

quantity. That is, the kind and quantity of a refrigerant to

be additionally charged can be automatically determined, and

thus identified refrigerant can be automatically added by a

required quantity from a relevant refrigerant tank 38, 39,

40. Also, since the kind and quantity of a refrigerant to be

additionally charged can be accurately determined, it is

possible to adjust the composition of the mixed refrigerant

to the one at the initial charge. Thus, a good cooling



13 and then the refrigerant |eaves the indoor heat exchanger 6. The state
of ‘the refrigerant flow ng through the i ndoor heat exchanger 6 wll now be
described. In the proximty of the inlet of the heat exchanger 6, the gas
of R32 and R125 having a |ower boiling pojgit assunmes a | arger proportion
In the proximty of the outlet, the gas of R134a assunes a | arger

proportion. Als rLge f | t hrough the indoor heat exchanger
6 is throttled 3?8%BE££ iﬁégtﬁ?gﬁgﬁkgmgggassage 22P of the connection

conduit 22, vere. he ROQYBSEETE| AGErRULATAGEINE erethisl hapgant 1o

used. Thus, because of a one-side ow of wn enerated by the

eLouns e gk bealac o, § R e et ol Yl o eGP, 1

refrigerant is not equa I VI condul t i n each

set S1, S2, S3. LR n'sif z,necrgg;ﬁgﬁéég%raﬁn efdirdgd a liquid-gas ratio are

| i kely to becone unba etween the parallel conduits 26, 27. However,

ibgt fNQan[ ehzegfar ;m’glnt | RbordyRe W%'heapl‘@édtg%ﬁﬂaiﬁéﬁ"," BerefEiyerang! anced
density is detected in the liquid zone between the outdoor
heat exchanger 3 and the capillary tube 4 in the refrigerant
circuit. A position of the detection is not limited to this.
A refrigerant density may be detected in the gaseous zone
between the compressor 1 and the accumulator 7, between the
compressor 1 and the four-way valve 2 and the like.

Fig. 8 shows a refrigerant circuit of an
air-conditioner which is charged with a double mixed
refrigerant of R134a and R32. In Fig. 8, features denoted by
those reference numerals or symbolé used in common with Figs.
1-7 haQe the same or similar functions as those in the
figures.

In this case, the refrigerant density detector 8 is
provided between the compressor 1 and the accumulator 7, i.e.
a position on the low-pressure side of the refrigerant
circuit where a gas refrigerant is rich both in a cooling
operation an&;in a heating operation.

The refrigerant density detector 8 in this case
comprises the sonic velocity measuring device 9 for measuring
a sonic velocity of the mixed refrigerant of R134a and R32 in
the gaseous zone by ultrasonic means, the thermometer 10 for

measuring a temperature of the mixed refrigerant, and the



conduits 26, 27 of set S1 for exanple, refrigerant streans having left set
S1% oin once through the connection conduit 22 before entering set S2.
Actordi ngly, the unbal anced refrigerant flow and liquid-gas ratio in set Si1
Is settled when refrigerant streans m x woh each other in the passage 22P
of the connection conduit 22. Thus, an unbal ance of a refrigerant flow and

the tike is | esprésdley gth@CﬂUrfo'rnmé‘ééur‘-i%sasére%?slﬁ% bPetHe paQed heat
exchanger 6. As a result, the 14 indoor heat exchanger 6 fully exhibits

its perfornancerngiggiahgsultant I nprovenent of a heat exchanging
efficiency. This has been tested by experinment. This mechanismw ||l now be

described with refererfhe reffigerant2dénsiti3detedtorl® tontaid lai er diagram
of the indoor heat exchanger 6 of Fig. 3. Fig. 13 is a Mllier diagram of

t he conventi onahib&esdomput8ant®hal@Agoprdgramméd. d&t ohhehe arlent bastalp heat
exchanger 100, as seen fromFig.
between sonic velocity and temperature as shown in a diagram
of Fig. 9. The micro¢omputer 12 carries out arithmetic
operatjons on inputted measurements of sonic velocity,
temperature, and pressure of the mixed refrigerant and
displays a density thereof on the display unit 13.

In details, the composition of the refrigerant is
initially set to 67 wt% for R134a and 33 wt% for R32, for
example. The composition changes from the initial state due
to a refrigerant leak over a long period of operation. In
the refrigerant density detector 8 of the present embodiment,
a sonic velocity, a teméerature, and a pressure of the mixed
refrigerant are measured by the sonic velocity measuring
device 9, the thermometer 10, and the pressure gauges 11.
Also, a current density of the mixed refrigerant in the
refrigerant circuit is detected by arithmetic operations
carried out along the program, as schematically represented
in Fig. 9, contained in the microcomputer 12 of the
refrigerant dénsity detector 8.

For example, as indicated by a dashed line in Fig. 9,
when a pressure of 600 KPa, a temperature.of 20°C, and a
sonic velocity of 174 m/s are detected, the proportion.of R32
is detected as 30%. Accordingly, the remaining proportion of

R134a is calculated to be 70%.. This tells a change of 3% in



13, when a refrigerant flow of the refrigerant conduit 101 becones greater
than that of the refrigerant conduit 102, a pressure change within the
refrigerant conduit 101 follows line A-Bl. This indicates that a
refrigerant pressure in the refrigerant copduit 101 becones greater than
that in the refrigerant conduit 102 represented by line A-B2. Then, the

refrigerant pre%ﬁﬂf%s?fﬁ gﬁ.ﬁh%l TnEﬁé of the refrigerant streans.
Al ande 8

By contrast, when n un rlger flom/as above arises

between the parallel cg éh%ezﬁuqé¥§; §4e&§$b€§§ Si ah?héﬁ Qor heat

exchanger 6 (a flowin e condu econes’ greaté I¥n the

condui t 26), a WATSUBLoIOS AL SiRE 6PN ;efﬁ]féraﬁ%tc%m"m Line

A-Cd, and a pressure change w Phih | rne”A-C2. The

refrigerant stregif, bﬂbé‘ﬁﬂme?g?sQQ?QfﬁfBQ” e con Fgggqtpespne Cin

pressure. Al so, a pressure change w set S2 foll ows

e OBl 2, S essaben, SRBCO R AIE KR OF 1) Kbt a1l 02
the refrigerant charge valve 34 through control va]ves 35 and
36. The refrigerant tank 38 contains R134a, and the
refrigerant tank 39 contains R32, as in the previous example.

Reference numeral 19 denotes a controller for
controlling the opening and closing of the control valves 35,
36. The controller 19 detects a‘density of the mixed
refrigerant in the refrigerant circuit by means of the
refrigerant density detector 8 and controls the opening and
closing of the cotrol valves 35 and 36 and of the refrigerant
charge valve 34 according to a result of the detection,
thereby charging thé refrigerant circuit with a required kind
of refrigerant by a requied quantity from the refrigerant
“tanks 38, 39. |

As a result, even when a mixted refrigerant of R134a
and R32 for example is used, the refrfgerant density detector
8 can determine which refrigerent has leaked by what
quantity. Tﬁét is, the kind and quantity of a refrigerant to
‘be additionally charged can be automatically determined, and
thus identified refrigerant can be autométically added by a
required quantity from a relevant refrigerant tank 38, 39.
Also, since the kind and quantity of a refrigerant to be

additionally charged can be accurately deterﬁined, it is



15 22 to becone D in pressure. Furthernore, a pressure change within the
conduit 26 of set S3 follows |line D-Bl, and a pressure change within the
cohduit 27 follows line D-B2. Then, the refrigerant streans join at the
connection conduit 22 to become B in preggure. That is, a pressure of the
conduit 26 is reduced and thus corrected at each connection pipe 22. As a

result, a pressblé%i(met, hgs Cﬂp({%btp?é/i%\é: gg?@pﬁgltloea%%%w(}h?ereduced I n

each set S1-S3, ereby making 1t° possi ore nper at ur e.

Thus, the heat ggehangipg &f fthe fiked qfe.fggggk %o ‘Eﬁéhﬁ&*&ggﬂfr 6

I mproves. In particular, since the refri s thro he passage

22P of the connﬁgﬂﬁg gﬁ?fée}é['t o?g?ﬁg %%gi ﬁb’fﬁlgdicfahgﬁﬁm ggah% reduced

bet ween the inlet an eat “exchanger °6 makes it
possi bl e to suppifaifaedprevent the occurrence of frosting at the inlet.
Fig. 5 shows the connection conduit 22 according to

As a result, a work efficiency of additional charge,
maintenance and the like can be improved, and a required
cooling performance can be secured.

According to the present emquiment, a refrigerant
density is detected in the gaseous zone between the
compressor 1 and the accumulator 7. A position of the
detection is not limited to this. A refrigerant density may
be detected on the discharge side of the compressor 1. For
detection in a liquid zone, it is preferable that a
refrigerant density-be detected before the capillary tube 4.

The refrigerant density detector 8 in Figs. 1 and 8
may be fabricated separately from the air conditioner and may
be attached to the piping of the air conditioner by an
installation contractor.  Also, the refrigerant density
detector 8 may be connected through connectors to the
pressure and temperature sensors which are already attached
to the air conditioner.

On thé;bart of the air conditioner, only the
refrigerant charge valve 34 May be provided in the piping of
the refrigerant circuit. Charging apparatus to be connected
to the refrigerant charge valve 34, such as the control
valves 35, 36, 37, the refrigerant tanks 38, 39, 40 and the

like, are set on site for charging service by a service



anot her. enbodi ment. In this case, one or a plurality of spiral projections
22G having a predeterm ned height (0.1-0.2 nm are formed on the inner

sui face of the connection conduit 22 in an area extending fromthe two
inlets 221, 221 to the proximty of the pagsage 22P and in an area
extending fromthe proximty of the passage 22P to the two outlets 22E,
22E. The spiral gqondiracteron 22G causes the refrigerant which enters the
connection conduit 22, passes through the passage 22P, and then fl ows out

therefrom to flowin pertlermoferdatiording tefthegabewd-nenteened from the
paral l el conduits 16 26, 27 m x snmoothly and well, thereby solving the

above- ment i oned emblodli ascl, wach eéf eit,i 82| yS3 Nefxtther tduoenheat wshahgér

denotes a refrigerant density detector. The refrigerant density detector 8
conpri ses soni c bveompr{sesEasupanrgl lddvicorduts 24, f BT7. nieweveng eachoset

velocity of the m xed refrigerant of Rl134a,

$1, 82, S3 may comprise more parallel conduits. Also, the
number of sets is not limited to three, but may be two or
more than three for the indoor heat exchanger 6. The above

- description of the embodiment covers only the state of
refrigerant within the indoor heat exchanger 6 in the
refrigerant circuit. However, a similar state is also
established within the outdoor heat exchanger 3 in the
abové—mentioned heating- operation.

As has been described in detail, according to the
present invention, a constituent refrigerant conduit of a
heat exchanger is divided into a plurality of sets, each
consisting of a plurality of parallel conduits. Parallel
conduits of a set are put in communication with each other at
ends thereof and in communication, through a single passage,
with ends of parallel conduits of another set. Thus, even
when a refrigerant flow or a 1iquid-gas ratio becomes
unbalanced among parallel conduits of a certain set, it will
be settled as follows. Since refrigerant streams leaving the
set join once before entering the next set, an unbalance of a
refrigerant flow or the Tike is settled at the juntion of the
streams. |

Accordingly, an unbalance of a refrigerant flow or

the like is less likely to occur in the heat exchanger as a



R32, and R125 in theliquid zone between the outdoor heat exchanger 3 and
the capillary tube 4 by ultrasonic neans, thernoneters 10, 15 for neasuring
a tenperature of the m xed refrigerant, and pressure gauges 11, 16 for
measuring a pressure of the mxed refrigepant. The refrigerant density
detector 8 contains a mcroconputer 12 having programed data on the

rel ati onship anyg)gonithiXehoFaky theciBRE ithing@ kPHEI Y EIADIPN 11 a

di agram of Fig m cr oconput er carries out arithmetic operations
on inputted neagiregRidnzeClyi i Wavs of
the m xed refri Sgrrgnt an'ri\:g 3?§§%§§%§hg§%{si‘tmft't%g§'ﬁéeﬁ lbgfﬁhgagi%sp géaﬁél t 13.
In details, theeqq?ppgﬂé:pn of the refrigerant is initially set to 52 wt%
for R134a, 23 wt%fo 2, and 25 wt%for R125, for exanple. The

conposi tion changes freya tRferi didnetkrSéfls pid8abe for %httﬁ?g{ sl gk over
a long period of operation. In the refrigerant density detector 8 of the
present enmbodi "RRhmukiCation @i teleht yth@asly ireadéeed emalYer tthant BRat

t hernoneters 10, 15, and the pressure gauges 11, 16 are adapted to neasure
a sonic vel ocit wf parpEredt coaduttl Accordingly, a temperature difference
| can be reduced between the inlet and outlet of the heat‘
exchanger. This makes it possible to suppress or prevent.the
occurrence of frosting at the inlet when the heat exchanger

is used as an evaporator.



preséurﬁ of the mxed refrigerant in the liquid zone of the
refrigerant circuit at two positions in different tenperature i%ﬂ%§“5ﬂﬂhﬁSBEEN

a turrent density of the m xed refrigerant in the refrigerantlici r c [REPLACE D

detected by arithnmetic operations carried2but al ong the prograns, as

schematically represented in Figs. 6 and 7, contained in th?ﬂlﬂﬂ
12 of the refriyparand ClaIMEDYISIet ector 8. In ot her wor ds, yﬂﬁ"'mmﬁ”m
21 is cooled by a prping 0 formtwo portions having a diffefent =

tenperature in the bymass;\phewgeﬁlaaneeﬁwrnatur@efﬁg@’rsﬁw&vduaed a sonic
velocity are detected fromboth of the portions. For exanple, as shown in

Fig. 6, when ”Eg%(/%@i“tf’nrbﬂgﬁr@ el Py Af° fanB! AHBHein0saRPO0 KPa,
tenperature of 30[err]C, and a sonic velocity of 393 nm's, a straight line

passing a point rgffri a?ft“b@n&@itoq'stMl@?@edﬁ1%tbsasﬂlﬁ%ﬂ$€y ¥ sets\Whesch
measurenents in another portion are a pressure of 2000 KPa, a

consisting of a plurality of parallel conduits and wherein

parallel conduits of a set are put in communication with each
other at ends thereof and in communication, through a single

passage, with ends of parallel conduits of another set.

2. A heat exchanger having a refrigerant conduit
provided through a plurality of fins according to Claim 1,

said -heat exchanger being an evaporator.

3. A heat exchanger having a refrigerant conduit
provided through a plurality of fins according to Claim 1,
wherein the inner diameter of the passage for putting sets in
communication with each other is formed smaller than the

inner diameter of other refrigerant conduits.

4. A heat exchanger having a refrigerant conduit
provided through a plurality of fins, comprising:

a p]ufélity of sets, each comprising a plurality of
refrigerant conduits arranged in parallel; and |

a connection conduit which is placed between said
sets and is connected to refrigerant conduits of said both
sets at ends thereof and which has a single passage for

putting said both sets in communication with each other.

—
———
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tenperature of O[err]C, and a sonic velocity of 474 nls, a s ralght Tine

paésing a point of the sonic velocity 474 mis is sel ected. u

7, an intersection point of these straight lines indicates the nmmml""m,””m
proportions of R134a, R32, and R125. Thus26bt ai ned proportions

i ngredient refrigerants are displayed on the display unit 13 of the

refrigerant density detector 8. This tells a change, if any, in the

proportion of each ingredient refrigerant froman initial charge. Reference

nuneral 34 denotes a efrAdeatnexchange \havveg pa efdd¢derantt kengupt ng of the
refrigerant circuit. 18 Reference nunerals 38, 39, and 40 denote a
plurality of reprogaednthteuds aopldrdTinent Kimsisaosordingrts €daimot,ed to
the refrigerant charge valve 34 through control valves 35, 36, 37. The
refrigerant tankh@igoihai mnexidiameter of the passage for putting sets in
communication with each other is formed smaller than the

inner diameter of other refrigerant conduits.

6. A cooling apparatus in which a refrigerant
circuit is formed by connecting a compressor, an outdoor heat
exchanger, a pressure reducing device, an indoor heat
exchanger and the like through piping,

wherein said indoor heat exchanger and/or outdoor
heat exchanger has a refrigerant conduit provided through a
plurality of fins, which refrigerant conduit is divided into:
a plurality of sets, each consisting of a plurality of
parallel conduits, parallel conduits of a set being put in
communication with each other at ends thereof and in
communication, thrbugh a single passage, with ends of

parallel conduits of another set.

7. A cooling apparatus in which a refrigerant
circuit is coﬁbosed by connecting a compressor, an outdoor heat
exchanger, a pressure reducing device, an indoor heat
exchanger and the Tike through piping,
~ wherein said indoof heat exchanger and/or outdoor

heat exchanger has a refrigerant conduit provided through a
-
eet Has Been Reilaced
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plurality of fins and comprises:



refrlgerant tank 39 contains R32, and the refrigerant tank 40 contalns

R125. Reference nuneral 19 denotes a controller for controlli %’m
and - closing of the control valves 35, 36, 37. The controller- ﬁ[mm
density of the mixed refrigerant in the rgfrigerant circuit by fhedns tof st

i

refrigerant density detector 8 and controls the opening and cl osing of the
control valves 35, 36q g¥yfdldt9f of heetief EhGRr@dﬁprﬁ'Q?ﬁQ% val ve 34 according

to a result of the detection, fhereby charging the refrigerant circuit with

a required Ki ”gpmraﬁqft?' &f?rr%"ftmgéré’nff %%H@i’tél%*?tah%dffrprﬁatrﬁﬁé?f ra!nﬂer ant

tanks 38, 39,

As a result, even when a mxted refrigerant of

R32, and R32 for exangl eomﬁadt%ﬁl céﬁtﬁnrtefuh'i&?r@“plﬂééé'Be\tw@Ghe&é'FH 8 can
det erm ne whi ch refrigerent has | eaked by what quantity. That Is, the kind

and quantity ofsgtd @hgi 9§r@dﬁnebee@et@c+@ﬁh§eﬁédw coRaued &aaab@ both
automatical ly determ ned, and thus identifred refrigerant can

automatical Iy a@bﬁ@aﬂ)’eﬁdé egheregd andwhith ha®a &ihgl&Vpdysagef fdnger ant tank
38, 39, 40. Also, since the kind and quantity of a refrigerant to be

putting said both sets in communication with each other.

8. A cooling apparatus in which a refrigerant

circuit is composed by connecting a compressor, an outdoor heat

exchanger, a pressure reducing device, an indoor heat
exchanger and the like through pipiné according to Claim 6,
wherein said refrigerant'circuit is charged with a
refrigerant prepared by mixing a plurality of ingredient
hydrof]ﬁorocarbon refrigerants not containing chlorine, said
cooling apparatus comprising:

a refrigerant density detector comprising a sonic
velocity measuring device for measuring a sonic velocity of
the mixed refrigerant, a thermometer for measuring a
temperature of the mixed refrigerant, and a pressure gauge
for measuring a pressure of the mixed refrigerant;

a refrigerant charge portion prov1ded in the piping of
said refr1gerant circuit;

a plurality of refrigerant tanks of different kinds
connected to said refrigerant charge portion through control
valves; and |

a controller for controlling the opening and closing

of the control valves, '_“‘““‘*—~—~——-_;~_
: This Sheet 4
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additionally charged can be accurately determned, it is possible to adjust
the conposition of the mxed refrigerant to the one at the ini tuﬁﬂ,ﬁm,"ﬂ""””m
Thus, a good cooling 19 capability can be maintained. As a r clorp A

work efficiency of additional charge, maipgenance and the |ike can be o

| nproved, and a required cooling performance can be secured. According to

t he present enbodi nen fHH i | i lj quid

zone between the out dgg??ﬁgﬁtmeeggﬁgﬂggeéﬂ%@%a%n%ﬁépgggg{:ﬁg ﬂlétthggslld in the

ref i gerant ol gkdityAaROshd el iV GRRRELI 9T POY-{ddFaElct G S A

refrigerant density nmay be detected In aseous zone between

conpressor 1 an n r d the
foglro- way val ve g“%%ﬁ?%? %Pg”g%ﬁﬁsagg‘?teﬁﬁgere@%g%%‘F?ﬂi t of an

ai r-conditioner 4 igeraft COFARY WitR 2 reQuPted Wirddof refrigerant by a

required quantity from said refrigerant tanks aécording to a

result of the detection.

9. A cooling apparatus in which a refrigerant
circuit is composed by connecting a compressor, an outdoor heat
exchanger, a pressure reducing device, an indoor heat
exchanger and the like through piping accoridng to Claim 7,
wherein said refrigerant circuit is charged with a
refrigerant prepared by mixing a plurality of ingredient
hydrofluorocarbon refrigerants not containing chlorine, said
cooling apparatus comprising:

a refrigerant density detector comprising a sonic
velocity measuring device for measuring a sonic velocity of
the mixed refrigerant, a thermometer for measuring a
temperature of the mixed refrigerant, and a pressure gauge
for measuring a pressure of the mixed refrigerant;

a refrigerant charge portion provided in the piping of
said refrigerght circuit;

a plurality of refrigerant tanks of different kinds
connected to said refrigerant charge portioﬁ through control
valves; and |

a controller for controlling the opening and closing

of the control valves, )
This Sheet Has Been Replaced
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refrigerant of R134a and R32. In Fig. 8, features denoted by = ;u
reference nunerals or synbols used in comon with Figs. 1-7 hJJH@H jwﬁl
or-simlar functions as those in the figures. In this case, ther l"”‘ﬂf
density detector 8 is provided between thpg conpressor 1 and the accunul it or
7, i.e. a position on the | ow pressure side of the refrigerant circuit

where a gas refriger ajferiegnr thé reFrigeramt Qenki by dutecdbl odetiitdsi & a

heating operation. The refrigerant density detector 8 in this case

conprises the sepgftyedOtheymikad Heifp R?Léﬁ&aﬁthn%é'm reERSgerdAIL @ipOM €
velocity of the m xed refrigerant of 34a and R32-in the gaseous zone by

ul trasoni c meanhd kerdiieERARLAILrbT1EPTi URRNACE chargeradia e of the

m xed refrigerant, and the 20 pressure gauge 11 for neasuring a pressure
of the m xed regefrggérdiit circuit with a required kind of refrigerant by a

\"g

required quantity from said refrigerant tanks according to a

result of the detection.

10. A cooling apparatus in which'a refrigerant
circuit is charged with a refrigerant prepared by mixing a
plurality of ingredient hydrofluorocarbon refrigerants not
containing chlorine, comprising:

* means for detecting a density of the mixed
refrigerant by measuring a sonic velocity, a temperature, and
a pressure of the mixed refrigerant; and
means for additionally charging the mixed refrigerant

according to a result of the detection.

11. A cooling apparatus in which a refrigerant
circuit is charged with a refrigerant prepared by mixing a
plurality of ingredient hydrofluorocarbon refrigerants not
containing chlorine, comprising:

a refr%%erant density detector comprising a sonic
velocity measuring device for measuring a sonic velocity of
the mixed refrigerant, a thermometer for measuring a
temperature df the mixed refrigerant, and a pressure gauge
for measuring a pressure of the mixed refrigerant;

a refrigerant charge portion provided in the piping of

This Sheet Has Been Repl
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The refrlgerant density detector 8 contains a m croconputer ﬂz

programed data on the rel ationship between sonic velocity and m%ﬂ#’"ﬂﬁﬂn
as shown in a diagramof Fig. 9. The microconmputer 12 carries out

arithnetic operations on inputted neasureB®nts of sonic velocity,
tenperature, and pressure of the mxed refrigerant and di splays a density

thereof on the digplR¥rvHéta i tails, the conposition of the
refrigerant is €ﬁ§f|a|fygiiﬁﬂfg ggu % for Rl134a and 33 wt % for R32, for

exanpl e.. The conposi thoa]@mri& So#rPé'Fﬁ%%rhﬁ‘tt’éﬁkssB?tﬁe rg}eh? Rinds

refrigerant |eak over a long périod of eration. Int ri gerant

densi ty det ect ogodhdltoineo MR FhTFIAYNERBharde HARETol HHRSLEN ¢ trol o

tenperature, and a pressure of the M Xeq Tefti gerant are meaSure
soni ¢ vel ocity VERRY: Qaddevice 9, the thernnneter 10, and the pressure
gauges 11. Also, a current density of the mixed refrigerant in the

refrigerant circuit ig esﬁ%mrbhardot;hrfsnanQ%reabb@ﬁlﬁﬁhal €Tosilg al ong
the program as schematically represented , contained in th

m croconput er. 1gf cfhet Rent LY ivadnast density detector 8.
wherein the refrigerant density detector_detects a
density of the mixed refrigerant in said refrigerant circuit
and wherein said controller is adapted to charge said
refrigerant circuit with a required kind of refrigerant by a
required quantity from said refrigerant tanks according to a
result of the detection. —_—
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For exanple, as indicated by a dashed line in Fig. 9, when a pressure of
600 KPa, a tenperature of 20[err]C, and a sonic velocity of 174 nm's are
detected, the proportion of R32 is detected as 30% Accordingly, the
remai ni ng proportion of Rl34a is calculated to be 70% This tells a change
of 3%in 21 conposition from-an initig! charge. Reference nuneral 34
denotes a refrigerant charge valve provided in the piping of the
refrigerant circuit. Reference nunerals 38 and 39 denote a plurality of
refrigerant tanks of different kinds which are connected to the refrigerant
charge val ve 34 through control valv 35.and 36. The refrigerant tank 38
contains Rl34a, and the refrigerant t 9 Jcontains R32, as in the

previ ous exanple. Reference nuneral 19 denotes a controller for controlling
t he opening and closing of the control valves 35, 385 The controller 19

detects a density of the m xed mommmmmee s i 38

19 — i 36
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reffigerant in the refrigerant circuit by neans of the refrigerant density

detector 8 and controls the opening and closing of the cotrol

val ves 35 and

36 and of the refrigerant charge valve 34 according to a result of the

det ecti on,

thereby charging the refrigerant circuit with a required kind of

refrigerant by a requied quantity fromtie refrigerant tanks 38, 39. As a

result,
used,

has | eaked by what quantity. That

is,

even when a mxted refrigerant of Rl34a and R32 for exanple is"
the refrigerant density detector 8 can determ ne which refrigerent
the kind and quantity of a

refrigerant to be additionally charged can be automatically determ ned, and
thus identified refrigerant can be automatically added by a required

guantity froma rel evant

refrigerant tank 38, 39. Also,

since the kind and

quantity of a refrigerant to be additionally charged can be accurately

determined, it is 22 F:l(; 22
24 6(3)
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possi ble, as in the previous exanple, to adjust the conposition of the
m-xed refrigerant to the one at the initial charge. Thus, a good cooling
capability can be maintained. As a result, a work efficiency of additional
~charge, maintenance and the |like can be inproved, and a required cooling
“performance can be secured. According to3he present enbodi ment, a
refrigerant density is detected in the gaseous zone between the conpressor
1 and the accurmulator 7. A position of the detectionis not-limted to
this. Arefrigerant density nay be detected on the discharge side of the
conpressor 1. For detection in a liquid zone, it is preferable that a
refrigerant density be detected before the capillary tube 4. The
refrigerant density detector 8 in Figs. 1 and 8 may be fabricated
separately fromthe air conditioner and nmay be attached to the piping of
the air conditioner by an installation contractor. Al so, the refrigerant
density detector 8 may be connected through connectors to the pressure and

tenperature sensors which are al read)FTt(;acaed




to the.air conditioner. On the part of the air conditioner, only the
refrigerant charge valve 34 may be provided in the piping of the
refrigerant circuit. Charging apparatus to be connected to the refrigerant
charge val ve 34, such as the control valves 35, 36, 37, the refrigerant
tanks 38, 39, 40 and the like, are set on,site for charging service by a
service 23 contractor. Furthernore, actording to the above-nentioned
enbodi ment, each set S1, S2, S3 of the indoor heat exchanger 6 conprises
two parallel conduits 26, 27. However, each set Sl1, S2, S3 may conprise
nore parallel conduits. Also, the nunber of sets is not limted to three,
but nmay be two or nore than three for the indoor heat exchanger 6. The
above description of the enbodi ment covers only the state of refrigerant

wi t hin the indoor heat exchanger 6 |rFI,G 6

R32 ‘

{ P=2000kPa
T=30TC

393m/s

R125 - R134a

>

HFC134a(%)

/

FIG.7

R134a
(30°C) 32/125/134a=30%/10%/60%

Vs R32

R125

e e

Vs (0C)



refrigerant circuit. However, a simlar state is also established wthin

t he outdoor heat exchanger 3 in the above-nentioned heating operation. As
has been described in detail, according to the present invention, a
constituent refrigerant conduit of a heat exchanger is divided into a
‘plurality of sets, each consisting of a plurality of parallel conduits.
-Parallel conduits of a set are put in cdmunication with each other at
ends thereof and in comunication, through a single passage, with ends of
‘paral l el conduits of another set. Thus, even when a refrigerant flow or a
| i qui d-gas rati o beconmes unbal anced anong parallel conduits of a certain
set, it will be settled as follows. Since refrigerant streans |eaving the
set join once before entering the next set, an unbal ance of a refrigerant
flowor the like is settled at the juntion of the streans. Accordingly, an
unbal ance of a refrigerant flow or tff:l(}eégs |l ess likely to occur in the
heat exchanger as a .
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24 whole. This allows the ‘heat exchanger to fully exhibit its performance

wi t'h. a resul t ant

i nprovenent of heat exchanging efficiency. The inner

di aneter of a passage for putting sets in comunication with each other is
rendered smaller than that of parallel conduits. Accordingly,
difference can be reduced between the inlgt and outlet of the heat

exchanger.

This nakes it possible to suppress or

a tenperature

prevent the occurrence of

frosting at the inlet when the heat exchanger is used as an evaporator.

REPLACEMENT SHEET 1. A heat exchanger

plurality of

fins,

wher ei n

refrigerant conduits provided through the fins,
conduit connecting the ends of the refrigerant conduits protruded fromthe

- DENSITY OF R32 (%)

FIG.9

" PRESSURE 600kPa

60
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having a plurality of fins, a

and connecti on

REFRIGERANT TEMPERATURE (C)



sai d heat exchanger consists of plurality of sections, in each
sections,said refrigerant conduit are set in parallel, said parallel
ref'rigerant conduits are put in comunication with each other in their each
ends, and the entrance end and exit end are nmade in said each ends, in said
plurality of sections, said exit end of agsection is put in comrunication
with said entrance end of another section by a single passage of said
connection conduit, and refrigerant flow into said heat exchanger flows in
parallel in a section, then it joins in said single passage of said
connection conduit, and then it flows.in parallel in another section. 2. A
heat exchanger having a refrigerant conduit provided through a plurality of
fins according to Claim1, said heat exchanger being an evaporator. 3. A
heat exchanger having a plurality of fins, a plurality of refrigerant _
conduits provided through the fins, and connection conduit connecting the
ends of the refrigerant conduits protruded

FIG.10
100

103 102 103

103 s 102 103



fromthe fins, wherein said heat exchanger consists of plurality of
sections, in each sections,said refrigerant conduit are set in parallel,
said parallel refrigerant conduits are put in comunication. with each
other in their each ends, and the entrange end and exit end are nmade in
said each ends, in said plurality of secfions, said exit end of a section
IS REPLACEMENT SHEET put in conmunication with said entrance end of

anot her section by a single passage of said connection conduit, the inner
di anmeter of said single passage of the connection conduit is formed smaller
than the inner diameter of other refrigerant conduits, and refrigerant.flow
into said heat exchanger flows in parallel in a section, thenit joins in
sai d single passage of said

- FIG.12
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ENTROPY H



connection conduit, and then it flows in parallel in another section. 4. A
heat exchanger having a refrigerant conduit provided through a plurality of
fins, conprising: a plurality of sets, each conprising a plurality of
~refrigerant conduits arranged in parallel; and a connection conduit which
~is placed between said sets and is connegted to refrigerant conduits of
said both sets at ends thereof and which has a single passage for putting
said both sets in comunication with each other. 5. A heat exchanger havi ng
a refrigerant conduit provided through a plurality of fins, conprising: a
plurality of sets, each conmprising a plurality of refrigerant conduits
arranged in parallel; and a connection conduit which is placed between said
sets and is connected to refrigerant conduits of said both sets at ends

t hereof and which has a single passage for putting said both sets in
comuni cation with each other, wherein the inner dianeter of said passage
for putting sets in communication with each other is fornmed smaller than

t he inner
FIG.13

PRESSURE P

ENTROPY H



di aheter of other refrigerant conduits. 6. A cooling apparatu&.nﬂsﬁﬁggﬁgﬁgsBEEN
refrigerant circuit is fornmed by connecting a conpressor ut do

exchanger, a pressure reducing device, an |ndoor heat exchanger and the

| i ke through . HEADIEXQHANGERREND! SCGHNENTARRARE ] A WiIHHJITHEZGAE heat .
exchanger and/or out door heat exchanger has a pIuraIrty of fins, a
plurality of refr'% ant conduits provided through the fins, and connecti on
condui t connecﬂﬁﬂg_gie ends of the refrigerant conduits protruded fromthe
fins, said indoor hea qybchange @Id/ .or opt doar heat changer eh! F%ats of
plurality of sections Jesthotcthe JRyeation g |tPg§ﬁ e apnhalageed et in

~parallel, said aIIeI rrgerant nduits are I n,conmuni cation with
each other in t "r‘gﬁéé'h efrdd’g’ 18 hedd exehapges éﬁ reby tyjimprove a

heat exchanging efficiency. In a heat exchanger having a

refrigerant conduit provided through a plurality of fins, the
refrigerant conduit is divided into a p]ura1ity of sets, each
consisting of a plurality of parallel conduits, and parallel
conduits of a set are put in communication with each other at
ends thereof and in communication, through a single passage,

with ends of parallel conduits of another set.

_\
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end are made in said each ends, in said plurality of sections, said exit
end of a section is put in comunication with said entrance end of anot her
section by a $EADEXCHANGER)ANDCOSHING ABPAREUS MOUNEHY WL THEOSAMEY ri ger ant
flow into said heat exchanger flows in parallel in a section, then it joins
in said single Eassage of said connection conduit, and then it flows in
parallel in ection. 7. A cooling apparatus in which a refrigerant
circuit is fornmed by connecting a conpressor, an outdoor heat excHariger, a
pressure reduci ng devi ce

pi pi ng, wherein saidAWnGBéFCFéagqﬁﬁcﬂéﬁggﬁégg ?oﬁgo gé%? ggﬁﬁéém%anger
Chrough the fi el %ér%&é@%?ﬁﬁ'aébﬁaﬁ.%%g% ?*R%{%ﬁ%”@” Hehe
and L,?eéﬁt”éoéf”gégie o Bégfé’f{r Jencis o 3 BFati ¢ #Wgsgctaﬁéﬁ%ff”g”
refrigerant condu1t_ rovided through a plurality of f1?:4 thesz:>
refrigerant condu1tq1s d1v1ded into a p]ural;Eylg— setls, éacﬁ
" consisting of a p]ura11ty of parallel conduits, and parallel
conduits of a set are put in communication with each other at

énds thereof and in communication, through a single passage,

with ends of parallel conduits of another set.

Fig. 3
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.i'n each sections,said refrigerant conduit are set in parallel—sarg——=="==

N . :
paral l el refrigerant conduits are put in conmunication w

ir S——
th§|r each ends, and the entrance end and exit end are 1§%aﬁﬁnti : ST
ends, in said plurality of sections, said exit end of mﬁg,ﬁ@g@ .....
in communication with said entrance e#® of another secti 75

passage of said connection conduit, the inner di ' [

. uit, I amet er of :
p?ssaﬁe m{prm_e:sccﬂmem&ﬂn)ris_condw t is formed smaller tha B i e
o] (r)]t er refrigerant conduits, and refrigerant flow i ntjlumulmull!l mﬁmﬂ !
exchanger flows in parallel in a section, then it joins in said S|ngfe :

passage of said connection conduit, and _theqg.it f; | |
anot her sectf om heat exchanger having a p]uraQiky $+(¥¥%g,nap31€+éfﬁty of

refrigerant conduits provided through the fins, and connection
conduit connecting the ends of the refrigerant conduits protruded
from the fins, wherein '

said heat exchanger consists of plurality of sections,

" in each sections,said refrigerant conduit are set in
parallel,

- said parallel refrigerant conduits are put in communication .
with each ot?er in their each ends, and the entrance end and exit
end are made in said each ends,

in said plurality of sections, said exit end of a section is
put in communication with said entrance end of another section by
a single passage of said connection conduit,
and '

refrigerant flow into said heat exchanger flows in parallel
in a section, then it joins in said single passage of said
connection conduit, and then it flows .in parallel in another
section. '

2. A heat exchanger having a reffigerant conduit
provided through a plurality of fins accordjng to Claim 1,
said heat exchanger being an evaporator.

3. A heat exchanger having a plurality of fins, a plurality of
refrigerant conduits provided through the fins, and connection
conduit connecting the ends of the refrigerant conduits protruded
from the fins, wherein : - | '

said heat exchanger consists of plurality of sections,

in each sections,said refrigerant conduit are set in
paraliel, | )

said parallel refrigerant conduits are put in communication.
with each other in their each ends, and the entrance end and exit
end are made in said each ends, . | o

in said plurality of sections, said exit end of a section is



:29fvherein the refrigerant-density dete of ac a agﬁéit REELﬁﬁfMENT oHEE!
rg rigerant in said refrigerant circuitn I “ SLLY e _mxed
adapted to charge said refrigerant circut L L'j !Hi ?%Pﬁrgbg ENTSHEET

refrigerant by a required quantity fromsaid refrigerant

a result of the detection. 10. A cooljing apparatus in whi ﬁ?h§n§6ﬂﬁﬂﬂfﬂaﬁﬁu

circuit is charged with a: i 2§, - e refiige :
i ngr edi ent o a:refrigerant®prepared by mixing a plurality of

conpri si ngp?ﬁﬂrg@nﬁ@mgﬁ&mﬁfﬂ QG HaBhBrawte @t 6 namaths serhzon by

. ctin : :
measur i ngaas$ngle pasisaget 9F %ﬁﬁ%iﬁﬁ$§§t%é?qé atmxed refrigerant by

refrigerant; anghdsaiper’ dfanélitert iocfnalalig stoglg r@&gﬁgzﬁigﬂg é’?orﬁﬁsggﬁg

according t - .
et 00 0 b R e Sttt i
refrigerant conduits, .lgerant prepared by mixing a

and -

_ refrigerant .flow into said heat exchanger flows in parallel
in a section, then it joins in said single passage of said
connection conduit, and then it flows in parallel in another
section.

4. A heat exchanger having a refrigerant conduit
provided fhrough a plurality of fins, comprising:

a plufé]ity of sets, each comprising a plurality of
refrigerant conduits arranged in-parallel; and

a cdnnection conduit which is placed between said
sets and is connected to refrigerant conduits of said both
sets at ends thereof and which has a single passage for

putting said both sets in communication with each other.
5. A heat exchanger having a refrigerant conduit provided

through a plurality of fins; comprising:

a plurality of sets, each comprising a plurality of
refrigerant conduits arranged in parallel; and

a connection conduit which is placed between said sets
and is connected to refrigerant conduits of said both sets at ends
thereof and which has a single passage for putting said both sets
in communication with each other, wherein _ |

the inner diameter of said passage for putting sets in
communication with each other is formed smaller than the inner
diameter of other refrigerant conduits. '

6. A cooling apparatus in which a refrigerant circuit is formed
by connecting a compressor, an outdoor heat exchanger, a pressureé
" reducing device, an indoor heat exchanger and the like through

. ~piping,



plurality of REPLACEMENT ShEET

i ngr edi ent hydr of | uor ecarbomrTefTigerants not_containi-ng———-g-=

schlorine, conprising: a refriger ' ' 6

i ne, : ant ' ' ‘

\r/g:c oci'ty measuring device forgmeasur m nHmﬂ m??y r]h%;. Qagﬂgl EET

rigerant, a thernonmeter for neasu o .t

. e e .
refrigerant, and a pressure gauge for : e oesur o

refrigerant; a refrigerant char C % ' ' ' |
; arge portion provided in the pipi '
Sheet Has Been Repl aced 'said refrigerant circuit; a p|uP$F=?3 8; s

refrigerant tanks of different kinds connected to said refrigerant charge

88;L:ﬂ3 ;Eéog?ggéﬁﬁfh?é?ﬁgﬁﬁﬁ%braﬁgaﬁ &adtidryelreand por cmurtidooir| heatt t he

asuring a pressur

cqontrol _val ves, b E . .
det ect or _eptharigerahasnsi PLu ieo Ry IGEALAEY B SRepTBEEA LI
ul conduits provided through the fins, and connection condul

connecting the ends of the refrigerant conduits protruded from the
fins, : _

said indoor heat exchanger and/or outdoor heat exchanger
consists of plurality of sections, '

in each sections,said refrigerant conduit are set in
parallel, .

said parallel refrigerant conduits are put in communication
‘with each other in their each ends, and the entrance end and exit
end are made in said each ends,

in said plurality of sections, said exit end of a section is
‘put in communication with said entrance end of another section by
a single passage of said connection. conduit,
and ' - .
refrigerant flow into said heat exchanger flows in parallel
in a section, then it joins in said single passage of said
connection conduit, and then it flows in parallel in another
section. | -

7. A cooling apparatus in which a refrigerant circuit is formed
by connecting a compressor, an outdoor heat exchanger, a pressure .
reducing device, an indoor heat exchanger and the 1like through
_ piping, -
wherein said indoor heat exchanger and/or outdoor heat
exchanger has a plurality of fins, a plurality of refrigerant
conduits provided through the fins, and connection conduit
connecting the ends of the refrigerant conduits protruded from the
"fins, | :
said indoor heat exchanger and/or outdoor heat exchanger
consists of plurality of sections, -
in each sections,said refrigerant conduit are set in
parallel, |
said parallel refrigerant conduits are put in communication
with each other in their each ends, and the entrance end and exit
end are made in said each ends,



Jand‘mherein said controller is adapt |t o REPLACEMEN‘ o
with a required kind of
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in said plurality of sections, said exit end of a section 1is
put in communication with said entrance end of another section by '
a single passage of said connection conduit,

the inner diameter of said single passage of the connection
conduit is formed smaller than the inner diameter of other

refrigerant conduits,

and :

refrigerant flow into said heat exchanger flows in parallel
in a section, then it joins.in said single passage of said
connection conduit, and then it_flpWs in parallel in another

. section.



