-1- REFRI GERATI NG APPARATUS TECHNI CAL

FI ELD The present invention relates to a refrigerating 5
apparatus provided with an injection circuit. BACKGROUND ART
Conventionally, as a refrigerating apparatus of this type, there
has been one showmn in Fig. 8. Thiis - 10 refrigerating apparatus
has a main circuit 57 in which a conpressor 51, a condenser 52, a
super cool i ng heat exchanger 53, a main expansion valve 54, an
evaporator 55 and an accunul ator 56 are connected in series.

A branch pipe 60 that branchesrfrpragirer e apphRaTUSI rcuit 57 between the
condenser 52 and the supercooling heat exchanger 53 is connected to

an inner pipe 53A of the supercool i ng heat exchanger 53.
This inner pipe 53A extends fromthe downstream side to the upstream

side inside i@ e, BRg Pl and is

The present invention relates to a refrigerating

5 apparatus provided with an injection circuit.

BACKGROUND ART
Conventionally, as a refrigerating apparatus of
this type, there has been one shown in Fig. 8. This
10 refrigerating apparatus has a main circuit 57 in which a
compressor 51, a condenser 52, a supercooling heat exchanger
53, a main expansion wvalve 54, an evaporator 55 and an
accumulator 56 are connected in series.
A branch pipe 60 that branches from the main
15 circuit 57 between the condenser 52 and the supercooling
heat exchanger 53 is connected to an inner pipe 53A of the
supercooling heat exchanger 53.
This inner pipe 53A extends from the downstream
side to the upstream side inside an outer pipe 61 and is
20 connected to an injection pipe 62. The branch pipe 60 has a
mechanical expansion valve 63, and the degree of opening of
this mechanical expansion valve 63 is changed by a signal
from a thermosensitive tube 65 attached to the injection

pipe 62.



20 connected to an injection pipe 62. The branch pipe 60 has a
mechani cal expansi on val ve 63, and the degree of opening of this
mechani cal expansi on valve 63 is changed by a signal froma

t her nosensitive tube 65 attached to the injection pi pe 62.

- 2- The injection pipe _62 is connected to an

I nt ermedi at e- pressure portion 51A of the conpressor 51. The I nj ection
pi pe 62 has a solenoid controlled val ve 66. By openi ng and cl osi ng
this solenoid controlled valve 66, the 5 injection of a gas refrigerant

to the conpressor 51 ithe injdc¢ined %ﬁpﬂﬂiséf is connected tolhigh
refrigerating efficiency

refrigerating apparatus 1is inproved

by super cool Ilmem@d&swlgﬁéémre portltda@tsw o reet ednbregsbhesgondgnser
52 toward the main expansi on valve 54 by a supercooling circuit

construct ed %ject ont g(ipéuwc%'ag s%‘i%ho??ﬁc%%%_lliéd Rﬂagver anch m
and t he ani expansion valve . he re rlgeratln
opening and closing this solenoid controlled valve 66, the
5 injection of a gas refrigerant to the compressor 51 is
turned on and off.
This refrigerating apparatus 1s improved in

refrigerating efficiency by supercooling the refrigerant

that i1s directed from the condenser 52 toward the main

10 expansion valve 54 by a supercooling circult constructed of

the supercooling heat exchanger 53, the branch pipe 60 and

the mechanical expansion valve 63. The refrigerating

efficiency is further improved by injecting the branching

refrigerant, which has absorbed heat in the supercooling

15 heat exchanger 53 and comes from the branch pipe 60,

from

the injection pipe 62 into the intermediate-pressure portion

51A of the compressor 51.

It is sometimes better for the improvement in

efficiency to send the whole refrigerant to the evaporator

20 55 without making the main-stream refrigerant branch into

the branch pipe 60. In this case, the solenoid controlled

valve 66 is closed so as to operate neither the supercooling

circuit nor the injection circuit. It is to be noted that

the mechanical expansion valve 63 cannot completely be

25 closed due to its mechanism.
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efficiency is further inproved by injecting the branching
refrigerant, which has absorbed heat in the supercooling 15 heat

exchanger 53 and cones fromthe branch pipe 60, from the injection

pi pe 62 into the internedi ate-pressure portion 51A of the conpressor
51. It is sonetimes bettery for the inprovenment in
efficiency to send the whole refrigerant to the evaporator 20 55 wi t hout
maki ng the nmain-streamrefrigerant branch into t he branch pi pe 60.

In this case, the solenoid controlled valve 66 is closed so as to
operate neither the SLﬂﬁﬂwgygf ng ac dLui tenor the 'rUé¥HféM%n%h6ﬁHHt

It is to be noted that he nec anlc expansi on val ve 63 cannot

conpl etely be oﬁy%ntfgqagedr§%¥ﬁéé¥dﬂi éﬂﬂs, ﬂ01ses occur due 50

- 3- , acco af orenent1 one

I f , d '
and. ol osi ng. o3 PGt o GO gaf“ He 02%% ook Rotled 7Rf%e LR ng’

on and of %ﬁe@g&a nrcgt@]grgiﬁq I of%hlcﬁe'%%%ctcgomsigém,cu'aﬁa

5 this leads to the particular problem that noises are caused
by the chattering at the time of change in pressure.
Furthermore, the ©provision of the solenoid
controlled wvalve 66 only for turning on and off the
injection circuit disadvantageously causes cost increase.

10 Next, Fig. 10 shows the refrigerant circuit of
another conventional refrigerating apparatus. This
refrigerant circuit 1s provided with a main refrigerant
circuit 210 in which a compressor 201, a four-way control
valve 202, an outdoor heat exchanger 203, a first expansion

15 valve 205, a gas—-liquid separator 206, a second expansion
valve 207 and an indoor heat exchanger 208 are connected in
series. This refrigerant circuit is further provided with a
bypass circuit 211 for connecting the ceiling of the gas-
liquid separator 206 to an intermediate-pressure portion

20 201a of the compressor 201. This bypass circult 211 has a
solenoid controlled valve 212. In this prior art example,
the four-way control valve 202 makes a communication path
indicated by the dashed lines during heating to execute a
heating operation using the indoor heat exchanger 208 as a

25 condenser. If the solenoid controlled wvalve 212 is opened



by the chattering at the tinme of change in pressure.

Furt her nor e, the provision of the solenoid control |l ed val ve 66
only for turning on and off the i njection circuit disadvantageously
causes cost increase. 10 Next, Fig. 10 shows the refrigerant
circuit of anot her conventi onal ?frigerating appar at us.

Thi s refrigerant circuit is provided with a main refrigerant

circuit 210 in which a conpressor 201, a four-way control val ve 202,
an outdoor heat exchanger 203, a first expansion val ve 205, a
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flowing through the indoor heat exchanger 208 that 1is
operating as a condenser is increased by bypassing the first
expansion valve 205 and the outdoor heat exchanger 203 and
returning the gas refrigerant from the bypass circuit 211 to
10 the compressor 201, for the improvement in efficiency.
Fig. 9 shows the above heating operation expressed
by Mollier chart. As expressed by this Mollier chart, a
flow rate Gc in the indoor heat exchanger 208 that serves as
a condenser 1is the sum (Ge + Gi) of a flow rate Ge in the
15 outdoor heat exchanger 203 that serves as an evaporator and
a flow rate Gi through the bypass circuit 211. If the whole
gas 1is injected from the gas-liquid separator 206 into the
compressor 201, then the flow rate Gi of gas injection
becomes (Gc x X). In this case, X represents the dryness
20 (0.2 to 0.3, for example) of the refrigerant at the exit of
the expansion valve 207. Therefore, the flow rate Gc in the
indoor heat exchanger 208 becomes Gc = Ge/{l - X).
If frost is formed on the outdoor heat exchanger

203 in this heating operation, then a reverse-cycle

25 defrosting operation is executed. That is, the four-way



-4- during this heating, then a gas refrigerant fromthe gas-

| iquid separator 206 is nade to pass through the bypass circuit 211
and injected into the internedi at e-pressure portion 20la of the
conpressor 201. As described above, it 5 is sonetinmes the case where
the amount of refrigerant flowing through the indoor heat
exchanger 208 that is operating as a condenser is increased by
bypassing the first expansi on val ve 205 and the outdoor heat
exchanger 203 and returning the gas refrigerant fromthe bypass

circuit 211 ton Q) JHGCORBr $859Li Lhled fRed NG | eovc%réggbwgafl%gwhgncy-

Fig. 9 shows e above heating operation expresse ier chart.
As expressed by.this. Li.er..C t : fl t i i.n

heat exchangéFM%ng?Hg%kggrégsggé solfd %ﬁ%ﬁﬁﬁkﬁﬁﬁgﬁxé? Eﬁg g&%@?&% ﬁQgé) of
aflowrate G in_the . outdoar._heat exch er 203 that,serves_as, an
evapor at or aﬁ&changer g%gl&ﬁ PR a&FBtﬁPoﬁgﬁosﬁgnB§5agg g?#&u? eszgst t he
whol e as i inected from the gas-liquid . separator into the
conpressor 2 ,ent'hz?\yt ARy {I?ﬁ es‘é{]erb‘%%a%orfq}ﬁoggﬁ nv"“a‘.“”e ﬁo%e‘?:ﬂ s (e
X X) . n this case, X represents_the dryness 20 .2 1t0 0.3 fo
exanpl e)° of t sre:f??%’é?ea—rfg)y‘g]teta%f%%fi”g operation, 19 3¢ %edaed %o

return the gas refrigerant from the bypass circuit 211 to

the compressor 201, increase the amount of refrigerant that

is circulating from the compressor 201 to the outdoor heat

exchanger 203 and rapidly melt the frost on the outdoor heat
10 exchanger 203.

However, during this reverse-cycle defrosting
operation, as shown in Fig. 11, the dryness at the exit of
the expansion valve 205 is small (for example, X = 0.1 or
smaller), when the gas component of the refrigerant is

-15 little. For this reason, the circulating refrigerant has
increased less in amount even 1f the gas injection is
executed during the defrosting operation, and this has

resulted in little effect on reducing the defrosting time.

20 DISCLOSURE OF THE INVENTION
Accordingly, the first object of the present
invention is to provide a low-noise low-cost refrigerating
apparatus capable of controlling the supercocling circuit

and the injection circuit. The second object of the present



t he expansi on val ve 207. Therefore, the flowrate Gt in the I ndoor
heat exchanger 208 becones Gt = G/ (1 - X). If frost is
formed on the outdoor heat exchanger 203 in this heating
operation, then a reverse-cycle 25 defrosting operation is executed.
That is, the four-way -6 - - 5-

control valve 202 is switched over to nake the comuni cation pat h

i ndicated by the solid lines, by which the outdoor heat exchanger 203
is operated as a condenser to nelt the frost. Then, by opening the
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refrigerant th 'S CiTc romthe conpressor 201 to the

out door heat exchanger . 203 and.r.apidly nelt_the frost t he out door
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or 5 compressor, a condenser, a main expansion mechanism, an
evaporator and a supercooling circuit having a supercooling
heat exchanger provided between the condenser and the main
expansion mechanism and includes an injection circuit for
injecting a gas refrigerant from the supercooling heat
10 exchanger into an intermediate-pressure portion of the
compressor, the apparatus comprising:

a motorized expansion valve provided in a
supercooling pipe that diverges from a main flow on the
upstream side of the supercooling heat exchanger and reaches

15 the supercooling heat exchanger.

In this refrigerating apparatus, the injecting
operation of the injection circuit can be turned off by
completely closing the motorized expansion valve. The
degree of supercooling of the supercocling circuit and the

20 amount of injection of the injection circuit can be set to
the desired wvalues by controlling the degree of opening of
the motorized expansion wvalve to the desired  degree of
opening.

That 1is, according to  this  refrigerating

25 apparatus, the motorized expansion valve plays the role of



smal l er), when the gas conponent of the refrigerant is 15 little. For

this reason, the circulating refrigerant has I ncreased less in
anount even if the gas injection is execut ed during the defrosting
operation, and this has resulted in little effect on reducing the
defrosting tinme. 20 DI SCLOSURE OF THE 1 NVENTI ON

Accordingly, the first object of the present I nvention is to provide
a |l ownoise | owcost refrigerating apparatus capable of controlling
t he supercooling circuit and the injection circuit. The second

obj ect of the,presant. 5+ solenoid contFBYEEL | PR ¥ éﬁ%ﬁ?ﬁ@if%ié‘of the

refrigerating apparatus capable reduci ng the rosting tine.
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elimination of noises occurring in opening and closing the
5 solenoid controlled valve or, in particular, the chattering
noises. Furthermore, cost reduction can be achieved since
the solenoid controlled valve is not needed. Therefore,
according to this invention, the supercooling circuit and
the injection <circult can be linearly controlled with

10 reduced noises at low cost.

An embodiment comprises a first opening control-
section for setting the motorized expansion valve to a small
degree of opening close to a completely closed state when
the injection «circuit 1is substantially stopping its

15 operation,

In the refrigerating apparatus of this embodiment,
by slightly opening the injection use motorized expansion
valve even when the injecting operation is not executed, the
possible generation of a clearance volume (dead space) can

20 be prevented to enable the prevention of the reduction in
volumetric efficiency of the compressor.

Another embodiment comprises a rectifier circuit
for flowing the refrigerant sequentially into the condenser,

the supercooling heat exchanger and the main expansion



heat exchanger provi ded between the condenser and the main expansi on
mechani sm and i ncludes an injection circuit for I njecting a gas
refrigerant fromthe supercooling heat 10 exchanger into an

i nternmedi ate-pressure portion of the conpressor, the apparatus
conpri si ng: a nmotorized_ gxpansion valve provided in
supercool ing pipe that diverges froma main flow on the upst ream

si de of the supercooling heat exchanger and reaches 15 t he supercooling
heat exchanger. In this refrigerating apparatus, the
injecting - mecn@PRLRIGSLION fhe 4 ni &8I Oty Clagulideicn Bad Uneh i

conpletely
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supercooling heat exchanger and the main expansion mechanism
by the rectifier circuit both in the cooling operation and
the heating operation. Therefore, the supercooling and the
gas refrigerant injection can be executed in both the
cooling operation and the heating operation, enabling an
improvement in efficiency.

An embodiment comprises a second opening control
section for «controlling the degree of opening of the
motorized expansion valve to increase or decrease the degree
of opening according to a refrigerant temperature of the
injection circuit.

In this refrigerating apparatus, the injection
flow rate 1is increased by increasing the degree of opening
of the injection use motorized expansion valve when the
injection flow rate is small, and the injection flow rate is
reduced by decreasing the degree of opening of the injection
use motorized expansion valve when the injection flow rate
is great, by which the injection flow rate can be invariably
maintained at the desired wvalue.

One aspect of the present invention provides a

refrigerating apparatus that includes a compressor, a four-

t he desired val ues

by controlling the degree Qﬁlgp?%EgggQLatlnﬁ apbggagﬁgorkﬁgdJ%ﬁﬂ%%%%%ﬂﬁs



the prior art solenoid controlled valve and the role of the prior art

mechani cal expansi on val ve. This can obviate the need for the
solenoid controlled valve, enabling the el i m nation of noi ses
occurring in opening and closing the 5 sol enoid controlled valve or, in
particular, the chattering noi ses._ gurthernore, cost reduction can be
achieved since the sol enoid control led val ve i s not needed.

Ther ef or e, according to this invention, the supercooling circuit and

the injection circuit can be linearly controlled with 10 reduced noi ses
at low cost. yay control val$B, eMbodi HBRicSOMda%eS ek chhhgbrPeRi NBain

control section for settlng the notori zed expansion valve to a snal
degr ee of -0PQRARSLASE nAndn ¢ QP! 1&8' Yafil 098805k Al BediNexchanget N%and
injection circurt 1s stantla stopping its operati on
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openi ng t he |nject|on use notorizeéd expansi on even

injecting op not executed, the possi bl e generati on of a
cl earance vof%@% ?%égé space) can 20 be prevented to enable the

Comrossor. 0SS i anaperaBSTERPLE Fhr i ChIBEY R ¢ 1ot

circuit refrigerant from the outdoor heat exchanger into the

compressor during the reverse-cycle defrosting by bypassing
the main expansion mechanism and the indoor heat exchanger.
In this refrigerating apparatus, the liquid
10 refrigerant 1is injected into the compressor during
defrosting by the liquid injection circuit. Accordingly,
the amount of circulation of the compressor can be still
more increased than in the <case of gas injection.
Therefore, the frost can be melted in a short time, allowing
15 the defrosting time to be reduced.
Another aspect of the present invention provides a
refrigerating apparatus that includes a compressor, a
condenser, a main expansion mechanism, an evaporator and a
supercooling circuit provided between the condenser and the
20 main expansion mechanism and includes an injection circuit
for 1injecting a gas refrigerant from the supercooling
circuit into an intermediate-pressure portion of the
compresscr, the apparatus comprising:
a motorized expansion valve provided in a

25 supercooling pipe that diverges from a main flow on the



for flowng the refrigerant sequentially into the condenser, t he
super cool i ng heat exchanger and the main expansion

mechani sm both in a cooling operation and a heati ng operati on.

In this refrigerating apparatus, the refrigerant can be made to flow
sequentially into the condenser, the 5_;supercooling heat exchanger and
the mai n expansi on nmechani sm by the rectifier circuit both in the
cool i ng operation and t he heating operation. Therefore, the
supercool i ng and the gas refrigerant injection can be executed in

both the NG 1Qer af i a L NQ.s - at .00, | 10
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i mpr ovenent I ci ency. I ment conprises a second

openi ng Cont%%%ercooli gc&iggu{pr controlling the degree of opening of the
nmot ori zed expansion valve to Increase or decrease the degree of
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operation of the injection circuit can be turned off by

5 completely c¢losing the motorized expansion valve. The

degree of supercooling of the supercooling circuit and the

amount of injection of the injection circuit can be set to

the desired values by controlling the degree of opening of

the motorized expansion wvalve to the desired degree of

10 opening. That 1is, according to this refrigerating

apparatus, the motorized expansion valve plays the role of

the prior art solenoid controlled valve and the role of the

prior art mechanical expansion valve. This can ocbviate the

need for the solenoid controlled wvalve, enabling the

15 elimination of noises occurring in opening and closing the

solenoid controlled wvalve or, in particular, the chattering

noises. Furthermore, cost reduction can be achieved since

the solenoid controlled valve 1is not needed. Therefore,

according to this invention, the supercooling circuit and

20 the injection «circuit can be linearly controlled with
reduced noises at low cost.

One embodiment comprises a control means for

turning on an injecting operation of the injection circuit

by opening the motorized expansion valve when the compressor



In this refrigerating apparatus, the injection flowrate is

I ncreased by increasing the degree of opening of the injection use
not ori zed expansi on val ve when the injection flowrate is snmall, and
the injection flowrate is 20 reduced by decreasing the degree of
opening of the injection use not ori;zed expansion val ve when the
Injection flowrate Is great, by which the injection flow rate can
be invariably mai nt ai ned at the desired val ue. One
aspect of the present invention provides a 25 refrigerating apparatus

t-hat inClUde§oﬁe§°€8rﬁ§§8ranaoE@Hétin%Ofrequency being not lower than a

-9- way control valve, an outdoor heat ‘exchanger, a nmain
expansi on negggeh§qbangpgga{ cyrggﬁ%?d%xchanger and executes a
reverse-cycle“defrosting operation,”the apparatus conprising: 5

a liquid injection cirgyityfnL i%%%??&e@&tﬁgghg%éé?ratu , {%Béigfﬁfﬁ%tiﬁé”“

t he outdoor heat exchanger 1Tnto sor during the

rever se-cycl e dgbeosh! 09 WL RUAAEH Uhen the | BRI R A0S ™

and the indo exchan
5 compressor is set to the frequency being not lower than the
specified operating frequency. Therefore, efficient

injection c¢an be achieved with the amount of circulating

refrigerant increased to a specified amount or more.

10 BRIEF DESCRIPTICON OF THE DRAWINGS
Fig. 1A is a circuit diagram of an air conditioner
refrigerant circuit according to a first embodiment of the
refrigerating apparatus of the present invention;
Fig. 1B is a modification example of the rectifier
15 circuit of the first embodiment;
Fig.. 2 is a Mollier chart for explaining the
operation of the above air conditioner:;
Fig. 3 is a flowchart for explaining the control
operation of the injection use motorized expansion valve of
20 the above air conditioner;
Fig. 4 is a circuit diagram of an air conditioner
~refrigerant circuit according to a second embodiment of the
refrigerating apparatus of the present invention;
Fig. 5 is a Mollier chart when liquid injection is

25 executed in the above second embodiment;



In this refrigerating apparatus, the liquid 10 refrigerant IS

I nj ected into the conpressor during defrosting by the liquid
injection circuit. Accordi ngly, t he amount of circulation of the
conpressor can be still nore increased than in the case of gas
I nj ection. Therefore, the frost canshe nelted in a short tineg,
allowing 15 the defrosting tine to be reduced. Anot her
aspect of the present invention provides a refrigerating apparatus
that includes a conpressor, a condenser, a main expansion

mechani sm an evaporat@igangd g a timing/R®EGEOWhEE &késut inProviaad det ween
the condenser and the 2 mai N expansi on nechani sm and i ncl udes an

injection CipGHiE defrosth@ly dgdestidi) adcoB@ng M @bl i @ied aBbovh WBcIhe
super cool i ng circuit” into an internediate-pressure portion of

t he CQRLEsROL; t he apparatus conpri sing: a
notori zed expansion Vvalve provided in a 25 super cool i ng pi pe that

?;g?rges froma main fhow o §8€; circuit diagram of an air conditioner
5 refrigerant circuit according to a third embodiment of the
refrigerating apparatus of the present invention;

Fig., 8 1is a circuit diagram of the refrigerant
circuit of a conventional refrigerating apparatus;

Fig. 9 is a Mollier chart of the gas injection

10 cycle of the above conventional refrigerating apparatus;

Fig. 10 is a circuit diagram of the refrigerant
circuit of another conventional refrigerating apparatus that
executes gas injection; and

Fig. 11 is a Mollier chart when gas injection is

15 executed during defrosting in the above conventional

refrigerating apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be described in detail
20 below on the basis of the embodiments shown in the drawings.
{First Embodiment)
Fig. 1A shows an air conditioner according to the
first embodiment c¢f the refrigerating apparatus of the
present invention. This first embodiment has a refrigerant

25 circuit in which a compressor 1, a four-way control valve 2,



upstream side of the supercooling circuit and reaches the

supercooling circuit. In this refrigerating apparatus, the
i njecting operation of the injection circuit can be turned off by 5
conpletely <closing the notorized expansion valve. The degr ee
of supercooling of the supercooling cirqyié_and t he anount of
injection of the injection circuit can be set to the desired val ues
by controlling the degree of opening of the notorized expansi on val ve
to the desired degree of 10 openi ng. That is, according to this

fri i i zed i A I h I
(o171 0erel | g cucodhPata oot gl o e erpanalon ol Pl e ol
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be achi eved %Ince t he enoid controlled_valve is not needed.

Therefore, he COMPEEFSRg ngIﬁigniﬁ%%ﬁﬂﬁIﬁﬁoq:ﬂe supercooling circuit and
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circuit
11 and 12 and a series connection circuit of third and
fourth check valves 13 and 14 are connected parallel to each
other. The first check valve 11 and the second check valve
10 12 are connected to each other so that the forward
directions thereof are directed toward their Jjunction P1,
while the third check valve 13 and the fourth check valve 14
are connected to each other so that the reverse directions
thereof are directed toward their junction P2.
15 Then, a supercooling circuilt 8, a main motorized
valve 9 and an injection circuit 10 are connected between
the junctions Pl and P2 of the rectifier circuit 5.
The supercooling circuit 8 is constructed of a
supercooling heat exchanger 15 and an injection wuse
20 motorized expansion valve 16. The supercooling heat
exchanger 15 is connected between the junction Pl and the
main motorized valve 9. The 1injection 1use motorized
expansion valve 16 is provided on a pipe diverging from the

junction Pl and is connected to an inlet 2la of an inner

25 pipe 21 located inside the supercooling heat exchanger 15.



by opening the notorized expansion val ve when the conpressor

cones to have an operating frequency being not |ower than a specified
operating frequency. In this refrigerating apparatus, the

i nj ecting operation is turned on when the operating frequency of the

5 conpressor is set to the frequency beijig not lower than the

specified operating frequency. Therefore, efficient I nj ection
can be achieved with the amount of circulating refrigerant increased

to a specifi
Fg 1Ais g
circuit acco
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The basic operation of the air conditioner having
the above construction will be described next, It is to be
noted that Fig. 2 shows the states at the points Q1 thréugh
08 of the refrigerant circuit of Fig. 1A on a Mollier chart.
First, 1f the four-way control valve 2 is positioned in the
cooling position as indicated by the solid lines in Fig. 1A,
then the refrigerant discharged from the compressor 1 is
condensed by the outdoor heat exchanger 3 and flows into the
first check valve 11 of the rectifier circuit 5 so as to
branch into a sub-stream to the injection use motorized
expansion wvalve 16 and a main stream to the supercooling
heat exchanger 15 at the junction Pl. The main stream is
supercooled by the supercooling heat exchanger 15 and, after
being expanded iﬁ the main motorized wvalve 9, the main
stream reaches the indoor heat exchanger 6 through the
junction P2 and the fourth check valve 14. Then, the main
stream evaporated in the indoor heat exchanger 6 returns to
the inlet side of the compressor 1 by way of the four-way
control valve 2 and the accumulator 7.

On the other hand, the sub-stream is expanded in
the injection use motorized expansion valve 16 and, after

absorbing heat while passing through the inner pipe 21 of



Fig. 3is a flowhart for explaining the control operation of the

I njection use notorized expansi on val ve of 20 t he above air

condi tioner; Fig. 4 is a circuit diagramof an air

condi ti oner refrigerant circuit according to a second enbodi nent of
t he refrigerating apparatus of thejpresent invention;

Fig- 5is a Mllier chart when liquid injection is 25 executed in the
above second enbodi nent; -12 -
Fig. 6 is a timng chart when executing a reverse- cycl e defrosting

operation acqyfdi nEideddolde 1ag0VRe8€C0B&changer €M MY | sub-stream is
Fig. 7 1is acircuit diagramof an air conditioner 5 refrigerant circuit

according 1o sg i empasli grat ﬂftetrﬁ@dlate pE85EhBeT BblrRgoAPRAr a3 IStk the
pr esent |nvent|on 8 is acircuit diagramof the

refrigerant ﬁ%ﬁ}ﬁéggb&“uttﬁ oﬁgﬁoﬂﬂéniﬁfgﬁﬂmﬁfﬁﬁkﬁﬁQ@t'”9 appar at us;

Fig. 9is a chart o e gas I njection
If the four-way control valve 2 is positioned in

5 the heating position as indicated by the dashed lines in
Fig. 1A, then the refrigerant discharged from the compressor
1 is condensed by the indoor heat exchanger 6 and flows into
the second check valve 12 of the rectifier circuit 5 so as
to branch into the sub-stream to the injection use motorized
10 expansion valve 16 and the main stream to the supercooling
heat exchanger 15 at the junction Pl. The maln stream is
supercooled by the supercooling heat exchanger 15 and
thereafter expanded in the main motorized wvalve 9 to reach
the outdoor heat exchanger 3 through the junction P2 and the
15 third check walve 13, Then, the main stream evaporated in
the outdoor heat exchanger 3 returns to the inlet side of
the compressor 1 by way of the four-way control valve 2 and
the accumulator 7. On the other hand, the sub-stream is
expanded in the injection use motorized expansion valve 16
20 and, after absorbing heat while passing through the inner
pipe 21 of the supercooling heat exchanger 15, the sub-
stream is injected into the intermediate-pressure portion la

of the compressor 1 through the injection pipe 22.
As described above, according to this first

25 embodiment, the supercooling and the injection of gas



10 cycle of the above conventional refrigerating apparatus;

Fig. 10 is a circuit diagramof the refrigerant circuit of another
conventional refrigerating apparatus that executes gas injection;
and . Fig. 11 is a Mllier chart when gas injection is 15
executed during defrosting in the abpye conventional

refrigerating apparatus. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
The present invention will be described in detail 20 bel ow on t he basis
of the enbodi nents shown in the draw ngs. (First Enbodi nment)

Fig. | A shows .t iajdrag@ndinitboRBe aneerdbdfat&- gt sure porltiibst 18NBedtpENt
of the refrigerating apparatus of the present invention. This first

enbodi ment  hag, fee;g&rggf aMn BE exEEAEM Hbtn Wi Chna %@&ﬁésgbe%fat%%n_

four-way control” val ve 2,

an outdoor hegls AL, ShSALH o A Werdtdtd 82 tne rebfREcheat

exchanger 6 are successive onnect ed.
circuit 5. Therefore, the efficiency can be improved by the

5 supercooling and the gas injection in both the cooling and
heating operations.

Furthermore, according to this first embodiment,
by totally closing the injection use motorized expansion
valve 16, the injecting operation of the injection circuit

10 10 can be turned off. Furthermore, the degree of.
supercooling of the supercooling circuit 8 and the amount of
injection of the injection circuit 10 can be set to the
desired values by controlling the degree of opening of the
motorized expansion valve 16 to the desired degree of

15 opening.

That is, according to this first embodiment, the
motorized expansion valve 16 plays the role of the prior art
solenoid controlled valve and the role of the prior art
mechanical expansion valve. This can obviate the need for

20 the solenocid controlled valve, enabling the elimination of
noises occurring in opening and closing the solenoid
controlled valve or, in particular, the chattering noises.
Furthermore, cost reduction can be achieved since the
solenoid controlled valve 1s not needed. Therefore,

25 according to this embodiment, the supercooling circuit 8 and



i ndoor heat exchanger 6 is connected to the inlet side of t he
conpressor 1 via an accunul ator 7. 5 The rectifier circuit 5
isacircuit in which a series connection circuit of first and second
check val ves 11 and 12 and a series connection circuit of third and
fourth check valves 13 and 14 are connecigegl_parallel to each ot her.
The .first check valve 11 and the second check valve 10 12 are

connected to each other so that the forward di rections thereof
are directed toward their junction Pl, while the third check val ve 13

and the fourthchegkev@ld® Tdrcuit 18 Ec&QNBRCIEGhdH18ACRREFCI1&D gk the
reverse directions thereof are directed toward their junction P2. 15

Then, a supercopldddy £b{gddt o8, ByBLAsHDL OyZetinear1y Vaber &1 Bl abhe
injection circuit /10 are connected between the jsunctions Pl and P2 of

the rectifielqddddids Ssuspercooliﬁgngnﬁl tnENensHRer 620lLa0 16k beriinf o

constructed uper coo eat exchanger 1 n I nection use

O onanoee LAY o U8 Megbica, The siperogol o heat
O S o o ey VRET olReBl rde ey, | BRSOyl ve
connect ed. to 0.4l oty 248,000 Ve 25 o PLRSs 2h:LPALRALIRLAE Lhey

be described next with reference to the flowchart of Fig. 3.

It is to be noted that a microcomputer (not shown) was used

as an apparatus for executing this control.

10 First, it is determined in step S1 whether or not
the compressor 1 is stopped. If it is determined that the
compressor 1 is stopped, then the program flow proceeds to
step S10 to completely close the injection use motorized
expansion valve 16. As described above, by completely

15 closing the motorized expansion valve 16 when the compressor
1 is stopped, the refrigerant is prevented from staying in
the compressor 1 and dissolving inte the refrigerating
machine oil (the so-called refrigerant dissolution) while
the compressor 1 is stopped, enabling easy restarting.

20 If it is determined that the compressor 1 is
operating, then the program flow proceeds to step S2 to
determine whether or not the operating frequency of the
compressor 1 is higher than a specified frequency. If it is
determined that the operating frequency is higher, then the

25 program flow proceeds to step S5 to open the injection use



-14 - Then, this inner pipe 21 has an outlet 21b connected to an

I njection pipe 22. This injection pipe 22 is connected to an

i nt ermedi at e-pressure portion |la of the conpressor 1. The
basic operation of the air conditioner having 5 t he above construction
wll be described next. It is to be _1ghoted that Fig. 2 shows the
states at the points Q through @B of the refrigerant circuit of Fig.
1A on a Mollier chart. First, if the four-way control valve 2 is

positioned in the

Fi g.

| A,

condensed by the outdoor "heat exchanger 3 and flows into Irs

check valve 1}:00:kN8 LB ithlePlirOicbibh, Si3@uat 48. By tRIANGHetALooR,

sub-streamto the injection use rot {o _ and a
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erco eat exchanger
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specified amount or more.

Next, the program flow proceeds to step 86 to
detect the intermediate temperature of the refrigerant of
the sub-stream that is directed toward the injection pipe 22
by a signal from a thermistor 31 mounted on the refrigerant
pipe located between the injection use motorized expansion
valve 16 and the inlet 21a of the inner pipe 21. It is to
be noted that this intermediate temperature may be detected
by a thermistor 32 attached to the injection pipe 22 near
the outlet 21b of the inner pipe 21. Next, the program flow
proceeds to step S7 to determine whether or not the
intermediate temperature is higher +than the specified
temperature. If it is determined that the intermediate
temperature is higher than the specified temperature, then
the program flow proceeds to step S8 to reduce the degree of
opening of the injection use motorized expansion valve 16
and returns to the start. If it is determined that the
intermediate temperature is not higher than the specified
temperature, then the program flow proceeds to step SS9 to
increase the degree of opening of the injection use

motcorized expansion valve 16 by a specified degree of

cooling position as indicated by the solid lines in
10p0tbReB el diiddiger a1 Sehanged clfﬁé%@ﬁé‘etﬁfgﬁﬁé%éo%iﬁét

1.
15



stream reaches the indoor heat exchanger 6 through the junction P2
and the fourth check valve 14. Then, the main 20 stream evaporated in
t he i ndoor heat exchanger 6 returns to the inlet side of the
conpressor 1 by way of the four-way control valve 2 and the
accunul ator 7. On the othgg_hand, the sub-streamis
expanded in the injection use notori zed expansi on valve 16 and,
after 25 absor bi ng heat whil e passing through the inner pipe 21 of

- 15- t he supercooling heat exchanger 15, the sub-streamis

i ected int QS NAITRUALSP IS SIS POLH ON 4R And e steps SEIPEESSON

1 through the”injection pipe 22. the four-way cont r ol

valve 2 is pog tipned 'ciEsas%Hiu{:Qetﬁé Qﬁjefnl% t@gnwﬁiC@é@@:‘,éH the

dashed lines 1n then the re rigera I scharged fromthe

1 @%99 ﬁ:ﬁﬂ I
?gygressor t he secohz c g%f va E%Q%gé regﬁlflgégggpgﬁrt SO<%88%5
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expansi on val ve mai n reanlto € supercoo
5 to increase the injection flow rate when the injection flow

rate 1s small {when the intermediate temperature is low)},
and the degree of opening of the injection use motorized
expansion valve 16 is decreased to reduce the injection flow
rate when the injection flow rate 1is great (when the
10 intermediate temperature 1is high) for the reduction of
injection flow rate. By this operation, the injection flow

rate can be invariably maintained at the desired value.
If it is determined in step S$2 that the operating
frequency of the compressor 1 is not higher than the
15 specified frequency, then the program flow proceeds to step
S3 to close the injection use motorized expansion valve 16
to stop the operations of the supercooling circuit 8 and the
njection circuit 10. Next, the program flow proceeds to
step S4 to set the degree of opening of the injection use
20 motorized expansion valve 16 to a specified degree of
opening and returns to the start. The above steps S$S2, S3
and S4 constitute the first opening control section. BAs
described above, by slightly opening the injection use
motorized expansion valve 16 even when the injecting

25 operation is not executed, the possible generation of a



heat exchanger
by the supercooling heat exchanger 15 and
main notorized valve 9 to reach t he outdoor heat exchanger 3 through

15 at the junction P1. The main streamis super cool ed
thereafter expanded in the

the junction P2 and the 15 third check valve 13. Then, the main stream

of

the conpressor 1 by way of the
the accunulator 7. On the other hand, the sub-streamis expanded

our-way control valve 2 and

in the injection use notorized expansion valve 16 20 and, after

absor bi ng he%tle%ﬁhgep%ﬁh%lg m‘%ﬁ%hssl%,%?e)i NPET preventBEPE 2 b Avddie the

super cool i ng "heat exchanger
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may be constructed of a four-way control valve 40 as shown
in Fig. 1B. 1In this case, it is proper to connect a first
end 40a of the four-way control valve 40 to the outdoor heat
exchanger 3, connect a second end 40b to the junction P1,
connect a third end 40c to the indoor heat exchanger 6 and
connect a fourth end 40d to the junction P2. Then, the
paths indicated by the solid lines 41 and 43 of the four-way
control valve 40 are formed as shown in Fig. 1B in the
cooling operation and the paths indicated by the dashed
lines 42 and 44 of the four-way control valve 40 are formed
as shown in Fig. 1B in the heating operation. By this
operation, the refrigerant from the condenser can be made to
flow sequentially from the supercooling heat exchanger 15 to
the main motorized valve 9 both in the cooling operation and
the heating operation.

Although the supercooling circuit 8 1is provided
with the supercocling Heat exchanger 15 in the above first
embodiment, it 1is acceptable to connect two refrigerant
pipes that extend roughly parallel to each other by a heat
exchanger plate in place of the supercooling heat exchanger

15, connect one refrigerant pipe to the main stream circuit

streamis injected into the

according to this

embodi ment tﬁ%ﬁghtsgggir%@ﬁﬂ%r M- fife 5 i) 88%&9&?13@%]:9??](3

evaporated in t he out door heat exq$ﬁpger 3 returns to the inlet side



and the heating operation by the operation of the rectifier circuit
5. Therefore, the efficiency can be inproved by the 5 super cool i ng and
the gas injection in both the cooling and heati ng operations.
Furthernore, according to this first enbodi nent, by totally closing
the injection use notorized expansion _,.,_valve 16, the injecting
gperation of the injection circuit 10 zfo can be turned off.
Furthernore, the degree of supercool i ng of the supercooling
circuit 8 and the amount of injection of the injection circuit 10 can
be set to th ir val b | i ng: t he.de e 0, ' of
t he no 51rd| 782 Igei%eangﬁ%n%\;%%\%e %%ﬁﬁg&é; gtdeng}é%dtgegéhge %\Eb %@F‘ém
openi ng. That is, according to this first enbodi nent, the

notori zed exﬁ&ﬁgpﬁ§'valve 16 plays the role of the prior art
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HHEERL apraratys. fhi ng

an
he present 1invention. “This second eﬁgodiment has the same

refrigerant circuit as that of the first embodiment shown in

Fig. 1 and is different from the first embodiment in that an

inverter 101 for controlling the output of the compressor 1

10 and a control section 102 for controlling this inverter 101

are provided. Therefore, this second embodiment will be

described putting emphasis on the point different from the

first embodiment with same reference numerals given to the

same portions as that of the aforementioned

i5 embodiment.

first

Referring to the refrigerant circuit shown in Fig.

4 and the timing chart shown in Fig. 6, a reverse-cycle

defrosting operation to be executed by interrupting the

heating operation due to the frost generated on the outdoor

20 heat exchanger 3 will be described. An operation for

injecting a liquid refrigerant from the injection pipe 22

into the compressor 1 by opening the injection use motorized

expansion valve 16 during this reverse-cycle defrosting

operation will also be described.



-17- the injection circuit 10 can be linearly controlled with

reduced noi ses at | ow cost. By linearly controlling the degree of
supercool i ng and the amount of gas injection, the ef ficiency can be
maxi m zed. 5 The control operation of the injection use
not ori zed expansion valve 16 of this first, enbodi nent w || be

descri bed next with reference to the flowhart of Fig. 3. It is to be
noted that a mcroconputer (not shown) was used as an apparatus for
executing this control 10 First, it is determined in step Sl
whet her or not qggprg@g@&né é&ﬁ§p tﬂ% 'ﬁbdrswq t ex i s that
t he conpr essor 1 I's stoppe en the program fl ow proc eds to

step SlO to %WEGT‘ZE"L% %&(&%e t%h%akr@ ?.(f:ts' %B%%ﬁ?é%%ﬁi%zﬁgﬂﬁ irldld’g?ftﬁéaﬁrI "

val ve escri osing t
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refrigerant

5 to have its communicating path indicated by the dashed lines
when turned off and have its communicating path indicated by
the solid lines when turned on. In this heating operation,
an outer fan 103 located on the outdoor heat exchanger 3
side and an inner fan 105 1located on the indoor heat

10 exchanger 6 side are operating.. In this stage, the degree
of opening of the main motorized valve 9 is decreased. The
injection use motorized expansion valve 16 is closed.

If the control section 102 detects that frost is
generated on the outdoor heat exchanger 3 during this

15 heating operation by a temperature signal from an outside
temperature sensor 106, then the four-way control valve 2 is
first switched to have the communicating path indicated by
the solid lines for the setting of the path in the cooling
position. TImmediately after this operation, the outer fan

20 103 and the inner fan 105 are stopped and the degrees of
opening of the main motorized valve 9 and the injection use
motorized expansion valve 16 are increased, thereby setting
a specified degree of opening for defrosting |use.
Simultaneously with this operation, the control section 102

25 increases the frequency of the inverter 101 so as to



the conpressor 1 is stopped, enabling easy restarting. 20

it is determned that the conpressor 1 is operating, then the
program fl ow proceeds to step S2 to determ ne whether or not the
operating frequency of the conpressor 1 is higher than a specified
frequency. If it is determ ned thajzthe operating frequency is

ki gher, then the 25 program fl ow proceeds to step S5 to open the

i nj ection use - 18-

not ori zed expansion valve 16 and operate the supercooling circuit 8

and the injeqgty

can be achieved in a state in wh anount of circulating

refrigerant

Next, the progr
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|'ow proceeds to step et ect

o e r S oS BSEATS Yovegserclibesiisk oo olod & g ol
the outdoor heat exchanger 3 to melt the frost on the
outdoor heat exchanger 3 and thereafter made to flow from
the junction Pl into the supercooling heat exchanger 15 by
way of the check valve 11 of the rectifier circuit 5. The
main-stream refrigerant flowing into the supercooling heat
exchanger 15 exchanges heat with the bypass-flow refrigerant
flowing through the inner pipe 21 and then flows into the
main motorized valve 9. Then, after expanding in this main
expansion valve 9, the main-stream refrigerant returns to
the inlet side of the compressor 1 through the indoor heat
exchanger 6. The change of state of the main-strean
refrigerant in this reverse-cycle defrosting operation is
indicated by the line segments Gl, G2, G3, G4 and G5 of the
Mollier chart shown in Fig. 5.

On the other hand, the bypass-flow refrigerant
passes from the Jjunction Pl through the injection use
motorized expansion valve 16 of which the degree of opening
is great and passes through the inner pipe 21 and the
injection pipe 22 in a small-dryness state in which a great
amount of liquid refrigerant is contained so as to be

injected into the intermediate-pressure portion la of the

| f

égé“¥ﬂetO%qugyPgEE?ﬁgESﬁﬁiéégbr 1. Byethest byerhBiss)ion

e 1 nternedi ate

1 nount ed

AN gertdt RsPRakIER! PR ANE {hri1e slsBrGt AN HRGARLE G e



valve 16 and the inlet 2l1a of the inner pipe 21. It is to be noted
that this internedi ate tenperature nay be detected by a therm stor 32
attached to the injection pipe 22 near the outlet 21b of the inner
pi pe 21. Next, the programflow 15 proceeds to step S7 to determne
whether or not the internedi ate 4genperature is higher than the
specified tenperature. If it is determned that the internedi ate
tenperature is higher than the specified tenperature, then t he
program fl ow proceeds to step S8 to reduce the degree of 20 openi ng of

t-he injectio rized e nsi I 1 a re t e
] ¥ iQ:tcH%gce eToQ £€ ;f‘ﬁg ?lﬁ%hd’@ & 18tate of aRfhel €LYHRSsLBI&R

start. term ned t I nternmedi ate tenperature is

not hi gher t%%ﬁ@grt%g%ciifﬂ edyis reve&%ansyg&grede%p%eiaﬁie ﬁgiegg@hragf'%v

proceeds to stép I ncrease the“degree ope t

| nj ection usey Q%+ APLQ ! 268 1THRANSIQen P! ¥F alm‘é_l 2 Bt %%%Cilfg%ff'ier

degree of enrng and

returns to tg:zﬁﬁrttarotf ETir&g.l asbo"?xsgtﬁl_%%%r?@ed%bove, by\?\??ﬁgﬁh?sgtﬁgnéé%% rr%ﬁh

the second o ng contr Secti s arran

the degr5ee Ofofo%%rgnri%gc’fof the injection use motorized expansion valve 16

great, the length of the line segment H2 can be shortened to
allow the refrigerant that contains a great amount of liquid
refrigerant and has small dryness to be injected into the
compressor 1.
10 As described above, according to this second
embodiment, the bypass-flow refrigerant that has bypasses
the main motorized valve 9 and the indoor heat exchanger 6
is made to return from the injection pipe 22 to the
compressor 1 in the state in which a great amount of liquid
15 .refrigerant is contained. Therefcre, the amount of
refrigerant that is circulated from the compressor 1 to the
outdoor heat exchanger 3 during the reverse-cycle defrosting
operation can be increased to allow the defrosting operation
to be completed in a short time. Therefore, the time during
20 which the heating operation is interrupted can be reduced by
the reverse-cycle defrosting operation, by which the comfort
in heating can be improved.
(Third Embodiment)
Next, Fig. 7 shows a refrigerant circuit according

25 to the third embodiment of the refrigerating apparatus of



the injection use notorized expansion valve 16 is increased 5 to
increase the injection flowrate when the injection flow rate i s
small (when the internediate tenperature is |ow), and the degree of
opening of the injection use notorized expansion valve 16 is
decreased to reduce the injection flow_,g_ rate when the injection flow
tate is great (when the 10 internediate tenperature is high) for
the reduction of injection flowrate. By this operation, the
injection flow rate can be invariably maintained at the desired

val ue. present | {dvd:St sl erm aed gl ”t%tl%ﬁ S%m‘bB@ELmEHE Oﬁﬁégt ng

frequency of t%e conpressor 1 Is not higher than t speci f
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8la of the compressor 81 a refrigerant pipe 88 for
connecting the outdoor heat exchanger 83 to the main
expansion valve 85. This bypass pipe 90 is provided with a
10 solenoid controlled wvalve 91. This solenoid controlled
valve 91 and the bypass pipe 90 constitute a liquid
injection circuit 93.
In the third embodiment Thaving the above
construction, the reverse-cycle defrosting operation is
15 executed by switching the four-way control wvalve 82 to make
the wvalve have a communicating path indicated by the solid
lines when frost is generated on the outdoor heat exchanger
83 while the heating operation is executed by making the
four-way control wvalve 82 have a communicating path
20 indicated by the dashed lines. Then, Dby opening the
solenoid controlled wvalve 91 during this reverse-cycle
defrosting operation, the liquid refrigerant directed from
the outdoor heat exchanger 83 toward the main expansion

valve 85 can be injected from the bypass pipe 90 intc the

25 intermediate-pressure portion 8la of the compressor 81 while



- 20- cl earance vol une (dead space) is prevented to prevent the
reduction in volunetric efficiency of the conpressor 1.

Al t hough the rectifier circuit 5 is constructed of t he four check
valves in this first enbodinment, the circuit 5 may be constructed of a
four-way control valve 40 as shown _JdLFig. 1B. In this case, it is
proper to connect a first end 40a of the four-way control valve 40 to
t he out door heat exchanger 3, connect a second end 40b to the
junction P1, connect a third end 40c to the indoor heat exchanger 6
and 10 0 4 1 i B
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can be increased. Therefore, the defrosting operation can
be completed in a short time. Therefore, the time during
which the heating operation is interrupted can be reduced by
the reverse-cycle defrosting operation, by which the comfort

in heating can be improved.

10
INDUSTRIAL APPLICABILITY
As described above, the refrigerating apparatus of
the present invention can be applied to a refrigerating
apparatus provided with an inijection circuit and is useful
15 particularly in making the injection circuit silent at low

cost. The refrigerating apparatus is further useful in
reducing the reverse-cycle defrosting time by using the

injection circuit and improving the comfort.



t he heating operation. 20 Al t hough the supercooling circuit 8

I's provided with the supercooling heat exchanger 15 in the above
first enbodi ment, it is acceptable to connect two refrigerant

pi pes that extend roughly parallel to each other by a heat exchanger
plate in place of the supercooling heat exchanger 25 15, connect one
refrigerant pipe to the nmain streamcircuit

-21- and connect the other refrigerant pipe to the sub-stream
circuit. (Second Enbodi nent) Next, Fig. 4 shows

a refrigeranhﬂgkrgginggﬁgﬁdigg 5 to the second enbodi ment of the
refrigerating apparatus o the present invention. This second

o et oo Rl st n M Okl sl
| L5 2 compreBUBELSI L 4SRRI | 18 1% ot B pel ! et s
are provi dedimecyé rigfnor ?9) ' t %ins 39&889a@5@0d(i€,mn5) W AAd bea supercooling
5 circuit (8) having a supercooling heat exchanger (15)
provided between the condenser (3, 6) and the main expansion
mechanism (9) and includes an injection circuit (10) for
injecting a gas refrigerant from the supercooling heat
exchanger (15) into an intermediate-pressure portion (la) of
10 the compressor (1), the apparatus comprising:
a motorized expansion wvalve ({16) provided in a
supercooling pipe that diverges from a main flow on the
upstream (Pl) side of the supercooling heat exchanger (15)
and reaches the supercooling heat exchanger (15).
15 2. A refrigerating apparatus as claimed in claim 1,
comprising:
a first opening control sectiﬁn (2, s3, 84) for

setting the motorized expansion valve (16) to a small degree

of opening close to a completely closed state when the

20 injection circuit (10) is substantially stopping its
operation.

3. A refrigerating apparatus as claimed in claim 1,
comprising:

a rectifier cirecuit (5) for flowing the

25 refrigerant sequentially into the condenser (3, 6), the

RN O A



described putting enphasis on the point different fromthe

enbodi nent with sane reference nunerals given to the
as that of the aforenmentioned first 15 enbodi nent .
Referring to the refrigerant circuit shown in Fig. 4

first
sane portions

and the timng

chart shown in Fig. 6, a reverse-cycle -2 defrosting operation to be
executed by interrupting the heatifg operation due to the frost

generated on the outdoor 20 heat exchanger 3 will be

descri bed. An

operation for injecting a liquid refrigerant fromthe injection

pi pe 22 é’ ’1}[6& hie goﬁﬁéw‘?s%‘?{ch]an lérC’p‘?I‘f))”g Anlde tﬂée%aliq{‘ B%gaHQEQﬁi zed

expansi on valV
will also be de

uri 'S reverse-cycle defrost

operati on

d. ,
In the heati g oper a?“ on) t B Hout™ wly TS Operatlorfv ang & Prééﬁel?%
have its connunlc%;bﬁg path |nd|cated by the dashed lines. In this

second enbodi?
of the type t4hat Comes

5 comprising:

a second opening control section (S6,

I s assuned that the four-way control valve 2 is
A refrigerating apparatus as claimed in claim 1,

S7, S8, S9)

for controlling the degree of opening of the motorized

expansion valve (16) to increase or decrease the degree of

opening according to a refrigerant temperature of the

10 injection circuit (10).
5. A refrigerating apparatus  that
compressor (1), a four-way control valve (2),

heat exchanger (3), a main expansion mechanism

includes a

an outdoor

{9) and an

indoor heat exchanger (6) and executes a reverse-cycle

15 defrosting operation, the apparatus comprising:

a liquid injection circuit (10} for injecting a

liquid refrigerant from the outdoor heat exchanger (3) into

the compressor (1) during the reverse-cycle defrosting by

bypassing the main expansion mechanism (9) and the indoor

20 heat exchanger {(6).

6. A refrigerating apparatus that

inciudes a

compressor (1), a condenser (3, 6), a main expansion

mechanism (9), an evaporator (6, 3) and a supercooling
circuit (8) provided between the condenser (3, 6} and the
25 main expansion mechanism {9) and includes an injection

WAL



5 to have its comuni cating path indicated by the dashed |ines when

turned off and have its conmunicating path indicated by the solid

| ines when turned on. In this heating operation, an outer fan 103

| ocat ed on the outdoor heat exchanger 3 side and an inner fan 105

| ocated on the indoor heat 10 exchanges(g6 side are operating. In this
stage, the degree of opening of the main notorized valve 9 is
decreased. The i njection use notorized expansion valve 16 is cl osed.
If the control section 102 detects that frost is generated on the

out door heat af er(l%)du‘f-b?g.ﬁdﬂj-écti]rﬁg Nebknor OPLI AL At DY @n  the
tenperature signal” froman outside tenperature sensor 106, then the
four - way Cont%ﬁ%ey%ado"ﬁr% ' Scirculit Fgyst jf%}”éé ched tPnﬁ”l?ﬁﬁ?ec%i%ﬁge%’P@‘é%hﬁ@“ ng

pat h indicate the solid lines for the setting o e path in the

cooling polORdiOfyg) | MEdiataly ahlellha OPANAT Ofhe tHBLAYLELSS an

20 103 an I'nner are stopp t he grees of

openi ng of the .{%i orized valve 9 and the injection use

not ori zed exﬁé i'On vVal've 16 are increased, thereby setting a
specifie degree of opening. _for efrostin use. Si.myl tanequsly
with thi operation,_tﬁ% F8ﬁ?g6Fe§e§?&8ﬁsi8§ Ve #%g}eggggldgﬁeljl a
frequency Ofsu;&e?xecoollnl\ﬁ%rtSEpel%%matsodix?esrgetso from a main flow on the

upstream (Pl) side of the supercooling circuit (8) and
reaches the supercooling circuit (8).
7. A refrigerating apparatus as claimed in claim 6,
10 for controlling an output of the compressor (1) by an
inverter, the apparatus comprising:
a control means (S2, S3, S5) for turning on an
injecting operation of the injection circuit (10) by opening
the motorized expansion wvalve (16) when the compressor (1)
15 comes to have an operating frequency being not lower than a

specified operating frequency.

(T



- 23- i ncrease the output of the conpressor 1. By this operation
the apparatus starts the reverse-cycle defrosting operation.

In this reverse-cycle defrosting operation, the refrigerant

di scharged fromthe conpressor 1 is condensed by 5 the outdoor heat
exchanger 3 to nelt the frost on the_,,_  outdoor heat exchanger 3 and
t-hereafter made to flow from the judnction Pl into the supercooling
heat exchanger 15 by way of the check valve 11 of the rectifier
circuit 5. The mai n-streamrefrigerant flow ng into the supercooling

heat 10 e fg§q§ﬂgg éﬂ%? wi th the bypass-flow refrigerant

fl ow ng throé%ﬁegﬁgﬁi(ﬁer*pi pe P and then flows into the mai n

notori zed val ve 9. Then, e | NQ i i LN . 1 8XP i,on val ve
; B, BFLELo RPN Ao, TR provia BEPIRT <

the main-streamreftige the“inte
conpressor 1 _through,the indoor, heat _ 15 exchanger, . 6. The hange. of
state of i RHPCREPRLLTY cRRTCILE © PATHIGeR aRtPEToNOT ¥ dits CHGeT
defrosting operation is i ndi cated by the line segnents G, &, G3,
Gt B of Tondt ML \Befiaphe ity COSHBUNGT n o §ids & CBalh® expanston g,
t he oth%r hand,. the b¥pasg-flom/,refri erant . 20 asses, from the
junctior P1PERRBRLAD Phand| ARedlRIBREIQRCiTCULt 10 for injecting a gas

refrigerant from the supercooling heat exchanger 15 into an
intermediate-pressure portion 1la of a compressor 1. A
motorized expansion valve 16 is provided in a supercooling
pipe that diverges from the main flow on the upstream P1
10 side of the supercooling heat exchanger 15 and reaches the
supercooling heat exchanger 15, By completely closing the
motorized expansion valve 16, the injection operation of the
injection circuit 10 can be turned off. The degree of
supercocling of the supercooling circuit 8 and the amount of
15 injection of the injection circuit 10 can be set to desired
values by controlling the motorized expansion valve 16 to a
specified degree of opening. The supercooling circuit and
the injection c¢ircuit can be controlled with reduced noises

at low cost.



notori zed expansion valve 16 of which the degree of opening is great

and passes through the inner pipe 21 and the injection pipe 22 in a
smal | -dryness state in which a great anount of liquid refrigerant is
contained so as to be 25 injected into the internedi ate-pressure
portion la of the - 24-
tonpressor 1. The change of state of the bypass-flow
refrigerant in this reverse-cycle defrosting operation is i ndi cat ed
by the |line seg nts Hl and H2 of the Nblller chart of Fig. 5. As
descri bed abov |ng the egre of opening of the injection use
not ori zed expanS| vaI ve 16 Q9 zlt15the I{aﬁgth of the line segnment H2
can be shortened to al | owt,he rd gefr hat contains a great
anount of |iquid 5r1ﬁ1uger an S | dryness to be injected
into the conpressorg 1.1 10 L /. .21b 82| described above,
according to this secon > E —t-he P pass-fl ow refrigerant
t hat has bypasses t he |md oyF3er éagg,e @qdlthe i ndoor heat
exchanger 6 r Q4 1 B 5

31 P
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Is made to return fromthe injection pipe 22 to the conpressor 1 in

the state in which a great anmount of liquid 15 refrigerant 1is

cont ai ned. Therefore, the amount of refrigerant that is
circulated fromthe conpressor 1 to the out door heat exchanger 3
during the reverse-cycle defrosting operation can be increased to
al |l ow the defrosting operation to be conpleted in a short tine.
Therefore, the tine during 20 whi ch the heating operation is

i nterrupted can be reduced by the reverse-cycl e defrosting
operation, by which the confort i n heating can be inproved.
(Third Enbodi nen lélfég Next, Fig. 7 shows a refrigerant
circuit accordin to the third enbodi nent of the refrigerating
appar at us of - 25- t he
present invention. INch Mertorizad rMalve Gl ment  has  a refrigerant
circuit in which a conpr sorﬁgl a ur - way control valve 82, an
out door heat exchanger 83, a #h If expansi on val ve 85 and an i ndoor

heat exchanger 86 are 5 conn

cted in series. This refrigerant circuit
has a bypass S1
YES

Compressor
Operation
Stopped?

NO

S10

Set INJ Motorized
Valve to Completely
Closed State

S2

Operating

Frequency (Hz) YES

?re%%%ﬂgsd S5
Hz) ? Execute INJ-ON
S3 NO Operation
Execute INJ-OFF S6
Operation Detect Intermediate
S4 Temperature

Set INJ Motorized
Valve fo Specified S7

Opening Intermediate NO
Temperature > Specified
_Temperature?
> S9

Open INJ

S8 Motorized Valve

Close INJ
Motorized Valve

f

Return to Start



pi pe 90 that connects to an internedi ate-pressure portion 8la of the

conpressor 81 a refrigerant pipe 88 for connecting the outdoor heat
exchanger 83 to the main expansi on val ve 85. This bypass pipe 90 is
provided with a 10 sol enoid controlled valve 91. This sol enoid
controlled val ve 91 and the bypass pipe 90 constitute a liquid
4 njection circuit 93. In the third enbodinment having
t he above construction, the reverse-cycle defrosting operation is
15 executed by switching the four-way control valve 82 to nake t he
Val ve have a communicating path indicated by the solid | i nes when
frost is generated on the outdoor heat exchanger 83 while the heating
operation is execu klng t he four-way control valve 82 have a
comuni cating path gi ndi cated by the dashed |Iines. Then, by
opening the enoid controlled valve 91 during this reverse-cycle
defrosting operatlon, the liquid refrigerant directed from t he
out door heat exchanger 83 towardt he |r:|5expan5| on val ve 85 can be
injected fromthe bypass pipe 908into t 25 18t er nedi at e- pressure
portion 8la of the comgessgr

8\/\
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- 26- bypassi ng the main expansion val ve 85 and the indoor heat
exchanger 86. By this operation, the anount of refrigerant to be
circulated fromthe conpressor 81 to the outdoor heat exchanger 83
during the reverse-cycle defrosting operation 5 can be increased.
Therefore, the defrosting operation can be conpleted in a short tine.
“Therefore, the tine during whi ch the heating operation is interrupted.
can be reduced by the reverse-cycl e defrosting operation, by which
the confort in heating can be inproved. 10 | NDUSTRI AL

APPLI CABI LI TY As descri bed above, the refrigerating

appar atus of the present invention can be applied to a refrigerating
apparatus provided with an injection circuit and i.s useful 15
particularly in nmaking the injection circuit silent at |ow cost.

The refrigerating ar s iIs further useful in reduci ng the
reverse-cycle defrzgﬁghgsgine by using the injection circuit and

i mprovi ng the confort- : '
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-27 - VWHAT IS CLAI MED | S: 1. A refrigerating
apparatus that i ncludes a conpressor (1), a condenser (3, 6), a
mai n expansi on mechani sm (9), an evaporator (6, 3) and a supercooling
5 circuit (8) having a supercooling heat exchanger (15)

provi ded between the condenser (3, 6) and the mai n expansion

qrechani sm (9) and includes an injection circuit (10) for injecting a
gas refrigerant fromthe supercooling heat exchanger (15) into an

i nt ernedi ate-pressure portion (la) of 10 t he conpressor (1), the
‘appar at us conpri si ng: a notorized expansion valve (16)
provided in a supercool i ng pi pe that diverges froma main flow on

t he upstre -Fﬁéiside of the supercool.ing heat exchanger (15)

and reaches the sﬁg i ng heat exchanger (15). 15 2. A
refrigerating apparatfus as clained in claiml, conpri si ng:

a first opening control section (S2, S3, $S4) for setting the

mot ori zed expansion val ve (Sfar tm.;.fpbgm@ I dsgjpae[)efrosﬁng of opening close to
a conpletely closed state when thf 20 injectiov circuit (10) is
1

substantially stopping its
i ON
Compressor +

Inverter Frequency i
(Hz)

ON ( Electrifying
During Cooling)

Four-Way Valve OFF—
Outer Fan ON— OFF

|

Inner Fan ON——|I OFF
| Specified Opening
Open | for Defrosting
Main Motorized } !
Valve

-

1 Specified Opening !
for Defrosting

U Y

Injection Use Open

Motorized Valve -I—-}/

Closed

o ol ik s
- ———— — e o o g
[‘—



operation. 3. A refrigerating apparatus as clainmed in claim1l
conpri si ng: a rectifier circuit (5) for fl ow ng
the 25 refrigerant sequentially into the condenser (3, 6), the
- 28- supercool i ng heat exchanger- (15) and the main expansion
mechani sm (9) both in a cooling operation and a heating operation.
4, A refrigerating apparatus as clainmed in claiml1, 5 conpri si ng:
a second opening control section (S6, S7, S8, S9) for controlling the
‘degree of opening of the notorized expansi on valve (16) to increase
or decrease the degree of opening according to a refrigerant
tenperature of the 10 injection circuit (10). 5. A
refrigerating apparatus that i ncludes a conpressor (1), a
four-way control valve (2), an outdoor

Fig.7
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heat exchanger (3), a mmin expansion nechanism (9) and an i ndoor heat
exchanger (6) and executes a reverse-cycle 15 defrosting operation, the

apparatus conpri sing: aliquidinjection circuit (10) for
injecting a liquid refrigerant fromthe outdoor heat exchanger (3)
into the conpressor (1) during the reverse-cycle defrosting by
“bypassi ng the mai n expansi on nmechanism (9) and the indoor 20 heat
exchanger (6) 6. A refrigerating apparatus that
Includes conpressor (1), a condenser (3, 6), a main expansion
‘nechanlsn1(9) f:ﬁgfggrator (6, 3) and a supercooling circuit (8)
provi ded between ndenser (3, 6) and the 25 mai N expansi on
mechanism (9) and includes an j "?n
- 29- circuit (10)¥ffor iQjecding' a gas refrigerant from the
supercooling circuit (8) \gnto F b atges pressure portion
(la) of the conpressor 1), u conprising: 5
a notorized expansion v;&*e__Llﬁ;. -
' 55
hY | | 1]
I
A 66
51
56
51A
Fig.9
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supercool i ng pipe that diverges froma main flow on the upstream (P1)
side of the supercooling circuit (8) and reaches the supercooling
circuit (8). 7. A refrigerating apparatus as clainmed in claim
6, 10 for <controlling an output of the conpressor (1) by an
inverter, the apparatus conpri sing: - a control neans (S2,
®S3, S5) for turning on an i njecting operation of the injection
circuit (10) by opening the notorized expansi on valve (16) when the
.conpressor (1) 15 comes to have an operating frequency being not |ower
than a speci fied operating frequency.

Fig.10
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