PLPI NG CLEANING SYSTEM AND PI PI NG CLEANI NG | METHOD FOR

REFRI GERATI ON UNI T TECHNI CAL FIELD 5 The present

i nvention relates to a piping cleaning system and a pi pi ng cl eani ng
met hod for refrigeration units i ncluding air conditioners and
refrigerators. BACKGROUND ART 10 In renewal demands
of wvarious types of air . conditloners, existing refrigerant piping
is often re-used as it is. In such a case, if a refrigerant for the

exi sting

refrigerant circuit and a refrigerant for a new refrigerant

circuit are the same CFC (chl orofluorocarbon) or HCFC 15
(hydr ochl or of | uor RIEINE CLEANGNG §¥SIRM, ANDt REPING eQLEAN NG
refrigerant piping can be wused wthout causing any significant

probl ens.

METHOD FOROREFRIGERAFIONhENLE®cent years' environnental

point of viewor the like, it has been proposed to use HFC 20
(hydrof | uorocarbon) refrigerants instead of conventional CFC or HCFC

refrigerants.

In this case, for reuse of the

existing TECHNECALOEIELD piping, it is necessary to clean the interior of
the refrigerant piping. That is, it is often the case that

The present invention relates to a piping cleaning

system and a piping cleaning method for refrigeration units-

including air conditioners and refrigerators.

BACKGROUND ART

In renewal demands of various types of air

conditioners, existing refrigerant piping is often re-used

‘as it is. In.such a case, if a refrigerant for the existing
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refrigerant circuit and a refrigefant for a new réfrigerant
circuit are the same CFC (chlorofluorocarbon) or HCFC
(hydrochlorofluorocarbon) = refrigerant, the existing
refrigerant piping can be used withoﬁt causing any
significant problems.

However, from the recent vyears' environmental
point of view or the like, it has been proposed to use HFC
(hydrofluofocarbon) refrigerants instead of conventional CFC
or HCFC refrigerants.

In this «case, for reuse of the existing
refrigerant piping, it is necessary to clean the interior of
the refrigerantlpiping. That is, it is often the case that

lubricating oil have been deposited on or contaminants or



25 lubficating oil have been deposited on or contam nants or

-2- v s the |ike have stuck to the interior surfaces of the existing
refrigerant piping. In particular, whereas ni.neral oil has been used
| ubricating oil for conventional CFC refrigerants and the |ike,
synthetic oil is used as lubricating oil for 5 HFC refrigerants. This -
causes a problemthat mneral oil, -2i4d remaining in the existing
refrigerant piping, would cause contami nations to occur to a newy
pr-ovi ded refrigerant circuit, with the result that the throttle
mechani sm may be bl ocked or that the conpressor nmay be danaged. 10
Dl SCLOSURE €Ike THEké M4SN | S ick to the interiockhenaffaces af dheceiistihbe
present invention is to provide a piping cleaning systemand a piping
cleaning refrivpétwmtt feipimgsi gbi gpavriculds, owripebé®s ohinéeabi oflt has 15
refrigerant piping with good efficiency. In order to

achi eve t hebediwvesed] tabritating esedt for convenefbhad CpProviededgerants

pi pi ng cl eani ng system for refrigeration units, conprising:

a cleaning andcthé Loke¢! egnthettef bigeriantusetd as pmbﬂgc@umgr el attorg a
refrigerant therethrough; refrigerant anmpunt detecting

nmeans $or dgF@ciéefgigerant@) amRUsSt calisesl @ gefcien tHatvhintAet8® oil,
refrigerant piping

if remaining in the existing refrigerant piping, would cause
contaminations to occur:- to a newly provided refrigerant

~ circuit, with the result that the throttle mechanism may be

blocked or that the compressor may be damaged.

10
DISCLOSURE OF THE iNVENTION
Théfefore, an object of the presént inventidn_is
to provide a piping cleaning system and a piping cleaning
method for refrigeration units capable of cleaning the
15 refrigerant piping with good efficiency.
In order to achieve the above object,.the present
~ invention provides a piping | cleaning system for
refrigeration units, comprising: |
a cleaning ¢ircuit for cleaning refrigerant

20 piping by circulating a refrigerant therethrough;
refrigerant amount detecting means for detecting
an amount of refrigerant with which the refrigerant piping

is cleaned; and



i's cleanéd; and - 3-

adjustlng nmeans for adj usting cl eani ng refrigerant anount
based on the anobunt of refrigerant detected by the refrigerant
anount detecting neans. In this invention, the
refrigerant piping is 5 cleaned by circulating the refrigerant

t hrough the cl eaning ‘circuit.-IB 4his process, the anount of
refrigerant with which the refrigerant piping is cleaned is
detected by the refrigerant amount detecting neans and, based on

t he detected amount of refrigerant, the cleaning refrigerant 10
amount is adj usted byadfeshilngst i mpeamans. forTher edjusting cleavdogdi ng
to this invention, any excess or shortage of the refrigerant with
whi ch t he reéfrgeeaamtplamm@nts assmhedn the amvamtbeod] i mefztigeéraand so
the refrigerant piping can be cleaned efficiently. A short
anount . of déhectedlchyi e reffigerehnti gmoant detkdtingsmebdhs.cl eaning -
performance to | ower, whi | e an excessive anount of the cleaning
refrigerant woul d In thisadihventi@mss sthot hrefrigdmmtonpdpinlge is
refrigerant. . Al so, a piping cleaning systemfor
refrigbratiobeaned by cinctilattngrthagrébrbgeranbhotdheenghf theheleaadpyy ses
a 20 transfer heat exchanger provided hal fway on the cleaning

circuit; andircuit. In this precdssyt Phepatmountussef theftigesint hegh
exchanger
which the refrigerant piping is cleaned is detected by the
S refrigerant amount detecting means ahd, based on the
detected amount of refrigerant, the cleaning refrigerant
10 amount is édjusted. by the adjusting means. Therefore,
according to this invention, any excess or shortage of the
refrlgerant w1th which the refrlgerant plplng is cleaned
can be e11m1nated, and so the refrigerant piping can be
cleaned efficiently. A short amount of the cleaning
15 refrigerant would cause the cleaning performance to lower,
while an excessive amount of the cleaning refrigerant would
lead to é less smooth circulation of the refrigerant.
Also, a piping cleaning system for refrigeration
units according to one embodiment further comprises a
20 transfer heat exchanger provided halfway on the cleaning
circuit; and
a heat pump to cguse the transfer heat exchanger
to alternately iterate a sucking operation by cooling a gas

reffigeraht within the transfer heat exchanger to

25 effectuate depressurization thereof so that a refrigerant



to alterhately iterate a sucking operation by cooling a gas

refrigerant within the transfer heat exchanger to 25

ef f-ect uat e depressurization thereof so that a refrigerant

-4- is sucked in from outside thereto, and a discharge
operation by heating the refrigerant wwthin the transfer heat
exchanger to effectuate pressurization_thereof so that a liquid
refrigerant is discharged therefrom for 5 circulating a liquid
refrigerant through the refrigerant pi ping by the transfer heat
exchanger . In this piping cleaning system the transfer
heat Exchaagredpetihor from heait it atexwtw®f ahh@rnat ebdyscharge

iterating the sucking operation by <cooling a gas 10 refrigerant

within theperatessf @y Keatingexteangefridérant withfiactiles etransfer
depressurization thereof so that a refrigerant I s sucked in from

outsi de thergip, eRBHahferdtschergetuate ppeSsatrigathynhenkiragrt B that
refrigerant within the transfer heat exchanger to effectuate

pressurizatjon thaire! s@frfigeralt  @s!i quigtusfgéder Aleretéinscharaed
t herefrom According to such a heat punp action, there is

by o chpy CSEPISLIAN B LIRS (iRl Mkt o ngemagent |
conpr essor ﬁgﬁiﬂgxb§r%Ebt{fhﬁgféfg@ég@teﬁﬁﬂgﬂgefan 20 be el i m nat ed.

In this piping cleaning system, the transfer heat
exchanger performs a heat pump action of alternately
iterating the sucking operation by <cooling a gas

10 refrigerant within the transfer heat exchanger to
effectuate depressurization thereof so that a refrigerant
is sucked in from outsidé. thereto, and the dischérge
operation by heéting the refriéerant within the transfer
heat exchanger to effectuate pressurization thereof so that

15 a liquid refrigerant is discharged theréfrom.

According to such a heat pump action, there is no
need of circulating the refrigerant in the cleaning circuit
by a compressor, and therefore the fear that foreign matters
from the compressor may mix into the refrigerant piping can

20 be eliminated. |

"Also, a piping cleaning system of anothef
embodiment comprises two transfer heat exchangers provided
halfway on the cleaning circuit and connected in pérallel

to each other; and



AlL.so, a’ piping cleaning system of another enbodi ment conpri ses
two transfer heat exchangers provided " hal fway on the cleaning circuit
and- connected in parallel - to each other; and

-.5- a heat punp to cause the transfer exchangers to
alternately iterate a sucking operation by cooling a gas refrigerant
within the transfer heat exchangers 5to0 ef fectuate

depressuri zation thereof so that a refrigerant 5 is sucked in from
outside thereto, and a discharge operation by heating the
refrigerant within the transfer heat exchangers to effectuate
pressurization thereod Beat pumpt tat causequiltk riefangPennéxchangscsar yed
therefrom for circulating a liquid refrigerant through the
refrigerantaliérnapepy ngtbyathe d r suskengheperatdbandey scooling a gas

In this piping cleaning system the two transfer heat exchangers
perform a hesfrigefarct i efithinal ttHeat €kinsfer ihedati rEchahgersucktog
operation by cooling a gas refrigerant within the transfer

heat exchaggeestuat® dépresehirgehtabf deRRPAUrsgathar thereerigorshat a
refrigerant I's sucked in fromoutside thereto, and the discharge

oper ats on bys heghéRedt henr efrbgier dtitswidehi kHdietd,ansdd a dib€harge
exchangers to effectuate pressurization thereof so that a liquid
refrigerantopsrélt s6habgechdeiefr @Ak refrigerant within the transfer
heat exchangers to effectuate pressurization thereof so
that a liquid refrigerant is discharged therefrom, for
circulating a 1liquid refrigerant through the refrigerant
10 piping by the transfér heat exchangers.

In this piping cleaning system, the two transfer
_heat ékchangers-perfgrm a heat pump action of alternately
itérafing ,thé sucking .operation by- cooling 'a gas
_ refrigerant within "the transfer heat exchangers to
15 . effectuate depressurization thereof so that a refrigerant
is sucked in frbm outside thereto, and_.the discharge
operation by heating the refrigerant within the transfer
heat exchangers to effectuate pfessurization thereof so

~that a liquid refrigerant is discharged therefrom. |
20 | According to such a heat pump action, there is né
need of circulafing the refrigerant in the cleaning circuit
by a compressor, and therefore the fear that foreign matters
from the compressor may mix into the refrigerant pipiﬁg can

be eliminated.



.+ According to such a heat punp action, there is no

need

20

of cirtulating the refrigerant in the cleaning circuit by a
conpressor, and therefore the fear that foreign matters fromthe
conpressor may mx into the refrigerant piping can be el i m nated.

- 65 Al so, in one enbodi nent, the adjusting neans of

the cleaning refrigerant anount is inplegented by at | east
one of a refrigerant resupply line connected to the transfer heat

exchanger and serving for 5 resupplying the refrigerant to the cleaning

circuit and a

exchanger and servi ngalso,t dki rheouémbbdimeft) geéhentadjusting meéhs of
rcuit. In this piping cleaning system when the

cl eani ng ci

cl eaning 1fhe ckéanfngankéfrigerbhe ambeati ig implemehteduby short, t
cleaning refrigerant can be supplied to the transfer heat exchanger
t hrough the refrigeraat resappl Yohé neofind t hefrigeratitcanigsmpipdfyr i gehent

can be heated by this transfer heat exchanger, so that the clean
refrigerant céanebtedl®o tiesUpRhneEelrO Hdir CbgENaNGeti il t s@FFikg efolry.

Al so, when
excessgve,

exchanger can be b

the cleaning refrigerant in the cleaning circuit is
gégﬁppllfleﬁgi @hlede ACGGGERHAL o | BhEhe@lldadisiercircuit hgald a

ed efficiently by the refrigerant:

refrigerant bleed line connected to the transfer heat
exchanger and serving for taking out the refrigerant from
the cleaning circuit.

In this piping cleaning system, when the cleaning

refrigerant in the cleaning circuit runs short, the

cleaning refrigerant can be supplied to the transfer heat

refrigerant bleed line connected to the transfer heat

he

ng

. exchanger through the refrigerant resupply line and the"

10
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cleaning refrigerant can be heated by this transfer heat
exchanger, so that the cleaning refrigerant can be
resupplied to the cleaning circuit efficiently. Also, when
the cleaning refrigerant in the <cleaning circuit is
excessive, excess refrigerant accumulated in the transfer
heat exchanger can be bled efficiently by the refrigerant
bleed line. Thus, the amount of cleaning refrigerant can
be maintained normalij at an appropriate level, and the
refrigerant piping can be cleaned efficiently.

Also, in another embodiment, separating means
for separating foreign matters from the refrigerant is

connected to the cleaning circuit, and



bl eed liihe. - “Thus, the anount of cleaning refrigerant can 20 be

mai nt ai'ned normal |y at an appropriate |evel, and the refrigerant

pi pi ng can be cleaned efficiently. - Al so, in another

enbodi nent, separating means for separating foreign matters from
the refrigerant is connected to the cleaning circuit, and

-7- the refrigerant- 7arount detecting neans S

i npl emented by a refrigerant |evel sensor provided on the separati ng
means. In this piping cleaning system the cleaning 5
performance by the cleaning refrigerant can be maintai ned by
separating forei gn mtheer sréfohgermntc| eamonpir ef degjectinng meamy neans of
t he separating neans, and besi des the anount of cl eani ng refrigerant
can be det émpddmbptetdebyefai gefangerant llesed| smvsnr sppovideddoon ttHee
separating neans. 10 -Al'so, in one enbodinent, the heat punp
has a. . sepbhabthbeméandani sm connected between the two transfer heat
exchangers, a conpressor and a four-way sw tching val ve, and al so has

a heat punp circuit anhethtibanpipingl eebeésmging systemui ttHdr @iglanitigch t he
cleaning refrigerant flows, 15 wherein a flow ng direction of working
refri ger anpekifonmagice by theongbahhaghadifyilygranit celah be ssimticherver by
swi t chi ng over the four-way sw tching val ve, by which the sucking

by separating foreign matters from the cleaning refrigerant

by means of the separating means, and besides the amount of

~— cleaning refrigerant can be detected by the refrigerant
level sensors providéd on the separating means.

10 ' Also, in one embodiment, the heat pump -has a
throttle mechanism connected between the two transfer heat
exchangers, a compressor. and a four-way switching ﬁalvé,
and aiso ﬁas a heat pﬁmp circuit other than the cleaning
circuit through which the cleaning refrigerant flows,

15 wherein a flowing direction of working refrigerant flowing
through the heat pump circuit is switched over by switching
over the four-way switching wvalve, by which the sucking
operation and the diséharge operation-of the two transfer
heat exchangers are switched over; |

20 . the piping cleaning system further comprises
four-way switching valve switching means for switching over
the four-way switching valve when aischérge pressure of the
compressor becomes nqt less than a specified value, or when

discharge gas temperature of the compressor becomes not

25 more than a specified value, or when suction gas pressure



operati on and-the di scharge operation of the two transfer heat
exchangers are switched aver; 20 the piping cleaning system

f urt her

swi tchi ng over

of- t he

di scharge gas tenperature of the conpres&er becones not 25 nore than a

conpri ses four-way sw tching valve switching neans for
the four-way sw tching val ve when di scharge pressure

conpressor becones not |ess than a specified value, or when

specified value, or when suction gas pressure of the
conpressor becones not nore than a specified val ue; and wherein

the refrigerant anount detecting means

detects a sw tching

timng of toR thercomygressorshetohesgnotampge dikiarca ngpedkhivd vahde’based

on this

refri gerantand wherein

t he

conpr.essor through thehd acefmbyesant cdnognt adlebecbineg oficahe

switching timng, detects t he anount of cl ean

heat punp circuit, working refrigerant is circulated by the

heat exchangers, the throttle nmechani sm the other transfer heat
exchanger and the foulewegtsw achswdtehling i timing tdfi s ttheler four+wan,

t he |iqui d-phase cleaning refrigerant

heat exchangeitchiiey $a8lvepr esdichiaig omearaslsi ngntihe bamednt e hehls
exchange bet ween

10
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switching timing, detects the amount of cleaning
refrigerant.

In the case of this piping cleaning system, in the
heat pump circuit, working refrigerant is circulated by the
compressor through the four-way switching valve, one of the
transfer heat exchangers, the throttle mechanism, the other
transfer heat exchanger and the four—way switching valve in
this. order. Then, the liquid—phese cleaﬁing_ refrigerant
flows out from the one transfer heat exchanger under
pressurization, causing the amount of heat exchange between
working refrigerant‘ and cleaning refrigerant in the heat
pump circuit to lower, where when the discharge pressure of
the compressor becomes not less than a specified wvalue, the
four-way switching valve switching means swirches over the
four-way switching wvalve. As a result, the.one transfer
heat exchanger is switched over from pressurizing operation
to cpoling operation while the other transfer heat exchanger
is switched over from cooling operation to pressurizing
eperation. Also, the liquid-phase cleaning refrigerant is

accumulated to a specified amount in the other transfer heat

ng

In the case of this piping cleaning system

10

in

transfer

flows out fromthe one transfer



wor ki ng<refrigerant and cleaning refrigerant in the heat punp circuit
to | ower, where when the di scharge pressure of t he conpressor becones
not- | ess than a specified value, the four-way switching val ve
swi t chi ng neans switches over the 20 four-way switching valve. As a
result, the one transfer heat exchanger is swi tched over from
pressuri zi ng operation to cooling wperation while the other transfer
heat exchanger is switched over fromcooling operation to

pressuri zi ng operation. Also, the |'iquid-phase cleaning refrigerant
Is 25 accunul ated to a specified amount in the other transfer heat

- 9- exttdryaye rundeler coobindggantid aa coedlest] refrigereartt is sucked

into the conpressor, where when the discharge gas ‘tenperature
of the conpimssor thecomesnpXaisstar,e thher@ when spehefi ellsoharee t hgas
four-way swi tching valve switching 5 means swi tches over the four-way

swi t chi ng vadmgssratudid | bf the abeHpredssr SUddameganoy espuee thahhea
conpressor becones not nore than a specified value, the four-way

swWi tching specifidld/€ valMukghi Gbe TepOSr-SWd ¥ CRas tatEing heafleer - wRytenihghi ng
val ve. Thus, a heat punp action of accunulating again the 10 = cl eaning

refri gerantmddhd hewl tanss eloveaat t R C fEealyNakwheshing vad@en! et styilisent
out t he - cl eani ng refrigerant, and sinmultaneously therewith

?regflnl tn%e ?ﬁlnssc%,te ?ﬁrﬁ%%tcbaaﬂ&aa gas pr&dshEer ant tdhe tEemstaEYNIbeEbmE!
not more than a specified value, the four-way switching
valve switching means switches over the four-way switching
valve. Thus, a heat pump action of accumulating again the

10 cleaning refrigerant in the transfer heat exchanger that has
completely sent out the ¢leaning refrigerant,- and.
simultaneousl& therewith sending opt' the 'cleanihg
refrigerant to the cleaning circuit from the transfer heat
exchanger in which ' the cleaning refrigerant has been

15 accumulated, is iterated.

| In this case, the smaller the amount of cleaning
refrigerant that is present in the cleaning circuit, the
shorter the period at which the four-way switching valve is
switched over by the four—way valve switching means, ‘that

20 is, the more frequently the four-wéy switching valve 1is
switched over. Accordingly, the refrigerant amount
detecting means 1is enabled to detect the largeness or
smallness of the cleaning refrigerant amount by detecting

the longness or shortness of the switching period of the

25 four-way switching valve.



exchangef in which the cl eani ng refrlgerant has been 15 accunul ated, is
i terated. In this case, the smaller the anount of cleanlng
reforigerant that is present in the cleaning circuit, the shorter the
period at which the four-way switching valve is swi tched over by the.
four-way val ve switching neans, that 20 Is, the nore frequently the
four-way switching valve is swiLghed over. Accordingly, the
refrigerant anount detecting neans is enabled to detect the

| ar geness or smal | ness of the cleaning refrigerant anount by

det ecting t he | ongness or shortness of the switching period of the

25 four-way swtchiTie Wdasdbn why the smaller the amount of cleaning
-10- The reason why the smaller the anmobunt of cleaning

refrigerantrefigshit erthdesavrtehi Blepewitdhing tdeatidd)e is tha@nehst of
heat exchange wi th working refrigerant becones smal | er, the discharge

pressure i ngi@ast Ne£r Heutof ekbBange W¥¥Hﬂﬁﬁﬁﬁin§eQQﬁ&idEﬂHHﬁ beddfest s
di scharge tenperature decreasi ng rate becones higher.

Al'so, a pi pii) GéLANIHNE SHSEBRLeLeONSresbeee Tiicreasing 0HRIHeS e £t hehe
refrigerant resupply line connected to a refrigerant cylinder; 10

a pressuridimiredsde bE@bmelsntliP&&@rﬁganﬁo itdedischargRf rtampapatayki nder
a refrigerant 'gas pressurized by t
decreasing rate becomes hlgher.
Aléo, a piping cleaning system of one embodiment
~ comprises the refrigerant resupply line ponnected to a
refrigerant cylinder;

10 a pressurizing line for introducing to the

refrigerant-cylinder a refrigerant gas pressurized by the
ﬁtransfer heat exchanger in order to pressurize the
refrigerant cylinder; and |

a pressurizing valve provided on the pressurizing

15 line.

In this piping cleaning system, upon a shortage
of cleaning refrigerant, cleaning refrigerant can be
resupplied from the refrigerant cylinder to the refrigerant
résupply line.

20 In the case of an insufficient pressure of the
refrigerant cylinder, where -refrigerant supply from the
refrigerant cylinder is stagnated, the pressurizing valve is
opened so that the refrigerant gas is introduced into the

refrigerant cylinder from the trahsfer heat exchanger via

25 the pressurizing 1line, by which the pressure of the



transfer® heat exchanger in order to pressurize the refrigerant
cylinder; and a pressurizing valve provided on the
pressurizing 15 i ne. i : In this piping cleaning system
upon a shortage of cleanlng refrigerant, cleaning refrigerant can be
resupplied fromthe refrigerant cylinder to the refrigerant resupply
line. 20 In the case of amilinsufficient pressure of the
refrigerant cylinder, where refrigerant supply fromthe refrigerant
cylinder is stagnated, the pressurizing valve is opened so that the
refrigerant gas is introduced into the refrigerant cylinder fromthe
transfer hesfrtgdrmrgercyliinde2’ cant be mpriessdnedi ag al specifbgd hbveh. the
pressure of the refrigerant cylinder can be maintained
at a speci fAsdal egshlt, whenAtha redssdringvhefrtigerdrdaniug refiorper ahé runs
short, theé : cleaning refrigerant can be speedily supplied from

t he refgdrgigifntreyliigagdantt ochhe bé easperily Cuppliitdoufrom - the
stagnati on. Al so, a piping cleaning system of another

enbodi nent fEHfPigeaemt hecypindger agd bltped |dlaarciornecétfcuit witheut
refrigerant cylinder; a depressurizing l'ine for
I ntrodsici Nstaynation.
Also, a piping cleaning system of another
embodiment comprises the refrigerant bleed line connected
N to a refrigerant cylinder;
a depressurizing line for introducing a
10 refrigerant gas from the refrigerant cylinder to the
transfer heat exchanger in order to depressurize the inter
of the refrigerant cyliﬁder by cdoling_the refrigerant.gas
within the refrigerant cylinder with the .transfer héaﬁ
exchanger; and
15 2 pressure-reducing valve provided on the
depressurizing line.

In this piping cleaning system, with the cleaning
refrigerant excessive, excess liquid refrigerant can be
returned to the refrigerant cylinder wvia the refrigerant

20 bleed line. With the'internal pressure of the refrigerantl
cylinder too high, where the return of refrigerant to the
refrigerant cylinder is stagnated, the pressure—reducing
valve is opened so that the refrigerant gas is introduced

into the transfer heat exchanger from the refrigerant

25 cylinder via the depressurizing line, by which the pressure



10 refrigersant gas from the refrigerant cylinder to the

transfer heat exchanger in order to depressurize the inter of the
refrigerant cylinder by cooling the refrigerant gas within the
refrigerant cylinder with the transfer heat exchanger; and 15

a. pressure-reducing . valve provided on t he depressuri zing line.
In this piping cleaning system wth thegoc] eaning refrigerant
excessi ve, excess liquid refrigerant can be returned to the
refrigerant cylinder via the refrigerant 20 bleed line. Wth the

i nternal pressure of the refrigerant cylinder too high, where the

return of ref riger aBEriget8et cylinbehr icker ané Bghanc@ar an appeoptedtet he
pressure-reduci ng val ve is opened so that the refrigerant gas is

i ntroduced value. '”’i’Huéhewh%ﬁn&fBéa %EP &ednt r 98 thecdafiveger epg 25
cylinder via the depressurizing lin y mhl the pressure S

-12-. cl&dnitie reffyigRant C)da{rpd%e Cagpdi 18} d Aét@FnePPrepr i 8he

val ue. Thus, when cleaning refrigerant Iis excessive, the cl eani ng

refriger antréﬁ!l&&ai&ee(wmnh%trur #eQml OthRe cleanih§f tgeEARNt CyhitnRdgt from
the cleaning circuit w thout. stagnati on. Al so, one

aspectg of . tgggdﬁggﬁﬁg.lnventlon provi dés a piping cleaning nmethod for
refrigeration units, :

Also, one aspect of the present invention
‘provides a piping cléaning method for refrigeration units,
N~ in which refrigerant piping is cleaned by circulating a
cleaning refrigerant through the refrigerant piping, the
- 10 nethod .comprising:

circulating® liquid refrigerant through the
refrigerant piping by two transfer heat exchangers_provided
on a heat éump use refrigerant circuit other than a
cleaning circuit through which the cleaning refrigerant
15 flows, the transfer heat exchangers alternately iterating a
sucking operation by cooling a gas refrigerant within the
transfer heat exchangers to effectuate depressurization
fhereof so that a refrigerant is sucked in from outside
thereto, and a aischarge operation by héating the
20 refrigerant within the transfer heat exchangers to
effectuate pressurization thereof so that a 1liquid

refrigerant is discharged therefrom; and
detecting an amount of cleaning refrigerant

circulated through the refrigerant piping and, based on the



in which refrigerant piping is cleaned by circulating a "cl eani ng
refrigerant through the refrigerant piping, the 10 nmet hod. conpri si ng:
circulating liquid refrigerant through t he refrigerant piping by
two transfer heat exchangers provided on a heat punp use
refrigerant circuit other than a cleaning circuit through which
the cleaning refrigerant 15 flows, thgtransfer heat exchangers
alternately iterating a .sucki ng operation by cooling a gas
refrigerant within the. transfer heat exchangers to effectuate
depressuri zation thereof so that a refrigerant is sucked in from

out si de detddisdt amowaitl of dieahdhge refieigebirant, byadjmating the 20
refrigerant within the transfer heat exchangers to ef fectuate

pressuri zatamgunt ef edfearwsing tiefrigerdngui d refrigerant is
di scharged therefrom and detecting an anmount of cleaning

refrigerant = - cirpul ated 4 hr evegholdhe rehél gesastnpi pi 6 andlednsrg on
t he 13- det ect ed anount

of cl eani ngrg®figdeirant ciadulsitiedy £heough tmﬂéfrﬂéeﬁéﬂﬁnm@ung is
refrigerant. In this - method, the amount of

cleaning detedttdd i @aHINIpLsEL UbAL elﬁhi:hr@%fécﬁ:'éﬂ rehshgler F OLLANINGS S
detected and, based on this detected anmobunt of cleaning refrigerant,
t he a”DU”trefﬁlgé¥éﬁ¥N Ngtnkef rdMQIRAt oS cleaning refrigerant is
adjusted. Therefore, the amount of cleaning refrigerant in
s the cleaning circuit can be set to an apprbpriate level
without any excess or shortage, so that the refrigerant
10 piping can be cleaned efficiently.
Also, a piping cleaning method for refrigeration
- units of one embodiment further comprises at least one of a
step for resupplyiné a refrigerantlto the cleaning circuit
from a refrigerant resupply line which is connected to the
15 heat exchangers and a step for bleeding the refrigerant of
the cleaning circuit through a refrigerant bleed line which
is connected to the transfer heat exchangers.
In this piping cleaning method, upon a shortage
of cleaning refrigerant, the refrigerant resupply line is
20 connected to the transfer héat exchangers and refrigerant
is resupplied to the cleaning circuit through this
refrigerant resupply 1line, by which the shortage of
cleaning .refrigerant_ can be refilled. Also, with the

cleaning refrigerant excessive, the refrigerant bleed line

25 is connected to the transfer exchangers, by which the



adj usted: Therefore, the amount of cleaning refrigerant in t he
cleanimg circuit can be set to an appropriate |evel W t hout any
excess or shortage, so that the refrigerant 10 pi pi ng can be cl eaned
efficiently. : Al so, a piping cleaning nethod for
refrigeration units of one enbodi nent further conprises at |east one
of a step for resupplying a refrigarant to the cleaning circuit
froma refrigerant resupply line which is connected to the 15 heat
exchangers and a step for bleeding the refrigerant of ‘the cl eani ng
circuit through a refrigerant bleed |ine which I's connected to the
transfer heséfekgdwargersn the cleaning cirtuithis pilpdngut! ¢aronghmehkod,
upon a shortage of cleaning refrigerant, the refrigerant resupply
line is 20refrigwenitecbleed htiheanther diwaintexshaoleasingdre€iigeeaant

I's resupplied to the cleaning circuit-.through this refrigerant
resupply |idcen by mehlirtdaiel shoenng@pebpriate tkeabing refrigerant can be
refilled. Also, wth the . cleaning refrigerant excessive, the
refrigerant bleed |ingls@p ihsS 6ReneehBddikent} hether angher pexphaagers,
by which the -14-

refrigerantréfirid@lteantngceitfui twhiehb! egadut af hrewebrthe mechanism
refrigerant bleed |line, the anount of cleaning refrigerant can be

mai nt ai ned @nRdcBdd’ YUthadéh | el - two transfer heAltSOextchaBbRrs, a
enbodi nent, the heat punp use
compressor and a four-way switching valve, switches over a
~ flowing direction of working refrigerant flowing through
the two transfer heat exchangers by switching over the
10 four-way switching wvalve, by which the sucking dperation
and the discharge operation of the two transfer heat
' exchangers a;é'switched over, |
switcheé over the four-way switching.valve when
discharge pressure of the compressor becomes not less than

15 a specified value, or when discharge temperature of the

compressor becomes not more than a specified value, and

~ detects a switching timing of the four-way
switcﬁing valve, and based on this switching timing,

detects the amount of cleaning refrigerant.
20 In this piping cleaninglmethod, by switching over

the flowing direction of refrigerant in the heat pump use
- refrigerant circuit by the four-way switching valve, the
heat pump action is.executed while cooling operation and
pressurizing operation of the two heat exchangers are

25 switched over, where the amount of cleaning refrigerant can



5 refrifgerant circuit, which has a throttle nechanism

connected between the tvvo transfer heat exchangers, a conpressor and
a f.our-way switching valve, switches over a flowi ng direction of

wor ki ng refrigerant flow ng through the two transfer heat exchangers
by. switching over the 10 four-way swtching valve, by which the sucking
operation and t he di scharge operatben of the two transfer heat .
exchangers are switched over, swi tches over the four-way -
swi t chi ng val ve when d| scharge pressure of the conpressor becomes not
| ess than 15 a specified value, or when dischargé tenperature of the
conpr essor beecdwtesctreat dapendiran enspbei Sweétichahge tiaidg of the four-
detects a switching timng of the four-way - swi tching val ve, and
based on t hiay switcihing tvalivey, detects the anmount of cl eaning
refrigerant. 20 . In this pipi'ng cleaning nethod, by swtchi ng
over the flow g sdi,r ectpiping ctéanfprgasysicent ke loost qmigpdiment
refrigerant circuit by the four-way switching valve, the heat punp

action i s exsptietshid e cloedningy opeivdudn absr cleapiwgsuréfihgepmetati on
of the two heat exchangers are 25 swi tched over, where the anmount of -

cl eanigng r%ﬁ'ﬁi@@fw cia@ulating a cleaning medium therethrough; - 15-
be detected depending on the switching timng of the four- way
swi t ching val ve. cleaning medium -amount detecting means for
| detecting an amount of cleaning medium with which the
% refrigerant piping is cleaned; and
adjusting means for adjusting cleaning medium
10 amount based on the amount of cleaning medium detected by
the detecting means.

According . to this piping cleaning _sys'tem, "the.
refrigerant piping is cleéned by circulating the clleahing
medium through the refrigerant circuit. 1In ﬁhis process,

15 the amount of cleaning medium with which the refrigerant
piping is cleaned 1is detected by the cleaning medium
detecting means and, based on this detected amount of
cleaning medium, the amount of cleaning medium is adjusted
by the adjusting means. Therefore, according to this piping

20 cleaning system, any excess or shortage of the amount of
cleaning medium with which the 'refrigerant piping is cleaned
can be eliminated, and the refrigerant piping can be cleaned
effigiently. An insufficient amount of cleaning medium

would cause the cleaning performance to Ilower, and an



Al so, a- pi pi-ng cl eaning system of one enbodi nment conprises a
cleaning circuit ‘for cleaning refrigerant 5 piping by circulating a
cl eani ng nedi um t her et hr ough; cl eaning nedium anount
detecting nmeans for detecting an anount of cleaning nediumwth

whi ch the refrigerant piping is cleaned; and

adj usting neans for adjusting cleani ng-rmd um 10 anount based on the
anount of cleaning nedi um detected by t he detecting neans.

According to this piping cleaning system the refrigerant piping is
cl eaned by circulating the cleaning medi um t hrough the refrigerant
circuit. |ext¢dssiyeso@ennt 16f ¢cheamimynmedfiun ewoihd nbehdmbew t Ressi ch
the refrigerant ' piping is cleaned is detected by the cleaning nmedi um
det ecti ng nmmosth atidculmsionh @f tHe clédehdagetheddomunt  of cl eani ng
medi um the anount of cleaning nediumis adjusted by the adjusting
means. Therefore, acRbsdj niint onthesbpdpmegt, 2Gthe cleaning mgdtianm isaay
excess or shortage of the anmpunt of cl eaning mediumw th which the

refrigerantmpked Nfledbuk | EfiBstergent Gl ke feligeraated, and the refrigerant
pi pi ng can be cl eaned efficiently. An insufficient anount of

cl eanigg nedi um Aveotdingatse thie ptheagi meamﬁgorm@an t ginkewer,
and an excessive
anmount of cteanifFriR@Eramtwopigihgadd ocllesfied by both detergent and
refrigerant, the cleaning effect can be enhanced. |
~— Also, one aspect of the present invention
provides a piping cleaning system in which a 1liquid
10 refrigerant is.circulated through refrigerant piping by two
transfer heat exchangers pro?ided on a heat pump use
refrigerant circuit othe; than a cleaning circuit through
which a cleaning refrigerant -flows, the._transfer heat
exchangers alternately iterating a sucking operation by-
15 cooling a gas refrigerant within the transfer heat
exchangers to effectuate depressurization thereof so that a
refrigerant is sucked in from outside thereto, and a
discharge operation for heating the refrigerant within the
transfer heat exchangers to effectuate pressurization
20 thereof so that a liquid refrigerant is discharged
therefrom, wherein | |
the heaf pump use refrigerant circuit has a
throttle mechanism copnected between the two transfer heat .

exchangers, a compressor and a four-way switching valve,

25 and the piping cleaning system further comprises four-way



snoot h -ci rcul-ation of the cleaning nedium Al so, in one
enbodi‘ment, the cleaning nediumis a m xed nedi um of detergent and

refrigerant. 5 According to this piping cleaning system since

the refrigerant piping is cleaned by both detergent and

the cleaning effect can be enhanced. . Al so, one aspect
present invention provi des-a7 pi ng cl eaning systemin which a

t he

liquid 10
t rransf er

refrigerant is circulated through refrigerant piping by two
heat exchangers provi ded on a heat punp use refrigerant

circuit other than a cleaning circuit through ~ which a cl eaning
refri gerantswiossindg herdInanshearitiobdng meansxchengesws tadhiargabosley | theati ng
a sucking operation by 15 cooling a gas refrigerant wthin the

transfer
t hat
di schar ge opespébpn switdienidg ndidie ref rilgariant dirkictiohe of wokkansfer
exchangers to effectuate pressurization 20 thereof so that

heat

-a

liquid
the heat punp use refrigerant circuit has a = throttle mechani sm
connected bskyesngéhe, t Byl r kS hewé  suckifyChip@aiatioch Codmd esghe and

a four-way switching valve, 25 and the piping cleaning systemfurther

heglir-way swAuHigey s vadvef f ecéuqt esptani fissdir itdaiel obntbewveadf so

refrigerant is sucked in fromoutside thereto, and a

refrépeigetants figahay gedhrough t henef r atwo Whereingfer heat

conpri ses f@iicN@Yge operation of the two transfer heat exchddgers are

10

15

20

25

switched over.

| According to this piping cleaning system, the
four-way switching valve switching means switches over the
four-way switching wvalve in the heat pump use refrigerant
circuit every specified time interval. 1In this case, when
the specified ‘time interval is set to a time duration
elapsing while: the refrigerant within the traﬁsfef heat
exchangers is cooled from an ehtirely gas-refrigerant state
into an entirely liquid—refrigerant state, there can be
offered a merit that the necessary number of times of
switching of the fourfway switching wvalve can be reduced.
‘Also, since the four-way switching valve is switched over in
specified time ihterval, the need of sensors.for detecting
the refrigerant amount is eliminated. In addition, even if
the specified time interval is set to a time duration
elapsing while the refrigeranf within the transfer heat
exchangers 1is heated_ froml an entirely liquid-refrigerant
state into an entirely gas-refrigerant state, similar

effects can be obtained.

refrigerant,

of

a



sw tching valve switching nmeans for switching over the f our - way

switching val ve every specified tinme interval, thereby sw tching
over a flowng direction of working refrigerant flowi ng through
the two transfer heat 5 exchangers, by which the sucking
operation and the di scharge operation of the two transfer heat
exchangers are swi tched over. ~-18- According to this
pi pi ng cl eaning system the four-way sw tching valve sw tching neans
switches over the 10 four-way switching valve in the heat punp use

.. refrigerant circuit every specified tinme interval. In this case, when
the specified tinme i na2eval ichesetasgpeatti of dwhat i goresent eliawsntdonhil e,
the refrigerant within the transfer heat exchangers is cooled from an
entirely gaproeidegenaimsing eclddning nhethed €oki r@lfy igeraiidnr efmiitger ant
state, there can be offered a nerit that the necesSary. nunber of

times of  in whiidithiregragethatf @ipiRy $8i teleaged/abye chrchratiiyicad.
Al so, since the four-way switching valve is switched over in

speci fied tgpBahDhgr MakivihanreRghoftifeneof si darartet iping, 2le niditiod

refrigerant anmount is elimnated. |In addition, even if t he specified
time iptervabmppisehgto a tine duration ' elapsing whi |l e the
refrigerant mnthln t%e transfer heat exchangers is heated from an

entirely liquid-refriggeaBting an &h8hfiti BEOCABafRhy’ AlkWitfs wieh! Whachnt
state, simlar 25 effects can be obtained.
the refrigerant piping  is cleaned and, based. on the
~ detected amount of cleaning medium, adjusting the amount of
cleaning medium.

10 According to this piping cleaning method, when
the refrigerant piping is cleaned by circulating the
cleaning medium through the-cleanihg circuit, the amount of
cleaning medium with which the reffigerant piping is
cleaned is detected and, based on this detected amount of

15 cleaning medium, the amount of cleaning medium is adjusted.
Therefore, any excess or shortage of the amount of cleaning

- medium with which the refrigerant piping is cleaned can be
eliminated, so that the refrigerant piping can be cleaned
efficiently.

20 Also, in one embodiment, the cleaning medium is a
mixed medium of detergent and refrigerant.

According to this piping cleaning method, since
the refrigerant piping is cleaned with both detergent and

reftigerant, the cleaning effect can be enhanced.



-18- - ° a4 Al so, one aspect of the present invention
provi des a pi ping cleaning nmethod for refrigeration units, I n which
refrigerant piping is cleaned by circulating a cl eani ng medi um
through the refrigerant piping, the method 5 conpri si ng:

det ecti ng an anmount of cleaning nmediumw th which the refrigerant-
pi.-ping is cleaned and, based on the -19-det ected anount of cl eaning

medi um adj usting the anmount of cl eaning medium 10

According to this piping ¢leaning nethod, when the refrigerant piping
Is cleaned by circul ating the cl eani ng nmedi um t hrough the cl eani ng

circuit, the amount @&lso, ofikcarisp@dtediefn Wehe Wprdsdrte rehvegeient
piping is cl eaned is detected and, based on this detected anount of

15  cl eanig¥bvieiisiMa t pepangurdledinitlocanetbodedineMidiragj ustiedulating
Therefore, any excess or shortage of the anmount of cl eaning medi um

W th whi-ch tihgief riger agérantpi nfhrsughearedrégerhgt pipield Myt edwoso
that the refrigerant piping can be cl eaned- efficiently. 20

Al'so, in ongrfEEsk MHEat t RxcHBYUrY PGWALES 3n a hBhxedpiRgi udsef
detergent and refrigerant. According to this piping

cl eaning et gt i€ circuith@thel’ i@enans RiREAGNGS &iRamed ¥hibugat h
detergent and refrigerant, the cl eani ng ef fect 'can be enhanced.
which cleaning refrigerant flows, the transfer heat
exchangers alternately diterating a sucking operation by
cooliné' a gas refrigerant within the transfer heat
exchahgers to effectuate depressurization thereof so that a
10 refrigerant is sucked in from outside thereto, and a
discharge operation by heating the refrigerant within the
transfer heat exchangers to effectuate preséurization
thereof sé that the liéuid refrigerant 1is discharged
therefrbm; and detecting an amount of cleaning refrigerant
15 circulated thrﬁugh the refrigerant piping and, based on the
detected amount of cleaning refrigerant, adjusting the
amount of cleaning refrigerant, wherein
the heat pump wuse refrigerant circuit has a
throttle medhanism cdnnected between the two transfer heat
20 exchangers, a compressor and a four-way switching wvalve,
and switches over the four-way switching wvalve every
specified time interval, thereby switching over a flowing
direction of working fefrigerant flowing through the two

transfer heat exchangers, by which the sucking operation



-19- T -4 Al so, one aspect of the present invention

provi des a piping cleaning nmethod including: circulating liquid

ref.ri gerant through refrigerant piping by two transfer heat
exchangers provided on a heat punp use 5 refrigerant circuit other than
a cleaning circuit through whi ch cleaning refrigerant flows, the
transfer heat exchangers alternateby iterating a sucking operation by
cooling a gas refrigerant within the transfer heat exchangers to
effectuate depressurization thereof so that a 10 refrigerant is sucked
in from outside thereto, and a di scharge operation by heating

t he refrigenaht thd hidisidharge operatioer b&at thechbwgertsransfétecheate
pressuri zation thereof so that the liquid refrigerant is discharged

t heref rom ershaiejand iaxe switched ofex) eaning refrigerant 15  circul ated
t hrough the refrigerant piping and, based on the - det ect ed anount of

cl eani ng refrigerant Aceindhiiigng tbhethis pasingnt olfeatliewni ngthetl, i gehant , .
wherein _the heat punp use refrigerant circuit has a

throttle megdigniwidy coniteheéfigheialren éhethwo hidagngieip hesé reébrigerant
exchangers, a conpressor and a four-way sw tching val ve, and sw tches

over tie firoreit SW tuhi titheddl e L Vevary specEPEedf teflet iftektbelvain
t hereby switching over a flow ng I rection of working refrigerant

flowi ng thriguigh EBSef Wvhen thér apelarfikentt axehangergalbyigthsel te a
sucki ng operation

time duration elapsing -while the refrigerant within the

~— transfer heat exchangers is cooled from an entirely gas-
refrigefant state into an entirely liquid-refrigerant state,

10 there can be offered a merit that the necessary number of
times of switching of the four-way switching valve can be
reduced. 'Also, 'since the’ fqur—way' switching valve is
switched. over in specified time. interval, the need of
sensors for detecting the refrigerant amount is eliminated.

15 In addition, the specified time interval may also be.set to
a time duration elapsing while the refrigerant within the

transfer heat exchangers is heated from an entirely liquid-

refrigerant state into an entirely gas-refrigerant state.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig.'l is a refrigerant circuit diagram showing
an embodiment of a piping cleaning system for refrigeration

units according to the present invention.

25



- 20- ~and the discharge operation of the two transfer heat
exchangers are sw tched over. According to this piping
cl eani ng nmet hod, the four-way switching valve of the heat punp use

refrigerant 5 circuit is switched over every specified tine interval

In

this case, when the specified tinme interval is set to a

duration el apsing while the refrigerant2wni-thin the transfer heat

exchangers is cooled froman entirely gas-

time

refrigerant state into an

entirely liquid-refrigerant state, 10 there can be offered a nerit that

t he necessary nunber of

times of switching of the four-way sw tching

val ve can IBEST MODE &ORc €ARRYANSOOUTSTHEeINVERTIO®uUr -way switching valve

S

swi tched over in specified tinme interval, the need of

sensors for detecti nfdreintdIower ghe Frasent sievénthaheds déscribed

addi ti on,

the specified tinme interval nmay al so be set to atine

duration eliapsdeigaithibe wag oEf empoddmentist therieof illustrasrsi ein hehdé
exchangers is heated froman entirely I|iquid- refrigerant state
an entirel yagasmpaiyigerdrdwisidgy e. 20 BRI EF DESCRI PTION OF THE
Fig. 1 is arefrigerant circuit diagram show ng

DRAW NGS

an enm®di ment of a pimigg TS oars yaissd ientt e f | ges giPing cleatDh§s

according to the present invention.

W,
10
15
\/
20
25

system for refrigeration units according to the present
invention. The piping cleaning system 1 is equipped with a
cleaning circuit 2. In this cleaning circuit 2, é cleaning
refrigerant, which is given by R22, is circulated to clean
existing connecting piping which combrises a gas line 3 and
a liquid line 5. This cleaning circuit 2 has a pipe Glfor
directly conneéting-a valve 13 provided at an end'of-the'
gas line 3 and a vélve 14 providéd at an end of the liquid
line 5 to each other,  a pipe 10 connected between a valve
16 provided at the ofher end of the liquid line 5 and a
valve V2 provided at an inflow port of a cleaning unit 7,
and a pipe 12 connected between a valve 15 provided at the
other end of the gas line 3 and a valve V6 provided at an
outflow port of the cleaning unit 7.

The cleaning unit 7 _is provided with an oil_
separator 17, and a liquid refrigerant is introduced into
the o0il separator 17 through an introductory pipe 18
connected between the 0il separator 17 and the wvalve V2
placed at the inflow port. Also, the introductory pipe 18

is provided with a check valve 20 which permits a

nto



25 s -21- BEST MODE' FOR

'CARRYI' NG CUT THE | NVENTI ON Her ei nbel ow, the present

i nvention is described in detail by way of enbodi nents thereof
illustrated in the acconpanying drawing. 5 Fig. 1 shows
an enbodi rent of the piping cleaning system for refrigeration units
according to the present I nventiop2- The piping cleaning system1l is
equi pped with a cleaning circuit 2. In this cleaning circuit 2, a
cl-eani ng refrigerant, which is given by R22, is circulated to clean
10 existing connecting piping which conprises a gas line 3 and a
l'iquid |inerdfrildearct eBiowof ¥oni Cthié Falas 2 pigetite fetl separatorclly
connecting a valve 13 provided at an end of the gas line 3 and a

val ve 14 prmé dbsk eddwdt g {pé hesl iguicBnnected iate & gairdachiE od hgidea
pi pe 10.connected between a valve 15 16 provided at the other end of the

liquid lingvdilan@fa the o¥Bl véeep&rdtewi ded allightlif | appeerttBhna €heani ng
unit 7, and a pipe 12 connected between a val ve 15 provided at the

ot her end Gfetthicc R Scdi ther \?oprlgh@ yade/gyadd provi ded at an -out f| ow
port of the cleaning unit 7. The cleaning wunit 7 is

provided with an oilrthe 011388§5§hﬁbrliﬂ Qﬁ&;a ih qubflekeipalr@§r aNthést
i ntroduced into the oil ~separator through an introductory
pi pe 18 exchanging coil 21, and this heat exchanging coil 21 is
connected to a later-described heat pump circuit. With
~ this heat exchanging coil 21, the 1liquid refrigerant
introduced from the introductory pipe 18. is evaporated.
10 Also, an upper liquid level sensor 22 and a lower liquid
level sensor 23 are attached on a side wall of the oil
separator 17 at upper and lower positions of the coil 21.
These upper liquid level sensér 22 and lower liquid level
sensor 23 are implemented by float switches.
15 The oil sebarator 17 has a filter 24 fitted
thereto at a position slightly below a top plate thereof
and above the connecting point of the introductory pipe 18.
When the refrigérant évaporated by the coil 21 passes
through the filter 24, foreign matters in the refrigerant
20 are removed by the passage. Further, a discharge valve V7
is set at the bottom of the o0il separator 17, so that oil
accumulated at the bottom can be discharged through this
discharge valve V7.

A pipe 29 is connected to the top plate of the

25 oil separator 17, and this pipe 29 is branched into pipes



connect-€d between the oil separator 17 and the valve V2 placed at the .
i nflow’port. Also, the introductory pipe 18 25 Is provided with a
check valve 20 which permts a

-22- : refrigerant flow fromthe valve V2 to the oil separator 17.
The introductory pipe 18 is connected at a point of a side wal | . of
the oil separator 17 slightly uppe+23than the vertical center of
the side wall. 5 The oil separator 17 has, in |lower part, a
heat exchangi ng coi'l 21, and this heat exchanging coil 21 is
connected to a | ater-described heat punp circuit. Wth thi s heat

exchangi ng 294 | agd, 298e 39 qasd toefbvé geovmeécted toi rithevduopdpilatm tde a

i ntroductory pi.pe 18 is evaporated. 10 Al so, an upper liquid |evel
sensor 22 afidrst | éwansifequilttat exchangérs@ismind3taee tadp aphetieof ai de
wal | of the oil separator -17 at upper and | ower positions of the coi
21. Tdesendippeansfeni Hehevekchengetr 25, anedmyetrively) d Teyvebipe
sensor 23 are inplenented by float switches. 15 The oi
separator 120 hass aaf lbwerpPdssiirét @@nsor 27 herewvddaid aalposet ithie stoght |y
bel ow a top pl ate thereof and above the connecting point of the

i ntrodsict orplpieeot8the oil VBepatheoreflri.gezdso eveper plipdsbyddie goBl 21

passes through the filter 24, foreign matters in the refrigerant 20

are renovedhty éfeipesdageth Chetbevaldesdi S0haByp vakpec¥ively. These
check valves 30, 31 permit refrigerant flows from the oil
separator 17 to the transfer heat exchangers 25, 26,
respectively.

10 The transfer heat exchangers 25, 26 have heat
exchanging coils 32, 33, and the heat exchanging coils 32,
33 are cbﬁheqtéd to a later-described heat pump circuit
200. Then, pipeé 35,.36 are éonnected fd bottons of.thé
transfer heat exchangers 25, 26, respectively, and these

15 pipes 35, 36 are connected to a merged pipe 40 via check
valves 37, 38 (forward directed toward the valve V6 placed
at the outflow port), respectively. This merged pipe 40 is
connected via a valve V1 to the valve V6 placed at the
outflow port. |

20 Meénwhile, the heat pump circuit 200 has piping
46 for connecting a compressor 41, a heat exchanger 42, a
four-way switching valve 43, the first transfer heat
exchanger 25, the oil separator 17, the second transfer

heat exchanger 26, the four-way switching wvalve 43, an

25 accumulator 45 and ‘the compressor 41 in this order. A



Is set at the bottomof the oil separator 17, so that oil - accunul at ed
at the bottom can be discharged through this di scharge val ve V7.
A pipe 29 is connected to the top plate of the 25 oil separator 17, and
this pipe 29 is branched into pipes - , :
- 23- 29A and 29B so as to be connected to the top plate of a
first transfer heat exchanger 25 and the4t-op plate of a second
transfer heat exchanger 26, respectively. The pipe 29 has a | ow
pressure sensor 27 provided above the top 5 pl ate of the oil separator
17. Al'so, the pipes 29A 29B are equi pped wth check val ves 30, 31,
respect i velmotdhesperated ekpansiahvealss, 481 ipepriavidsd iqyeranpipe ods from
the oil separator 17 to the transfer heat exchangers 25, 26,
respecti velfor dénnecting the fiiwestrerahefehda¢akbxekehngeger 25, an@6thave
heat exchanging coils 32, 33, and the heat exchanging coils 32, -.
33 are conneil edeparmtont el7desar idearh hedhemynpandr caii tcheck - v2d@e Shen,
pi pes 35, 36 are connected to bottons of the transfer heat exchangers
25, 26, respBstwaedydinsdtédesowat8 thei pdd Iepatataore rDnniest pdovbdad
mer ged pi pe 40 via check val ves 37, 38 (forward directed toward the
val ve 8/6 plaxted pipe 50 wibcloubi/pawsper tthisr espeed+omdyatddi sxpangednpi pe
40 is connected via a valve V1 to the valve V6 placed at the -

valve 48, The motor-operated expansion valve 48 is

controlled in degree of openness with a signal derived from
a heat sensing cylinder 54 attached to a pipe 53 placed on
a side opposite to the motor-éperated expansion valve 48
10 with respect to the first transfer heat exchanger 25,
Also, a motor-operated expansion valve 56 is provided on a
pipe 55 which connects the oil Separator'l7'and the second
transfer heat exchanger 26 to each other, and a check valve
58 (forward directed toward the o0il separator 17) is
15 provided on a pipe 57 which bypasses this motor-operated
expansion valve 56. The motor-operated expansion valve 56
is controlled in degree of openness with a signal derived
from a heat sensing cylinder 61 attached to a pipe 60
placed on a side_oppoéite to the motor expansion valve 58

20 wifh respect to the second transfer heat exchanger 26.
Besides, a pressure sensor Pl is attached on a
suction-side pipe of the compressor 41, while a temperature
sensor T2 and a pressure sensor PZ are attached on a

disdharge—side pipe of the compressor 41.



outfl ow'port.s 20 Meanwhi | e, the heat punp circuit 200 has

pi pi ng - 46 for connecting a conpressor 41, a heat exchanger 42, a
four-way switching valve 43, the first transfer heat exchanger 25,
the oil separator 17, the second transfer heat exchanger 26, the

- four-way swtching valve 43, an 25 accunulator 45 and the conpressor 41
in this order. A —-25- : - 24-

not or - oper at ed expansi on valve 48 is provided on a pipe 47 for
connecting the first transfer heat exchanger 25 and the oi | separator
17 to each other, and a check val ve 51 (forward directed toward the
oi | separator 17) is puptheed ad5 refmigedanie &Plideh Mipassesohhested

not or - oper at ed expansi on val ve 48. The notor-operated expansion
valve 48 t6 the clesuiimy | efitn 7degraeiof repengesant dyldnsiegnall dési ved
from a heat sensing cylinder 54 attached to a pipe 53 placed on

a si de -opposbdhgetPed hBomeher copahahgd uBdRANS i, wedve dB allefriigkBahespect
to the first transfer heat exchanger 25. Al so, a notor-operated

expansi on Vﬁéﬂ@pdﬁﬁ%i SLii®ViTed &) Fefrigemirie Piedd chie@nnagt sahfe ail
separator 17 and the second transfer heat exchanger 26 to each ot her,

and a sheckpr¥@éy@rizing D8néf guvar gndi redragerandl d-ddipiy BEREr 2Ok s17)
is -15 provi ded on a pipe 57 which bypasses this notor-operated -
expansi on g yen§b6. rolhe ridiRi1gNNPt eHeeXfP8shPRgV dtederRferant to the
first, second transfer -heat exchangers 25, 26, and the
refrigerant bleed 1line 73 is pipihg for returning the
cleaning refrigerant from the first, second transfer heat
10 exchangers 25, 26 to the refrigerant cylinder 71. Also,
the pressurizing line 74 is piping for enhancing the
internal pressure of the refrigerant cylinder 71 by
introducing a gas fefrigeraﬁt to ﬁhe refrigerant cylinder
71 from the first, second transfer heat exchangers 25, 26.
15 | The refrigerant resupply line 72 is connected to
a solenoid wvalve SV3 via a valve 79 and a valve V4, and
branched into two beyond the solenoid valve SV3 and
further, via check valves 75, 76 (forward directed toward
the transfer heat exchangers 25, 26), connected to the
20 branch pipes 293, 29B in the downétream of the check wvalves
30, 31.
The refrigerént bleed line 73 is connected to a

solenoid valve SV4 via a valve 77 and a valve V3, and via

this solenoid valve SV4 to a check valve 78 (forward



Is contsrblled in degree of openness with a signal derived froma heat
sensing cylinder 61 attached to a pipe 60 pl aced on a side opposite
to.the notor expansion valve 58 20 -~ with respect to the second transfer
heat exchanger 26. Besi des, a pressure sensor Pl is
attached on a suction-side pipe of the conpressor 41, while a
tenperature sensor T2 and a press@eé-sensor P2 are attached on a

di scharge-si de pipe of the conpressor 41.

- 2b- Further, a refrigerant cylinder 71 is connected

to the cleaning unit 7. This refrigerant cylinder 71 is connected to
t he cl eani ndinected bygwaerdnthef refirdigergatartylinder rEsjypptynheoted2toa
refrigerant bleed line 73 and a 5 pressurizing line 74. The refrigerant
resupply |liaep¥Bei36 in thei gowgstoeamesipphyi ohetkevaleandag refrigerant
to the -~ first, second transfer heat exchangers 25, -26, and the
refrigerant bleed |inehd3 psepsprhgifigr Lehdrn7ag ibe connectedantog a _
refrigerant fromthe first, second transfer heat 10 exchangers 25, 26 to
the refriges@nénéydli nd@re’1sv5 Avia, a valveh®0 pagdsurivabge Wbne, 2Ad is

piping for enhancing the internal pressure of the refrigerant
cylindsr T7drak¥hed intd!rewdcipgyengdasthef rsgteasidt ovheer ebvsgenant
cyl i nder 71 fromthe first, second transfer heat exchangers 25, 26.
15 furtdée, r ¢fibi Ged féEﬂ&@'ﬂllIBQ & d gLt &6t éQ toward

the refrigerant cylinder 71), connected to the refrigerant
resupply line 72 in the downstream of the check valves 15,
76.

10 Also, the pressurizing line 74 between the valve'
V5 and the solenoid wvalve SV5 is connected to a branch
point Pi_of the refrigerant resupply_line 72 via a solenoid
valve SV2. When the solenoid valve SV2 is opened with the
refrigerant cylinder 71 under alhigh pressure, the cylinder

15 71 can be degassed to the resupply line 72. in doing this,
the pressurizing line 74 plays a role of depressurizing
line.

Also, the pressurizing line 74 is connected to
the merged pipe 40 with a pipe 85 having the solenoid valve

20 SVl from between the solenoid wvalve SV5 and the check
valves 81, 82 to between the valve V1 and the valve V6
provided at the outflow port.

(Easic Cleaning Operation)
Next, basic operation of the piping cleaning

25 system of this construction is explained. First, while the



a solenéld valve SV3 via a valve 79 and a val ve V4, and branched into

two beyond the sol enoid val ve SV3 and further, via check valves 75,
76 (forward directed toward the transfer heat exchangers 25, 26),
connected to the 20 branch pi pes 29A, 29B in the downstream of the check
val ves 30, 31. The refrigerant bleed line 73 is
connected to a sol enoid val ve SWR2Via a valve 77 and a valve V3, and
Vi a this solenoid valve SV4 to a check valve 78 (forward

- 26- directed toward the refrigerant cylinder 71), connected to

a pipe 36 in the downstream of the check val ve 38. The

pressuri zi fgur-way swdtchdngeoadyet d3 offo the heat pawipedinguidl 2OBES via a
valve 80 and a valve V5 , and 5 branched into two beyond the
sol enoi d ial we st8¥®e shown by soflicdk Hdme \ina Filgackl ,vaiheesa@bredBar diwar d
directed toward the refrigerant cylinder 71), connected to the
refrigerantis operateippby Whieh72 i hiqinkd doefisigernantdf ishd e madd/es
75, 76. 10 Al so, the pressurizing line 74 between the
val ve fridh abbet esnl exahdngsvedSVEEo s thennédrel ttrandfencltheat
point Pl of the refrigerant resupply line 72 via a solenoid val ve
SV2. 5Whenexivhangieanold vBkveth¥2 comppessdrw éh.t he Then, rigfe i giinast
cylinder 71 under a high pressure, the cylinder -
transfer heat exchanger 25 serves as a condenser In
addition, the heat exchanger 42 plays a role of controlling
~ the refrigerant temperature by making the heat of the
refrigerant discharged out to a specified amount at a
10 preceding stage of the first transfer heat exchanger 25.
This heat exchange amount of the heat exchanger 42 can be
controlled by turning on/off a fan 42a. Also, the'degree
of openness of the motor—operated expansion valve 48 is
changed depending on the level of the temperature detected
15 by the heat sensing cylinder 54 attached on the pipe 53, so
that the temperature of the refrigerant that flows into the
oil separator 17 is held within a specified temperature
range. With a small degree of openness of the motor-
~ operated expansion valve 48, the amount of refrigerant that
20 flows from the bypass pipe 50 via the check wvalve 51 into
the 0il separator 17 increases.
Then, the refrigerant that has lowered in
temperature through the first transfer heat exchanger 25

flows into the heat exchanging coil 21 of the oil separator

25 17, where the refrigerant heats and evaporates the cleaning



15 7% ‘can-be degassed to the resupply line 72. In doing this, t he
pressarizing line 74 plays a role of depressurizing l'ine.

Al so, the pressurizing line 74 is connected to t he nerged pipe 40
with a pipe 85 having the solenoid valve 20 SVl from between the

sol enoi d val ve SV5 and the check val ves 81, 82 to between the valve
V1l and the val ve V6 provi ded at +&g-outfl ow port. (Basic

Cl eani ng QOperati on) Next, basic operation of the piping
cleaning 25 systemof this construction is explained. First, while the
-27- four-way switching valve 43 of the heat punp circuit 200 is

in a stat e refovgeransoltlat imesi d1bwgd lintdethenmmidsssepatator 17 oy
operated, by which a liquid refrigerant is transferred fromthe heat
exchanger fassinddhriough tbhensindrdwhattory pipechdhgara t2te alvd NE2.
conpressorf 41. Then, the first transfer heat exchanger 25 serves
as ‘a condenser., | nThe refadidjdramt thethbat dedmnfertd@rplcapded rkoy e of
controlling the refrigerant tenperature by making the heat of the

ref ri ger anthadiisghapgededuttHrowgts pehief | @ill asepairatiora 110 sulpyepeshtrigy st age
of the first transfer heat exchanger 25. Thi s heat exchange anount of
the heat exchangerthdwan the motor-oPpdraidd dxdparidion ntalord B6 o fie 42a.

Al so, the degree

bypass pipe 57, flowing into the heat exchanging coil 33 of
the second transfer heat exchanger 26. Then, this second
transfer heat exchanger 26 serves as an evaporator. In
addition, the degree of openness of the motor-operated
10 expansion valve 56 is changed, larger or smaller, depending
on the level of the temperature detected by the heat
’ sensing cylinder 61 attached_on the pipe 60, so that the
teﬁperature of the refrigerant'fhat.flows into fhelsecond
transfer heat exchanger 26 is held within a specified
15 temperature range. In the case where the four-way
switching wvalve 43 has been switched over to the broken-
line position, with ‘a small degree of openness of the.
motor-operated expaqsion valve 56, the amount of
refrigerant that flows from. the bypass'pipe 57 into the

20 second transfer heat exchanger 26 increases.
Then, the réfrigerant fhat has passed through the
second transfér heat exchanger 26 enters the accumulator 45

via the four-way switching valve 43 and thereafter, in a

gaseous state, returns to the compressor 41.



of openness-of the notor-operated expansion valve 48 is changed
dependi-ng on the | evel of the tenperature detected 15 by the heat

sensing cylinder 54 attached on the pipe 53, so that the tenperature
of the refrigerant that flows into the oil separator 17 is held

Wi thin a specified tenperature range. Wth a small degree of
openness of the notor- oper at ed exgzmnsi on val ve 48, the anount of
refrigerant that 20 flows fromthe bypass pipe 50 via the check val ve 51
into the oil separator 17 increases. Then, the
refrigerant that has Ilowered in tenperature through the first

transfer heat exchangBy 2ach opeddtoen ioif othbeheedt mughaobrogitorlo021 of
the oil separator 25 17, where the refrigerant heats and evaporates the

cleaning the cleaning refrigerant that has flowetB-in from thef Kadeeant
that ‘has flowed into the oil separator 17 by passi ng through the

i ntroduct ory2pppacéd ta e ¥t vew VBort of the cleaninkheutief r 7o€iast t hat
has been further cool ed by havi ng passed through the oil separator 17

subsequent | y1o@s RASSESthEr og@h t BepARPhObropenat eghexpanghen vakwdidg or
t he bypass pipe 57, flowng into the heat exchanging coil 33 of

t he segond %éﬁﬁﬁ%@faﬁ@aiseé@&ﬁ@ﬁ&feaaby EﬁénloWEtSpégﬁoﬁéat exchbhginler
heat exchanger 26 serves as an evaporator. addition, the degree

of opennesscgiit g ,noterOper depdrat@d @6?@“@19? \aeqd/eféﬁeiéncﬁa@ﬁeés
| arger or smaller, dependlng

are  removed by _the upper-part filter 24. Then, the

N~ cleaning refrigerant, while transformed into a gaseous
state, goes up through the pipe 29. |

10 At the time, the second transfer heat exchanger

26 is in sucking operation, while the first transfer heat

' exchanger'25'is in'discharging operation. Therefore, the

cleaning refrigerant flows from the pipe 29 toward the pibe

29B, and cooled by the heat exchanging coil 33 of the

15 second transfer heat exchanger 26, thereby being

transformed from a gas refrigerant into a liquid

refrigerant and accumulated within the second transfer heat

exchanger 26, Then, when the second transfer heat

exchanger 26 is fiiled with the liquid-phase. cleaning

20 refrigerant, the pump-side refrigerant, as it is cooled, is

sucked into the compressor 41, causing the discharge

temperature of the compressor 41 to lower, with the result

that the detected temperature of the temperature sensor T2

lowers below a specified temperature. Then, a controller

25 100, receiving a signal from the temperature sensor T2,



on the-"evel “of the tenperature detected by the heat. sensing cylinder .
61 attached on the pipe 60, so that the tenperature of the
refrigerant that flows into the second transfer heat exchanger 26 is
held within a specified 15 tenperature range. In the case where
the four-way swi tching val ve 43 has been switched over to the

br oken- line position, with a smal30-€degree of openness of the

not or - operated expansion valve 56, the anount of refrigerant
that flows fromthe bypass pipe 57 into the 20 second transfer heat
exchanger 26 increases. Then, the refrigerant that has
passed t hr ossghtches the foerowaytswbbtkhingeualercAdnger tBé bmb&en-flime
accurul ator 45 via the four-way switching valve 43 and thereafter, in
a gasposistsdat e, returns to the conpressor 41.

- 29- By such operation of the heat punp circuit 200,

the cl eaning refri gerdhén} hathehagefrbyedant fHlewimke dbkeetion ofV2thkaced
at the inflow port of the cleaning unit 7 first flows into the oi
separ at or IHeawhpumpt kd reudaniatd Hs swetehgdr aver, s sevapdtat eleb¥irise

| ower - part heat exchangi ng coil 21, thereby separated fromoil, and
forei gb matteansfer hedte erBhifderb)25 t perfidpner - @ardoolfidd ebpe2dtiohhen,

t he cleaning refrigerant, while transforned into a gaseous
state, goeswhipléhriéghskhBenfi pera9sfer heat exchanger 26 performs a-
heating operation. As.- a result of this, the-.cleaning
~ refrigerant in the gaseous state derived from fhe oil
separator 17 flows into the first transfer heat exchanger
10 25, and cooled so as to be transformed into a 1liquid
refrigerant and accumulated within the first transfer heat
exchanger 25. Meanwhile, in the second transfer heat
excﬁanger 26, the 1liquid refrigerant accﬁmulated. by the
pfeceding cooling operation is heated and increased in
15 pressure, and sent out to the pipe 36.
| Then, subsequently, when the liquid refrigerant
is accumulated and filled up in the first transfer heat
exchanger 25, the coo;ed refrigerant flows from the pipe 53
into the_compressor 41 so that the controller 100 switches
20l over the four-way switching valve 43 to the solid-line
position wupon receiving a signal derived from the
temperature sensor T2.
In additiop,' in the above description,_ it has

been arranged that the four-way switching valve 43 is

25 switched over when the discharge temperature of the



10 < << At the time, the second transfer heat exchanger 26 is

in sucking operation, while the first transfer heat exchanger 25 is
i n.di schargi ng operation. Therefore, the cl eaning refrigerant flows
fromthe pipe 29 toward the pipe - 29B, and cool ed by the heat
exchanging coil 33 of the 15 second transfer heat exchanger 26,

t her eby bei ng transformed from3la- gas refrigerant into a
liquid refrigerant and accunul ated within the second transfer heat
exchanger 26. Then, when the second transfer heat exchanger

26 is filled with the |iquid-phase cleaning 20 refrigerant, the
punp- si de reétmpgessor, 4ashas lswewvelebly ithe refrigechetl fhowihhe fcompressor
41, causing the discharge tenperature of the conpressor 41 to | ower
with the rebnahsfer heabaexthandgerethal pemfiermsutheotoblhéngeoperattioa
sensor T2 | owers bel ow a specified tenperature. Then, a controller

" 25 100, . iptei theg compirgaalor rddm t letlHeriesat utlee SEaBPFrwWAR, switching

- 30- switches the four-way switching valve 43 to the broken-1ine
position. wvalve 43 may al$enbet lsvitsfhdédetast blyowdegtgdtiirertwbthofthehe
heat punp circuit 200 is switched over, so that the first 5 transfer

heat egchangeesdbraerd@iger a Epolkthag ophReatdbscharge Widssuite IECORMe
transfer heat exchanger 26 perfornms a heati ng operation. As a
result of tB8bfpresber @Eﬁmﬁﬁgincreased by the liquid-phase cleaning
refrigerant having all flowed out from the transfer heat
— exchanger that performs the heating 6peration so that the
heat exchange amount of the refrigerant on the pump circuit
10 side has lowered. Furthermore, the four—way' switching
valve 43 may be switched over when the internal pressure of
the oi; separator 17 detected by the low pressure sensor 27
has inéfeaséd to the discharge temperature equivalent
saturation pressure of the compressor 41 by the liquid-
15 phase cleaning refrigerant being filled in the transfer
heat exchanger that performs the cooling operation.

By the basic operation of the heat pump as
described above, the gas line 3 and the liquid line 5 as
existing connecting piping can be_cleéned with the cleaning

20 refrigerant forcedly circulated " through the cleaning
circuit 2. Accordingly, it becomes feasible to reuse the

existing connecting piping, so that the laying work can be

simplified to a great extent.



refrigerant «i“‘n the gaseous state derived fromthe oil separator 17
flows i-nto the first transfer heat exchanger 10 25, and cooled so as
to-be transformed into a liquid refrigerant and accunul ated within
the first transfer heat exchanger 25. Meanwhile, in the second
transfer heat exchanger 26, the liquid refrigerant accunul ated by

t he precedi ng cooling operation 3Xwated and increased in 15
pressure, and sent out to the pipe 36. Then, subsequently,
when the liquid refrigerant is accunul ated and filled up in the first
transfer heat exchanger 25, the cooled refrigerant flows fromthe

pi pe 53 into th&tcdmpreeted 4han ahdt the sodenoliberval@eswiSVdhes
20 over the four-way switching valve 43 to the solid-line position
upon recei $Vag S¥3,sihl andebViedre rkept t bkosed int aifperabove dbasdar T2
In addition, in'the. above description, it-has been arranged that the
four-way swopehatigonal ve 43 is 25 switched over -when .the discharge
tenperature of the - 31-

conpressor 4¢lbasihgwRefdiggrahe Reéubgéyaopéihﬁmbng froma - transfer
heat exchanger that perforns the cooling operation into the

conpressor 41. O her wNagt, t hen f operagyoawidf hiragupplyinygal biee 431e@nialkgso be
swi tched over by detecting with the 5 pressure sensor P2 that the
di scharge pregpugéraft hem the refrigerant cylinder 71 to the
cleaning circuit 2 wupon a shortage of the 'cleanint;:j
N refrigerant during the cleaning operation in the above-
described basic operation is explained.
10 A lowered amount of cleaning refrigérant in the
cleaning circuit 2 would lead to a lower heat exchange
-amount with working rgfrigerant in the heat pump circuit
200, and a faster increasing iate of discharge pressure és
well as a faster decreasing rate of discharge temperature
15 in the compressor, resulting in a shorter switching cycle
period of the four-way switching wvalve 43. The resultant
shorter switching period (e.g. less than 2 min.) of the
four-way switching valve 43 is detected by the controller
100, and the solenoid valve SV3 of the refrigerant resupply .
20  line 72 is kept opened for a specified time (e.g. 15 sec.).
As a result, it becomes possible to feed the supply
cleaning refrigerant from the refrigerant cylinder 71 via
the refrigerant resupply line 72 to the low-pressure one

out of the first, second transfer heat exchangers 25, 26

25 that performs the cooling operation.



conpressor 41 has increased by the |iquid-phase cleaning refrigerant
havi ng-all flowed out fromthe transfer heat exchanger that perforns
t he heating operation so that the heat exchange anount of the
refrigerant on the punp circuit 10 si de has | owered. Furt her nore,
the four-way sw tching val ve 43 may be swi tched over when the

I nternal pressure of the oil sepamator 17 detected by the | ow
pressure sensor 27 has increased to the discharge tenperature

equi val ent saturation pressure of the conpressor 41 by the |iquid-
15 phase cleaning refrigerant being filled in the transfer heat

exchanger that perforvexthe €06l i Bgiephiagi operiod of the f&yriweybasic
operation of the heat punp as descri bed above, the gas |line 3 and the

liquid lineswi®éhing vaB¥éSi3ngsCaphetbired [Foli RY Mo ther eapeiadt drt he
cl eaning 20 refrigerant forcedly circulated through the. cleaning

circuit 2. Ao di0gmindtledes9Mehe cashte11Orr 2096 ts a resiNitStbAY
connecting piping, so that the laying work can be sinplified to a

great’ extedhis monitoring, if the sw1tch1ng period o82the four-way
It is noted that all the Sol enoid val ves SVi1, SV2, SV3, SV4 and SV5

are kept clQ3pEcihing NPaBROVEIDASI Got chandRel @Jdr@%r but kdpd eMbPE as
Ref ri gerant Resupply Operation) 5 Next, an operation of
resuppl yi ng hgscl €@nijR0 decided that the pressure of the refrigerant
.cylinder 71 is so low that the cleaning refrigerant cannot
be resupplied to the transfer heat exchanger 25 or 26,
where the ©pressurizing operation for the refrigerant
10  cylinder 71 is executed. On the other hand, if the
switching period of the four-way switching valve 43 is
chahged longéf but. still shorter than_-a prescribed
switching period, thé solenoid valve SV3 is 6penéd again
for a specified time. Also, as a result of the monitoring,

15 - if the switching period returns to the prescribed switching

period, the controller 100 decides ‘that the cleaning

~ refrigerant has been resupplied from the refrigerant
cylinder 71 wvia the resupply line 72 to the refrigerant

circuit 2, thus continuing the above-described basic

20 operation. In this way, shortage of the cleaning

refrigerant is refilled so that the piping (gas line 3,
liquid line 5) can be cleaned efficiently without lowering
the cleaning performance.

In addition,.as a result of the monitoring, if

25 the switching period has become longer than the prescribed



refrigerant-fromthe refrigerant cylinder 71 to the cleaning circuit
2 upon-a shortage of the cleaning refrigerant durinng the cl eaning
operation in the above-. descri bed basic operation is explained. 10
A |l owered anmount of cleaning refrigerant in the cleaning circuit 2
woul d lead to a | ower heat exchange amount with working refrigerant -
in the heat punp circuit 200, and3a-faster increasing rate of

di scharge pressure as wel | as a faster decreasing rate of discharge
tenperature 15 in the conpressor, resulting in a shorter switching cycle
period of the four-way switching valve 43. The resultant shorter

swi tchi ng periitahifey 9. péessdf hadt?2 nie. ) dekcidedd that f othewayckea g ng
valve 43 is detected by the controller 100, and the sol enoid val ve
SV3 of the nefriiggaraaitt hasuppien 39erchapged? iandkepheopaned-described
specified tine (e.g. 15 sec.)- As a result, it becones possible to
feed the Sugfnigerant chEeedigg r epergeiant dumimg heheeblipdegandleynimgler 71
Vi a the refrigerant resupply line 72 to the | ow pressure one

out of theifd resdecmennd transfer heat exchangers 25, 26 25 t hat
perforns the cooling operation.

-33- 5 (Cleaning Refi¥d¥leranth8levdinghioperadonyd of the four-way
switching valve 43 is nonitored for a nonitoring period of about 10
mnutes by the contraid:&f, 149. opbgadib@sWf Péturning excess cleaning
refrigerant from the cleaning circuit 2 to the refrigerant
~ cylinder 71 upon an overcharge of the cleaning refrigerant
to the cleaning circuit 2.is explained.
10 An excessive ambunt of cleaning refrigerant in
the cleaning circuit 2 would lead to an increased amount of
-heat exchange wi.th working refrigerant in the heat pump
circuit 200, and é siower increasing rate of discharge
pressure as well as a slower decreasing rate of discharge
15 temperature in the compressor, resulting in a longer
switching cycle period of the four-way switching valve 43.
The resultant longer éwitching period (e.g. more than 2
min.) of the four-way switching valve 43 is detected by the
controller 100, and the solenoid valve SV4 of. the
20 refrigerant bleed line 73 is. kept opened for a specified
time (e.g. 15 sec.). As a result, it becomes possible to
return .the excess cleaning refrigerant from the higher-
pressure one out qf the first, second transfer heat

e_xchangers 25, 26 that performs the heating operation, via



this nmonitoring, if the switching period of the four-way 5 swi t chi ng

val ve 43 is not changed | onger but kept short as it is, it is decided
that the pressure of the refrigerant’ cylinder 71 is so low that the
cl eaning refrigerant cannot be resupplied to the transfer heat
exchanger. 25 or 26, ' where the pressurizing operation for the
refrigerant 10 cylinder 71 is exegged. On the other hand, if

t he . - switching period of the four-way switching valve 43 is

changed | onger but. still shorter than a prescribed swi t ching peri od,
t he sol enoid val ve SV3 is opened again for a specified tinme. Al so, as
a result ofthdepipei t35i 08, 36l5throtighhehen tefar hgeparit othleeduritné o 78he
prescri bed swi tching period, the controller 100 decides that

the cleanitegward théetefgbgerdnthasybieder esupplied fromthe refrigerant
cylinder 71 via the resupply line 72 to the refrigerant circuit 2,

t hus conti nui ng theNeﬂprétﬂQSCEW&ﬁéhﬂﬁyﬂ(peﬁﬂbd-O@BrathQH.fourLWaythiS
way, shortage of the cleaning refrigerant is refilled so that the

pi ping (gasskif€hdng valvel UgUILE hicE tHrkBEde £| RenetorihyCcheniby wift hout
| oweri ng t he cl eani ng performance. In addition, as a

resul tsof tagodBNiLiOmMivatéd b¥5 thd heohivkbLiieny 1oey.i odabas bﬁ@ﬂi@t' gmger
than the prescribed
switching ggikodoniitoringy, deei €8d dwidichililf p&L€38I BF the four—way
switching_vélve 43 is not changed shorter but kept long as
it is, it is decided that the pressure of the refrigerant
cylinder 71 is so high that the excess refrigerant cannot
10 be returned from'the transfer heat exchanger 25 or 26 to
the refrigerant cylinder 71, where a degassing operation
'fo; the réfrigerant cylinder 71 which will be described in
the following paragraph is eiécuted. Oon thé other hénd, if-
the switching period of the four-way switching valve 43 is
15 changed shorter but still 1longer than a predetermined
prescribed switching period, it is decided that the
cleaning refrigerant is still excessive in the cleaning
circuit 2, and so the solenoid valve SV4 is opened again
for a specified time. Also, as a result of the monitoring,
20 if the switching period returns to the prescribed switcﬁing
period, the controller 100 decides that the excess |
refrigerant has Dbeen -completely returned via the
refrigerant bleed_lipe 73 to the refrigerant cylinder 71,

thus continuing the above-described basic operation.



refrigerant -has been overcharged, and the next-described refrigerant

bl eedi ng operation during the piping cleaning IS executed. 5
(C.eani ng Refrigerant Bl eeding Qperation) Next, an
operation of returning excess cleaning . refrigerant fromthe cleaning
circuit 2 to the refrigerant cylinder 71 upon an overcharge of the

cl eaning refrigerant to the cleanri3g-circuit 2 is explained. 10

An excessive ampunt of cleaning refrigerant in the cleaning circuit 2
woul d | ead to an increased anmount of heat exchange wi th worki ng
refrigerant in the heat punp circuit 200, and a sl ower increasing

rate of discharge As phessurabase welih dhen chseewheser ddsd ngleanengf

di scharge 15 tenperature in the conpressor, resulting in a |onger
sw tchi ng cyefeigerant dfs témecéssiveny the teliess vakfeidgadrant is Théed
resul tant |onger swtching period (e.g. nore than 2 : mn.) of the
four-way swrighitige vatefrigersntetiebded Myiridie 73 to cdher oldefrib@@anand

t he sol enoid val ve SV4 of the 20 refrigerant bleed line 73 is kept
opened for eybpe@eti 2l, so thiaitmthiee.anoukit Sef. ¢lebingr esftigerbnbedanes
possible to return the excess cleaning refrigerant fromthe higher-

pressupe ongh@uiclefantimegy fdéiBtuiteconshi r basfiiidtedined norgxehgnger sadd, 26 -
that perforns the heating operation, via
- 35- appropriate level and that the piping (gas line 3, liquid
line 5) can be cleaned efficiently. '
In addition, as a result of the monitoring, if
the switching period has become shorter than the prescribed
10 switching period, it is decided that the cleaning
refrigerant has run short, and the above-described cleaning
refrigerant resupply operation is executed.
(Degassing Operatien of Refrigerant.Cylinder)
Next, an operation of degassing the gas
15 refrigerant from the refrigerant cylinder 71 and returning
the refrigerant to the cleaning circuit 2 upon an increase
in the internal pressure of the refrigerant cylinder 71 due
to the gas refrigerant within the cylinder 71 is explained.
With a high internal pressure of the refrigerant
20 cylinder 71, or with the refrigerant cylinder 71 filled up,
in an attempt to return excess refrigerant from the
cleaning circuit 2 to the refrigerant .cylinder 71 by the
aforementioned cleaning bleeding operation, the refrigerant

would not be returned from the refrigerant bleed line 73 to

25 the refrigerant cylinder 71. When a float switch 091



the pipe 35:0r 36 through the refrigerant bleed line 73 toward the
refrigerant cylinder 71. Next, the switching period of the
f our - way switching valve 43 is nonitored for a nonitoring period of
5 about 10 mnutes by the controller 100. As a result of this
nmonitoring, if the switching period of the four-way swi t ching val ve
43 is not changed shorter but kept |ong 35 It is, it is decided that
the pressure of the refrigerant cylinder 71 is so high that the
excess-refrigerant cannot 10 be returned fromthe transfer heat
exchanger 25 or 26 to the refrigerant cylinder 71, where a degassing
operation attacled tbethef meforigreiranyl ioyddmdélr Vi cindidcatde tHkatrithed in
the foll owi ng paragraph is executed. On the other hand, if t he

swi tchi ng peefribgefanthecybiridemy75vwhashbegnvililted3ups the refrdogeadant
shorter but still Jlonger than a predeterm ned prescribed

swi t chi ng. peylimidert 75 dadwulatl et repdaced. cClWaen ngheef meferigmirant
still excessive in the cleaning circuit 2, and so the solenoid val ve

SV4 i s operisleéding operation fssgessbled witR. tAks@loas swieshl Bilohokhe
nonitoring, 20 If the swtching period returns to the prescribed

switching indic@eingda thelronthel Ienth) daci des, t ricidingeXEest the
refrigerant _has been conpletely returned via the refrigerant

bl eed |ine ¥gtépnihepreksuger ¥E €Néi RpdEriddrant cylifderCcont i alsNBelkhe
above-descri bed basic operati on.

. - 36- increased, performs the degassing operation of the
~ refrigerant cylinder 71. 1In this case, it is also possible
to directly measure the internal pressure of the
10 refrigerant cylinder 71 +to verify that the internal
preséure has been increased. Further, with the provision
of a pressure sensor for detecting the internal.pressure of
the refiiéérant cylinder 71, the degassing operation for
the refrigerant cylinder 71 may be automatically carried
15 out by detecting by means of the controller 100 that the
internal pressure of the refrigerant cylinder 71. has
increased.
As to the above degassing operation, the solenoid
valve SV2 is kept opened for a specified time period (e.g.,
20 15 sec.), so that upper part of the refrigerant cyliﬁder 71
is communicated with upper parts of the transfer heat
exchange;s 25, 26 wvia the wvalve V5, the solenoid valve SVZ
and the check valﬁes 75, .76. As a result of this, the

pressurizing line 74 serves as a depressurizing line so

25 that the gas refrigerant within the refrigerant cylinder 71



As showrt abeve, in the case where the cleaning refrigerant is
excessSi>ve, the excess refrigerant is bled via the refrigerant bl eed
line 73 to the refrigerant cylinder 71, so that the anmount of
cleaning refrigerant in 5 the cleaning circuit 2 can be naintained
normal-ly at an appropriate level and that the piping (gas line 3,
liquid line 5) can be cleaned ef&i3giently. In addition, as
a result of the nonitoring, - if the switching period has becone
shorter than the prescribed 10 switching period, it is decided

that the cleaning refrigerant has run short, and the

above- descredred b ednlienly via thefrsogbenoidr eribpe y SHfer seirorinos esecat ed.
(Degassi ng Qperation of Refrigerant Cylinder) Next, an
operati on pfessiegessedygcinge vagbse 1Zowarel ri ger agbolingrslider ef heger ant
cylinder 71 and returning the refrigerant to the cleaning circuit 2
upon an i ncgedsenger out nof hthe nteamafepriesstirexchahherse2bi gandaR6é.cyl i.nder
71 due to the gas refrigerant within the cylinder 71 is expl ai ned.
Wth a high internal pyessdheaofleydssinfropgeravtion2fior thki me€rigérant W th
the refrigerant cylinder 71 filled up, in an attenpt to return excess
refrigerantcyrIbmadibe 71, thd eafligyhitid CWdfrigedanite cahriper apetayhedder
71 by the af orenenti oned cl eani ng bl eeding operation, the refrigerant
woul d not bemdSthlpedriomonthée dlefarigry adirblhiged 4 i 86 #hd OreZzigethfit

refrigerant cylinder 71. Wen a float switch 91
cylinder 71.
(Pressurizing Operation onto Refrigerant Cylinder)
Next, an operation of increasing the internal
10 pressure of the refrigerant cylinder 71 upon a lowering of
the internal pressure within the refrigerant cylinder 71 is
eXplained;."
When the internal pressure of the refrigefant
cylinder 71 is lower or when the refrigerant cylinder 71 is
15 empty, even in an attempt to supply the cleaning
refrigerant froﬁ the refrigerant cylinder 71 +to the
cleaning circuit 2 by the foregoing cleaning refrigerant
resupply operation, the cleaning refrigerant could not be
supplied from the refrigerant resupply line 72 .to the
20 cleaning circuit 2. 1In this case, if the float switch 91
of the refrigerant <cylinder 71 indicates that the
refrigerant cylinder 71 is empty, the refrigerant cylinder
71 should be replaced. |

On the other hand, if the float switch 91

25 indicates that the refrigerant cylinder 71 is not empty, it



-37- -+attached to the refrigerant cylinder 71 indicates that the
refrigerant cylinder 71 has been filled up, the refrigerant cyl i nder
71. should be replaced. Wen the refrigerant bl eedi ng operation is
di sabled with the float swtch 91 not 5 indicating a full, the
controller 100, deciding that the i nternal pressure of the
refrigerant cylinder 71 has been -3 eased, perforns the degassing
operation of the refrigerant cylinder 71. In this case, it is also
possi bl e to directly measure the internal pressure of the 10
refrigerant cylinder 71 to verify that the internal pressure
has been i ntsedeeddedruthaer thei tintdmenalk oprssenre of bhea pefedgerantensor
for detecting the internal pressure of the refrigerant cylinder 71,

t he degassioglipdenti @b fhas beent hdowetedgerwhereyl thder pZéssayilzéng
automatically carried 15 out by detecting by nmeans of the controller 100
that the operabtienndbrpridssurefonigétent e€ylipdant 7dylisdearriedasut. '

i ncreased. As to the above degassi ng operation, the
solenoid In thdbveaSe] ikt kiépt adpenpdstdble dpecdirectly meegsuredthe. g.,
20 15 sec.), so that upper part of the refrigerant cylinder 71 S
comunbcat efintethalippeespates off thwe tefmisferanteatylinder eXthaogees iy, 26
via the valve V5, the sol enoid val ve SV2 and the check valves 75, 76.

As a resul tthattbhe, intBénal preps@teuhnzi bech NowetetRl VEar8hes, with
depressurizing line so 25 that the gas refrigerant wthin the

refrigerantthgl ipeevidion of a pressure sensor for detecting the

~ internal pressure of the refrigérant cylinder 71, the

pressurizing operation onto the refrigerant cylinder 71 may

10 be automatically carried out by detecting by means of the

controller 100 that the internal pressure of the
refrigerant cylinder 71 has lowered,

Fof -the pressurizing operation; the solenoid

valve SV5 is kept opened for a specified time (e.g., 15

" 15 sec.) so that upper part of the refrigerant cylinder 71 is

communicated with upper parts of the transfer heat

exchangers 25, 26 via the wvalve V5, the solenoid wvalve SV5

and the check wvalves 81, 82. As a result of this, hot gas

refrigerant can be introduced from the heating-side heat

20 exchanger out of the transfer heat exchangers 25 and 26
toward the refrigerant cylinder 71.

By such a pressurizing operation from the

cleaning circuit 2 .onto the refrigerant cylinder 71, a

specified level of internal pressure of the refrigerant

25 cylinder 71 can be held, and the cleaning refrigeraﬁt can



-38- -+*can be bled via the solenoid valve SV2 serving as a

pressure-reduci ng valve toward a cooling-side heat exchanger
out of the transfer heat exchangers 25 and 26. By such a
degassing operation for the refrigerant 5 cylinder 71, the «cleaning
refrigerant can be returned smoothly fromthe cleaning circuit 2
to the refrigerant cylinder 71. -40- (Pressurizing Operation onto
Ref ri gerant Cyli nder) Next, an operation of increasing the

internal 10 pressure of the refrigerant cylinder 71 upon a | owering of

the internal pressure within the refrigerant cylinder 71 is

expl ai ned. be supplied frepenthee reteigeran: essyindgrt hélretei gehant

cylinder 71 is lower or when the refrigerant cylinder 71 is 15 enpty,

even in anleaningmeircwit shipgmgothhy. cl eaning refrigerant fromthe
refrigerant cylinder 71 to the cleaning circuit 2 by the foregoing

cl eaning refrigerant In addi&doppl yiropthasi embadimaritbanthg reefaesger ant

coul d not be supplied fromthe refrigerant resupply line 72 to the

20 cl eanishpxtagri 6£2thel clidursiropseefrigéhant| dat deeiddd 9dependingf

the refrigerant cylinder 71 indicates that the refrigerant

cyl i ndgr 7lon stleaplongremss ref rslyeramtssydf ndee switchimg speniodbefrehéaced.

On the other hand, if the float switch 91 _ :

four-way switching wvalve 43. Otherwise, it is also

possible to decide the excess or shortage of the cleaning

~ refrigerant by the liquid level sensors 22, 23 provided on

the oil separator 17. That is, it may be arranged that if

10 the liquid level in the 0il separator 17 is over the upper

liquid level sensor 22, the amount of cleaning refrigerant

is decided to be excessive, and that if the liquid level is

below the lower 1liquid level sensor 23, the -amount of
cleaning refrigerant is decided to be short.

15 Although the cleaning refrigerant of the cleaning
circuit 2 is circulated by the heat pump circuit 200 in the
above embodiment, the cleaning. refrigerant may also be
circulated by an ordinary transfer pump.

Further, although the refrigerant piping is

20 cleaned with a refrigerant, yet a cleanimj medium may be
used. This cleaning medium refers to, for example, a
detergent only, or a mixed medium of 'detergent and

refrigerant. This mixed refrigerant of detergent and

refrigerant is not only capable of enhancing the cleaning



25 | ndi cates that the refrigerant cylinder 71 is not enpty, it
-39- 7. I s decided that the internal pressure of the refrigerant
cylinder 71 has been | owered, where the pressuri zing operation for
the refrigerant cylinder 71 is carried out. In this case, it is also
possible to directly neasure the 5 I nternal pressure of the refrigerant
cylinder. 71 to verify that the intddrnal pressure has been | owered
Further, with the provision of a pressure sensor for detecting the
i nternal pressure of the refrigerant cylinder 71, the pressuri zi ng
operation onto the refrigerant cylinder 71 may 10 be autonaticall¥
carri ed outebfeelkt vt cAgapyngeihe gefirigerant RigHML P 21p0 epANt tot he
internal pressure of the refrigerant cylinder 71 has | owered.
For the pretteatziepepdantigulany sfifesdiiye. val ve SV5 is kept opened
for a specified tine (e.g., 15 15 sec.) so that upper part of the
refrigerant cylinder EKlspg- it is_ééﬁnupb§§ﬂb&ewthhtuﬁgérCp@ﬁﬁQléﬁrtﬁQO
transfer heat exchangers 25, 26 via the valve V5, the solenoid val ve
SV5 asditthreshddble vEBOveswdY, sgitching resine 4B tévery hspegdidied
refrigerant can be introduced fromthe heating-side heat 20 exchanger
out of 5t he timesiwtelreml, exvdrandgshris 2dpegifizgl time imdwavalt hayr bler isgér ant
cylinder 71. By such a pressurizing operation fromthe

to a time duration elapsing while the refrigerant within the

transfer heat exchangers. 25, 26 is cooled from an entirely

N gas-refrigerant state into an entirely 1iquid—refrigerant
state. In this case, the number of times of switching of

10 the four-way switching valve 43 can be reduced. Further,
because the four-way switching wvalve 43 is switched
according to.the.time setting, thg need of a sensor for
detecting the amount of cleaning reffigerént is eliminéted.

In addition, the above-noted specified time may be sét to a

15 time duration elapsing. while the refrigerant within the
transfer heat exchangers 25, 26 is heated from an entirely
liquid-refrigerant state into an entirely gas-refrigerant

state.

20 INDUSTRIAL APPLICABILITY"
As described above, the piping cleaning system
and the piping cleaning method for refrigeration units
according to the present invention are applicable' for

cleaning and reusing existing refrigerant piping, and in



cleaning circuit 2 onto the refrigerant cylinder 71, a specified
| evel of internal pressure of the refrigerant 25 cylinder 71 can be
hel d, "and the cleaning refrigerant can

- 40- be supplied fromthe refrigerant cylinder 71 to the

cleaning circuit 2 snoothly. In addition, in this

enbodi nent, the excess or shortaget2of the cleaning refrigerant is
deci ded depending 5 on the | ongness or shortness of the switching period
of- t he four-way switching valve 43. .OQherwise, it is also
possi bl e to decide the excess or shortage of the cleaning refrigerant

by the |iqupartreoelasensefal?2p 23Aspsowhtact HCF refrideramtssaper ased 17
That is, it may be arranged that if 10 the liquid level in the oi
separat or linsseadesftOECuUppPEHCFC refrigerdntevel sensor 22, the anmount of

cl eani ng refrigerant is decided to be excessive, and that if the -
liquid |level-is below the lower |liquid |evel sensor 23, the anount of
cleaning refrigerant is decided to be short. 15 Al t hough the
cleaning refrigerant of the cleaning circuit 2 is circulated by the
heat punp circuit 200 in the above enbodi nent, the cl eaning
refrigerant may al so be circulated by an ordinary transfer punp.

Further, although the refrigerant piping is 20 cl eaned with a
refrigerant, yet a cleaning nedium nay be



only, -or a -mixed nedium of detergent and refrigerant.

m xed refrigerant of detergent and refrigerant is not only
-capabl e of enhancing the cl eaning

-4]1 - effect in cleaning the refrigerant plplng but also easy to
treat, hence particularly effective. -43- HIDU, H—s—al-so
possi ble that the controller 100 SwWi t ches t I ng
val ve 43 every specified 5 time interval, wher w[‘ m‘ﬁ IMME

I nterval may be set to atine duratlon el apsisnge rigerant
W thin the WHAT ISrchARIMEDhE®Y exchangers 25, 26 is cooled froman entirely
gas-refrigerant state into an entirely liquid-refrigerant state. In
this case, 1he nunberaopipingschbanwnigchivagetlf fokO refirigeratiomyundwst,chi ng
val ve 43 can be reduced. Further, because the four-way switching
val ve 43 i.scémbteBefg: according to the tinme setting, the need of a
sensor for detecting the amount of cleaning refrigerant is

el i m nat ed. I n addilida@iing heisbeve- na) edkspeel éagting e frdydiantet to
a 15 tinme duration elapsing while the refrigerant within the

transfer hepipexghempess Bp. c2bcibabenyes F&PFigaranti tBb¥ethrough;
liquid-refrigerant state into an entirely gas-refrigerant state.

refrigerant amount detecting means (100, 22, 23)

used. - This+ cleaning nedium refers to, for exanple, a (kﬂgﬁggnt

for detecting an amount of refrigerant with which the
refrigerant piping (3, 5) is cleaned; and
| édjusting means (72, 73) for adjusting cleaning
10 refrigerant amount based on the amount of refrigerant
detected by the refrigerant amoﬁnt detecting means (100,
22, 23).
2. The piping cleanihg systém for refrigeration
units according to Claim 1, further comprising:
15 a transfer heat exchanger _(25, 26) provided
halfway on the cleaning circuit (2); and
a heat pump to cause the transfer heat exchanger
(25, 26) to alternately iterate a sucking operation by
cooling a gas refrigérant within the transfer ‘“heat
20 exchanger (25, 26) fd effectuate depressurization thereof
so that a refrigerant is sucked in from outside thereto,
and a discharge operation by heating the refrigerant within
the transfer heat exchanger (25, 26) to effectuate
preésurization thereof so that a liquid refrigerant is

25 discharged therefrom, for circulating a liquid refrigerant



20 | NDUSTRI:AL APPLI CABI LI TY | As descri bed above, the

pi pi ng-cl eani ng system and the piping cleaning nethod for
refrigeration units according to the present invention are applicable
for cl eaning and reusing existing refrigerant piping, and in

-42- particul ar useful to cases where HCF refri I nst ead
of CFC or HCFC refrigerants. -44- ﬁm“ﬂnm mlﬁlm ﬁ“l -43-
WHAT | S CLAIMED | S: 1. A pi pi ng cl eani ng systiemuf o *
refrigeration units, conpri si ng: a cleaning circuit

(2) for cleaning refrigerant 5 piping (3, 5) by circulating a -
refrigerant thirengbhrtheylrefrigerant piping r 63 s i gerbpt theodranddesc thaert
nmeans (100, 22, 23) for detecting an anmount of refrigerant with which

t he r elschgergext (@5 @2$6)(.3, 5) is cleaned; and
adj usting neans (72, 73) for adjusting cleaning 10 refrigerant anount
based on tBBe anount Thef pigfirigeraldaning system for refrigeration
units according té Claim 1, further comprising
5 two transfer heat exchéngers (25, 26) provided
halfway on the cleaning circuit (2) and connected in
parallel to each other; and
a heat pump to cause the transfer exchangers
(25, 26) to alternately iterate a sucking operation by
10 cooling a gas refrigerant within the transfer heat
exchangers (25, 26) to effectuate depfessurization thereof
so that a refrlgerant is - sucked in from outside thereto,
and a discharge operation by heating the refrigerant within
the transfer heat exchangers (25, 26) to effectuate
15 pressurization thereof so that a liquid refrigerant is
discharged therefrom, for circulating a liquid refrigerant
through the refrigerant ﬁiping (3, 5) by the transfer heat
exchangers (25, 26).
4, . The pipiﬁg qleaning system for refrigeration
20 units aécording to Claim 2 or 3, wherein
the adjusting means of the cleaning refrigerant
amount is'implemented by
at least one of a refrigerant resupply line (72)

connected to the transfer heat exchanger (25, 26) and

25 serving for resupplying the refrigerant to the cleaning



detected by-the refrigerant ampunt detecting means (100, 22, 23).
2. “s The piping cleaning system for refrigeration. units
accordlng to Claim1, further conprising: 15 a transfer heat

exchanger (25, '26) provided hal f way on thE‘CTEHﬁTﬁQ’CTTUUTT_(Z)
ang a heat punp to cause the transf

(25, 26) to alternately iterate a suckl-n@Qperatlo m !El"m g a gas
refrigerant within the transfer heat 20 exchangen ectuate
depressuri zation thereof . so that a refrigerant is sucked in from
out si de thereto, and a di scharge operation by heating the refrigerant
within cirbeitt f@nshead sheafrigeteariydrledd®51in@6)73) ocophketedatte
pressuri zation thereof so that a liquid refrigerant is 25 di schar ged
therefrom the transferi hgaa ekghadgeef (R§er @6) and serving for taking

- 44 - through the refrigerant piping (3, 5) by the transfer heat

exchanger (@Gt £R¢. refrigeBant fromThhe pilpandngckézeung (stten1'fbr
refrigeration units according to aim1, further conprising 5

two transfeb.heat excithegepipifd5, caeaningvi dgdtem fdral faefir iarertdtdon
cleaning circuit (2) and connected in parallel to each other; and
a heat spunpuh®t€asseotdtnd red St eiie Xichangaiein
| separating means (17) for separating foreign
matters from the refrigerant is connected to the cleaning
circuit (2), and
the refrigerant amount detecting means is
10 implemented by a refrigerant level sensor (22, 23) provided
on the separating means (17).
6. ' The piping cleaning Systém.for refrigeration units
according to Claim 3, wherein
the heat pump
15 has a thrbttle mechanism (48, 56) connected
between the two transfer heat exchangers (25, 26), a
compressor (41) and a four-way switching wvalve (43), and
also has a heat pump circuit other than the cleaning
circuit (2) through which the cleaning refiigerant flows,
20 wherein a flowing direction of working refrigerant flowing
through the heat pump circuit is switched over by switching
over the four-way switching wvalve .(43), by which the
sucking operation and the discharge operation of the two

transfer heat exchangers (25, 26) are switched over;



(25, 26) to‘alternately iterate a sucking operation by 10 cooling a

gas Trefrigerant within the transfer heat ~exchangers (25, 26) to
ef.-f ectuat e depressurization thereof so that a refrigerant is sucked

in fromoutside thereto, and a di scharge operatiomnm by neatlng t he
refrigerant within the transfer heat exchanger .
effectuate 15 pressurization thereefl6-so that Il“lm “I‘fm &““nt I's
di scharged therefrom for circulating a liquid refrigefalt t

the refrigerant piping (3, 5) by the transfer heat exchangers (25

26) . 4. The piping cleaning system for refrigeration 20
units according to Ctdien Pipigy wheaiing system furthehe cofjpsisesy

means of the cleaning refrigerant anount is inplenmented by

at | east orfowf-way ef switchangr ety | swétching mear®nnddO08d t ofohe

transfer heat exchanger (25, 26) and 25 serving for resupplying the

refrigerantswictal'tiarlgzlenaneirngthe four-way switching valve (43) when- 45.
circuit (2) and a refrigerant bleed |line (73) connected to -

the t r ansf elidumrgx gheesgurd 26f By epnpsessomg (f4dr) tkddames not besst he

refrigerant- fromthe cleaning circuit (2). 5. The pi pi ng
cl eanishg mdrena Bpecifébdi garlatd,0ror Swhenndiischargedigas t tefibaratire
wherein separating nmeans (17) for separating foreign

of the compressor (41) becomes not more than a specified
value, or when suction gas pressure of the compressor (41)
becomes not more than a specified value; and wherein

the refrigerant amount detecting means (100)

10 detects a switching timing of the four-way
switching valve switching means (100), and based on this
switching timing, detects the .amount of cleening :
refrigerant. | |
7. The piping cleaning system for refrigeration units

15 aceording to Claim 4, further comprising:

the refrigerant resupply line (72) connected to a
refrigerant cylinder (71): |

a pressurizing line (74) for introducing to the
refrigerant .cylinder (71) a refrigerant'gas pressurized by

20 the transfer heat exchanger (25, 26) in order to pressurize
the refrigerant cylinder (71); and

a pressurizing valve (SV5) provided on the
pressurizing line (74).
8. The piping cleaning system for refrigeration units

25 according to Claim 4, further comprising:



matters‘fromthe refrirgerant is connected to the cleaning circuit
(2), and the refrigerant anount detecting neans is
10. inplenmented by a refrigerant |evel sensor (22, 23) provided on
t he separating neans (17). 6. .The pi ping cleaning systemfor

refrigeration units according to Caim3, wh Hllul t he
heat punp 15 has a throttd7e- mechanﬁmm I" IMH lluonneCt ed
between the two transfer heat exchangers (25, 26), & ¢ ' donpressor (41)

and a four-way switching valve (43), and al so has a heat punp circuit
ot her than the cleaning circuit (2) through which the cleaning
refrigerant flows, 2the wedirdigerant| dviewd didisaeti §i3)of connkchgdr efa i ger ant
fl ow ng t hrough the heat punp circuit is switched over by sw tching
over the fobefmnbyesanit adwhindeat viE71()43), by which the sucki ng
operation and the discharge operation of the two transfer heat
exchangers (25, 26) aae depreseariairig . line ~(74) for introducing a
-46 - t he pi ping cleaning systemfurther conprises
four-way swefehgegantyabue £ond cthégrefedgérant 189Llindker (71) téWwthehi ng
over the four-way sw tching val ve (43) when di scharge pressure of the
conpressor {AddsPeEoneatn@xdesyerd (25,hap6p ipechided val 'd%pr@fss\iﬁﬁﬁe
di scharge gas tenperature

the inter of the refrigerant cylinder (71) by cooling the

refrigerant gas within the refrigerant cylinder (71) with
the transfer heat exchanger (25, 26); and
a pressure-reducing valve (SV2) provided on the
10 depressurizing line (74).
9. A piping cleaning method for refrigeration units,
in which refrigerant piping (3, 5) is cleaned by circulating
.a cleanihg refrigerant through the réfriéerant pipiné, the
méthod comprising:
15 : circulating liquid refrigerant through the
_refrigerant piping (3, 5) by two transfer heat exchangers
(25, 26) provided on a heat pump use refrigerant circuit
other than a c¢leaning circuit (2) through which the
cleaning refrigerant flows, the transfer heat exchangers
20 (25, 26) alternately' iteréting a sucking oﬁeration by
cooling a gas refrigerant within the transfer heat
exchangers (25, 26) to effectuate depressurization thereof
so that a refrigerant is sucked in from outside thereto,
and a discharge operation by heating the refrigerant within

25 the transfer heat exchangers (25, 26) to effectuate



of the-.conpressor (41) becones not nore than a specified val ue, or
when Suction gas pressure of the conpressor (41) becones not nore
than a specified value; and wherein : the refrigerant anDunt
detecting neans (100) 10 detects a switching timng

et v s R

refrigerant. 7. The pi pi ng cl eani ng systen1fof r'ef rS gération
units 15 according to Claim4, further conprising: t he
refrigerant resupply line (72) connected to a refrigerant cylinder
(71); pressurizatdopr eklsereat ngsd | whalt74a fbiquibdr ochfximgertant hds
refrigerant cylinder (71) a refrigerant gas pressurized by 20 t he
transfer hedisekabgedethé2efram)y andorder to pressurize t he
refrigerant cylinder (71); and a pressurizing valve
(SV5) provided on Heeecting pa@sswmainty léfe €¥éhning reFrigerantlhe
pi ping cleaning systemfor refrigeration units 25 according to daim4,
further conphirgul@ted through the refrigerant piping (3, 5) and47based
the refrigerant bleed line (73) connected to a refrigerant cylinder

(71); 5  on the detéctdlfpamssnti sMElddrihg (¥éfrigetantpt keduitigg a

the amount of cleaning refrigerant.
10, The piping cleaning method for refrigeration units
according to Claim 9, further comprising:
at least one . of a step ror resupplying a
10 refrigerant to the cleaning circuit (2) from a refrigerant
resupply line (72) which is connected to the heat exchangers
(25, 26) and a step for bleeding the refrigerant of the
cleaning circuit (2) through a refrigerant bleed line (73)
which is connected to the transfer heat exchangers (25, 26).
15 11. The piping cleaning method for refrigeration units
according to Claim 9, wherein |
~ the heat pump use refrigerant circuit, which has a
throttle mechanism (48, ©56) connected between the two
transfer heat exchangers (25, 26), a compressor (41) and a
20 four-way switching wvalve (43), switches over a flowing
| direction of working refrigerant flowing through the two
transfer heat exchangers (25, 26) by switchipg over the
four-way switching wvalve (43), by which the sucking
operation and the discharge operation of the two transfer

25 heat exchangers (25, 26) are switched over,



refrigerant -gas fromthe refrigerant cylinder (71) to the 5 transfer

heat exchanger (25, 26) in order to depressurize the inter of the
refrigerant cylinder (71) by cooling the refrigerant gas within the
refrigerant cylinder (71) with t he transfer—heat—exchanger—25, 26);

and : a pressure-reducing val ve (SV2 ~10
depressurizing line (74). 9. —- 49A pi ping Imm '!MWHW or
refrigeration units, n which refrigerant piprnge IsS" &l eaned by
circulating a cleaning refrlgerant t hrough the refrigerant piping,

t he met hod conprising: 15 circulating liquid

refrigerant  throughswitiéhes ovekeftHeeremt-wapi BFit3nibly Byalvww Yaansfer
heat exchangers (25, 26) provided on a heat punp use refrigerant

circuit whe@t&fécﬁgﬁ@eapﬁéséﬁkEQOQIMH@tcdﬁBréde%KNﬂﬂV“B@béﬁE% not
cleaning refrigerant fl the transfer heat exchangers 20 (25, -26)

~alternatel yjedd efRAANE sﬁeci‘f‘i@kingal%er o %erPYdlschar%@OJcéﬁﬁeﬁaﬁﬁi;e
refrigerant within the transfer heat exchangers (2

ef fect uat e gepErsSubn gﬁéggart B@esmes not mfrd Ralard éeéﬁécgfffé'& Ya18e¢cked
in fromoutside there and a di scharge operation by heating t the

refrigerantgyggthin 25 the transfer heat exchangers (25, 26) to
effectuate _ -48 -

pressurization thereofef@ctlat a2 LhAtkHihg M tdHidy ISt the four-way

switching valve (43), and based on this switching timing,
detects the amount of cleaning refrigerant.
12. A piping cleaning system for refrigeration units
10 comprising:
| a cleaning circuit (2} for cleaning refrigerant
piping (3, 5) by circulating = a cléaning-_ medium
therethrough;
cleaning medium amount detecting meéns (100, 22,
15 23) for detecting an amount of cleaning medium with whiéh
the refrigerant piping (3, 5) is cleaned; and
adjusting means (72, 73) for adjusting cleaning
medium amount based on the ambunt of cleaning medium
deteqted by the detecting means (100, 22,.23).
20 13. The piping cleaning system according to Claim 12,
wherein
the cleaning medium is a mixed medium of detergent
and refrigerant.
14. A piping cleaning system in which a 1liquid

25 refrigerant is circulated through refrigerant piping (3, 5)



di scharged therefrom and det ecting an anount of cleaning
refrigerant ' circulated through the refrigerant piping (3, 5) and,

based 5 on the detected anount of cleaning refrigerant, adjusting

t he amount of cleaning refrigerant. 10, The piping cle

met hod for refrigeration units according to Clau i E

conpri sing: - at least onmg_of a ,mm "1" MHH"L ng

a 10 refrigerant to the cleaning circuit (2) froma refri'geMans +
resupply line (72) which is connected to the heat exchangers (25, 26)
and a step for bleeding the refrigerant of the cleaning circuit (2)

through a repyi@es aptaks £ hede éi@hangers W5 ch265 seoPeaéq@dohoat heat
transfer heat exchangers (25, 26). 15 11 The pi pi ng cl eani ng

net hod for rghmpggsat reRrilgetant c1rc@ﬁ%0k&m%}tﬂhéﬂf%r%ﬁbaﬂbﬁéebﬂrcult
the heat punp use refrigerant circuit, which has a throttl e nmechani sm

(48, 56) CO”E@Pteﬂh?@ﬁ&ﬁenwhhéhtwg. cleadﬂﬁy“”fﬁf ré%@haﬁB@W§ (2Bne26) ,
a conpressor (41) and a 20 four-way sw tching va Swi t ches

over a flow pgansfer Heh€CldxRhad, dﬁgktﬂg VQEE'%ﬁ&%&hdﬂéTnykéfHE&W@ hhe
t wo transfer heat exchangers (25, 26 by switching over the

four-wvay sw é&é‘kﬂﬂgvé*:éﬁaéﬁ‘}éh oY MBLing hS YK FFri qerartPOrAER 0D 8Ad the
di scharge operation of the tw fransfer ~ 25 heat exé%angers (25, 26) are
switched OVefyansfer heat exchangers (25, 26) to49 effectuate
depressurization thereof so that a refrigerant is sucked in
from outside thereto, and a discharge operation for heating
the refrigerant within the transfer heat exchangers (25,
10 26) to effectuate pressurization thereof so that a liquid
refrigerant is.discharged therefrom, wherein
the heat pump- use refrigerant cireuit has a
throttle mechanism (48, 56) conneeted between 1the 'two
transfer heat exchangers (25, 26), a compressor (41l) and a
15 four-way switching wvalve (43), and the piping cleaning
system further comprises four-way switching valve switching
means (100) for switching over the four-way switching valve
(43) every specified time interval, thereby switching over
a flowing direction of working refrigerant flowing through
20 the two transfer heat exchangers (25, 26), by which the
sucking operation and the discharge operation of the two
transfer heat exchangers (25, 26) are switched over.
15. A piping cleaning method for refrigeration units,

in which refrigerant piping (3, 5) is cleaned by circulating



sw tches” over the four-way sw tching valve (43) when di schar ge
pressure of the conpressor (41) becones not | ess than a specified

value, or when di scharge tenperature of the-conpressor—becones not

more than a specified value, 5 and W t chi ng
timng of the four-way swi t ching val ve (43), H IB‘#H’ “"1
swtching timng, detects the ameLt-of cl ean

12.

a cleaning circuit (2) for cleaning refrigerant plplng (3, b5)
circulating a cleaning medi um t her et hr ough;

cl eani ng nedi gheanbngtmediwet thpuganshd MEEr iRfsrantS pipilg, fd:rhedatee:(htqdqg an
anount of cleaning nmediumw th which the refrigerant piping (3, 5)
cl eaned; andomprising: adj usting neans (72, 73) for adjusting

cl eani ng

detected by the detectietgcttagsanlafioun?, o23rleadfing haddium withhehfichi ng
cl eani ng system according to Claim 12, wherein t he

medi um anount based on the amount- of cl eani ng nmedi um

cl eani ng medhénreSrageriad peping @B, de)erngenileaned and, redsegedvantthe

14.

A piping cleaning system in which a I|qU|d 25

refrigerant gegeeteauhabadtt BEOBYBahehyi getath, Pbaiogtidg The amount of

10

15 .

20

25

cleaning medium.
16. The piping cleaning method according to Claim 15,
wherein

the cleaning medium is a mixed medium of detergent
and refrigerant.
17. A piping cleaning method including: circulating
1iquid;refrigerant throuqh'fef;igeranf piping (3, 5) by two
transfer heat exchéngers (25, 26) provided on a heat pump
use refrigerant circuit other than a cleaning circuit (2)
through which cleaning refrigerant flows, the transfer heat
exchangers (25, 26) alternately iterating _a' sucking
operation by cooling a gas refrigerant within the transfer
heat exchangers (25, 26) to effectuate depressurization
thereof so that a refrigerant is suéked in from outside
thereto, and a discharge operation by heating the
refrigerant within the transfer heat exchangers (25, 26) to
effectuate pressurization thereof so that “the liquid
refrigerant is disqharged therefrom; and detecting an
amount of cleaning refrigerant circulated througn the

refrigerant piping (3, 5) and, based on the detected amount

A piping cleaning systemfor refrigeration units conprjsing:

by

IS.



-50- +° -«by two transfer heat exchangers (25, 26) provided on a heat
punp use refrigerant circuit other than a cleaning circuit (2)
through which a cleaning refrigerant flows, the transfer heat
exchangers (25, 26) alternately iterating a 5 SUCKi ng operation—by-
cooling a gas refrigerant wthin the transfer S

(25, 26) to ef fectuate depres2usi zati on tMﬁm m mﬂm‘"g@'l
refrigerant is sucked in - fromoutside thereto, andca i scharg
operation for heating the refrigerant within the transfer heat .
exchangers (25, 10 26) to effectuate pressurization thereof so that a
liquid of r el eagingntrafyidjesandr, geatjbetr Big othewamosirt of cleaning

the heat punp use refrigerant circuit has a _throttle
mechani sm fdBrigéfgnt comneréd between the two transfer heat
exchangers (25, 26), a conpressor (41) and a 15 four-way switching val ve
(43), *~and the pipingtlee eciealy pump s emdfirmiigesantonetiiread tf ohasway

swi tching val ve switching means (100) for switching over the four-way
swi t chi ng vihmettle mdchiniewer \(48pechbbi)edconmectatier vakwether ehg swiwbchi ng
over . a flowmng direction of working refrigerant flow ng through 20
the twe trapsdsférahef¥CBRABBANGer§23252606)hy avtanpidssor (41pusakdng
operation and the di scharge operation of the two transfer heat-
exchangers fa@or-w&y ewetemihghedlower(43), andlSwitchesA gvér Nghel €atirhy

met hod for refrigeration units, in which refrigerant piping (3, 5) is
cl eaned by waycwwitiohdng valve (43) every specified time interval,

thereby switching over a fiowing direction of working
refrigerant flowing through the two transfer heat
10 exchangers (25, 26), by whi¢h the sucking operation and the
discharge operation of the two transfer heat exchangers

(25, 26) are switched over.



a cleanrng medi um through the refrigerant piping, the nmethod

conprising: detecting an anmount of cleaning nediumwth
whi ch the refrigerant piping (3, 5) is cleaned and, based on the -5
detect ed anount of cleaning nmedium adjusting the anmount of cl eani ng
medi um 16. The pi ping cl eaning nmet hod according to C aim 15,
wherein the cleaning nmedBwmis a m xed nmedi um of det ergent
10 and refrigerant. 17. A pi pi ng cl eani ng et hod i ncl udi ng:
ci-rcul ating liquid refrigerant through refrigerant piping (3, 5) by
t wo transfer heat exchangers (25, 26) provided on a heat punp

use refri gABIRRAOT OF (THR DISCLOSTRE cl eaning circuit (2) 15 t hr ough
which cleaning refrigerant. fl ows, the transfer heat exchangers (25,
26) alternately it ek ghiping aclsamitigigsystem switctie®nowyr caokong-waygas
refrigerant within the transfer heat exchangers (25, 26) to

ef f ect uat e sleifratsing i vallveond3 of d lesatofpampt barcaitelOOgeyanthats swoked
in fromoutside 20 t her et o, and a discharge operation by heating

t he refarifgmteatl tédhdiipeds A6f €26 hapé opehabgdrslte@bnalé)yt as
effectuate pressurization thereof so that the |liquid refrigerant is

di schag ged 4 hesef iy denticelebrdt bnthedting devdRyYntbpfwitlidana ngleghihger ant
circulated through the 25 refrigerant piping (3, 5) and, based on the
detect ed ansfitigerant in a cleaning circuit 2 is circulated through a
gas line 3 and a liquid line 5. During this cleaning
operation with the cleaning refrigerant circulated, when the
cleéning refrigerant runs short in amount, a solenoid valve
10 SV3 1is opened so that cleaning refrigerant of the
refrigerant cylinder 71 is resuﬁplied through a refrigerant
jresupply - line 72 'to either one of the transfer heat
exchangers 25 or 26 that is cooiing. On the other hand,
when the cleaning refrigerant is excessive, a solenoid valve
15 SV4 is opened so that the cleéning refrigerant is returned
to-fhe refrigerant cylinder 71 through a refrigerant bleed

line 73. Thus, the amount of cleaning refrigerant can be

maintained at an appropriate level.



=52,-. %% " +*of cleaning refrigerant, adjusting the amount of cleaning .
-refrigerant, wherein the heat punp use refrigerant circuit
has a throttl e mechani sm (48, 56) connected between the two- 5
transfer heat exchangers (25, 26), a conpressor (41) and a f our - way
swi tching val ve (43), and switches over the four- way sw tching val ve
(43) every specified tinme interval, t hereby switching over a flow ng

di rection offworkrmy——— "I

~=ftowTy— Thro the two
transfer hgat 10 excé#an 5, 26], by which the sucking operation
and the ; discharge ion” of the¢ two transger heat, excharngers
(25, 26) aregs 'tche@& :
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