REFRI GERANT CYCLE W TH THREE- WAY SERVI CE VALVE FOR ENVBRONVENTALLY FRI ENDLY
REFRI GERANT BACKGROUND OF THE | NVENTI ON [0001] This invention relates to a
met hod ofwotznéa/m@izvg a three-way valve to provide sinpliPrcedss@cwiwsing to a
refrigerant cycle, in a manner that allows the elimnation of a second
valve that was required in the prior art. [0002] Refrigerant cycles are

typically utilized to conpress a refrigerant, and then pass that
refrigerant thRIFRIGERASNT 6 GHE NIEH @%@4@1 ¥ SEBVAGRAVALYE EOR | i d.

Typi cal |y, a conpr esENVIROBMIDEEALEY FRIENPLZREFREGERMNers it to a
condenser at which heat is rejected. Fromthe condenser, the refrigerant
passes to an expansion device, and fromthe expansion device to an
evaporator. At the evapor BACKGROUNROH FHEINVENIEN | n heat. As an
exanple, in an air conditioning node, the evaporator is utilized to cool
air that is beiowgipel Thsrieetniiot latas tenwicthod wEwilizirRef thiegevaavalve yaprevidar e
also utilized to heat water for a hot water supply, and for nany other

appl i cat i @asplifle@883icingno b hefrigsrim cyde, tin a triagnar éfat altpevsadi elivkiattiopiof e sécaped
through the refrigerant cycle tended to be Freon, or another refrigerant
that coul daRethdd&e¥xgeisedn i@ prioearenvi ronnent . Thus, strict controls were in

pl ace to reduce the likelihood of any |eakage of the refrigerant

[0002] Refrigerant cycles are typically utilized to compress a refrigerant, and then
pass that refrigerant through a series of heat exchangers to condition a fluid. Typically, a
compressor compresses a refrigerant and delivers it to a condenser at which heat is rejected.
From the condenser, the refrigerant passes to an expansion device, and from the expansion
device to an evaporator. At the evaporator, the refrigerant takes in heat. As an example, in
an air conditioning mode, the evaporator is utilized to cool air that is being delivered into an
environment. Refrigerant cycles are also utilized to heat water for a hot water supply, and for
many other applications.

[0003] In the prior art, the refrigerant that circulated through the refrigerant cycle
tended to be Freon, or another refrigerant that could not be exposed to the environment.
Thus, strict controls were in place to reduce the likelihood of any leakage of the refrigerant
into the environment. One challenge for the refrigerant cycle designer in the past occurred
when refrigerant was removed or added to the system. In the prior at, a pair of service valves
were utilized with one valve on each side of the expansion valve. The valves were opened to
allow refrigerant to flow outwardly of the system, and a recovery system was placed onto the

two valve ports such that liquid refrigerant could be removed, with a vapor being returned.

This complex system was necessary to minimize any possibility of leakage.



into the environnent. One challenge for the refrigerant cycle designer in

t he past occurred when refrigerant was renoved or added to the system In

t he priorwet2poczoop@or of service valves were utilized w PhTarseoosmbases on each
side of the expansion valve. The valves were opened to allow refrigerant to
flow outwardly of the system and a recovery systemwas placed onto the two
val ve ports such that liquid refrigerant could be renoved, with a vapor

bei ng returned. [00¥]s chivp wxendly.sinamowesntally besiga refrigevantiswihrvs L6 2almye been
possibility of |eakage.[0004] Mrre recently, environnmentally benign

ref ri ger andevslopbd. a¥/ilBGRe awnenineallydesngdnopiigeraifisf there helitla won@nnwith addayd
benign refrigerants, there is little concern wwth regard to | eakage of

r ef ri ger anto Itakapdef refiigemanoairetenvishd4ARY OF THE | NVENTI ON [ 0005] In the

di scl osed enbodi rent of this invention, the service function for a
refrigerant cycle utilizing an environnmental |y benign refrigerant includes
a single three-way valve. The single three-way valve may be in a closed

position allow ng normal opeSEMVARVYOR THEBIVENEIONt cycle. Further, for a
pressure test position, the three-way valve may be noved to isolate a | ow

pressure side ofpodd)e rEfthé dRtREd @yoliRaentonald Mverdion, el dérie Gincvibi Reraw ng
refrigerant fromthe refrigerant cycle, the three-way val ve nay be noved to

an i nt er meginddeRa P 05d1d LRt a\iviBnrhéntaly! RSN GORBURAGASILQR aRGINE BiRecavROT t

| eadi ng outside of the refrigerant cycle to refrigerant lines leading in

bot h di r ec{j1QNSTh[REIPIERERMy +aMEERt R int e PpOYE RS 0Ring normal op!eration of
the refrigerant cycle. Further, for a pressure test position, the three-way valve may be moved
to isolate a low pressure side of the refrigeranf cycle. Finally, for adding or withdrawing
refrigerant from the refrigerant cycle, the three-way valve may be moved to an intermediate
position at which it allows communication between a port leading outside of the refrigerant
cycle to refrigerant lines leading in both directions. The present invention thus provides a
method of withdrawing refrigerant from a refrigerant cycle without having to return this
refrigerant at all. Further, by utilizing this method, the present invention eliminates the need
for a second valve.

[0006] These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 shows a schematic refrigerant cycle incorporating an inventive
service valve.

[0008] Figure 2 shows another mode of operation of the inventive service valve.



met hod of withdrawing refrigerant froma refrigerant cycle w thout having
to return this refrigerant at all. Further, by utilizing this nethod, the
present iwoentdmomn9el i m nates the need for a second val vecT[i3e@éjodbhese and
ot her features of the present invention can be best understood fromthe
foll owi ng specification and drawi ngs, the follow ng of which is a brief
despription. BRI EF DESCRI PTI ON OF THE DRAWNGS [0007] Figure 1 shows a
schematic refri§80¥Unt Eigereed skt proraaethergmade phorsmationeofstbe vveatineagevedce
[ 0008] Figure 2 shows another node of operation of the inventive service
val ve. [ 000%IVv&i gure 3 shows yet another node of operation of the inventive
service valve. [0010] Figure 4 shows a prior art refrigerant cycle.
DETAI LED DESCRI O71@N CFighe@ seREFERRERENMBEBREMe] 0011] A refrigerant cycle
20 is illustrated in Figure 1. A conpressor 22 conpresses the refrigerant
and delivers it downstreamto a condenser 24. Fromthe condenser 24, the
refrigerant passes to an expansi on device 26. The refrigerant passes
through a pair ODETAIELEDDESCRIFTION OF EHI PREFERRED ENVEPODEVIENT2S. As i s
known, the evaporator serves to condition air being delivered into an
environnment if [0bE]r ef Ai géigrint eyclk 202 ilRisi@gedlif Figure 1. A compressor 22
compresses the refrigerant and delivers it downstream to a condenser 24. From the condenser
24, the refrigerant passes to an expansion device 26. The refrigerant passes through a pair of
refrigerant lines 32 and 30 to an evaporator 28. As is known, the evaporator serves to
condition air being delivered into an environment if the refrigerant cycle 20 is an air
conditioner. The condenser 24 heats water in a hot water heating system.

[0012] A service valve control 34 drives a three-way valve 36 for controlling
communication between lines 30 and/or 32 and an outlet port 38. As shown in Figure 1, the
valve 36 sits against a face of a valve chamber 37, and blocks any flow of refrigerant from
either of line 32 or 30 to port 38. This is the position the valve will maintain during normal
operation of the refrigerant cycle 20.

[0013] Figure 2 shows the valve control 34 having moved the valve 36 to a
position such that line 32 can communicate with the port 38 but line 30 cannot. A component
40 is shown attached to the port 38 in the Figure 2 position. The component 40 may be a
pressure test component, such that the pressure within the refrigerant cycle 20 can be tested.

The Figure 1 and Figure 2 positions were also utilized in the prior art.

[0014] The Figure 3 position shows the valve 36 at an intermediate position such

that both lines 30 and 32 communicate with the port 38. A component 42 is shown attached



conditioner. The condenser 24 heats water in a hot water heating system
[0012] A service valve control 34 drives a three-way valve 36 for

cont rol | iwgQ 2e@mysvocat i on between |ines 30 and/ or 32 ana&cCamseasloetcoport 38.
As shown in Figure 1, the valve 36 sits against a face of a valve chanber
37, and bl ocks any flow of refrigerant fromeither of line 32 or 30 to port
38. This is the position the valve will naintain during normal operation of
the refrig&hapogd| Ehogpmpppet 47 npy ha e chazivg eomaindydhay aill mjecorefigstan8hihavi ng
nmoved the valve 36 to a position such that |ine 32 can comunicate with the
port 38 buthelefitgerot exohé?.. thivuglo hpthritnas 3a@nd $2.s dwmativelpcliaht tefrigdrent port 38
in the Figure 2 position. The conponent 40 nay be a pressure test

conponent , being memdvat froe therrefsigaret eyictei0n thdnahe edlvé géiapit ia vk @o@forcamd be
tested. The Figure 1 and Figure 2 positions were also utilized in the prior
art. [ 00l4jefifgrmarficgupass Somdwilt ires 38 hod\82 inhethe abv 88.36 tats iaventind Reieditat e
position such that both Iines 30 and 32 communicate with the port 38. A
conponent #Frigesars osimplatdtaddefctnothe hefriponit c38e 20had GARPRARAY A 8@ Jag: a
charging container that will inject refrigerant into the refrigerant cycle
20, througitheptiorlarnes 30 and 32. Alternatively, if the refrigerant is
being renoved fromthe refrigerant cycle 20, then the valve 36 is put in

this position ajdisjef r tigepriantartaafigpasicytle J0OMuRhdd8 Fid ands 3wt t he
port 38. In this inventive nmethod, the refrigerant is sinply drained from
the refri gek@nbaycyfle 120is Abdladsscined wiltdERBRH, a®oNRS iR GPBSEt is movable
within a valve chamber 62. Normally, the valve 60 is maintained against the left-hand face of
the chamber 62, such that the port 64 does not communicate with a fluid line 110. Instead,
refrigerant can flow through the normal refrigerant cycle. However, in the position shown in
Figure 4, refrigerant is being withdrawn from the refrigerant cycle 70. The recovery systems
66 and 68 are attached to the ports 64 and 38. Refrigerant is removed, and passed through a
liquid separator. The iiquid refrigerant is removed and a return flow is sent back into the port
38. The returned refrigerant includes a vaporous refrigerant. The refrigerant continues to be
cycled through the system, and out of the port 64 until it has all been removed in a liquid
state.
[0016] The present invention is directed to a method of removing refrigerant
utilizing only a three-way valve, and is particularly well suited for a refrigerant cycle wherein
the refrigerant is environmentally benign. In a disclosed embodiment, the environmentally
benign refrigerant is CO2. With the inventive method, the two-way valve 60 is eliminated.
The present invention thus simplifies the prior art, and provides a more cost-effective

refrigerant cycle.



in the prior art. [0015] The prior art refrigerant cycle 70 is illustrated
in Figure 4. As shown, the three-way valve 134 is also associated with a
second, two-2e@yoovabve 60 that is novable wi thin a val vePpPchharsbeo/06&04

Normal Iy, the valve 60 is nmaintained against the |eft-hand face of the
chanber 62, such that the port 64 does not conmunicate with a fluid |line
110. Instead, refrigerant can flow through the normal refrigerant cycle.
However, in thelOBbditi 6HhgBwrPrelared grubadiment o iris wertion Lias b digplaved,dr awn
fromthe refrigerant cycle 70. The recovery systens 66 and 68 are attached
to the porPerkgnohagimyy skildin fhifesrh wouldsesognae df certiih madifieaionh moulihcomd | qui d
separator. The liquid refrigerant is renoved and a return flow is sent back
into the p®ithingle scppeofthisdrvsaton: dor ilgbreastn, tha ddllodding caivaphouddibe stedied ger ant .
The refrigerant continues to be cycled through the system and out of the
port 64 unégt¢rniine thaguaicophandrrontentof @ds inmergioh.i qui d state. [0016] The present
invention is directed to a nmethod of renoving refrigerant utilizing only a
three-way valve, and is particularly well suited for a refrigerant cycle
wherein the refrigerant is environnmentally benign. In a disclosed

enbodi nent, the environnmentally benign refrigerant is CO2. Wth the
inventive nmethod, the two-way valve 60 is elimnated. The present invention
thus sinplifies the prior art, and provides a nore cost-effective



refrigerant cycle.[0017] Although a preferred enbodi nent of this invention
has been di sclosed, a worker of ordinary skill in this art would recognize
t hat cer tworoswdifoocati ons woul d come within the scope eCTiuse@ciomcent i on.
For that reason, the follow ng clains should be studied to determ ne the
true scope and content of this invention. CLAIMS What is clainmed is: 1. A
refrigerant system conprising: a conpressor; a heat rejecting heat
exchanger, an expansi on device, and a heat absorbi ng heat exchanger; and
wherein a single service valve is provided between the heat rejecting heat
exchanger and the heat absorbi ng heatCexiMi8nger, said valve having a first
fluid line communicating to an upstream pressure, a second fluid |ine
conmuni cat i ng t What idolsiisédrieam pressure, said val ve providing the function
of allowing flow to pass through the valve while blocking flow from
reachi ng aidi schaeffigemaansysteheompisigg:f ul |y cl osed position, allow ng flow
fromsaid first fluid line and said second fluid line to reach said

di scharge port wb@hpreo@n i nternedi ate position, and allow ng flow from
said first fluid line, but blocking flow fromsaid second fluid Iine from

reaching said di gehafpetiROhdatidkciinkdt by RPSBioRAWRYIE,0dhd a heat absorbing heat
exchanger; and

wherein a single service valve is provided between the heat rejecting heat e_xchanger

and the heat absorbing heat exchanger, said valve having a first fluid line communicating to

an upstream pressure, a second fluid line communicating to a downstream pressure, said

valve providing the function of allowing flow to pass through the valve while blocking flow

from reaching a discharge port when in a fully ciosed position, allowing flow from said first

fluid line and said second fluid line to reach said discharge port when in an intermediate

position, and allowing flow from said first fluid line, but blocking flow from said secdnd

fluid line from reaching said discharge port in a fully open position.

2. The system as set forth in claim 1, wherein said refrigerant is CO2.



2. The systemas set forth in claim1, wherein said refrigerant is CO2.3. A
nmet hod of servicing a refrigerant cycle conprising the steps of: (1)

provi di ngvea 2bea®i39H] ui d | i ne conmuni cating from an | ocaPcorSadosm4cas heat
rejecting heat exchanger to a val ve chanber, and a second fluid |Iine
comuni cating fromsaid val ve chanber to a downstream heat absorbi ng heat
exchanger, placing a noving val ve capabl e of noving between a fully open,
fully closéd and metesrofserviging agelsigereaeyole comprising the stepswod chanber, sai d

val ve bl ocking flow of refrigerant fromeither said first and second fluid
lines to a di scliar gerrpading veh&irst i finid dinel compeetbaiiees ifivinomy ladatiawiafter & 11@at of
refrigerant fromsaid first fluid line, but blocking flow of refrigerant
from sai d speting hédteixchahgergo taovabai chanibere hiat geeqood fluidliee domrhyni@EeH from
position, and allow ng comruni cati on between both said first and second
fluid |inesid valsacltntesohadqespennt heah ebsoitingsleatlexichimgenpiicia @ mosid Vo (2)
novi ng said valve to said internediate position and draining refrigerant
from sai d capbble@€navingdeolen aafntly opdn, filyldlesed gnd Bitdrng@ihB Position Sathih said
refrigerant cycle until said draining of refrigerant has been conplete. 4.
The net hodvase drmbEQEdil vilne tloaling Bow \Wh &fiidtans &loth di@Ed dafiSfiiHnd isScoa@Rluid

lines to a discharge port when in said closed position, allowing flow of refrigerant from said
first fluid line, but blocking flow of refrigerant from said second fluid line to said discharge
port in a fully open position, and allowing communication between both said first and second
fluid lines to said discharge port when in said intermediate position; .

(2) moving said valve to said intermediate position and draining refrigerant from
said refrigerant cycle, and not returning refrigerant to said refrigerant cycle until said draining

of refrigerant has been complete.

4. The method as set forth in claim 3, wherein said refrigerant is CO?2.



