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20 Depending on the complexity of the refrigeration system and on
the type of application, the temperature limits to be kept are more or less
restricted. This happens because when the refrigeration system is designed it
is optimized in order o obtain the lowest power consumption possible. As an
example, the expansion system may be optimized to the temperature in

25 which the power consumption will be measured, for example, 25°C.
However, as in the case of the expansion system (capillary tube) the
temperature above or below 25°C is fixed, the system will not operate
properly. In addition, the more optimized the capillary tube is, the narrower its
application field of use will be. For example, if the system has been optimized

30  to no more than 25°C, the range in which the system will properly operate will
be from 18 to 32° C, but if the system works from 10 to 43° C, the flow rate of
the. capillary tube should increase and this negatively affects the

SUBSTITUTE SHEET (RULE 26)
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load of the refrigeration system, this performance falls. For variable capacity

compressors, this problem is increased, since the capillary tube is sized to

the maximum capacity of the compressor and, when it operates at low

20 capacity, the capillary tube has a flow rate higher than what is pumped by the

compressor, causing the efficiency of the system to fall. This loss may vary

from between 5 to 15%, depending on the system and the ambient
temperature.

In order to avoid this probiem, some solutions describe the use of

25 valves to conirol the fluid flow inside the refrigeration circuit. One of these

solutions is disclosed in US patent No. 6,047,556, describing the use of a

control valve which is rapidly modulated to control the flow of the cooling fluid

in the refrigeration circuit. In addition, this system uses an electronic

expansion valve which can be controlled by a microprocessor. In spite of

30 foreseeing the use of a control valve to modulate the amount of fluid in the

circuit, it is not anticipated that the valve will be controlled in such a way as to

optimize the operation of an expansion valve (or a capillary tube) so that it
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Brief Description and Objects of the Invention
The objectives of the present invention are to optimize the

156  operation of the capillary tube (or the expansion valve) by adding a flow
control valve in order to have it working in all capacities and to have the
refrigeration system always operating at the maximum possible efficiency.

In order to overcome the prior-art problems, that is, the use of an
expansion valve (capillary tube) or a generically designated expansion device

20 often in non-optimal conditions, the present invention discloses that the fluid
circulating inside the valve should always operate under optimal conditions,
and the fluid flow should be controlled only to be released to pass through
(the expansion valve) the expansion device when it has reached the

. respective nominal operation value and thus arrive at a system that is

25 efficient and has high flexibility, that is to say, that can operate under any
condition of ambient temperature and thermal load, as well as in different
refrigeration capacities imposed by the variable speed compressors.

Thus, in general lines, the proposed solution is to maintain the

capillary tube originally designed for the system’s maximum capacity

3¢ (maximum flow rate) that is, at a nominal expansion capacity, or even
superior, and add a valve (solenoid or another pulsating valve) between the
outlet of the condenser and the inlet of the capillary tube. This valve may be
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30 fluidly connected to a closed circuit. The closed circuit comprising a

condenser, an evaporator and a fluid expansion device, the closed circuit

being filled with a fluid, the fluid expansion having a nominal expansion



condenser, an evaporator and a fluid expansion device, the closed
circuit being filled with a fluid, the fluid expansion having a
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quantity of Eheiydime thelvalvet dlesestheaixpansion device should have a flow rate
equal to or slightly greater than the needed one for the operating condition of

the refrigeration system.
30 Stilt according fo the teachings of the present invention, a
method of controlling a refrigeration system is provided, the system
comprising a hermetic compressor fluidly connected to a closed circuit, the



10 expansi on capacity; and when the amount of fluid is equal to or
greater than the nom nal expansion capacity, pulsating the flow
control vajygessmis®sease the fluid unti P the anount haspaeaehethohrlow
t he nom nal expansion capacity. Brief Description of the Drawing The
present invention will be described in nore details based on 15 an
exanpl e of an enbodi ment represented in Figure 1, which shows a

scheml | ¢ di agtainoRluifolingiisy o Edntidnset,| disldibral8 ahd o MRICERUnsich
condenser, an evaporator an fluid expansion device, a heat
exchanger, tdevics;dheduid expansionedevicd havied avheminal expansiorDeapaditycand

Descri ption of, the El qur OFigure 1 sho a_ cl ' if 2 .
conpr i g i ng ab%laa&é’ﬁ&@ﬂeﬁ%e%ﬁﬁe'g3%%&V3P8ﬁa\%‘§rz?”‘§”ﬁ":?g“‘iﬁ%mg@r R?Eﬁlet!f
suction i ne%grﬁp,%ggoppr%}ﬂdj'tiﬂg@(mﬁﬂsﬂow‘irﬂﬁl‘éi e closedvitctiil, theyclbead circuit
capillary tube or an expansion valve, as previous|y described. In the

confi gur & i onavihg s tairgtié cnaminahdlon datee capagtye ohdiois contrel jvalves being

ted fromth t i i
Sorh thes expRutecCHebEbg Fhe (el B i p6aiR SREbetdfb Uk, wEE P te.
te\r/]apor at or élﬂ?uid tfgpamé@’q tevice, a*r{dhthé mﬁimﬁ aoﬂipiitsbigadﬁtsbeps}ml%n?ha{lathfg
e evaporat or an assi n ro e eal exc nger e
et of t nelecifign dhb SRpAedass N 10 P I GPREY Watiedering dapdiow.
shown), the %o?f\iézl\'?@ QI6d, SXRNANB.T qlifntts 6 FeRT dehaio’ e mumihal

of the evapora I's connected to the conpressor 10, w thout
changi ngl® heexpamsign capatity; randsykere theaamouRkof fiuighs equal to or greater than

2007/ 118293PCT/ BR2007/ ] '

In terns of ‘%&%’B‘@gg??@%‘%ﬁ‘% {‘I%Seg@gb%mcs%ﬂﬁ? (Fglﬁ @Zié\ZVtcednrﬂ I?bﬁ%%lle\@ﬁog[g}% s|eon
circuits, thgefhaseantichs amounPitad wakched bdlow the rmminall éxpgnéionichpatie
hermetic conpressor 10 pronotes a fluid flow inside the closed
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an evaporator and a fluid expansion device, a heat exchanger, the closed
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circuit being filled with a fluid.
Detailed Description of the Figure

20 Figure 1 shows a closed circuit 20 comprising a condenser 11,
an evaporator 12, a heat exchanger 18, a suction line 25 and a fluid
expansion device 17, which may be a capillary tube or an expansion valve,
as previously described.

In the configuration illustrated in the figure, the condenser 11 is

25 connected from the outlet of the hermetic compressor 10 in series with the
expansion valve 17, with the heat exchanger 18 and with the evaporator 12,
the suction line 25 being connected o the outlet of the evaporator 12 and
passing through the heat exchanger 18 to the inlet of the hermetic
compressor 10. _

30 In another embodiment (not shown), the use of the heat
exchanger 18 is discarded and the outlet of the evaporator 12 is connected to

the compressor 10, without changing the concepts of the system and the



10 between an outlet of the condenser 11 and an inlet of the fluid
expansi on device 17. Wth regard to the features of the
fluid expawgimlldmi;ce 17, it should be‘designed to havlq:mmmmaégs
expansi on capacity greater than or equal to the closed circuit

nom nal flow rate capacity 20. Therefore, it will be 15 possible to
nodul ate the flow control valve 15, to have the fluid dammed in the
condenser 11n1%ﬂﬂ1d%’f'tb(e§?els@ﬁ§ﬁ%w it has reached a flow rate anount
equal to the nom nal pansi on capacity, that is, in this way the
expansi on val ve 17 wilh| teomer af ethe \mgﬁ'ahmdemf dlpelﬁwv contiolt isystern in

resulting in X mum ef fi.ci enc 2QThe {.l trol.,  val ve 15 e,
for exanpl e, eﬁ%&‘g%} P‘r‘iﬁ"@aﬁ%%lc’ge o B gdv \;sd%ﬂ%d KU R Tl tfﬁg& &e
val ve W th anhgmpitie coRfPESEBE 10 PréMBidsOA flbiagio Hbi@efth@\@lds@d%lrﬁwt ng
way to always maintain the closed circuit operating properl

that the5f| m!qs@@mwuzwammcmuhaqmmhflo\r«iu@teco@@aa@y ng _
roporti onal 1y t ot neeSyEEh M TesaiAgs 'of 6 SRS AR, % R
conmand of  téahkiow devibé OrIT valwtic Shas ta stuenihgl leepamsitn otapeiity 0—bg
Lt Ly sUSIHaned FepNeRiLAE SGPOrRIOR S2iana) he cpaRensSh 1d AL pdionally
damming ti mheeédiwemaélﬁfab.ae@%m @ Rew! Bonthst HHERNG Qiniéings Fositioned

refrigeration 3 stem 07/1182938PCT/ BR2007/ 000095
nmodul at i1&n rwwaen @lnf euttet @f tihe copdensey bhaodfarc ietr of thef fluitd eexpahsion
(open and Cl(ﬂ%%/ﬁ:) short tine intervals or through the variation of

the flow bet\een a ‘m ni nrum val ue equal to zero (totally closed val ve)
and a nmaxi num val ue Witbt glgayd tpdine fedtvegs of the fluidli expbasiontdevied i @y jt

steps. I n other WO ntrol val.wve has two posit,ions or
o oboy so 1 rehoud ol e Sined g6 Jiteon NS} Ot Bepastiy <Sater Gen Girs
bet ween operedal & %&ﬂoéerdOénc@Ittr@me%omatarba@éa.@b@ Tﬁeﬂeﬂﬁ‘é’" BRI BE%

of the capam ty of a congressor the val ve coul d be kept 10 seconds
!

open and®10 Raséibirite mogylste theafigw ﬁﬁnfrﬁle%@VQ |1|5e§° ha H‘%ﬂ’éiérdat"@med in
operate the tﬁ%; %@ﬂﬂé{s%rqq)@nﬂ%nlﬁ}‘éléﬁﬁd ﬂ!ﬂéﬁ feALhad aq’lorvﬂ'ﬂté SmdtHeCch

are Obj ects o e pr esent 1 nvention oW ng st eps are
foreseen:  equal fo the nomisaliexpansipn nepamfcywthmlmenltmpwapcbhe iexpahs$ign

'l ow controlVe Ry {E MESorbel iR T <ERRE st A tepb el RiBeRtbdm e

nom nal expaifidi@rcycapacity, and - when the quantity of

(Lo 1 sggaual L0 or g eml el RS By Bl 5 R SRS e

amount has regs8@sld alveor BabtH¥ RS bPvalé@ Rithid dapid foshBhse & EdntrdI ke
fluid flow in a suitable way to always maintain the closed circuit operating
properly and so that the fluid expansion valve 17 may continue operating
substantially at nominal expansion capacity of opening and closing

25  proportionally to the ambient temperature.

In terms of the command of the flow control vaive 15, it should be
controlled to be pulsated intermittently to gradually release the fluid when it
has a quantity substantially equal to the nominal expansion capacity, the
damming time being variable according to the demand of the refrigeration

30 system.

The control of the system as a whole should be done through an

electronic control (not shown) present in the compressor or in the system.



. 20 flow control valve pulsating 15 is carried out intermttently.
The teachings of the present invention are applicable to any

refrigeratywoneyas®sn which may includeddonestic refri gargr007/000095
systens, industrial refrigeration systens, air conditioning systens

etc. Having described exanples of the invention with reference to its
25 preferred enbodinents, it is to be understood that the scope of

the present jnvention,enbrac t ' ri-aHe |
[ bea ol ol BB 83 1B IfftO0 TRyl bRl Skl of 46 valve
equi val ent's (HBER @ird clo¥¥) iAMHGHINAG IASRETE BRANGUHAARS Yaridlion vBthe flow
1. Aflowcontrol systemin'refrigeration ci r?ui t&, Eé)he Circui

e

conpri sing aefeeant & cmbumpreyabie egogl @ uFPy t@Eﬁ{ sed ¢ gilve c%&geé
circult (ZOQPaEi% Q/éﬁ%e(gotﬂl%‘?%%ﬁ vAg8) wWitRATRihiRd fgerfh R It biper

an evapor at expansi gn device (17), the closed
circuit &0)whdsng ddrittobdalwketiimsatwid positiondieoeruid cospdrasi that iesars be

(R0 ot e mommn ok e SARE A B0g paRih RS b Beda ehtse"

(S5 e ACHPARELOipbyid ot s G idopytycd 2 g e

capacity, the valve could be kept 10 seconds open and 10 seconds closed, varying
these times.

10 In order to operate the flow rate control system in refrigeration
circuits, which are objects of the present invention, the following steps are
foreseen:

- modulating the flow valve 15 proportionally according to the
capacity of the compressor/ system,

15 - keeping the flow control valve 15 closed, while the amount of
fluid is below the nominal expansion capacity, and

- when the quantity of flow is equal to or greater than the nominal
expansion capacity, pulsating the flow control valve 15 to release the fluid,
until the amount has reached a nominal expansion capagcity. In this step, the

20 flow control valve pulsating 15 is carried out intermitiently. ‘

The teachings of the present invention are applicable to any
refrigeration system, which may include domestic refrigeration systems,
industrial refrigeration systems, air conditioning systems etc.

Having described-examples. of the invention.with reference to its

25 preferred embodiments, it is to be understood that the scope of the present
invention embraces other possible variations, being limited solely by the

appended claims, including the possible equivalents therein. --



t.he system being characterized in that it additionally conprises a
15fl ow control valve (15), the flow control valve (15) being

posi t i onedweahweaseoan outl et of the con¥lenser (11) and par/Brioeioecodos
the fluid expansion device (17), the flow control valve (15) being
nodul ated for the fluid that will pass through the fluid expansion
device (17) to be always substantially at 20 nom nal expansion
capacity. 2. A system acc q-_}] i to claimil, characterized
in that the fluid expansion val ve (1% as a nom nal expansion
capacity equal to origriafiey ¢drdml téystenr wuirefrigerdtionl cirdwis, rthe ecircuit

capacity. 3. A system accor aim1

char act eri zeepmnisinga@ harmedic R9MRsESIOL(( ghp ggldfmgqnqq%ec} f%?odl?%eddﬁlmtd
in the cond ﬁ?r (11) and rel eased only when it has reached a
quantity eq 'to the nom nal expansion capacity.

system agcording to thei oioed chiscuic t(@0) zeampHsingate tmd@ﬂﬁ%fnsﬁéh an

valve (17) is a
Chaim 4, EhoaBOERDY 1) BB i @RaTsosgods, ok e VESEE Lo 2
pul sati ng Vaﬁdéiﬁ%fllled wnth af]u[d 6. A system accor d| ng to claim 5
characterize he flow control val v; 1?) s a sol enoi d
val ve. the fluid expansion device (17) having a nomina expansmn
capacity and being positioned between the evaporator (12) and the
10 condenser (11),
the hermetic compressor (10) promoting a fluid flow inside the
closed circuit {20), the closed circuit (20} having a circuit nominal flow rate
capacity,
the system being characterized in that it additionally comprises a

15  flow control valve (15),

the flow control valve (15) being positioned between an outlet of
the condenser (11) and an inlet of the fluid expansion device (17),

the flow control valve (15) being modulated for the fluid that will
pass through the fluid expansion device (17) to be always substantially at

20 nominal expansion capacity.

2. A system according fo claim 1, characterized in that the fluid
expansion valve (17) has a nominal expansion capacity equal to or greater
than the circuit nominal flow rate capacity.

3. A system according fo claim 1 or 2, characterized in that it is

25 modulated so that the fluid is dammed in the condenser (11) and released
only when it has reached a quantity equal to the nominal expansion capacity.

4. A system according to claim 3, characterized in that the
expansion valve (17) is a capillary tube.

5. A system according to claim 4, characterized in that the flow

30 control valve (15) is a pulsating valve.
6. A system according to claim 5, characterized in that the flow

control valve (15) is a solenoid valve.



7. Aflowrate control systemin refrigeration circuits, the circuit
conprising a hernetic conpressor (10) fluidly connected to a cl osed

circuit (261,2007/118293 the closed cituit (20) conpreciERz087/00005
condenser (11), an 5 evaporator (12), a heat exchanger (18), a
suction line (25) and a fluid expansion device (17); t he

condenser (11) being connected fromthe outlet of the hernetic
conpressor (10) in seriRFlow idle tddRreXKHAMISIMORA R afidhy birciMst -
heat exchanger (18) and with the evaporator_ﬂlZ)q@? féﬁ%ﬁ%?# !&ﬁ'gmt
(25) bei ng 1000BNHeE LelerReticneoropiesser (0) fhidhe sapoecied ito @1 dpsedhicirbuit
passes throu t he heat exchanger (18) to the inlet of the hernetic
conpressor ( " the fluid expansion device (17) having a
noni nal expansi on caghei tlosedd clreiit g(200s coimprieimgbel WesiddhBer (11), an
evapor at or (1@ ar}d thg condenser gllér, 15t he hermetic conpressor
(10) pr orfot | AFERQIAPYi(E2) | BvineatsPHbapae §1sa stckeniline (29), andha fluid
cl osed ci rcué,gpa(.,g% Ay 72. circuit nomnal flow rate capacity,

the system being characteriZed in the it additionally conprises a

fl ow control valve (1% gusiensendt)bbdeingeconnedati! #bmothd hritieb rafenrer
(11) 20 and pefore an inlet gf..the fluid expansion. device 7) .and in
that che 11 uramEyg s, 102 it Selies yanatBoRAR R NS (4 wifiina
equal to or iggaakeliaridir{18)and Withale evasorator(92), iR shétN Nt &5?} bein
capacity (20), the flow control valv ei ng pul sated so that tghe

I 15) b
fluid i s'tantRiterieditndhe onHeraidhe Eﬁ?org‘m)(ﬂ%) whishpagsen througlathe heat
reached an agRHahger (78] &1theahil offilHenhed BSmBRIGsBRL0f> expansi on

capacity. system according to characterized
in that the flow conthelfluichlexpapgish devigsul($a) davingt ar nomirehtdxpahesion

o nal  oxparibeety (i bdd BREMBT RIS ol Sif i reng

to the demanmbndénsdrd11efri gerati on 30 system 10. A
system according to glajm8,, characteri in that the flow control
val ve (%%) is a sol eﬁ’lﬁ hevgﬁ:%pompressor %160% pronpting & ylgick oW dpsidaithe

to claim8, gdudasicelti 20l the dibsdd EifcuRo@Dy ih%em?fé; cﬁbﬁehbﬂgﬁa ffb%F{fte'

to nonitor the capacity of the conpressor 5(10 ystem and contro
the flow corf@Pafit¥al ve (15) proportionally. 12. A net hod

for controlling the ?-%f) §J§§:ﬁ?&(ﬁn§j‘cﬁé{r§£ﬁ%ﬁk%& fE Y ? Rl RARY i(::czﬂ;npﬁfe‘}o?

herneti ¢ compressor connected to a close
the cl osed dlomcadntral 2@jvec i riasitioped fmbwelem ser otlet) of the cohdenagofial or

(12) a”‘ioa un‘di tgjefS?%D gﬂ%l%? o??ﬁé ?I'Elid( &Bénsion device (17) and in that the fluid
expansion device (17) has a nominal expansion capacity equal to or greater
than the closed circuit nominal flow rate capacity (20), the flow control valve
(15) being pulsated so that the fluid is dammed in the condenser (20) and
released when it has reached an amount substantially equal to the nominal

25  expansion capacity.

8. A system according io claim 7, characterized in that the flow
control valve (15) is pulsated intermittently to gradually release the fluid
accumulated substantially equal to the nominal expansion capacity, the
damming time being variable according to the demand of the refrigeration

30 system,

9. A system according to claim 8, characterized in that the

expansion valve (17) is a capillary tube.



the flyid expansion device (17) having a nom nal expansion capacity
and being positioned between the evaporator (12) and the condenser

(11),  wo200711s208 he hernetic conpresdbr (10) pronot i p@raribHidoss
flow inside the 15closed circuit (20), the closed circuit (20) having
a circuit nomnal flow rate capacity, t he net hod bei ng

characterized in that it conprises a flow control valve (15)

posi tioned between t : ; f th
inlet of the fluid e@a%?‘%ﬁé@ﬁﬁﬁaﬁ%%ﬁg&n‘ﬁe“tj"&%“é&g% i tfpthe How
steps of : 20comtral walvei(A Q) isteesdiémmid valvee (15) proportional ly according

to the capacity of t o ressor (1Q)/system - keeping
the flow control valv 1'(’82%%"355&?” I )ép tq?@”hrﬁau?ﬁaréf’tef'ﬁﬁ dni Eha% it
bel ow t he nogdmpliséx BATSEGFHARARESIYIo Mdfitor M@eabmgq&@ﬁg &dpﬂpies[sbpw

i's equal or gr eater than the nom nal 25 expansion capaci athg
t he fl ow &ontlOysystamang e®)tral the #dve geetrelhualve (1i5) proparriionalipe quantity

13 A ethod accor di g fonEat oR S8 ARn g HRERHGEfah Biebh e syetemy
pul sating t heorhprising anthérateticadongpredsor (18) flaidly eenmatted 6 &F b4 Blrbuit

3014. A refr( rati on systemcharacterized in that it conprises a
fl ow control 2g&stemin refrigeration circuits as defined in clains 1

to 11. the closed circuit (20) comprising a condenser (11), an
10  evaporator (12) and a fluid expansion device (17);
the fiuid expansion device (17) having a nominal expansion
capacity and being positioned between the evaporator (12) and the
condenser (11),
the hermetic compressor (10) promoting a fluid flow inside the
15  closed circuit (20), the closed circuit (20) having a circuit nominal flow rate
capacity,
the method being characterized in that it comprises a flow control
valve (15) positioned between the outlet of the condenser (11) and before the
inlet of the fluid expansion device (17), the method comprising the steps of:
20 - modulating the flow valve (15) proportionally according to the
capacity of the compressor {10)/system,
- keeping the flow controi valve (15) closed, while the amount of
fluid is below the nominal expansion capacity, and
- when the quantity of flow is equal or greater than the nominal
25 expansion capacity, pulsating the flow control valve (15) to release the fluid,
until the quantity has reached an amount below the nominal expansion
capacity.
13. A method according to claim 11, characterized in that the
step of'pulsating the flow control valve (15) is carried out intermittently.
30 14. A refrigeration system characterized in that it comprises a
flow control system in refrigeration circuits as defined in claims 1 to 11.



