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10 OCT 2006 1 Crcuit with two-step capillary tube
throttling and receiver. This invention relates to a
refrigeration circuit as described in the first part

of Claiml. The purpose of such circuit is to B# 2008
the flow of refrigerant fromreceiver to evaporator

by 5 the pressure in the receiver, and in such a way
that the evaporator is flooded. C rcuits of this kind

are known from several patent applications, all wth
direct flowin the heat exchanger. In consequence of
direct flow the outlet tenperatures of the two

sUirptvith two-etef capiflakyorabe tfroRlieO BR®Feckioger at ure, and

that nmeans that the heat exchanger cannot 10 cool the
r'Boeinvertion calsited 10 adeftigefpRonAdilgiie asdedGdel i thO BrsENAPH @AY 1. The
tmopmse af ek ciraitds foltahtrol GIRLERS of 1BRighRAY fr @R FRBVert ePPbiator, by
| the pfRssueap ithel radeyvet, WBE inuERa WAy Bt the ByanBratdd & flooded.
evaporator. Boiling liquid in a capillary tube has a

OC dits b thiskeiCRe Ribvid o B Sral hMit a9, 3livitPaiEARY in the
| heatkSidchaigbBh doh§eqRéce Uf @teRfndRras 0(1 1@ W RFRH ﬁhe two subjects
CaP tlatvd 'Wwér&@@conﬁﬁ%ﬁ&aﬂbe t Gk tﬁ er cannot
b&UOi fh@ GecE’i%ﬂHom)ﬂ"tS Q [{ u rcrau. nglo lz\:a& 5ryt gl tﬁi that

O RA tiel rEﬁ‘%E GRS %oitl Sﬁl Be Wwh e

Pl i il et OB Bl e e
1 ot 1 h
Off 19 8ratify eil gm %1%!5 lﬁﬁ ? as§urr thg remge:aitgfsazt

Ph G5Bt 4 ‘°r w
c 1? Aotn%ggc o { 2[‘ e gT B ]?:? ss;q hggzz vi?fb%g ahl;ost
Afixed [‘a‘ reSsure &%m C d qar %}13(4§ and with

CAPRAA — “’ T

?fé ergt%lres p a% u.l.b S ‘fapor;:gl@ams it
ﬁr \9{‘@1 } an ﬁgw oi 110 e ntr eg 5 y (dgop, when
ks }}%% Pt % 55 Eg ?}b‘gl Tyt v et Coge B bl

vvays te%os W { hree of them are

b@ggtn the f In US250045, t he pressure
Kg:%ﬁg FIPIERE ?@E"é‘i’r\ﬁé 1qCeiveIds Less tham S Kelvin and

e HRRE B tcsontroldhe e, but thasmell
pgggf‘r@ ere’a%?themeetl Fction gag, ané ERCGWPF@%W&FWO @gadvantages First,

hpser e Basdn belapge; sdsacondly ¢sn seald swing in temperature will
r et @@Fg g Basgdo; withithg rislogfassonmicest,  the heat
exchanger area has to be |arge, and secondly, even
V5284 {#89ghe suctieninsraad theaeasivet form e deitiexéhangsir gvithlimg flow,
i Fomrdetiom koipp. Thetpnobldne with kiling refigsemaindke capillatiSR2By EG80ed by
t $roargiijes the refiiiganant imlifvidandrflashegas and filenirattlivegihe two components in
escphratsgepillvyiubesli rect flow, 30 frombottomto top. The
pfweﬁmemlt dntdypiat| thengeaied botipen asflash past hrenavegpiolvasils yhettofe
| exchalgingcheltywitlsthp suctivn gay, 4dddeaves thioggh A bipillafy tube ai tte RBEver
f topsFlagepes omlp doilsubightiyndodig thiotling & theBasd AFROME HeSm ifkreasing
s &aticat of thegpéssira dyoptadivesthe dapillaiefubé. PREARE offE BfaSitaional pull a
t pert ofalliquid whibiall @ha Botfdnesf th@Reivdr andB¥RS: [bAMEESch e
t separateusillaR GIBRYTIEIRfIAWAiIS hédvely Sutilol tRRHERASandARTMh &R6GSwill be
t boretagtns Alwaited bidfijurk gbe at the receiver ~ 35 top.
FrRsh a8 @50 Bdilaitaedith Srisdolfich the Sabstatot R HRbAJ aﬂg tlﬂ:rl{éatteglghanger
0 mﬁ& Bé!\'slﬂéli IThy al%rtwb ReckRERHMGng HOGdr) 2&@8 tHeWea:

egﬁ‘le r?cewer

Plegpeiafufe AHBRNACIRRSthE Rt ‘Ef@l'aﬁée? s3ﬁ1 Cigts
t@%h&ﬁ@ﬂdr%ﬁéﬂﬁ%@éte&&: part henﬁl qui g %
tonkhe E&éﬁaq;o %%ﬁvf BG SEE. ¥R, a laefyFu g is rgqtbltsed and
eao o conzh fhfoﬁ““fg“g“wﬁﬁ’ e (g ] iy,
constant as |IIustrated onflgure 3 40 There are two

advantages to this solution: the evaporator is flooded
and the heat exchanger
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area may be small. There are two factors reducing the
demands for the area: the tenperature difference

across the heat exchanger is high and nuch gas | eaves
the receiver w thout charging the heat exchangquCT 2006
This met hod causes two di sadvantages. First, a extr
capillary tube is required, and 45 secondly t he
control of the flowis linmted, because the liquid
flowis constant. 1 0 OCT 2006 In DK1 74179
sub-cooling the refrigerant just before it enters the
capillary tube solves the problem The sub-cooling is

r a f. a separate, heat exchanger

mf%‘a % Zﬁ;grépﬂfa 8 refearont §it brdore iipisrdhippentiiciube soves the
g ipeqe %ut B8 WsARAt e seRA i nbesb prchapger, which

rgqn‘s aheat inthe AEAPERRIE [iglr y t ube regardl ess of how

bigthithie msthod dipreis @ ppobiem with hriling refigceaphivdhacapillamrigbe

t Téardlsseofihom big themessaue digp ds hstwaeh herppporason gnd skessreesfiver.

t Hpwever,rangiof the snaimpuspeses ef this oleliitrig tocnsurt oediegofithe evaporator,

asidl thetaut plimitan(thepressen dtdpewhick sey be slhmmpas fatiowh Thefirst

bhrethimgntep afsorh odridenssr toTbivier, adds hettio tetrbdeivgr, thigh, indreaaes the

ctzngpensee arndthereloyetihe pressuecd The fuetion a8 rétheves Be fid@rthe receiver -

wiherchy demreasmgeanpicheurd Gnd prepeareaThy eatid ahd e @diyperdt@re in the

preesisttiiefordddeowatds ardsuilibsuih ®6TNees hdve addell ERIMhdab®@moved, and at the

I peigi ofequilibiitie) eladoiRCRasésigli:enper at ure and

Pr €SS UK g THELDLETRMLE (8.l SENRSL PR €yl faf he

regekever is forced towards an equilibrium bet ween heat.

added epft thekdat ¢RI the&éﬁg@ﬁnﬂ h@ex 2P g&tor ﬁﬁmd form

equi | | RT is4A8 hdafbRvhRatldn becomes val i d” CPli'quid
(Taandepsge ra’te Jffr@ﬁ ér‘d@cﬁﬁ liqn &:Pdih% at ﬁaeﬂ)iﬁﬂé’t% ev tor.
TavaRRhESA ec ﬁft {Fndcuel E@P ‘pél s that Y
C?S?%gllﬂt/é{ ml c lL 1§9Lﬁ)rﬁ‘tﬂ{ed llltg én gﬁé or Lqui
evaporalon I'S the rate of

refrig f>o&m,a t he outlet fromthe
evaporgfece d"e’ éé‘}%?.al &g %@‘ f“""f“‘ﬁ CI rcw t i s t Oy
k%%ﬂ‘u{) ﬁz ?Ysaigg{i:ig N o uch ’ief 01? ﬁx?. h%gkvjed for

op during the
T rs%\ 8 11 aEg g m 91118% é’ﬁ eat exchanger. It is
sgla: thl LgB 5 6331% mqs%ﬂﬁ]p 60 e eat exchanger area
8{POossibigy ecejver) (R2) Rel ation | n set s an
e[ limt_ on how nuch of the total pressure drop ¥1
& MVEHian digmguisiniromy dhediscyysad solytions by ﬁwseéeumt ow in
#@ hepirexehangetoThe JuRkOD 56 pass dhe reerivep framdh kotigpdiwands thedop, and
t eb-cankiag ity refsigerant in thy betters obthe aeseivat wbenehthe refrigerant is enabled
t éprsp theeppillay tbevithout bodlingss t he heat exchanger. It
i he énysutinn iamadden ofiatiipe shepedsenctverimdpxiendealwith goapdlary tube at
p&oth eyiie Refrigerantis shrotlad inttwe stepsitfirss fromethe eandamserto thestop of the
s nedelvenandsubseindy fom thithbottomvafithd meeivir & the guapstatdrr The suction
t e ih daped setiessl cintashwith fhelpipeishaped oacaiver - ariented st thit thevsuction
i rgas pdsees Himat the otivam tpevards Tiectop, forminga has exzhaspet tith counter current
r dloed. The liduidin thévbottoad dfthe tecsteer dall bhisubt@pled @alvde to the evaporator
S UdmEpdtinicagd tHegudtidhghgwilibetsuped-hedted Qidse ko e rdcbi@er temperature.
I eaehiidibriuberelyadds® aidatino gamemirelatoroEblagdl: to pass
t h e c amlliqllxda( yco cnls’!)pq‘eVMt‘quB] QL&P gnpet +receweg‘ Tevupomlor) +RT*Y (R3)
A main purpose of the circuit is to keep the evaporator flooded, which implies that Y is
positive. This requirement is substituted into R3 and makes R4:
R3 A(Y>0) =
CPiiguia * ( Teondensor = Tevaporator) > CPgas*  ( Treceiver = Tevaporator) <

(
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The invention is made up of a pipe shaped receiver and
extended with a capillary tube at 35 both ends.
Refrigerant is throttled in two steps: first fromthe
condenser to the top of the receiver and subse@uge@(Ty 2006
fromthe bottomof the receiver to the evaporator. The
suction line is placed in thernmal contact with the

pi pe shaped-receiver - oriented so that the suction

gas passes fromthe bottomtowards the top, fornmng a
heat exchanger wth counter current flow The liquid

in the bottomof the receiver will be sub-cool ed cl ose

t 0 t hd TemapBs.aher < 40Ph.e MUPLAUNR..ARdrL ) suct i on gas(r4)
wlld hebiecapagitg of hadd ischlways bighsiethdrothe hent capaeiiywdigas. This relation is
t subeutad inteR4 mAktingrsi | i bri um bet ween added and renoved
heat el agcpp.ReP,5>valid: CPlignid * (Teondensor -

Tevap QM) Tonfdn@ 8 (Tonferna - EGlYEE - Tevaporatar) + RT *

Y (R3)TAJeim, Urpose of the circuit is to keep the ®5)
ERélpnAtsas allapO@d, andtieGRagotdtb vaif bt RAL-f100ded withQs lahy MBirictions
TEH e kit @B T the tedeiSdtDmlcbhttised DiC721783 walkd i RYERS Iy ro. I,
Apefforé)follos that the temferathi@h fhe réclSaNd faté%gﬁg%ﬁ& ture
>addREORH 4rdd FABYShiARMERRREar) d 1 0 OCT 2 3

(Treceiver - Tevapnetar) < (CPligaid / CPgas)

* deasqk i : . i .

R e
lle

L EINAS IR 1d|<§ut S er:f?@ DBKL N ; I(-iz

( EE‘ -C%L/ } 1&% Pg’[;;er_ L: o %{1{3 siutfilled whe eﬁggpr %45 flogded - because
( SOH% AWy - %‘Ilde\{aeenﬂ%‘mm qyid ge?gﬁ S HOBNAE ﬂﬁ'ﬁ@?
REJeRy iR 5 foodrkat i Viwahicad iiahiTooi G T S
g5 Pepre syl 1 i vapsator et s e e sipoggtor bottom, then
¢ Bg&E gleg? gpant il be aecumulared ip fe exanoratorduripg gipgdstill 1 gusl
WFTEFAPRD; B pYapeietog v bedooded at g of or e, 1 ol | ows

that the tepperature in the receiver may be set at a
h °%ﬁﬁg%%§t1UPésehP!é freperrs 4nd refaigeratarsaqroplly uspa capillary tube
s Wi thermsl copfactde the spdion liseas thisttlingdavive) as ibusated it Rigure A. This -
t Rensption AesBlts injsaparkegied vegtion ges, whigh isldsiwe edvantdges: the COP
d(¢eegliqignt Of Berformansea)ioeraases (fon masdrefrigerants) emd thewarm suction gas
Cc besy ¢Iﬁgwatelbﬁmm cendessingmche sustion inef which bthetvase might cause damage
r behund epzers andfefiéggtntars Vidhdthk inyentibn tihemeadvintagaemnty besobtained
f by plating theligs wapilary dwbe pothatngal corsact with deduetiondina as#ludtiated on

t Heguret has newla@l@).at or is "bleeding” with liquid

refrigerant. Relation RS ensures that the evaporator

| Pebdrippidadf dustrgtionst brium - so it is a matter of

e Figurdl roughhyail lugtiages eheafroniaharmallp usefl fareahall fleedety Md refrigerators.
eqhe birdnitiisieampoked dfecotnprgssordl ) tondedsed (2}, Sigiidame () advapdittor (4),

e gapioh iihe(5)apilleiutel(6)) thefibd cohct biiResLdabildBl tab8 anWshdtion line
bg7naccunmul ated in the evaporator during standstill -

and consequently the evaporator will be flooded at

s Fagube 2Roughl§ iINBRMEAGE 1Hvesion] waibRbdly BRSSO} Bighf-ClemahS tube
aRRape@fdckiga-abBrkisy e caplidry s & @oGaRE ! | ary tube With

t 'T®E WRkentfoRn$ ABde dfof! EnppdsSdri(P) cdrndBReAd), 1i3hRTME ﬁgeva?orator @,
d@YdtR 1ind'65)) dabitaily 1), ket Yy, %Eénar g éﬁ%ﬁ@% CntaQf)

a
ert or han

;%%ggltizgggg"&?ﬁg E%%lt‘ ﬁ'?ecg g’fz #HFC | el %t Uag?é/\ﬁld suction

es
I ncr

s

‘es (for nost refrigerants) and the warm suction

9 6ﬁgu:re 3 illustrates the graph of the calculated mass flow of R134a in a capillary tube. The
outlet of the capillary tube is fixed at —20C and the inlet temperature is varying from -20C
to+25C. On entering the refrigerant is at boiling point.
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25 prevents water from condensing on the suction |ine,
whi ch otherwi se m ght cause danage behind freezers
and refrigerators. Wth the invention the sane
advant ages nmay be obtained by placing the fi rsl 0 OCT 2006
capillary tube in thermal contact with the suction
line as illustrated on Figure 2 at mark (12). 30
Description of illustrations: Figure 1 roughly
illustrates the circuit normally ‘'used for small
freezers and refrigerators. The circuit is conposed
conpressor (1), condenser (2), liquid line (3),
e aporator %: suction line (5), capillary tube (6),
P en@&‘ﬁt‘& {hegnyeptien: capi | | ary tube and suction
n ingompioadrad 4 patity a §itipn ling, pineshensd rdveiver and 2 pieces of
?apellwy es. Wi iae xasinle/suitrble dinsensionrarécajenlatedifoby 100 Wéatt freezer
t with Dasfespennpressesi NigY9KK siieitertpenajure rethe aqueivbiay beentvhosen to
i mlQGw parts. The invention is made up of: conpressor
(EyOmNbN&Kthtasaﬁe)t; liquid line (3), evaporator (4),
sectRedmgeranteRGOBA, capillary tube (8), receiver (9),
capiQdoting efifacbeat 30CB30C (dordeimdr/cospvkasd 160V bet ween
r ec é¥iase floan 3Bk + 034/ ne (11), thermal contact
between capillary tube and suction line (12). Figure
3 HehtlisiGirs@irRd td fhe s@tia inddt thB&loeaogy! at ed mass flow of
RI1. Sk@m dapAlafa@bd:| ary tube. The outlet of the
capi g, nn)#ﬁl&becﬁg.,i;" im{)ée@'m@k*l%ﬂ angk L iy i nl et
t eTPRloat dohBersthg VREM iR Shpldf B rece 45 to +25 C. On
ent eg, r;gﬂgvnec;r“qmg“ogebant i's at boil i ng point. 1 0 CCT

2006 gxg,g iognlzcﬁ kW?leW tion: The invention
| 53 CARRPSS 9% ec% a pipe shaped
- recepver_ ,a F&

exarr%'l“‘ sul ta%]i "“’dl rf}%r?g’l ns a Jo ted for a

o

1%0%@{%0{1{“ gﬁg;ﬁgwoggae@gglﬁ%sq %re%@gé NLYOKK. The

t enper r en to +l OC
Fr m Yg{«&da sheet Refrlgerant. R600A Cool i ndR®

SOC condenser/evaporator) 100W 10
I\/ass fPo}_‘f % ?‘ﬁi %

34g/s Heat is transferred to
the suti

hree | ocati Qns 1. From
c il] ‘[’;1 'gengpqtq ©P&, * 20K= 0.349g/s
I by ?@tﬁx = 15 2. From condensi ng of gas
in t opUst e Kecei ver Qy" = Flow x CPugald X 20K -
Q=punrt yMTDG @ gfs) /’LNE‘*TSIJ‘?'@/ K * 20K -12W =16W 12W - 4W
3 Whereom sub- cool | ng of liquid at the bottom of the
recei v&F: andiTame the tenmwawr@ffgxmcekat ﬂ@}hmt@x@h@.ggq irflet and outlet. For
2 spapligitthe teraperaturg gifference at the heat exchanger outlet is here chosen as:
dT, =1K
The bottleneck of the heat transfer is the inside area of the suction line, and the minimum
of this area is calculated from a rearrangement of R6 into R7;
Q=U* A*ILMTD &
A=Q/(U * LMID) : ®7)
By substitution into R7, the minimum thermal contact areas are calculated for the three
locations on the suction line:
1. Along the capillary tube, se Figure 2 mark 12:
dTy = 20K * (1- CPpy/ CPygua ) | =55K A (T, =1K) =
LMTD = (dT, - dT;) / LN(dT, / dT;) = 4.5K/LN(5.5) = 2.6K
Acapitiry™= Qeapitary/ (U * LMTD) = 12W/(0.1W/cm® /K x 2.6K) = 46cm?
The length of the capillary tube heat exchanger has to be no less than:
Liapitiarry > 46em* / 1.5¢m = 31cm
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20 A heat exchanger is capable of transferring this
gquantity of heat: Q=U*A*LMID (R6) where U : heat
transfer coefficient 25 Al heat transfer area LMID:
Logarithm c Mean Tenperature Difference For a ]L(p@(j 2006
heat exchanger like this: U= 0.1Wcn2/K LMD =

dT2) / LN(dT, / dT2) 30 where dT, and dTz are the
tenperature difference at the heat exchanger inlet and
outlet. For sinplicity the tenpé&rature difference at
the heat exchanger outlet is here chosen as: dT2=1K
The bottl eneck of the heat transfer is the inside area
of. Coadesiag biothe tecéigsr tgnd the minimum 35 of this area

I S ¢abkeubdt @£ 0m=a rearrangenent of R6 into 147;
@%mu%ﬁmmmm/mm/ma@ 10Bx substitution into
R7, AL, e,,s,,, fB=Qim 1M/l e L b) CAntoad Weniceas.cRy-21cmal cul at ed

for I—Ieii RIBR's tHaPHhB kb BiBR i ekt @M@feb&?erltdﬂ}ﬁust ﬂanJ-less than:
Al ori,g Lhe capi/hkaf Yadube, se Figure 2 mark 12

120 L = 5.5K A (dT2= 1K UMD =
(%lez?rldﬁ’ O‘ﬁ%\fh !§'E5kaﬁ° 4. 5K/ LN((5 ) - 2)6K

'A ui J@T A ﬁ?ﬁ@ 1 Wen2 /K x
ég Mg@kc I, gh{}r tube heat
exchﬁ’%f%é‘f h ““‘f rr 46enQ

rgceiyer €
- m)mgséﬁw e e bl

éﬁéﬁ{“‘rf‘b c"“(’ A (dT2 =1K) LMD = (dTl-
ég _ ?gpﬂ L 4%%&% 6K AWB%)’% ess%uan3lcm.
%tﬁ eIf mlzsw? ﬁﬁfww%eww 19 1??@ g {fep ¢ 19cm
Wi t 2888 ver top must be no less than: Lnam~, inp >

4cer / 1.5cm = 3cm 3. For sub-cooli ng at ther ece| ver
(FhoqsHg pTeoLteS OWO(‘H‘Tlank}heﬁe‘@MfDe SEr@tnay by 28cm - and
qomly With fhe-bagi r?flﬂ}.fﬂ(mrézlthat af lgash K2 91 ipeviaiabdmior hept transfer.
sheesie theyeseiyqypippeter 2 mpy the valume efaefikgerant mRy vary with 75
2 &dpmn:espondmg to45 g of refrigerant. The part list will be as follows: Please refer Figure

Suction line: 6 mm x 120 cm copper tube (5,11,12)

Receiver: 22 mm x 50 cm (9)

First throttling: 0,7 mm x 90 cm capillary tube with no less than 31cm thermal contact
to suction line (12)

o Second throttling: 0,7 mm x 90 cm capillary tube (10)

The invention provides an effective and cheap regulator as an alternative to the traditional
capillary tube throttling for small household freezers and refrigerators. The regulator
makes freezers and refrigerators more effective in operation and better suited for varying
temperatures. It is simple for manufacturers to adapt the invention - a look at Figures 1 and
2 shows that the only difference is a small receiver placed at the middie of the capillary
tube.
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and thus the suction line contact with receiver bottom
nmust be no | ess than: Ln=eroee hnnem > 28cn?

/ (150cn2/ m =19cm The cal cul ati ons show. 1. The

thermal contact between capillary tube and sugt] ;
line must be no less than 31 cm 15 2. The cgﬁigig 2006
bet ween recei ver and suction |ine nust extend no | ess
than (3cm+ 19cm 22cm Wen chogsing a receiver of 50
cmlength the | evel of refrigerant may vary by 28cm -
and still conply with the basic requirenent: that at
least 22 cmis available for heat transfer. 20 \Wen
ché@sing the recei ver diameter 22 mmthe vol une of
refrigerant may vary with 75 nl corresponding to 45¢g
oflaimafly echielrigerpion girqui domprising ponkrwesser ()b kchusismser (2),
Preaewtor §4)evecey ey (9)eandwith @pilatyghrottling(8) Betwrenxcondenserand
c tyepier and wath(capiflary fiapitlingrid@)dietwesen rgiverand eg4porator(a@y tizfmnal
Frongact {1H) betweemaycti@y liherand yxecei@ersimrectpiidet &y yhetrefigenant ih the
nteckizesflavwsdronB the ot thweandsithe botivraend the suction tinois okiemted so that the
( $®}ion Sequssds thereceiver figm r@eiverbotrmIGwards eegivdrit@ry t ube
(10) 30 The invention provides an effective and cheap

r €lpilnet Arclased sefrigeirdtion oatuites clabmédia Alaimdi dhaBRltized by thermal
C aithdt gh2) bétwiben suetiad lirleiand tHe@apitamltlbeli®)uahstify Edraemer sd
amndteivef ri gerators. The regul ator nmakes freezers and
refrigerators nore effective in operation and better
suited for varying tenperatures. It is sinple for
manuf acturers to adapt the invention - a | ook. at
Figures 1 and 2 shows that the only difference is a
smal|l receiver placed at the mddle of the capillary

35 tube. 1 0 OCT 2006 6 Clainms: Caim1: A closed
refrigeration circuit conprising conpressor (1),
condenser (2), evaporator (4), receiver (9), and with
capillary throttling (8) between condenser and 5
receiver and with capillary throttling (10) between
recei ver and evaporator and thermal contact (11)

bet ween suction |line and receiver characterized by the
refrigerant in the receiver flows fromthe top

towards the bottom and the suction line is oriented so
that the suction gas passes the receiver from

recei ver bottomtowards receiver top. 10 Caim2: A
closed refrigeration circuit as clained in CCaiml
characterized by thermal contact (12) between suction
line and the capillary tube (8) connecting condenser
and receiver.



