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WO 2005/ 028971 PCT/ DK2004/ 000611 1 Circuit with
two-step capillary tube throttling and receiver. This
WO pws28oon rel ates to refrigeration circuits cPOPDOE@4/000611
of conpressor, condenser, evaporator, two capillary
tubes and a receiver with heat jexchanger. The
refrigerant is 5 throttled, first fromthe condenser
to the receiver, V\here the heat excess is renoved via
. the _ heat exchanger, g‘ nfr mthe receiver to the
Ciruiih dverstermeapil subs rart itFeSndenser to
evaporator, is divided betvveen the two capillary
Thist inkession alates Wwarefigssationeincnits ¢ranpased ef eoampressor, cordensay,
evaplvedtor &mo capildbep s@res andla eacaper withrheat axomngel. The rdfiigerhet is
throfird] fitxEhangeconddnser Thike taehnt, qgueradhe heitwaest &removed via the
heatGRBhdniéd, ¥nd 16 floht Bk kédeN@r toSBP a1 @Joedlod Tha pleedire drop, from
cond®NSH3B G&pordtst, iskdrdded bQWTHRE IS @Qplllm%&% ngfdi the Bxéssure in the
recehvak & f?o%ﬂﬁ%Bé{G\febr%‘o dRnsek BRI eddpolA&t rc%hﬂ&éédej}; t'ﬁg fEA Lk chager.

gaseous rm at e condenser outl et

TheggBRHE ity WP@ Sfep by AR So8 MatRk iy Phea Sy smhaflger s
know?g HE!%%V %@F # hlé&eaﬁmcs% S dg% EFigns f egerant in
gaseoya frematidh e grRdeater oytie he) sapsnaion fogwt a‘te\ﬁé‘yﬁ’étﬁo
effeetaymi the By of Meg@rhnfottm ﬂmj of sefipigerantid cpytrelleddata suction
accuexditanpleced at thetevdpdrbor ofitlesm US2 137260 in two ways:

the receiver is placed in connection with the heat
DK 42798186 lises aaivd- ié}:ﬁcapﬂfafy GBE anbitlisg, seRraadbedhbekositnger,
but 4iA€r fr@ﬁtUgﬂ@%@d nngrot ifsh%eel’ééé!%r@& Bfaced iARbAnection with the heat
exclfa%)% raHStth Hef allltrls Jdl&f‘be@ Toseant fa t o@tﬁn ftcf HEbvMdrator.
Thi strt!tc?l n t%% %@Hgﬁiﬁge égt &tothé ﬁ8§rl of & frlggrg}l m the
recefv&'r o 8 dds he t to the r ec ve olm h
Thertogt e ins 14 Toon e & S b SRt bl Sheiver, which
incrqgges %le&mn?ﬁatexgen dhasehysthp grassyrp ohher Jyetion @éé?%\fesheafrfaom the
receiveer eyl thersby decrpasing tempeietire ped pisasur: ds pressurg ped the
temperatssuinheaneceivdras faresdagaisuegnilibrivinh betmeerehaat ndded and heat
rembwsdc el agled prant ef@yuilibhinmyuraldenhwadrechaed vaidded and heat

25 dﬁqﬂp‘\/(qgohdens@n d‘evagﬁt Jor) :L bg;,as qlmlelvero'frevggngrl) I+ IRbr*l w m r el at I(HD
WheEQ— becomes val i d liquid * ( Tcondensor -

t}fé 9capadity he el R SInYeX for gI@b’Ial Q) + RT
f’” TR T B e 'i’@?lﬁ

oor at capamty

t? Ui
g? ghaHev By R (e f6 ol evaﬁ%‘g )
An ‘?%S giie P‘fra?%ﬁ é]%e ‘E“FFé“td%{q &P f}}eo‘?ﬁaPi’fé o8 igplies that Y
is pe%e@nifhlmrewﬁeéges gpbstifetinge Rl and ealeeé eep t he

ev®or abot) £1 ooded, which inplies that Y is positive.

Thi@liqﬁigqmcﬁtﬁﬂemeceiierg %Gbg%tﬁ(ﬂ‘u&l&d nvm&aﬂ) RP and n‘akeS R2:

RL (et @hpolel?) KQUIRG, i3/ (P )¢ QMAQAS O e N T €CEI VET ) > (R2)
Rel4thga® stts an Tipeg @inviebn how emapaifalion)al Bles{urd dopeaharetan be
auow@a/ 2R MAdeLbnd rﬁro(tﬂ | ddbpafled to@RYBES) thiotlinbe BBEHRBS Bk pressure
drop, a?ﬁlg 'sé’c%ﬁ)i tHrBin 5}? alsBlLaRiR2ns ?énﬁae%uﬂé%@éreﬁde@c?os?ﬂlehﬁﬁ\f

exc@g Be st n’%ﬁ& at 9{1 Lséysru?e &iﬂ’oﬁ‘gs Eﬂgﬁ Qs ﬁ?&ﬁﬂ@fl hiiQWRE eat

rot |ng co
AR ROSSI €cause the pressure drop, at t he second
throttllng al so_estaplish.the tenperature differenc
Becaie J4(CTRE RIS I e JRoRuh BhieliF 1o LEJSBRTIRFY p thgfaporator, the
refrighiast yilbraikindhaipapilans tubs, itgs Hotdied dirpgtly from @%Rﬁ‘é\fﬁrﬁ% the
evapneaivr. IdDKdr/é 57 % ¢his meeblenaits sobsdiviithea SelfCoolingValve, composed of a
capillary tube with heat transfer between the refrigerant entering and leaving the capillary

tube. In this way, heat is passed round the capillary tube and transferred directly to the
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Because the tenperature in the receiver is higher that

the tenperature in the evaporator, the refrigerant
WOwRKs/08971 in the capillary tube, if it is thrpCT/DEA004/000611

directly fromthe receiver to the evaporator. In

DK174179, this problemis sol veg with a

Sel f Cool i ngVal ve, conposed of a 45 capillary tube with

heat transfer between the refrigerant entering and

| eavi n% the capillary tube. In this way, heat is
evaparsad T ho SeldCodmayabilis ariyersalbleccanss it isanet flegrendighg on any form of
extelinakeaioling t dut i doSUBSItc AT RE U SHE R IRIBL B hEhgdnD

2005/ 028971 PCT/ DK2004/ 000611 evaporator. The

Sel f Cool i ngVval ve is universal, because it is not

SmeR BRBEH§ Sn PR 38R atbRrafd ﬁfodu&ﬁtlﬁ 1484 neBdr BRd solt vz ow prices,
andRe Thi FRAHIT h@fbfgﬁl?éfcﬁ AesBitlelh DRG] 76 )f§{baéb‘3;jﬁflrca d
exJeBS@g eﬁ% 13’5] t1o I%rS%l [ Sea@fe?tc%s@ i gﬁaper to produce

hd! i go?xg I;plpe ungq ggejver, & af: fllegy tube in
BJ&H% ?L*g? e%eaalggﬁﬂw SGip &ﬁﬁ%grs’rﬁe %%%8% gretite thegpof the
recgl'v?llparnél thery&paythe otgggg EECEHET AR A CKIROERIEF- Tthg suction line is

plagadgailesmal qopsagt m@ﬁw pie fermedrpepteed - olucl opfmed thet theguction gas
pass éwei the bottexttewdeld the toh, farnsiagiallieatrexchartger mith coottar current flow.
Thehgsdd ilRdferbogemantithd ®cdierotilll bediubrobdlat cRise s the iek Spordtoom
tentpafati@e AEE fgesuctién %n avillaR sOpertHe@ied closé GCie\tedei v terfftSiure. At
equiliSH0A, %nbéént AP cIﬂé%oK/&PE‘éaY %laﬁ@n kb% @a‘ﬁapo rator. The
sucgpon.lipne is W th the

cqudensor Teva orao _ recolver evapqrat
A AR %u %rsgg the% Fsrto ( Ege %hél wﬁ1?ﬁ 1r§qaulces tlgi)algt1 ; is
POS%%V@ T %ﬁ%\ﬁ@e&ew SHRObuR ﬁé)ﬁ?@ R e 10

Rheé (05096t of the receiver will be sub-cool ed close
to theié{ Aporat bratetsdedt (iFevanBwi-he Suction gas wil |
be 6lipes=Feated< CBse: /t 6Pdshé (Taeei vBixmt@nper at ure. AfR4)
Thel Beag caniakity of liqyid et wewsrhi gloket dlehneathel head wapesity o€ gbs. This relation is
subsefusdiioto BBmaleng REi d: CPliquid * ( Tcondensor -
Tevapar@(tm)j/ ep(Hgass* ( Treceiver - Tevaporator) + RT

('flecelv e\/ﬂ 01 Olﬁ<9qu%SeTeva Ol,aol)hé CI r CUI t I S to keep t he
eva orat,gr il too ded, which inplies that Yis POSI ti Vgys)

Rel ﬁ tl’?‘éJ bb %&hl Qtﬁﬁ Bg w%gﬁs ¢striction
pc;czl el.ll,n e fe\?g]ygr 1&1 6121%? 1s.lvraé1g ﬁf ’Fhat
?}619% Gperaiin nt’f_l;‘e raqs:llv&r )2 a]é?l area smaller.
Tevapor ator) R4) The heat capaci ty of uid is

If thy lgjd isnjugHee qdhaﬂletwomecétthwsa@m if can bgg ottlpAidgrectly to the

evapelagr ivathous anysbiger dogtingl- buttibis Rapomidit gy fRE! thR4eqiement of sub-

coolH liquid. dThe réRdees)entisifulfill2d wheil tleceap@ntor isTRaaled - dta@iuie then

the Svépofaton@dedreding” Witk digoidat@igkragt. Rebfioh t8lensurd € hACHO $Odporator

is floBadd AelgatliteinRosd the ahlMaNiSg 1Tt & to nddkd shREhSMAR evAoRior is

flodMeli |bef\’>?e Eail 1b1f11.luﬁ 0@%, ev@fﬂr%ﬁnl@tqy pla&it dt 'tﬁé é\% orafd} b()ﬁﬁm then

all ﬁl@ H will %‘E e eV a torr% ir- 24

e eQ/a OO

Contseq‘rﬁlé}% ure ao% rec rve a(t:g[n bg chosen h| gher and

the heat area smaller. 30 If the liquid is sub-cool ed
Desepiption of Sf8WiSt t he receiver, it can be throttled
Figaied sbewss revehindhe eivaioroanally wied fersmadkiyeszarsiand refrigerators.
1: conwpirésper, 2: gupdenser,i3s hqwﬁélm,aéhtevmpmtgt,5;s[uc111¢rehne 6: capillary tube,
7: thegual carrastbetiees uhpillaysttetndisgeiich linBhe requirenent is
Fighuel ¥ sholsgronBly, the émevieeg maticlt onlg dfffdi) diabedfiguteelC dyi sie tube formed
recdib@n spliftRig@M@pYiBrPtubesn tvd pae Nng” with liquid

refrigerant. Relation R5 ensures that the evaporator

35 is flooded at equilibrium- so the only thing left,

is to make sure that the evaporator is

H
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fl ooded before equilibrium If the evaporator inlet is
pl aced at the evaporator bottom then all the
wo edosioggarant will be accunul ated in the evaporBCDDK2004/000611
during standstill - and consequently the evaporator
will be flooded at start up. 403Description of
drawi ngs: Figure 1 shows, roughly, the circuit
normal Iy used for small freezers and refrigerators 1
conpressor, 2: condenser, 3: liquid |ine, 4:
1: eomppessent 3 congenigstd: GAuidiline, 4 e%vawsiorr%ﬁ\}ctxouri@e 8:apillary tube,
9: teb@vernl 0: ccapuﬂamtubetlwe@nrmelmomaa‘rlg/etwmereemwgtudsu@wn line, 12:
thetrhaleonfatihetwesd cbilasy tubeugdhbyctionliimei nventi on, whi ch
only differ fromfigure 1, by the tube forned 45
recei ver - splitti ng the capillary tube in two parts.

ch BhsdhRldLfrec26 aM@rngQé/a ally use a capillary tube
g g %’SH%’CIJH lngéjqpﬁﬁﬁt?l%f%de%lce g{&ﬁgd m fég)ure 1. This

corts ﬁl:'![fq R guperheate e%‘%tu‘ as ? '1(9 r]cwo i ar%ta%es th EOP
é?lﬁlﬁagg%ﬁ%é@ﬁmﬁé} A e Spon gas
Pfetvﬁ@ﬁ pRidepssrHRier B WReTCEaR [1ne apiich Hisryise U gt apis damage
behipdhgeesravaduehizernias Withshminyentsidbhemee dvariaggssan g obtained
by pltinggles Atsocapiltay teleliy thesmabcantgsit Withitye sughen ling, tap show in figure
2 at metkn@Pl).contact to the suction line, as throttling

device, as sketched in figure 1. This construction
Imbmnttﬁldmoﬁ%@%m%ﬁd suction gas, with yields two
Thé W@Hﬁ(ﬁﬁ@ B?ed%gﬁ pabkt§opdfti6h GRE, agl FRHhed PREGESAnd 2 pieces of

caﬂd“ar l?o%ﬁsA 5 f?étﬁé gﬁ{é?lt@foil 2:‘31&1 A B M1 016 Heezer
o © ?’Rbeﬁ%f e (iR 1%{He reCEIvEY %%u!rl g%? tlSen to

H%d refrigerators. Wth t he |nvent|on the sane
FT%NM%% atagheghe obt ai ned by placing the first
o cRgiiip¢ramty RAPPA i n thermal contact with the suction
e | CondingaffestndBOCH3OC qrondenspr/aevapeeater) (APY. 15
o | Nipdsefimnt ABVlogh ef0.34p#s | nvention: The invention is
conposed of 4 parts, a suction |line, a pipe forned
HehEi§ GaNGErrdN@ (Re RiB6ESinO bt thébédtRhy: t ubes. As an
1€ poqu%‘?p |tﬁb%bl e d| mensions are cal culated for a 100
Feze Issﬁlﬁ%‘@;g(ﬁg LYOKK. The
'e'ra re |ﬁ“% e r[ec l{erecew een chosen to +l OC.
gars "Ghee Refri gerant : R600A
C&ﬂ |ﬁ'gwéf:?ee‘t“é’l[< %@WBOC condenser/ evaporator) 100W
Mas s= §-P4s( *:2-39/ AT LK1V g1 WG PY =Y Heat is transferred
3.t Eranh subseralingof ligwe inthe hatiea plgbatsceivst : 1. From
C &l + Bloy * CORhad * QKapl.ddb/ar §.38e/K “oiK*=3CWgas * 20K =
0.34g/s * 1.7J/g/K * 20K =12W 2. From condensi ng of gas

Ahd,%tt E)QFha@%erﬁsf@péﬂ@% weksfer thigamamitiFlobieat: CPli qui d x 20K
klaar yv@p= 0.34g/s * 2.3J/g/K * 20K -12W (R6)
12W = 4W 3. From sub-cooling of liquid in the

B o bt SRR

A: heat transfer area

LMTD: Logarithmic Mean Temperature Difference
For a tube heat exchanger like this:

U=0.1W/ecm*/K

LMTD = (dT; - dT;) / LN(dT, / dT5)
where

dT, and dT, are the temperature difference at the heat exchanger inlet and outlet. For
simplicity the temperature difference, at the heat exchanger outlet, is here chosen to:

dT, = 1K
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Qiga;d = Flow * CPliquid * 40K = 0.348/s * 2.3J/g/K *

40K = 31WA heat exchanger is capable to transfer this
w@Eaanegy1 of heat: 35Q = U * A * LMID (R6) whePE&I/DK2004/000611

heat transfer coefficient A heat transfer area

LMID: Logarithm c Mean Tenperatyre Difference 40For a

t ube heat exchanger like this: U= 0.1 Wcn2/K LMD =

(dT, - dT2) / LN(dT1 / dT2) where dT, and dT2 are the

tenperature difference at the heat exchanger inlet and
ThobstleneclEdor hSheanplansfet, §s thhésiderapen efithe sucdionfliae.cand dhe
midnunhef theadreis chlanlged fimnt h edarrahgerhert of BhogeR7t o:

dTZgly SUBSITHYHEE SHEET (RULE 26) WO 2005/ 028971 4

PCT,\DtgP04/ PReBl1 The bottle-neck, for the heat (R7)
By{sk@ﬁﬁ&tﬁ%ﬂ irx%tlosR’; Pl%t RRhdf (e QntdchBreadtrkicaRulatddGor MBhree

oo AR pe e 7 U A LT 25 A
: A= U *
) m@;%ﬁ%ﬁﬁw c QOB EL Tt o 7.t he i ni mum
tHer i30K tOnFBet Cliredb= 2P% L@ EUIYRd for the three
| TGP =668 - dT2) ¢ HEAE AT 54- 5K HE5-91 2% ong t he capillary
t AL @uyy>"S Qcofiargf O 'SLM TRV 12W/ (DA W/ 1K x 2{6KD D 8\60‘“2 (1- CPgos/
CHid lgngtt of thecapillsty tAbg bie® exchikgerhas tq pagh least:dT1 - dT2)
I LN AT d6ch? OiT8) =31 5K/ LN( 5. 5) = 2. 6K 10 Acapiiiary>=
2. C@Riehéiag W therdeetiiop: = 12W (0. IWcenR /K x 2. 6K) =
4@@9124&5@\{@@&11@)@ the capillary tube heat exchanger

Lo (Asgidy of the can exchan
;?f?%bz %‘?&Qggﬁiﬁiﬁgﬁﬁ?‘%@ 0 -T2 < 40K A
) als s @go

5 ref;f(ﬁxétg?OQSI %Sc}lr:?g 1 lite cory th

- ¢
: g UL 28
LhFD) AP (/359 3R/ K * 10.6K) = 4cn® From t hat
3. f o sglsooingpt thawecaiyeltR0§AM i ne contact with recei ver
t @ 8P bETat IKeast :
LMTD = (dT; - dT;) / LN(dT, / dT;) = 39 / LN(40) = 10.6K
Acondensing >= Qeondensing/ (U * LMTD) = 31W/(0.1W/em®/K * 11K) = 28em’
and from that, the suction line contact with receiver bottom must be at least:
Ligeceiver bottom > 28¢m” /(150em’/m) = 19cm
The calculations show:
1. the thermal contact between capillary tube and suction line must be at least 31cm.
2. The contact between receiver and suction line must extent at least (3cm + 19cm =)
22cm.

By choosing the receiver 50cm long, the level of refrigerant can vary by 28cm - and still

comply with the requirement: that at least 22cm is free for heat transfer. By choosing the

receiver diameter 22mm, the volume of refrigerant can vary with 75ml, corresponding to

45g. The part list becomes, with reference to figure 2:

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

e Receiver: 22mm x 50cm (9)

o First throttling: 0,7mm x 90cm capillary tube, with at least 31cm thermal contact to
suction line(12)

e Second throttling: 0,7mm x 90cm 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 working more effective and more suited for varying
temperature. It is easy for manufactures to adapt the invention - a look at figure 1 and 2
shows, that the only difference is a small receiver, placed at the middle of the capillary
tube.
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LReceiver top > 4enZ / 1.5cm = 3cm 3. For sub-cooling

at the receiver bottom 20 (dT1=40K) A(dT2=1K)=> LMID
we2@0d028971 dT2) / LN(dT1 / dT2) = 39 / LN(40) =PAODEEN04/000611

Acondensi ng >= ondensing/ (U * LMID) = 31 W(O0.1

Wecenz/ K * 11K) = 28cn¥ and frongthat the suction line

contact with receiver bottom nust be at | east:

LRecei ver bottom > 28cn® /(150cn2/m = 19cm 25 The

cal cul ations show. 1. the thermal contact between
Clag@pi | | ary tube and suction |ine nust be at [east 31

cm 2. The contact between receiver and suction |ine

Cla Sit Aeafés%ﬁtrefﬁ eaf88 birb3EOnprikdprompress@2 tyordioniy(2),

é N eF(6F hd St maf}pt'ﬁﬁjttlitnﬁ@) Ibed@len @bndenser and
:Zj? At a fi ( §t oYt 11 B&Nee@ﬁgel%ﬂ dnld evESUFRioY cMridierised in
'[helfrll’,l ﬁQ? Ft( égw ec%\ §u9t10r% ne a%a%ceel 208 gﬁg{% ?[gernfte%d !Fﬁﬁ%uctmn gas
Pasy GOghEeCE Ty %@Wé‘ﬁ 8%\% P\;é?%/ WI th 75n,

correspondln to 45g. The part | begone

Claimf2e Pesiosedtr rrge@@pe cpreuit &5 @lpimsd ip Pf?ém ﬁ}‘?f %efﬁ mthermal

cortmpfie) betubef Syction 12y andthe crpidlaiyiabe(8 poaprestngropfqg§r and

recEivest throttling: 0, 7mm x 90cmcapillary tube, wth at
| east 31 cmthermal contact to suction |[ine(12)
Second throttling: O, 7nm x 90cm capillary tube(10) 40
The invention provides an effective and cheap
regul ator as an alternative to the traditiona
capillary tube throttling for small househol d freezers
and refrigerators. The regul ator nakes freezers and
refrigerators working nore effective and nore suited
for varying tenperature. It is easy for manufactures
to adapt the invention - a look at figure 1 and 2
shows, that the only difference is a small receiver,
pl aced at the mddle of the capillary 45 tube.
SUBSTI TUTE SHEET (RULE 26) WD 2005/028971 5 C ai ns:
PCT/ DK2004/ 000611 Cl aim 1: A closed refrigeration
circuit conprising conpressor(l), condenser(2),
evaporator(4), receiver(9), and with capillary
throttling(8) between condenser and 5 receiver, and
with capillary throttling(10) between receiver and
evaporator characterised in thermal contact(11)
bet ween suction |ine and receiver, and such orientated
that suction gas pass fromreceiver bottomtowards
receiver top. Caim2: A closed refrigeration circuit
as claimed in daim1l characterised in thermal 10
contact(12) between suction line and the capillary
tube(8) connecting condenser and receiver. SUBSTI TUTE
SHEET ( RULE 26)
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