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1111111111111111113111111111111 *159159* 1 An Air- Cool ed ‘Condenser and An

Air Condi tioni ng Apparatus Background and Field of the Inv

invention relates to an air-cool ed condenser and an air ﬁmummmmmﬁmmnr
dpparatus, particularly but not exclusively, for i ndustrl al applJ cations.
Air condltl oni ng systens are being used in nunerous ams 0 cool~ or
dehum dify the air. As it is well understood, it is inevitable that as a
result of the co&#'\ﬁ'@‘cmCBE#WGI@MM%‘%VO'&"GMH%@P needs to be
dissipated to its surroundings. As a result, it is common to place the
condenser and an evapor ator of an air condi ti oni ng system at a di stance
from eachgQtihes ndEXRIFibif of iR IrpdHigAser and evaporator are co-located near
each ot her, such arr conditroning systenms are bul ky and energy efficiency
is poor. 151t is an object of the present invention to provide an

ai r- copl I L | A QLN r ates at
east one o TR do R B Rl OB conditsn sARRA A ona M eBie ke

publ i ¢ wi partieuladyelbutinot pxdlusive\sioniadystris applisatiensent i on 20 I n accordance with
a first aspect of the present invention, there is provided an air-cool ed

condenser for an air conditioning apparatus, the condenser conprising a
condenser At 6pnditiering gystems afedreingHershisinvgesoysEDplicRiioan o achar dehyaidibis
state to I r I ng the
condenser TSl 433 IR Bradsiod! fl< hyiBbieth e Resph BORE cBalrh nERBRE 10
spaceth f r genasaieH bytheendepsernrede taible Wtetdw@rlt§b%{rweeding%1m8a¢ resufit ihlse

openi ng f o8 oh &6 THiddR 1AL ok ef B%d Bh lérv?ﬂ)érgﬁér of aﬁlaﬁ%ﬂalﬁorﬁnﬁleﬁérﬁ 4t

di ssipating heat fromthe condenser coil arrangenent to produce heated air
wi t hi n t heisiange dtlom paeli obes rigeendf mﬁammegseraaﬂdawapaiaé@rmeg?@ locatednesror

di schargi {etﬁ% r usi ng the
pl urali ty@%ﬁ%@e@%%ﬁ% éér{dlt%‘r'ﬁngcagl n av:bﬁgg}%ﬁggrqé‘rgggglrc%ci %I n({égke portion
for taking in anbient air for flowi ng through the air gaps; a condenser air

outl efs POyt Qﬁ et o?'tﬁ(}gﬁlﬂeg&ttuﬂ\?erﬁ%'tg:é?oﬁder art GRIELLIBE c%ﬂ&‘éi%@?%ﬁd %hrehr' nt ake

pOI‘tI onh out o e con ser for cooll an evapora or. avi ng
t he el ongm@lt&m@m@r@thﬁzlMycmg"wﬁie%@hk@eﬁts@ie edhe disedeanjegrsmf the Iﬁéor

35effi ci eQﬁ)éngforwﬂ'ﬁroWdE tﬁé)ﬂfﬂllf:'\nﬁlﬂ'a{‘@se%%ﬂ&@é.us may be inproved. Further, if

t he air-cool

Summary of the Invention

20
In accordance with a first aspect of the present invention, there is provided an air-
cooled condenser for an air conditioning apparatus, the condenser comprising a
condenser coil arrangement for condensing a refrigerant from a gaseous state to a
liquid state; a plurality of elongate channels for enclosing the condenser coil

25 arrangement, the plurality of elongate channels being spaced from each other to create
air gaps therebetween; an air intake opening for directing air into the plurality of
elongate channels for dissipating heat from the condenser coil arrangement to produce
heated air within the plurality of elongate channels; an air discharge outlet for
discharging the heated air out of the condenser; a casing for housing the plurality of

30 channels, the casing having a condenser air intake portion for taking in ambient air for
flowing through the air gaps; a condenser air outlet portion for releasing the ambient air

from the condenser air intake portion out of the condenser for cooling by an evaporator.

By having the elongate channels enclosing the condenser coil arrangement, the

35  efficiency of the air conditioning apparatus may be improved. Further, if the air-cooled
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11111212 liii 112121 2112111 12121 11111 *@&0.00.02* 2 condenser is co-located
with the evaporator within the sane housing of the air-conditioning
apparatus, this can achieve a nuch nore conpact configuration. It should be
dppreciated, that anbient air is used to nmean air from surroundi ngs of the
5 air conditioning apparatus. Al so, the phrase "condenser coil arrangenment”
may nmean an el ongate continuous condenser coil or a nunber of condenser

coi | s conperienden isgectimatach witbr e aevapntateruvitBinptiehsdroe hoveingedfr thgeplant t o

flow Furphes lon?'lg pg%\g%hé tHQ'cQH BRBR 2Hih nford @8589&‘1 ﬁ?qu%%%r a broad

scope of pro ds CHIT [ ers, coolers, arr- cond oners etc. 10
Preferably, each channel is conflgured to enclose two parallel segnents of

the Conde[]%ﬂgmlfi%a réchiidd gﬁ Eﬁté’?h%u% 't&ﬂme%ﬂ%ﬂ%?rﬁéur‘?&%d%%@%k'n%e a

repl aceabl e Tront ver Ing to e casl ng, e alr e openi ng
bei ng #i spioseddlmwmepbarams Aspethe fiteseniqondendee ¢oit arrdegareentivenay ahean

5, t .
i sohar ge BT SRes 2onRE oRyer 'l oh 8 rlEgt 38 dofladite; 38 BSmdchE)
t he i nventdgether théare & soptirewisl pdthafontienteffigerant do flowi Furithreg, aiheommomrtgool ed
condenser ,gs. gh SGUREGARO Y6V t%‘ac?‘ do 8%'? Jugfd &%haa%péﬂ IR SoolbRE ofEL hod
a( |'ocati ng ed ¢

conpri si ng e al r-coo ensef adj ac an evapor ator of
t he air 20omgdittohets eni ng apparatus, (ii) coupl i ng the ai r i ntake opening to
a bIoW@r outlet of an air blower; (iii) coupling an inlet of the condenser
coil arrangenent to a conpressor of the air conditioning apparatus; and
(iv) coupPrefgrably, machechasinet fire coniigleesde ewidseatwamgeatehsegoentseofettpor at or
via an ex -of of an
2t cond: POENEEr XAl ¥andedf The ofRSLEH CAOHRRT ey BiniRla iSRRG, D1y S
forns a tfrbnfdcca@pécmatta‘chmt;610|thee:aslngmtheralwmﬂh apeeing heingdisposkedomtheni r

condi t onfth AROAMLS. SN LHdsd ibayplibo CORPASL & AYAERARI, Ak Lbagtased
K i P 13 a

above, an evaporator di sposed adj acent e alf-coo enser

conpr esSoattamng todbé¢ ¢asing ttheaig diselarge sutigt deingfdispgeedion tﬁertuﬂd(tcneerevapor at or
and 30conpressing the gaseous-state refrigerant for delivery to the
condenser. Preferably, the air conditioning apparatus further conprises an
absor bent Irsarsgaprchashect of the invention, there is provided a method of retrofitting the air-

cooled condenser as discussed above to an air conditioning apparatus, the method
comprising, (i) locating the air-cooled condenser adjacent an evaporator of the air
20  conditioning apparatus, (ii) coupling the air intake opening to a blower outlet of an air
blower; (iii) coupling an iniet of the condenser coil arrangement to a compressor of the
air conditioning apparatus; and (iv) coupling an outlet of the condenser coil

arrangement to the evaporator via an expansion valve.

25  The air-cooled condenser may also form part of an air conditioning apparatus (for
example, included at the factory) and this forms a third aspect of the invention in which
there is provided an air conditioning apparatus comprising the air-cooled condenser as
discussed above, an evaporator disposed adjacent the air-cooled condenser; and a
compressor for receiving the gaseous-state refrigerant from the evaporator and

30 compressing the gaseous-state refrigerant for delivery to the condenser.

Preferably, the air conditioning apparatus further comprises an absorbent sandwiched
between the air-cooled condenser and the evaporator; wherein the ambient air
released from the condenser flows through the absorbent prior to being cooled by the

35  evaporator. The absorbent may include polymer fins.
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bet ween the air-cool ed condenser and the evaporator; wherein the anbient
air released fromthe condenser flows through the absorbent prior to being
cool ed by the 35evaporator. The absorbent may include polyner fins. 3 The
air conditioning apparatus may further conprise an air bl ower coupled to
the air intake opening of the air-cool gd condenser. Preferably, the air

bl ower is _driven by a conpressor notor, which is operable also to drive the
conpr essof he Brmengditipniog eppanagis mgy étp'ﬁw @pmnﬁ@?nfaﬂ blpwer eeupiad toethgrair

0Pt 1 1 21 Ny SbylePbt RN B oridBRed. PABlabh1tnd LAWKy by 0T an
e RD Ry & Frohet

fromthe condenser to an expansi on va regulates the tlowto the
evapor at oFompresse gy whidhds ap¢rabl@radﬁquc¢ﬁwﬁ@eammra$m further conprises a
distributor for distributing the flow of the liquid-state refrigerant from
t he expansion valve to a nunber of inlets of an evaporator coi

10ar r angefraait alofcqrﬂdéloemgpep@ar@hus may Birthee qaediarise ngmgoptippainat devigeurfomer

conpr i ses gty In"g thé’?l%hﬁéf tﬂé‘;{b t&%‘?ﬂ@éﬁaﬂ?ﬁ&m%g c@n%{ eBPYB éH‘é&b%ucﬁ’@V' ce

for draw ng t cool e e evaporator 1nto conpartnent.
Pr ef er abl yalve W@I@h regidaigs etheuﬂm eréfse @VBP@W Poafetablywiting) aith eondiésinéng air i n

15t he Comﬁﬁérgﬁgtfuﬁﬂeﬂ B&nﬁﬁsres k53‘rdiytrifbrutd?ul’Q)r Qﬁstﬁtﬂﬁné"tﬁe Gt ih%nl'id"u% Qthéar atus’

housi ng ourth asp ect of the |nvent|0n thére is pI’OVI
optim zi ngefma@tefromr th@nemansmnv:ﬁhﬁ mawgumbparoétlnigts @foﬁprqe\@lpﬁ@t@r £oik st

controh valy %éﬁ%’ﬂ%gﬁ‘%,%gﬁ’éﬁw ate flow of liquid-state refrigerant froma

condenser I nt a second control valve 20 arranged to regul ate
a preset flow of gaseous-state refrigerant fron1an evaporator into the

charber; and o SREDShg ERbardlul!ilihd BBl 8 SIALRAIEPhAIRFE BinpaRthent

gaseous-state refriger to enable t qU| state refrigerant to
conver t edand avegsgum; sugtien dievice iy draywingrthe soaled airgieem tte peaptiratec indel theb a

COMPI €3S 000hBRRhBR! PHirt ok e U SRAURT Mok BUGIEITATbMHGE A8 EifeFYRRPT 2t OF

15 the compartment of the air handler out of the air conditioning apparatus’ housing.

In a fourth aspect of the invention, there is provided an optimizing device for an air
conditioning apparatus, comprising a first control valve arranged to reguiate fiow of
liquid-state refrigerant from a condenser into the chamber; a second control valve

20 arranged to regulate a preset flow of gaseous-state refrigerant from an evaporator into
the chamber; and a chamber for mixing the liquid-state refrigerant and gaseous-state
refrigerant to enable the liquid-state refrigerant to be converted to vapour; wherein the
vapour is arranged to be directed to a compressor together with the gaseous-state
refrigerant from the evaporator.

25
Preferably, the optimizing device further comprises a liquid check valve in fluid
communication with the first control valve to enable a portion of the liquid refrigerant to
be directed to the liquid check valve; a bypass liquid line coupled to the liquid check
valve; a spray nozzle coupled to the bypass liquid line and arranged to generate a

30 spray of the liquid refrigerant to direct the liquid refrigerant flowing into the first control

valve towards the chamber’s base.

The optimizing device may further comprise a membrane for extracting oil from the
mixture of liquid-state and gaseous-state. The optimizing device may also comprise an

35  oil check valve arranged to direct the extracted oil to an oil sump of a compressor.
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Preferably, the optim zing device further conprises a liquid check valve in
fluid communication with the first control valve to enable a portion of the
liquid refrigerant to be directed to the liquid check valve; a bypass
I'iquid line coupled to the liquid check valve; a spray nozzle coupled to
the bypass liquid line and arranged toggenerate a 30spray of the |liquid
refrigerant to direct the liquid refrigerant flowng into the first contro
val ve t owRBrafsrablyetheheptibuzing dedssecompristhe drytbiutb sensgr fdne\%en&ingrawafamethm
conpri se I te and
gaseous- statergg%%maS étfgtlrerﬁg?zf E%ﬁdggﬂégéh\é o?%fb%?@oﬁr%ﬁdéégﬁggﬁ%dg éﬁ val ve
arranged tlosingroéte fvﬁ@oeuolwab'leéoj regulate thediowodf the lmmd@tatearafmqnar@s S or .4
Preferably, the optim zing device conprises a dry bulb sensor for sensing a
paraneter of the gaseous-state refrigerant fromthe evaporator and arranged
t o triggelhepptimmingodedteo siaggoeofetrofitted ia gt exsling @ir aoaditioning appguatas er t he
flow of t I efr] 5The optim zi ng device may be

retrofi tt@gmt%%%g%ﬁoﬁﬁgﬁéw%@%%ghsi oni ng apparatus or formpart of an
air conditioning apparatus. Brief Description of the Draw ngs 10 Exanples
of the |nvent| on will now be described with reference to the acconpanying
dr awi ngs, Brigf kipgcrigtion of the Drawinds=j qure 1 is a perspective view of an air
condi 4 oni ng apparatus conprising a 15condenser, a conpressor, an

optim zi n% devi ce and_an evaporator according to a first enbodi nent of the
i nvent i onEX@ngies of 3hg gwaw'%hw%lrr@@ﬁb@idewr@ﬁdtm@ EHHRRES Lolhe FeCrMgamend. .
Figure 3 gpiWmdssim@nhith.gures 3a, 3b, 3c and 3d are slightly reduced views of
different parts of the condenser of Figure 1; and Figure 4 is a
schematic diagramof the different parts of the air conditioning apparatus

of Figure 1 angRRow 8% gé&ﬁéétﬁe%ev@ I?a? aRPdid %ﬁdlﬁ&l@eﬂb&ﬁatu@%mpnsmﬁ'egur e S
is an enlarged schematic diagram of the optim zing device of Figu

Fi gurés 6 P@ncé?r@ﬁbsaeﬁqj"ﬁ"@?% Hi O%t'mia'ﬁ&élﬁwé? agd (ﬁ@g%@@oﬁt%ftacﬁﬁ@mgeqosa U@éd in
t he condeggfbdientbOME trv@ntion:

Figure 2 is an enlarged view of the compressor of Figure 1.

Figure 3 comprising Figures 3a,3b,3c and 3d are slightly reduced views of
different parts of the condenser of Figure 1; and
20 Figure 4 is a schematic diagram of the different parts of the air conditioning
apparatus of Figure 1 and showing details of the optimizing device; and
Figure 5 is an enlarged schematic diagram of the optimizing device of Figure 4.
Figure 6 is a close-up view of a number of elongate flat channels used in the
condenser of Figure 3;
25 Figure 7 is a close-up view of segments of a condenser coil arrangement used
in the condenser of Figure 3;
Figure 8 illustrates how the segments of the condenser coil arrangement of
Figure 7 are received within the elongate flat channels of Figure 6;
Figure 9 illustrates a number of polymer sheets arranged in two rows which are
30 used as an absorbent in the apparatus of Figure 1; and
Figure 10 is an enlarged view of one of the polymer sheets of Figure 9 and

illustrating how air flows through the polymer sheet.

Detailed Description of Preferred Embodiments

Figure 1 is a perspective view of an air conditioning apparatus 100 according to a first

embodiment of the invention which is used to generate cold or cool air to cool a room,



4

25Figure 7 is a close-up view of segnents of a condenser coil arrangenent
used in the condenser of Figure 3; Figure 8 illustrates how the
segnents of the condenser coil arrangenent of Figure 7 are received within
the el ongate flat channels of Figure 6; Figure 9 illustrates a
nunber of polymer sheets arranged in two rows which are 30used as an
absorbent in the apparatus of Figure 1; and Figure 10 is an enl arged
vi ew of ofee ermMpike ﬁm pireeonsiitioning apparalyar W0oisagelf-rontaised ardnigcieas & r

flows thrg my@ngg'mngﬁ %h%pre%%be&' Qﬁé&fsbpéo@rhrpéva%ﬁaft&uo%dand

Enbodi nents 3 r exa le. The air condltlonlng apparatus 100 i1s

sel f - cont an Aetimizing dexice $88s a housi ng 102 for housing a conpressor 200, a
condenser 300, an evaporator 400 and an optim zing device 500. 5Figure 2
shows the conpressor 200 nore clearly. In this enbodi ment, the conpressor
200 i s5 anFigpen2 ghowe theorpmrrsssar 2Qﬂdﬂ%@§'@@f'ﬁr'ﬁ¢@5§ﬂ@hqdlm¢m{ thg lseMRYesseiupl ed
to a dri vgo@ﬁqJ ér?bfpegganve-rafnﬁ'bé%o?%ﬂg'Ha%%nc']rﬂ/é HBRZAG 4wk Codpisd 16 afivec! udes

a notor 600 having an out put aft 10 with a first end of the out put
shaft 602peey02d to a wheel 604. The notor 600 is arranged to drive the
out put shaft 602 which in turn rotates the wheel 604. The wheel 604 of the
notor 600 is coupled to the drive pulley 202 of the conpressor 200 via an
endl ess bé&he ag@endiigtogippratatus 140dethandncutes e motee 660 hpYIng shautpubedafbf t he

ot or @006g% Sff}ﬂ ﬂur&}}@r\@&ﬁhe%tﬁ %3@%@% BLHI08 tf‘ofd/r@éll 864 ah{e tBtot BBO js

condenser own Iin Figure e alr 8 i ncl udes fan 610

wi t h i gherengasototsirivedie p@tpugéfm 644 which tre turn gelaiss the whaakbQ4- E[hewé\eebut | et
612 for g@ Qﬂ nrﬂofop%oﬂc) llé)% |?da{0rth8LHTIV9 foulidle sha?zt %Oéwd)r ﬁ&b‘@. 610

is coupled to t e second t he out put st rrven by
t he nDtoreaﬁesQ@%HﬂN#otatlon of the fan 610 is synchronlzed to the rotation
of the output shaft 602. As it can be appreciated, the notor 600 is
configured to drive the conpressor 200 and to operate or drive the fan

bl owerl5 60&oubled o Beiepend end efihe @utmi sbafhee? pklfaimetar 6@ iscnsair PlawernR8 ous

conponent g, Qfenbifing Moot {04k RBnERREF 36¢'Asl4fwn in Figure 2, the air blower

608 includes a fan 610 with light turbo blades for generating the flow of air and a
blower outlet 612 for channeling the flow of air out of the air blower 608. The fan 610 is
coupled to the second end of the output shaft 602 and is thus driven by the motor 600

20  and rotation of the fan 610 is synchronized to the rotation of the output shaft 602.

As it can be appreciated, the motor 600 is configured to drive the compressor 200 and
to operate or drive the fan blower 608 which helps to reduce the space required to
house the various components of the air conditioning apparatus 100.
25
The compressor 200 is arranged to compress or pressurize a refrigerant in a gas-state
to produce a flow of compressed hot gas refrigerant for delivery to the condenser 300.
The compressor 200 includes a compressor outlet 208 coupled to the condenser 300
via a condenser-compressor pipe 206 (see Figure 1). The compressor 200 further
30 includes a compressor iniet 204 for receiving the refrigerant in a liquid-state from the

evaporator 400.

Figure 3, comprising Figures 3a, 3b, 3c and 3d, shows the condenser 300 in greater
detail with a number of parts of the condenser 300 separated. As shown in Figures 3a
35 and 3c, the condenser 300 includes a casing 302 and a front cover 350 for covering a

front 304 of the casing 302. The condenser 300 aiso includes a back cover 380 for
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25 The conpressor 200 is arranged to conpress or pressurize a refrigerant
in a gas-state to produce a flow of conpressed hot gas refrigerant for
delivery to the condenser 300. The conpressor 200 includes a conpressor

outl et 208 coupled to the condenser 300 via a condenser-conpressor pipe 206
(see Figure 1). The conpressor 200 furtwher 30i ncludes a conpressor inlet
204 for receiving the refrigerant in a Ii?uid-state_fronlthe evapor at or
400. Fi guf@evesng @dgrpr 3Q4 pigheicgsine 803 and3p refigeramdecriving ieptis’ 16 Heee bigd@ns er
300 in gr @ﬁfo@rstdﬂiﬁbarithdmﬂefr@e?adﬂHﬂbﬁéul@fbenﬁéﬁtﬁ)n@a thdienes RBREAREPackO&bvers

separ at ed, shown in Figures 3a 35and 3c, the condenser 300 includes a

casi ng 30@5%%9 for mayre t@@v%(?'a@@@eftbﬁ’e 5 ¢apy mginierePemt 304 of the casing
302. The condenser 300 al so includes a back cover 380 for 6 covering a
rear 306 of the casing 302, and a refrigerant receiving tank 316 (see

Fi gur &5 4) Thgcordesnsphgll f%ﬂh‘?ﬂ'nﬁ@ﬁﬁ gecanenser @irdmgks gonyen FRAferodawingrait ¢ he

front andgBacke %Qﬁf@ur%lr?giosg’%gllécdoémﬂ‘ﬁﬁt &E ihtB8hd BAHRASSHH0D. THOirliOtrR@sY
mai nt enance. 5The condenser 300 further includes a condenser air intake

portion 30% ther candanpergdORi By fetwmanddrestrarobingl #igeirculayor o heegasitd BRAIS air |

into the gRALRRSBIMGRE a, égﬁ@eﬁéerr cbif aﬂ‘éﬁd@nérﬂtsqOtf&eca(ﬁ%@etﬂé%m%%%sbér hbet ur n
and fresh anbient air circulation. The casing 302 isS arran ouse a

condenser 98orefrigaraairdpliveiee bythe coRdLNSPTGPRECEHRS W@@@r@dﬂmpm@%sor

refrigerango. dﬁhé ‘é@ﬁ@éhséb’ chbiN riaRGEIREIRES 105 BINSRBERls B REis2OKIdde@MVitie a
conpr essor 10 he condensef coil arrangement 310, or segments of it,

i s enclos e@rawltx ﬁi ﬁ'oagiileaéwh@@nedﬁ St2.opigathe pedrenthghie songlepsengqiindthhe
segment s @QfisdcRBe& MRARRIER chfirel 310 FRERPUN RE WrldBhEEre8HE rr§ t338%

Preferably, the condenser coil arrangenent 310 is arranged to be in

physi cal eBAgRs tevikenin maygierineratact 3with tthe ctiranele I'Retheabarnes hpdepbn. 15
Figure 6 gfaeiatiéh.cl ose-up view of a nunber of the elongate flat channels
312 which are open ended. Each elongate flat channel 312 includes an

al um Aum housi ng 320 encl osing an air channel 322. Figure 7 is a close-up

vi ew of SeEIRNbShBlys!d1BosRNg SRILS! £ Almodf bARGIEHatA HBhalls samhiriges

nunber of coil pipes one end shown 20 as unconnected al though it

woul d be appPeR 8AeRS. tEre&h qlcmga&)flqit Hiapesl 3hBingludes AR AFRIUNNBSINGoRfect ed

toget her kRcgEnGBA alrengRtkI BEL atig HBFNE B didsel @ VIR\E of SIYMEMOLHE @bhderbdur € 8
illustrates how segnents of the condenser coil arrangenent 310 are received
coil arrangement 310 which comprises a number of coil pipes 318 with one end shown
20  as unconnected although it would be appreciated that the coil pipes 318 are arranged

to be connected together in an end-to-end relationship to form a continuous coil.

Figure 8 illustrates how segments of the condenser coil arrangement 310 are received
within the elongate flat channel 312 and heat from the condenser coil arrangement 310
25 is thus dissipated to the air channel 322 within the elongate flat channel 312. The
broken lines illustrate connections to create the continuous condenser pipe
arrangement 310. The plurality of channels 312 is spaced from each other to create air

gaps 313 between the channels.

30  The ambient air drawn into the condenser 300 from the atmosphere via the condenser
air intake portion 308 passes through the air gaps 313 and over outer surfaces of the
channels 312 with the direction of the ambient air flow traversing the longitudinal
direction of the channels 312 (and also the condenser coil arrangement 310). In other
words, the condenser coil arrangement 310 is not directly exposed to the ambient air

35  coming into the condenser 300 from the condenser air intake portion 308 and instead

the ambient air is exposed to the channels 312.
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within the elongate flat channel 312 and heat from the condenser coil
arrangenent 310 25 is thus dissipated to the air channel 322 within the

el ongate flat channel 312. The broken lines illustrate connections to
Create the continuous condenser pipe arrangenent 310. The plurality of
channels 312 is spaced fromeach other 7to create air gaps 313 between the
channel s. 30The anbient air drawn into the condenser 300 fromthe

at nosphere via the condenser air intake portion 308 passes through the air

gaps 313 RRE P¥RAeIOWH B ars WrkACRSHAh drds fshaid i Pibdrevst vHidie s on of
the anbient air flow traversing the |ongitudinal direction of the channels

312 (and aharpelshd1Zwitbriidee cerdansar ceihgeangement G110 at gherfravatr 30doants bagkhe
condenser 360bt tha8ch&Rgapent 310 is not directly exposed to the anbient air
35com ng into the condenser 300 fromthe condenser air intake portion 308
and instead the anbient air is exposed to the channels 312. 7 The channel s
312 are Oﬁg%xﬁlram@@telarlﬁpqﬁe éénq%'ﬁ%‘(‘cdllrhr@nﬁ%gnt?é\o4"@b besst*ﬂe%mgré}seégage' 5
312 without t condenser coil arran 10 at t e front an ack
306 of theagsefiigrjagdrem the/eompipssor 28d agd g aréangemt@cemﬁi@ﬁé@cqmmessed

ar r angemepg; ﬁé?ffgerrmegaéerﬁtot hﬁu&‘?@mb@r%ﬁ?qn%‘]nggéé heh |é Bhéated dfa
conpressor 200 and i's arranged to condense the conp rlgerant
gas into Ferfangatiasf WhGBrWS tprpgigisaipated, awaaand sthlgeﬁﬁ’éb%féﬁntdm@wﬂ@s tthe
condenpgat luglaug\/ghgUnﬂ%@e%bwaﬁo]dé&%vpﬁttﬁg away and this enmbodi ment provides
a 10uni que and unpredi ctabl e way of achieving this. As shown in Figure 3a,
the front cover 350 of the condenser 300 includes an air intake opening 352
whi ch s akrspihATn Fi%u%h?ao?he Aos aobg r 80 ofl S B8K1MRE dw.néﬁaegéns?wé@ed to

t he bl ower outlet 6 air ower 608 via a exi bl e alr duct 314.
When t he €B%RIRY 389Whighds cifgyar ibaltrnes apd Hein 'Qtal‘?ﬁ@ﬁ?@dg 8b2 rqoseleddo the t he
front 304ppRfyeh Bﬁtl&%@%ﬁ%a@% Buek 888 BBs %Véaﬂex?’tﬁé’ anro%t &l da0ed 35

shown) between the cover front 304 ﬁe condenser 300 and
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flows into and throug I nner” surfac
arrangement 310 and thus producing heated air within each of the channels. It should

be appreciated that the design and structure of the air blower 608 (and the fan 610) are

configured to meet the flow rate requirement.
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The air from the air blower 608 thus flows into and through inner surfaces of the
enclosed channels 312 (generally, in the same longitudinal direction as the longitudinal
axis of the channels 312) and acts as a medium to absorb and dissipate the heat
generated due to the condensation of the compressed hot refrigerant gas into the liquid
refrigerant. In other words, the condenser 300 is air-cooled. The heated air in the
30 channeis 312 is then directed out of the rear 306 of the casing 302 and into an air
discharge outlet 382 of the back cover 380 (, see Figure 3d, when the back cover 380
is mounted to the rear 306 of the casing 302, and the back cover 380 also forms an air-
tight seal with the rear 306 of the casing 302). The air discharge outlet 382 is arranged
to be coupled to a drainage pipe for discharging the heated or hot air out of the air

35  conditioning apparatus 100 (and away from the room to be cooled).
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polymer sheets 702 with arrows AA illustrating the flow of the outgoing condenser air

from the condenser 300.

The oufgoing condenser air is passed through the plurality of condensation fins 700
30  which functions as means for absorbing “secondary heat” from the outgoing condenser
air which may or may not be heated by the heat from the condenser coil arrangement
310. After passing through the plurality of condensation fins 700, the air leaves the

plurality of condensation fins 700 and is passed to the evaporator 400 for cooling.



As it can be appreciated fromthe above, the condenser 300 condenses the
hot gas refrigerant gas (i.e. the refrigerant in gaseous-state) into
liquid-state as liquid refrigerant which is flowed to the evaporator 400
via a control system 800. 5Figure 4 is a schematic bl ock di agram of the
control system 800 and the condenser 3@0 and the evaporator 400 (with sone
of the details omtted for easier explanation). The control system 800
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25  pressure side” of the apparatus 100 and makes use of the returning cool gas

refrigerant to reduce the heat of the liquid refrigerant to the evaporator 400 for better

performance.

As it can be appreciated from Figure 4, the liquid refrigerant flow to the accumulator
30 exchanger 804 from the dehydrating device 802 is controlled by the optimizing device
500 and the liquid refrigerant to the accumulator exchanger 804 may be considered as
optimized. Figure 5 iliustrates an enlarged schematic diagram of the optimizing device
500 of Figure 4. The optimizing device 500 includes a chamber 501, a liquid refrigerant
inlet 502, hot gas bypass regulator 504, thermostatic expansion valve 506, spray
35 nozzle 508, check valves 510,512 and brush core membrane 514. The optimizing

device 500 is configured to optimize the flow of the liquid refrigerant from the
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When the thernostatic dry bulb sensor 816 detects a particul ar tenperature
(for 10 exanple 4C) at the return path of the evaporator 400, the
thernostatic dry bulb sensor 816 controls the thernostatic expansion val ve
506 to open to enable the high pressure (hot) liquid refrigerant fromthe
condenser 300 to flow into the chanberi$p01l. The thernostatic expansion

val ve 506 includes a bypass inlet 516 connected to the first check val ve
510 whi chcondeaserrid®Oviajheveraperatar#d0f radsice ekesskive alcle, ®ildreeze entineroess t o a
15 bypass *&gyggmghgf 518 with the other end connected to the spray nozzle
508. In ofhe morgs,'mhen the thernostatic expansi on val ve 506 opens, the
hi gh pressure liquid refrigerant is directed to the spray nozzle 508 in the
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524 (see af gas FEftgaranta) alldw througlathe eefigrpamtdnlet 820 is preset or predetermined

by a user of the air conditioning apparatus 100, for example during commissioning of

the apparatus 100.

The gas refrigerant, which is hot, rises upon entering the chamber and this is “mixed”
30  with the liquid refrigerant entering the chamber 501 from the liquid refrigerant inlet 502
and creates hot vapour near the top of the chamber 501. The hot vapour is next sucked
into a suction line 522, with the other end of the suction line 522 connected to a pipe
between the accumulator exchanger 804 and the compressor 200. In other words, the
hot vapour is channeled to the compressor 200 which further warms up the gas

35  refrigerant returning to the compressor 200. In this way, the gas refrigerant to be
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15 the liquid refrigerant includes oil and the brush core nmenbrane 514 is
arranged to extract the oil fromthe liquid refrigerant and the second
check valve 512 directs the extracted oil to the conpressor oil sunp of the
conpressor 200 (see arrow CC of Figure 5). In this way, it helps to ensure
that the conpressor 200 operates in a proper and efficient manner. 20 As it
can be appreciated fromthe above, the optim zing device 500 is configured
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conpr essor . en |s happens, the thernostative 35expansi on val ve 506

may open fully to enable all the liquid refrigerant fromthe condenser 300
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806 to pren@eﬁw@nﬁmpn@vent damage to the air conditioning apparatus 100. If
a preggure limt is reached, the pressure rel ease valve 808 opens to

rel ease excessive pressure. In this enbodi nent, the expansion valve 806 is
an ori fi céstilypan hadppeeciatedfrgedthecabove, the optimizing device 500 is configured to

stabilize the gas and liquid refrigerant which is being circulated and to ensure that the
portions of the gas and liquid refrigerant are proportionate to each other. In this way,
the temperature of the apparatus 100 would be stable (or more or less constant and

25 not fluctuating) and this also eliminates humidity.

The optimizing device 500 also helps to prevent “excessive cycle” or overworking of the
compressor 200 which may lead to damage of the compressor 200 and the refrigerant
flow would not be smooth.
30
The optimizing device 500 also helps to prevent coil freeze. For example, this may
happen if cool air is not transferred to the designate area (for example, breakdown of
fan system). This may aiso happen if the evaporator 400 low pressure gases are not
returned properly to the compressor 200. When this happens, the thermostative
35 expansion valve 506 may open fully to enable all the liquid refrigerant from the

condenser 300 to flow into the chamber 501 of the optimizing device 500 and thus,
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20 control amount of liquid refrigerant which is being directed to a

di stributor 810. The distributor 810 includes a nunber of feeding tubes 812
for feeding the liquid refrigerant to various inlets 402 of an evaporator
¢oil arrangenent 404 of the evaporator 400, which nay be one el ongate coi
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i ncl udés éhechthretfmantmrsahe/amnatguwi arangevieob4Qhdbe Hnwdnmgfrigeranbsed
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via air vgn‘?é;r[%g% g%g&%éuggf g%%%&gﬁfm%g}g%k t%lagév%?dngnﬁlcgpg i 3L Sn the
conpar t nerefriggantp atrresfess keovdi as pladsgi aONYeNsiey- appar at us 100 and into the room
to be cooled. 30

As it can be appreciated from Figure 4, the evaporator coil arrangement 404 is
30 arranged in groups of parallel rows with spaces in between to allow air from the
condensation fins 700 to flow through and be in fluid communication with the ambient
air. As explained above, the liquid refrigerant in the evaporator coil arrangement 404
undergoes phase conversion and as the air from the condensation fins 700 flows over
the evaporator coils 404 and comes into thermal contact with the evaporator coil
35 arrangement 404, the refrigerant inside the evaporator coil arrangement 404 absorbs

heat from the air as the refrigerant changes from liquid-state to gaseous-state, and as a
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I't would be appreciated that the tenperature of the cold air fromthe
evaporator 400 may be adjusted by a conventional controller. As it can
be appreciated, the condenser 300 is able to inprove the efficiency of the
air 35conditioning apparatus 100 since the condenser 300 isolates the
condenser coil arrangenent 310 within {$he channels 312 and thus,
dissipating the heat fromthe gas 14 refrigerant is nore effective.
Further, rasdltaneking thecaic codleat dokd amd oold sérds iceeatethey & depeds the gvaperatoras t he
air flow gygr the channels. Wth the above arrangenment, it is also possible
to arrange the condenser 300 beside or adjacent to the evaporator 400 or in
this enbodinent directly beside the absorbent 700 to achieve a conpact and

self- 5 cept 3#1&2%8%{&@%69{ Frbﬁnihgg%\%gBPart@rt ! ér?agwgeﬁ%t ﬁé@@'d?rect&@ tg%o' a”
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about " 6508 PRt {RhuiiEbo tFechickBectl 200 GiadhE pARBELA BT ABIR B R

conpr essoto he@oagehsehe0tkior cmctmeatloma df‘:@magaemyambﬂngat he air for 10

di ssipating the primary heat fromthe condenser coil arrangenent 310, this

achi eves energy savings and al so saves space, naking the air conditioning
appar at us AsGbowniire Figurgpd.cthe eXpansikers ¢alven8eP isntandected te aaine bulbtsensomh®l 4

const | &ed(\g}gﬁzh |§ 'IHCE%%' be?Weé: {heeé(vggpg?cr 4bb%na§hg8 &f?ﬁlﬁ%r Q)Qc(l)lﬁgﬁ%l Qﬁl and

I‘etI‘OflItt to an EXIStIn alr ¢ |t|onn emor alr unit
(AHU) to ebedificady, |ln§In%1|r¢twrrigplae rA@Aguet rvmnd@rtrseeacqtmtdatar gx@tmleeraa% Theom t he

evaporatO'Ehe‘i‘r%sta!ué‘grgyﬂ@;]scf%ﬁdé‘rs P hetRAARRBRE e§9 sl athe cES"'k%cQ?éb‘ the

optim zi ng device e ot her conponents in the tirst
enbodi menwith Ahe odry thwb sbrenrb&tt andyis momnenicadively scouplednie theethermostatiom t he

condenser y (oF I e t 4 ra4GOQJ i ng.
Havi ng nO\?v%’?%]S@ 5@2%&({)62?4( Bée%?%vg |E)r{ﬂe ? Eosh?)‘ﬁ?da rge&é‘lb gér}]esﬁf Bt@ géne of
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condenser an a| conditioni ng apparatus, the condenser rising
condenser respettivety thegibeemostétir emamd@nsvahga 506 eindi therexpansion rvablegwesz

state to %rdeirqgirggagt@t&; optimize the flow of the liquid refrigerant from the dehydrating
device 802 to the optimizing device 500 and the evaporator 400. For example, the dry

20  bulb sensor 814 may control the expansion valve 806 to change size of the orifice or

boiling point values. Also, the opening of the thermostatic expansion valve 506 is 30%

smaller than the opening of the expansion valve 806.

The air conditioning apparatus 100 further includes an air handler 900 also driven by
25  the motor 600. The air handler 900 includes a compartment 902, a vacuum suction
device (not shown) enclosed within the compartment for drawing the cold air into the
compartment 902 via air vents 904 and a blower (not shown) for blowing the cold air in
the compartment 902 out of the air conditioning apparatus 100 and into the room to be
cooled.
30
It would be appreciated that the temperature of the cold air from the evaporator 400

may be adjusted by a conventional controller.

As it can be appreciated, the condenser 300 is able to improve the efficiency of the air
35  conditioning apparatus 100 since the condenser 300 isolates the condenser coil

arrangement 310 within the channels 312 and thus, dissipating the heat from the gas
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a plurality of elongate channels for enclosing the condenser coil
arrangenent, the plurality of el ongate channels being spaced from each
other to create air gaps therebetween; 10an air intake opening for
directing air into the plurality of elongate channels for dissipating heat
fromthe condenser coil arrangement toigroduce heated air within the
plurality of elongate channels; an air discharge outlet for discharging the
heat ed ai FefigaramfistiRereceffrsdiMe cfurther, the air to beycealeq iy 2isor USRS FRINEVEe

plurali tysgéoneQ@%k S th@irC% BeerA¥ i AgnfelS VAR IS bV ark@hdtinddie .pwt ion
for taking 1n anbient air for flow ng through the air

condenser algp Possille & aisenas tha cpadenser 3¢k Peride W@Wbmtﬂgpvaw@m f‘%or

condenser jajnfs érﬁﬁ@dﬁﬁerﬁ’(oﬁfréé?lﬂ} BedldeQhe %B@orﬁ@ﬁ!dﬁjﬁsl%raéh%rvecaoéﬂm&]:t%d FRIf-
evaporator. 2. An air-cool éd condenser according to claim?1, wherein each

channef | sortabehair ganditoning aprareiys 1000 g axample; toswghanplicepreane’ R99Aenser
coi | arr apgemBRf 600 BowbNstdluld 5O RItsE abARTEIBEKitAHEYpdh Rdivé Qon‘ﬁ'p?és@brlmﬂf 2,

further conprisin pl aceabl e front cover for attachin t he casi ng,

the air iatAkw, @pg@ﬁn@nﬁeq thJ0@B§ Hosiaipflow irate vplyite efodA0. mr'sthf siz, of

ai 1 - cool e¢hLANESRRNINACHPR AN 16@isHBOUPERBE U, rmnﬁéﬁwm the! roftT600088Id Si ng a
repl aceabl e back cover for attaching to the casing, the air discharge

outl et belpef 0 dpuste enmpreesA 00 e die aBdpwer RIBhieh gsneraling dhe etrifig an
ai r - cqpl ediscRBRARNER' pritk rlf%'apQohoth@r%nﬁéﬁs%‘?%n%rr%h&érﬁéﬁt%@“tl% fachieves

condi t1oni ng appar at us he et hod conpri si ng, | ocating the
air-cool eener@mewa@% a@mﬁlaeéﬁveSaspaéeapaha@ e F cqneiitioning appAtAtes K9 mgre
appar at us,co,q;lggal ing the air intake opening to a blower outlet of an air
bl ower; 35coupling an inlet of the condenser coil arrangenent to a
conpressor of the air conditioning apparatus; and

The described embodiments are not to be construed as limitative. For example, the
15 condenser 300 may be retrofitted to an existing air conditioning system or air handling
unit (AHU) to obviate installing a remote condenser at a distance away from the
evaporator 400. In other words, the condenser 300 may be used without the optimizing
device 500 and the other components described in the first embodiment. Also, the
absorbent may not be necessary and the air from the condenser 300 may be directly

20 flowed to the evaporator 400 for cooling.

Having now fully described the invention, it should be apparent to one of ordinary skill
in the art that many modifications can be made hereto without departing from the scope

as claimed.



16 coupling an outlet of the condenser coil arrangenent to the
evaporator via an expansion valve. 6.An air conditioning apparatus

conpri sing 5an air-cool ed condenser according to any of clains 1 to 4; an
evapor at or di sposed adj acent the air-cool ed condenser; a conpressor
for receiving the gaseous-state refriggrant fromthe evaporator and
gonpressing the gaseous-state refrigerant for delivery to the condenser.
107. An ai ELABMSI ti oni ng apparatus according to claim6, further conprising
an absorbent sandw ched between the air-cool ed condenser and the
evaporator; wherein the anbient air released fromthe condenser flows

t hrough t he abAdr@eneoled jcondersebdph@ncaivl ndilipning carpasgius.ather condEBsen ai r
conditiongaﬁ @ﬂﬂ?ratus according to claim6 or 7, wherein the absorbent

i ncl udes po 9ner fins. 9.An air conditioning apparatus according to any of
cl ai ns5 6- 8, f uetchedensengqili asfangeementiior cérideneing @oafsigetint tiomieegasiepus siatek e
openi ng 0&)5ﬂ§f@§ﬁ&?°°|ed condenser. 20 10. An air conditioning apparatus
according to aim9, wherein the air blower is driven by a conpressor

mot or, whi ch i @ piyekiteisf eloabsie chandels Ver enntosyignihecsondenser £oil aganggment,

condi ti onj i -an i - Mo

25compr i o\ igP g gt USndias hdhiid bRirBpdbd S BRof okt BLeE o

| i qui d- st Htegehetfedarnger ant from t he condenser to an expansi on val ve which

regul ates the - r : o i’ it ar at us
rooor & ng 1o cPhEiiikt BReMHERS dHeting air imd . Al orsfbiald RIAEISABPS
the fl ow dissiphind hepiiftpnsthetepnderdiser geil arrangeroentttp eragusamepied adowithivéhe o a

nunber of piu%lﬁ}&&éng@%&%ﬂ@l@?‘tor coi |l arrangenent of the evaporator.

an air discharge outlet for discharging the heated air out of the condenser,;

a casing for housing the plurality of channels, the casing having a condenser air
15  intake portion for taking in ambient air for flowing through the air gaps;
a condenser air outlet portion for releasing the ambient air from the condenser

air intake portion out of the condenser for cooling by an evaporator.

2. An air-cooled condenser according to claim 1, wherein each channel is

20  configured to enclose two parallel segments of the condenser coil arrangement.

3. An air-cooled condenser according to claim 1 or 2, further comprising a
replaceable front cover for attaching to the casing, the air intake opening being

disposed on the front cover.

|88
W

4, An air-cooled condenser according to any preceding claim, further comprising a
replaceable back cover for attaching to the casing, the air discharge outlet being

disposed on the back cover.

30 5. A method of retrofitting an air-cooled condenser according to any preceding
claim to an air conditioning apparatus, the method comprising,
locating the air-cooled condenser adjacent an evaporator of the air conditioning
apparatus,
coupling the air intake opening to a blower outlet of an air biower;
35 coupling an iniet of the condenser coil arrangement to a compressor of the air

conditioning apparatus; and



13. An air conditioning apparatus according to any of clainms 6 to 12,
further conprising an air handl er having a conpartment and a vacuum sucti on
device for drawing the cooled air fromthe evaporator into the conpartnent.
17 14. An air conditioning apparatus according to claim 13, wherein the air
handl er i ncludes a blower for blow ng {dhe cooled air in the conpartnent of
the air handler out of the air conditioning apparatus' housing. 515. An
optim zi ng devtawlinganatial of bermgndenser vgil aypagemnent to dmpyapsraigr via an g
first CO”&%:%'nsi\Sﬁ'v}éR/e?r ranged to regulate flow of liquid-state refrigerant
froma condenser 1 nto the chanber; a second control valve arranged to
regul ate a preset flow of gaseous-state refrigerant froman evaporator into
the chanbgr; 1 : e Liquid-state refrigerant and
gaseous- s?’at e ggfaﬁirbgg@gé{t"wépﬁegr%%]?%O%nﬁggwqui d-state refrigerant to be
converted to vapeincooled condesiser a¢aerdihg:toapyofclaings ate Anged to be directed to
a conpressor t Lt =St ¢ i nt fromthe
evaporator. 15 'g%%ﬁ%tpﬁlr Irjrllg%g%g ggviggfejﬁg%irgérogleﬁﬁbg&%:’egi m 15, further

conpri sing a compréspar dorcieeeiking dhe @aseods-sidle retrigerant drom the evaperatere fir st
control v It : 1 Qldk: ' 0 be directed
to the Ii g{ﬁ/gorﬁﬁrggﬂﬁ@gﬁ\/%a;sggustb%/%%s%hlg}egﬁtEdrﬁéh%r%gjﬁkggﬁﬁsf e liquid check
val ve; a spray nozzle coupled to the bypass liquid line and
arranged to geperat 4 I-ayl ri A¥mdrRindi rect the

l'i qui g(?r e?'ri ge?gr??r @P@%gﬁgg%@%g{uﬁtg%??@!g q{):glr?irﬁgl fu\%ﬁ%ve t%\%g] ds the
chamber' s basean absorpentosandwizhedy beiveee Hsc@idéandpd ccandansar18ner thes,
further ceidr-sbr dufbrdRRE UibiER" oL MIERARY ! itn thd hRGHSEN oWt Xl e
| i qui d-state and gaseous-state. 8. An optim zing device according to
cl ai m 17, absarbénd priooteiieing euplegibyothe evhrarktoval ve arranged to direct the
extracted oil to an oil sunp of a conpressor.

15 8. An air conditioning apparatus according to claim 6 or 7, wherein the absorbent

includes polymer fins.

9. An air conditioning apparatus according to any of claims 6-8, further comprising

an air blower coupled to the air intake opening of the air-cooled condenser.

20
10. An air conditioning apparatus according to claim 9, wherein the air biower is
driven by a compressor motor, which is operable also to drive the compressor.
11. An air conditioning apparatus according to any of claims 6-10, further
25  comprising an optimizing device for controlling the flow of the liquid-state refrigerant

from the condenser to an expansion valve which regulates the fiow to the evaporator.

12. An air conditioning apparatus according to claim 11, further comprising a
distributor for distributing the flow of the liquid-state refrigerant from the expansion

30  valve to a number of inlets of an evaporator coil arrangement of the evaporator.

13. An air conditioning apparatus according to any of claims 6 to 12, further
comprising an air handier having a compartment and a vacuum suction device for
drawing the cooled air from the evaporator into the compartment.

35



19. An optim zing device according to any of clainms 15-18, further
conprising a dry 30 bulb sensor for sensing a paraneter of the
gaseous-state refrigerant fromthe evaporator and arranged to trigger
opening or closing of the first control valve to regulate the flow of the
liquid-state refrigerant. 20. An air gonditioning apparatus conprising an
optim zing device according to any 35of clains 15 to 19.

14. An air conditioning apparatus according to claim 13, wherein the air handler

i

includes a blower for blowing the cooled air in the compartment of the air handler out of

the air conditioning apparatus’ housing.

5 15. An optimizing device for an air conditioning apparatus, comprising
a first control valve arranged to regulate flow of liquid-state refrigerant from a
condenser into the chamber;
a second control valve arranged io regulate a preset flow of gaseous-state
refrigerant from an evaporator into the chamber;
10 a chamber for mixing the liquid-state refrigerant and gaseous-state refrigerant
to enable the liquid-state refrigerant to be converted to vapour;
wherein the vapour is arranged to be directed to a compressor together with the

gaseous-state refrigerant from the evaporator.

15 16. An optimizing device according to claim 15, further comprising
a liquid check valve in fluid communication with the first control vaive to enable
a portion of the liquid refrigerant to be directed to the liquid check valve;
a bypass liquid line coupled to the liquid check valve;
a spray nozzle coupled to the bypass liquid line and arranged to generate a
20  spray of the liquid refrigerant to direct the liquid refrigerant flowing into the first control

valve towards the chamber’s base.

17. An optimizing device according to claim 15 or 16, further comprising a

membrane for extracting oil from the mixture of liquid-state and gaseous-state.

18. An optimizing device according to claim 17, further comprising an oil check

valve arranged to direct the extracted oil to an oil sump of a compressor.

19. An optimizing device according to any of claims 15-18, further comprising a dry
30 bulb sensor for sensing a parameter of the gaseous-state refrigerant from the
evaporator and arranged to trigger opening or closing of the first control valve to

regulate the flow of the liquid-state refrigerant.

20. An air conditioning apparatus comprising an optimizing device according to any
35 of claims 1510 19.



