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AND Al R- CO\IDMMWW D OF INVENTION  This invention re]lgg ﬁs t:? #e
design of a #Mpunp assenbly for drying and 5 air-tondl% ¥ ng.
The present inverdohgd, at |east in one enbodinent, relates to a heat punp
assenbly design in which the refrigeration conponents can be easily coupl ed
and de-coupled to any air handling charder for the purpose of drying or
ai r-condi tioning. BACKGROUND OF THE | NVENTI ON J Comerci ally avail abl e heat
purp dryers are deVIOBUMAR EWT POMPISY STV FORDRYRQGeNt s and

S one conp

dryi ng chanber integrated a ete drying unit. For such dryers, the

required refrigeration capacAND AITRREONDITIONENGP cover the heat duties,
both | atent and sensible) are sized according to the size of the drying

chanber and the nmaxi mum product | oadi ng. These”mm’mmmﬂﬂmmmnf | exi bl e for
further JIHIP QF INVENTIONer ati on equi pnent to creased product
drying capacity, resulting in the partial or conpl gkg.kepl acenent of 1% the
refrigerating conponents. As a result, noney has to be invested hy
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t he dryerassambly design in wiictddhe kéfoigeadp@corhponehn chiee eagibecaiplediany deomghiéd oni ng
servicing and mai ntenance, chillers have to be shut down for repair work,
20 resul ttPRgY ial handlingechagtber for the pugionkiPt Ay rit-enditysiRg.or ¢l i mati ¢
control chanbers which the conditioner is servicing. Room occupants nay
then expeagj T@Réﬁﬁfﬁi ﬁﬁl i injcondi tions and disconfort due to
this. Ine@hg case o ccflfma |gﬁ§’gmoﬁcharrbers for storage, spoilage of the
gtored products may result. The present invention advantageously provides a

versati |l e heatCoumproisBedvallybld heatpmigbyryeiseare désiggparaith bothahe rqfripsrating
assenbl ed excl usi Vel(i'll' fromthe air-handling chanber before they are
4

i nt erf0ac epmuongrigand dryingshapberdpigpiatadas oggeampleteidpdng vupif. dior speh diygipithe s .
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12°" June 2003 -2_ Commonly avail abl e heat punp assenblies, such as for use
as dryer sloadipg. Bhasgdeyess argdaflexablsiferyfusthet sageedumelaelniganyidnaguinmene (agadt at or .
Thi s evaporator has t ngdertake both the duties of sensible and |atent
nea abaob it ibreasanesRuttalvins TRt (sblife it s Thei of EPRITERRERANEL now
been geveheRefigerafingk RERADORRL | RY adrebD 188RY Dal YABOAEEN b? YiednBRcHAGS §o ONe
evaporator operates at a higher pressure with respect to the other.

Advant agessakehyp their dayiag ypirocess yos meef) cansumer- danaagds skstlenmerea bh ¢t ¢veet obzovery

of nore | atent ener fromthe drying air and flexibjlity to_ inplenment
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~and to inprove the product quali'ty, 10 both energy recovery and air

~eondi t i oncongitjplning senvicimgaandambintenhrce, chillersphavei thhehehat down doe rgpairt hierk,

hi gh- pressure evapor at or advant ageous|y assunes part_ of the cooling duty.
It he&? beksulfiBgchanges efing ai qopdisionhis! the fepReektimraticcopiphetgmbers Whighcat e

nore of i . . I r 1.di £ call £ e i.dity
control, @%g%gﬁglgﬁéﬁel%g%&&b Q’ e%og)&)gg‘{ﬁgg?gg iré]ayttﬂgéﬁ g&erlgﬁéﬁ &?"’g&caé \ailg a‘éé‘?fuy y
such t hat cdriditans @4@ disb@nRirf dukSo ME1 B thi che JIRlifmant E@ltd dhdbdrivior¥Birhgds -
One is to use an air bypass process through the evaporators to control the

dehuni di f spodlagoef hFlswored productemaydesulivol ves the regul ati on of the nmean coil
surface tenperature_pof the high:pressure eyaporator for.sensible and | atent
heat extraction. AnSIHRESHLIRFHiRaTYATEcpY BRusts Ve ST RumppasSebLy

i ncor por afheb P fhedbrREtBhE _@Jluigﬁem@&%ﬁbnea exclidveli6MAL aifYARANB LRAmrays a
dual role. Its first Tole isS to assist in the quick start-up of "the heat
punp. Thi befose thecamphtiedheed thrpuph diesee bf cgpless sséhdsendisaial hireoupliws. These
surroundi ngs . durjng fhe on-cycl rocess.unti|l the condensey reaches . the
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t he chanber is encountered. e external 25 evaporator ‘advant ageously
ensur es aalssohse Bumidityext ernal | oad for heat recovery when the



Lateﬁt |l cad in the drying chanber is low. This intervention is beneficial
to drying processes where the initial latent load is high bquq¥ﬁgab§§es
progressively as drying proceeds into the falling rate region. e present
t wo- st age heat punp assenbly advant ageously al so forns the nodul ar 30
bui | di ng bl ock for designing advanced nulti-stage heat punp dryers to neet
demands for higher product quality 'and 2nergy efficiency as described
above. As such, the present invention advantageously provi des better energy

recovery by  Commonly avedlhble HeRepRR}P 2ssebliéi sQ0H B0for iBe hatigydrs, tape kpRL heat
recovery ratio, and better control of the drying air through better

sensi bl e ##gedl ab shglastageddicahpurge hahorpryapeLaor e vidyioe wiporatordind te undishaker s.

Furt her) i nyenti gn adyant ousl rovi.des a heat punp that is equi pped
with a qué@ﬁ@%éﬁﬁsﬁ) SHhS %ﬁ?@%&ggﬁeéla‘?soégu%'systemthat ensures consi st ent
load for heat A_@&RH&FYtof He MVRARIE a ltwe-stdpk OMAh Quinpt B dowi P@nPEQeRDEd and
an energy efficient two-stage field heat punp that is easily integrated to

any chanb@corpdhaingi s{wastage sedpotatiohsystepuwitcrasse ewiporater aperates ay e dugtey
provi ded such that the hewurrpe%{mﬁonent _asgenbl ed as a nodul ar unit
wi th por t BISFRIG VIR ISREHJP thers Mvan@geouslyn IR diy Y™ AdWH S8R S t o

any porta I r :

a0 - Cond, Tiegiend (EORRPLE AONELFREERTEY [ ME g ATAnGAPRDNY dmplement
easy scal sevaml obntrbi yiestegivd foh batet nmgliylvanidelr For amnadoyigpapipligationt | inordep neet
hi gher producti on demands. The jnvention al so enabl es eaztg mai nt enance and
repai r wofokICHBCay g SeEsy for Prasuct meishEa Femihand e BREsHehG Pradyck quality,

air | YR (B0PrOgHC _ eeShgpLidgh 4
Gl orags chalabay Biochy B0 EoRiRRRTe ARy A b L o "Bccupant s i n the

ai r 15 condi ti bingaprobimgheasrecSkdviVARY high-pdBabéTdvaboan adamggdoasly hesupiess ent
invention, there is provided a nodul ar heat punp assenbly adapted to be
attached p¥taf dsrmoplingdutig It hambpen Youndethpichis abawp theslowrpessusoePPEIGTde a

- . I Si hi d | .
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constant latent |oad nmai ntenance; at |east one inlét port for receiving air
from the bumdlityitobe egnicoiiadibyriwiognetRedse ddrti isitonserap diy/bitpass proatss ghnopgh the
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evapor at or system conprising 3 gh”and I o ssure evaporators for

condi ti onexgaatibnai r; (ii) a hot-gas condenser for
Another development of the present system is the incorporation of an external
20  evaporator. The external evaporator plays a dual role. Its first role is to assist in the quick
- start-up of the heat pump. This is accomplished by ‘absorbing' sensible heat from the
surroundings during the on-cycle process until the condenser reaches the right pressure
level. Its second role is to serve as a ‘dummy' load to inject auxiliary load to the
refrigeration system when low latent load in the chamber is encountered. The external
25 evaporator advantageously ensures a consistent external load for heat recovery when the
latent load in the drying chamber is low. This intervention is beneficial to drying processes
where the initial latent load is high but diminishes progressively as drying proceeds into the
falling rate region.
The present two-stage heat pump assembly advantageously also forms the modular
30  building block for designing advanced multi-stage heat pump dryers to meet demands for
higher product quality ‘and energy efficiency as described above.

As such, the present invention advantageously provides better energy recovery by



intrrdducing sensible heat to the air; (iii) a conpressor; and (iv) an

ext ernal evaporator for 12°" June 2003 -4 receiving the %“"Jﬂﬂeo%éfﬂe
hot - gas condenser and for facilitating constant |atent |oad malntenance;
and a drying chanber adapted to receive conditioned air fromthe heat punp
unit and recirculate air to the heat punp unit. 5 The invention is

advant ageously appropriate for drying amdt air conditioning applications.
The drying air entering the heat punp unit is first conditioned by the
evapor at oingproving cwdatehytotidnel Heat regaeeryg enide askbetioetanml nethedaying air chrohgh

condi tioni ng chanber through another port. The air may be cool ed or heated
dependi ngbdisr s¢nsibleaand laigng wehapge thequghiths exfgoraiqys Thd comslenegtr Hustes, of

t he heat j refer . t i rates
s a part RATchSoRaf B AR HRART bl Gty s R ERTHR UPESLEL BacPRP 2
dedi cat edmegttaniai &s well a§ heyi®h ehatiensepEdisBichead Thokbatedtbvery fac ExapiRe sur e
regulating valve is installed at a discharge Iine of the high pressure:
evaporiht ofireughewsie Crrins pregess capdpuy energiyethiciens tyestage figld heappwmnp thasds
enbodi meng_ .. he hot - ndenser includes a sub-cool er arrangenent and

pr ef er abl éasg%ﬁ@?grgggqgﬁﬂg?@ad%e condenser and two sub-cool ers. Such an

arrangenent adyRitiaasepatile HRaGUInESsdribly ieavhnt@toaay pidlidedRaat thhQhe hée
drying air to attain the desired tenperature. Preferably, the assenbly

further cpwppcemponeats: assemiviedias a nmdulan it Wit potABlE of wanspouable agirbezan i s
provided fromthe hot gas condenser and sub-cool er arrangenent 20 to the
vt ng-ai P Stk e o gled SRS periaelE S R Bleczabe Py AETng il angre
tenpej@t up cBhditibfing ayplitdisns. THYhdE phRg\deabf s ASible s Epfble bRy QEHELp P
regul ate thggt el%pepgtaﬁéielﬁol?ﬁthe air, l)t hg asgerrblylpr ef er abfiy %orrpri 's)es a
condenser drygrctith yvasyingchanloolséd and rdefigwentiooniu mbetflaghdripfredwesion lhemdndsc har ge
of excess Beat fromthe drying air in the system Furthernore, in a

pr ef er r ed TBRHYERHRINISO PBIC CABNBRIPICABNCE AN TPRAS WaTkp\PPecarieth ol ondhs heah f or
regul atin i L . SQ; i Lional
cont ol nEuRTehpBH Ry MRS Bt Ay A ke RS Bk Rl B8, O
mai nt ai n spailage Inetbragiidinthersaindtwithodr sausigg diermalldiscomé@t tof @ co@ingyrin tie ai-gher
tenperature requirenents of the drying air, the assenbly may further
conpride sendiighedichambeisat er for facilitating the introduction of

additional 30 sensible heat to the drying air. Preferably, a further

contr ol i FeQu | ctivating the auxiliary heater as required.
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The heat punp asse ageously achi eves maxi mum heat recovery for

y r 12~" June 2003 -5 efficient and econom c drying of, for exanple

i ndustrial andAzgeidiig tb tiiesprespnomuedtivon, fletesis psovidediaauadhlardieagpunipeassemblgand
hi gh pressure internal evaporators, and the external evaporator for cooling

and dehunPePiGdkRtheqiaghed; the epngitiogingedimher, Yitdheal pymp pssembbheamRIING)i ng
oo | no pr B4xBRRRELARSRUP LA, B REA5RY 4 RO BRGELEIo AR

pre-cooling proc OW ure evaporato Ifies
‘the apo foondiddeng ohgiai recovery. The arrangenent of the evaporators allows
~di fferent percentages of air to bypass and be m xed downstream of the

coils. This enatioegas¢pmdpnsel HirtiptregucingesensivlieAgatapthe drbe control | ed

a compressor;

an external evaporator for facilitating constant latent load maintenance;

at least one inlet port for receiving air from the conditioning chamber for
25  conditioning by the heat pump assembly; and

an outlet port for discharging conditioned air from the heat pump assembly to the

conditioning chamber.
There is also provided a heat pump assembly comprising:
a heat pump unit comprising (i) a two-stage evaporator system comprising

30  high and low pressure evaporators for conditioning of air; (ii) a hot-gas condenser for

introducing sensible heat to the air; (iii) a compressor; and (iv) an external evaporator for



« through a sinultaneous process of dehumdification and m xing as di scussed
above. On the condenser side, two subcool ers are preferably,isggd,fRgoheat
recovery. The 10 subcool ers ensure that for high tenperature operations
nore heat fromthe evaporators is recovered by maki ng avail abl e nore heat
transfer area between the air and the r_re#ri gerant. The system furt her
i ncor porates a passi ve evaporat or-econont ser for pre-cooling of the air
before the evaporators and pre-heating before the condensers. The facility
can al so Wgelvigethgsain foom | therhotrghs conrdessarnanst forgfagbitatingotanstant latent lwad
drying to_bhe perforned. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS A nore
detail ed W&?&%\aﬁ“te’gﬂ of the invention will now be provided with reference

to the drawi ngs whi ghryidd dhahibf £daprEaqs reRVeTofditibhd Ainf¢SMithORbatPéms Ghife t O
explain the principles of the invention. It is to be understood, however,
that the awheenuculate dirapithgybeas pumgemitgned for the purpose of illustratign

and expl anati 0{11 of, the ILl)r.ese t desigpn, and not as 20 definition.of. tHe
Lim s of the LR JRYSTRNT Sy adyanecoshi MROBNER F e ant 4 ORISR m
appear i nga@hichiths € e Ofiryie afe&RLARY RN hedt! famg unld Hsﬁfsgtclﬁﬁdiﬁogéds tbgglﬂe heat

punp dryer ‘unit. As shown, the two evaporators, high an ow, are arranged
i n seri esevaporatas fidlnwedrbyithe botrgan galeasay bafbre repaaingwo thecapditianiog shdntbier

pre-cool i and pre-heati of the dryi ir; 25 FI.G 2 is a schemtic

di agr am sﬂ@%&?’ga“@ﬁ@r E9E al |ay ﬁ%a?&sﬁgbﬁ%@wnqm@n the desifed ehapRer i ¢

di agram show,pfigngrodul ar heat punp assenbly with refrigeration conponents
assenbled in thelr respective localities; FIG 4 is a schematic di agram

i lust@ating t ke appfigwatioronf ahe theet pwap ipuprpfesabde sty tHaorthaihighc pagbire oni ng
purpose; 30 FIG 5 is a side_view of the assenbl ed heat punp dryer show ng
a condi t i BYAPREAIRIRPSEKeS asicPartid drg/dtet pRiksnd SheloWaHESUIRPPISIE @PPTALes afBdul ar

and | ow pfaterVaLedh, Refeiith th  Brets BEBLELL CHRATHENGH R o
mechani smyA10¢ i iRta@¥d At AadischuAROliR! O the Chifh pdssurd Wvaloras t6 Bh&ird condtineand

consistent latent |oad absorption; FIG 8 is a circuit diagramshow ng the
connect i opvapomtinglpeessargdenser and ; 5 subcool ers. The di agram shows the

fri t flowf 3- dul at j to t harb d
I R R
mechani Smahd® prefétably i BEpHR¥da hbteza8 @BhdAYEAarANG oAb Rb&IeR. "SichN #tdngement

tenperature with an auxiliary heater bank. DESCRI PTI ON OF THE EMBODI MENTS
OF THE | Ne@nantagsbusly piroyides elscerequisted sepsiblesheao miarethe ddyifig ain teraaini the desred

Gosi g colSHrBHaren T Rrabbh ol Sy ob e SHUDHS COBP] GHar T0heRgying
Ecuen pUSGIESHBNIER RSRRIRAEher dondita bl U Bl
unit. 20 to the drying air to achieve a predetermined air temperature. Thus, the air temperature of

the drying air may be regulated as desired.

In order to regulate the temperature of the air, the assembly preferably comprises a
condenser, such as an air-cooled condenser, which facilitates the discharge of excess heat
from the drying air in the system. Furthermore, in a preferred embodiment, the assembly

25 comprises a bypass damper system for regulating the flow of bypass air through the
assembly. Also, an additional control means may be provided for modulating the bypass
damper system to maintain a desired humidity of the drying air.

In order to cater to higher temperature requirements of the drying air, the assembly
may further comprise an auxiliary heater for facilitating the introduction of additional

30  sensible heat to the drying air. Preferably, a further control means is provided for activating
the auxiliary heater as required.

The heat pump assembly advantageously achieves maximum heat recovery for



In the follow ng sections, the details of the chanber configuration, the
refrigeration 15 conponents of the heat punp cycle and the ?Qngrégz 03
strategy, for a parallel evaporator configuration, to regulate t'he um dity
of the air will be presented. Figure 1 shows a two-stage heat punp dryer
unit in connection with a drying chanber. It can be observed that the dryer
10 has been designed such that the refri%@rating conponents of the heat
punp cycle 11 are partitioned fromthe drying chanber 12. This 20 design
advant agedftisient axid esosorhigrdriag of cfar example indubigiabiand aggicoWamsbprodugts.hhis is

Surtners hiayB ik M Rl and g pr e B i iaEFrebiiaiad Sh¢ ey B o « ne
ref ri ger afgr NGoRAY hRdRBAuRRANiRR0R 2dhd Mryifg adaained M &ialy FaRLRL Agfhsed

chanber. This node of construction allows flexibility for chanber scal eup
as wel | ashampst erfirstgiassed tiznovgh thehighrpressite aygporator dnundergaprieaboling moces§ s hown
by arrpows 5 passes through internal d ers 13 into the heat punp.11.
There 15 b6t PR Jor deissss s HopecuSh ARmenaiies i At 8 Hediofoa) ouioar hhe end
of the dryj o £IPat [ §e FRLhAGed & dibg & hixeqS fed
fromthe %ﬂﬁg&%ggbré llgftglgeg pr eigrcsgﬁglbﬁgg eégﬁg}?ﬁ setrlg?LS(gf%ng) lt?)'ﬁ)gsns 2;oﬁﬁebtegjni{ e% hi gh
pressure dowindtreampsfeths woils e VR eastléss the lifunsidity 1Y thedpdng iirefoybe domerodled i s

then 30 passed through a second economi ser. 15b faqr. pre-heating. Foll ow ng
this, thethapyghs sigwitancoys B%ﬁswfwaﬂm%ﬁ%tlpﬁﬁ@‘éﬁﬂﬁ@g iap disgessehakpveot  gas
condenser 18 a - |.e ,

optionally a hggttlh%\go@ggsse? g{raCZ{ﬁo %ﬁg@l@g A b{%ger%blly é{gﬁ ?%&%gtefgz?v;e?fhgﬂg
chanbed 1zubcooleth anisii@ thatr fop hih. teinpéaiurabperati@mser fofkdantrymaths @viraoayvis ded
to facilitate inlet of fresh air and outlet of used air fromthe assenbly.
S Al t hougFecavered hpumaking avadalie more heat fapyenarsa hefyigar Hseduand the Feftiperant.

condensat e col I I I f | ferom
the chanber . oGy BRBVE Ao he BrsPy R Rt SR R B ER G o e
heat punp eyt Bef6RTRE EFPOrdtdys aﬂa?wn@tiﬁg HEfobd the RVARDIEEHS OThe IRy icAl aRb A

hi gher pressure with respect to the other. The advantages of such a

t wo- st age op§rsteaanai abdlen it teuscsnabingbothepld dndthenairslping yo be perfenmedhe dryi ng
air and the flexibility to inplenent several control strategies for better

hum dity t . i Figure, there are

advan{l geg}(égﬂ@o%F%@:l{gggk@gnggtﬁg@E%W&@?on trays) and drain pipes for
renovi ng condensate fromthe chanber. Figure 2 shows two internal

evapor at ors, t Aembregletdileg J8stription ap e dihdntiad walh dow G&ppseaalLwith faférieadexbor
25, and an external evaporator 28. Drying air fromthe chanber first 15
passes thtiwudravings whiph- Blusisate rasnhodipents obrtho dnveatipe apdeseevole gxplamsthg] y
fol |l owed by. t.he | pressure. evaporator, 25.to be dehum dified., The drijed
it abeor Bntiafes of e ERRSY. 1o iE R bRGHeST sl HEHN ShenfforduRebiiehe
desired t QEREREALYF theGRirfUse of illdsfrafibd SiiPEPation 8N IprEMespdl, arH fot afAe
tenperature control process is acconplished by regulating the required
anmoun0of definivion af ée limitoofjthednGEntiay forwhichireierpneea shauld® be made th thendaimgas
condenser 35 and 2Q bypassing the . rest to a m xing chanber 33. The
refriger aﬁPPewg@ra@%ﬁ&i@%&smt%s condenser 35, is nmixed with the
refrigerant fr a lLiNg, 34 ], | C

di schar gi ng to?gar.];' é?g@%@f@f%ﬁ%ﬁ%&géﬂggﬁ@%r@gr eﬁﬁggﬂéﬁaﬁ ta%rrz%tors,

col | ect ed high and ilow) drer eaengedr in3derieef 0Aa ¢donomisat livamdnged evopaddhdse tivoe
three evaporators 25, 26 and 28 by three nmanual thernostatic expansion

val ues ( TEVIPasatoes fOE Preosnading pe REG-beatipg of 8¢ qrpmgyainn7 . 25 29 and 30. Vapour

fri f ] I
e odhl oot ed A1Ca2gupaIHERA Apisfors SRR o e BEL AR pBHRR Sl e

evaporator 26 G ey atRHethfid ARghne Showigl 8MRbAAr héd® Ppudyp REREDW &vith
evaporator 25 by a back pressure regul ating valve 24 before entering the
vapour chagfigerapign componentoasserhblodnin higirgnsnepeye lpgaldigsier s t he suction |ine

of the compresygh 30 LheSAMPEEESE RN e SOMRIERRN ofthe At birfp adsembly

for air conditioning purpose;

30 FIG. 5 is a side view of the assembled heat pump dryer showing a conditioning

chamber and the heat pump components positioned in a modular unit;



30 discharge pressure | evel. Wien EEV are used, the surface tenperature of
both the high and | ow pressure coils can be set by entering“phgm?%?b%ed
tenperature val ues on an EEV control panel. This enables flexibility in
controlling the pressure of both evaporators) since the 12'" June 2003
_g_ saturation refrigerant tenperature corresponds directly to the
refrigerant pressure during the two-pha®e evaporation process. Wien TEV are
used, only the back pressure regulating valve is used to regulate the high
pressure evapdilGt 6iis 4 sshpmatit diagram shobaigthe high snd loy pregsuteatviaporatonsystem;
evapor at or coi@ﬁ* ) _tenperature, either h{?gh 0{1 |, ow &[@ssure when EEV are r
5 used) or hi gHOprds dFRemaiiseowing aretipl aprhanisiy fofhe ehteEnal GRIRGFAYr 6 t he

air can t Fl.gu. I . punp assenbly with
one disc%@?ggqgggf§§§ngkgy?ﬁéééﬁggﬁggéP@?ﬁgggégé%gggﬂand 57. The
hi gh- pr essur e Gap®rigitaokirdumit iHagramaiietviap ake coleectionyp fars sher eomleager addoy 52

in parallel configuration. Beside the coil surface tenperature nethod''10
ment i enedub§Polere ghewas&gn ghavts e refpzeragiuilal fropna341ay edultingvalvere thy

hum dity ] et of interconnecting adjustable
nDtorisea@ggﬁggégmgﬁmgﬁgyggaaﬁﬁgﬁﬁggﬁlé??ng process is carried out by

sendi ng a contFIG. 9sis grsahenhdtierdiddramBh&wingri ¢ontrobmedhanisitnfor 8huitcidg dowh hige
control panel 46, to the danpers 54 and 56, Controlling the danpers

regul at edreatpumpyhmagiaiping the dijtempesayre Vit ampyHliyy dsaigr bardkad | ow pressure
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chassi s may coupled to a Conditioning chanber”via‘receiving ports SS 10
and S7 anccmdimingiisdiearige port 58. Flexible industrial air couplers are used

to join the ports of, e assenbly to. .the condit.ioning chanher. her
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when 't hermal condition changes for a period of tinme. Figure 4 shows two
ducts 61 and 66 20 interfacing with the heat punp system foj,€Qlfl 2003
air-conditioning. The cold air is discharged to the storage roomvia air
nozzles 6S. The remaining air is returned to the heat punp systemfor
re-conditioning. Industrial air couplers 62 and 63, one for discharge of
air fromthe heat punp and one for suctilon of air to the heat punp, are
used to interface the air-handling unit and the heat punp system This
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t he heat e(Purrp equi pnment undergoes servicing. Figure S shows a comrercially
avai | abl 1§ S:chamber nodified to be attached to the assembly of the
I nventi on enaqjé)ft&ﬂapdﬂﬁsﬁ@r{'m@ﬁﬁf qRb e bfovifedd rféﬁl'it%}&tiﬁlgt 0 Téa@sg.lh%earfafoﬁet
readily avail abl e transport container for |oading and unl oadi ng of product
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refrigeration capacity when the latent load in the chanber varies. Figure 6
further shows how the back pressure regulating valve 81 is installed at the
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15 evaporator 114 plays a dual role) Its first role is to assist in the

qui ck start-up of the heat punp dryer. This is acconplished19ydgge§§6ge

switch 116 sending an on-off signal 117 to the normally cl osed sol enoil d

val ve 112 when conpressor discharge pressure 120 reaches a pre-set val ue.

This allows the flow of refrigerant, shown by the flow nmeter 111, to the

t hernostati c expansi on val ve 113 and ext®rnal evaporator 114) resulting in

heat being 20 absorbed fromthe environnment by the external evaporator 114.
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contraller is used to provide sufficient sensible heat fromthe hot-gas 25
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entering liquid receiver 130. Figure 9 illustrates another control strategy
to inprove energy saving by using the auxiliary heaters 131 to provide the
sensi bl e heat for the drying air during the |ast stage of 10 drying.
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The second nethod of humdity control relies on a back pressure regul ating
val ve 81 30 as shown in Figure 6; to regulate the operating1gng§§y58b§f t he
HP evaporator. The operating pressure of the HP evaporator serves as an
accurate indication of the evaporator 12t" June 2003 - 14 coi

tenperature. On many air conditioning applications, the nmaintenance of a
fixed coil tenperature is all that is r@quired for accurate control of both
sensi ble and | atent heat renoval. Through precise regul ati on of the back
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heat recovery process is to improve the latent to total energy transfer at the evaporators.

The following sections illustrate how the 2-stage system is able to improve heat recovery

25  process.

Internal evaporators (high and low pressure)

Figure 6 shows the connections for the two internal evaporators. The present system
uses two direct expansion internal evaporators to achieve the desired humidity of the air by
expansion of the liquid refrigerant from the condenser to two different pressure levels. Two

30 thermostatic expansion valves 85 and 86 are used to expand the refrigerant leaving the

condenser to two different pressure levels. The use of two evaporators 83 and 84 at
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evaporator 83. In this way, the high-pressure evaporator 83 operates as a partial dry/wet -
5 coil while the low-pressure evaporator 84 operates as a dedicated wet coil with more
dehumidification capability. The use of direct expansion evaporator coils facilitates
modulation of the refrigeration capacity when the latent load in the chamber varies. Figure
6 further shows how the back pressure regulating valve 81 is installed at the discharge line
of the high pressure evaporator. This regulator ensures a constant evaporating pressure and
10  thus a constant surface temperature on the evaporator coil. The regulation process is
achieved by throttling in the compressor suction line 81a. The amount of refrigerant through

the coil is matched with the evaporator load.

External evaporator
Figure 7 shows a control mechanism for the external evaporator. The external
15  evaporator 114 plays a dual role. Its first role is to assist in the quick start-up of the heat
pump dryer. This is accomplished by pressure switch 116 sending an on-off signal 117 to
the normally closed solenoid valve 112 when compressor discharge pressure 120 reaches a
pre-set value. This allows the flow of refrigerant, shown by the flow meter 111, to the
thermostatic expansion valve 113 and external evaporator 114, resulting in heat being
20  absorbed from the environment by the external evaporator 114. Another on-off signal is
sent to the solenoid valve 112 when the compressor discharge pressure 120 reaches another
pre-set value, terminating the refrigerant flow to the thermostatic expansion valve 113 and
thus cutting off the external evaporator 114 operation.
The second role of the external evaporator 114 is to serve as a ‘dummy"’ load to inject
25  auxiliary sensible load to the refrigeration system when low latent load in the chamber is
encountered. The external evaporator 114 ensures a consistent external latent load for heat
recovery when the latent load in the drying chamber is low. This intervention is beneficial
to drying processes where the initial latent load is high but diminishes progressively as
drying proceeds into the second falling rate region. At the second falling rate period, a
30 feedback signal 122 obtained from the weight of the product, a measure of the latent load in

the chamber, is sent to the PID controller 119. If the weight of the product reduces to below
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Figure 8 shows the connections for the hot-gas condenser 124 and the two subcoolers
10 125 and 126. One hot gas condenser 124 plus two subcoolers 125 and 126 provide the
required sensible heat for the air to attain a desired temperature. The two subcoolers 125
and 126 recover additional heat by making available more heat transfer area for the

refrigerant to condense from vapour to liquid form. The use of two subcoolers 125 and 126

maximises the recovery process and improves overall energy efficiency.

15  Economiser
A refrigerant economiser is instalied before and after the high and low pressure
evaporator coils. The economiser undertakes part of the cooling duty for the evaporator and
heating duty for the condenser. It pre-cools the air before it enters the evaporators and pre-
heats the air before it enters the hot gas condenser. The use of the economiser to transfer
20  heat from air on one side of the evaporator to the air on the other side can increase the water
extraction capacity of the heat pump dryer. Pre-cooling at the air-on side of the evaporators
enables the major part of the cooling coil capacity to be used to extract water from the air.
The desired drying air conditions are generated and controlled with the use of three
PID controllers. One controller is used to provide sufficient sensible heat from the hot-gas
25  condenser (HGC), and the two sub-coolers (SC1 and SC2) to the drying air to achieve the
air temperature. The second controller is used to control sensible heat input from an
auxiliary heater to cater to higher air temperature requirements. The third controller is used
to modulate the face and bypass dampers of the evaporators so as to control the

dehumidification process and maintain the desired humidity of the drying air.

’
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Ya0% () -cpaRg Figure 9 illustrates another control strategy to improve energy saving by using the
auxiliary heaters 131 to provide the sensible heat for the drying air during the last stage of
10  drying. Towards the last fraction of drying, approximately 10 to 20% of the drying process,
the humidity of the air remains relatively the same. Only the drying air temperature drops
because of the continuous provision of sensible heat to remove product moisture. Therefore,
in an economical sense, switching the heat pump system off and providing continuous
heating with the auxiliary heater bank 131 would reduce operating costs. To accomplish
15  this, a feedback signal from the weighing machine 138 is fed to the PID controller 134,
which in turn sends two simultaneous signals 135 and 135a to the compressor and the
auxiliary heater bank, respectively. Signal 135a activates the on-off relay 132 and closes the
contact for the auxiliary bank while signal 135 de-activates the normally close on-off relay
136a. Once relay 136a is de-activated, the potential free contact 137 is opened. This causes
20  the motor starter relay 136 to cut out the signal from the 3-phase power supply to the scroll
compressor 133. This chain of events activates the heaters in the auxiliary heater bank 131
and de-activates the scroll compressor 133, resulting in the shut down of the heat pump and

controls the air temperature with the auxiliary heater bank 131.

Air humidity
25 The third PID controller is used to control the motorised damper. The damper
regulates the flow of air through the face and bypass dampers of the evaporators. The
dehumidified air through the evaporators is mixed with the bypassed air to maintain the
desired humidity of the air.
The second method of humidity control relies on a back pressure regulating valve 81
30 as shown in Figure 6; to regulate the operating pressure of the HP evaporator. The

operating pressure of the HP evaporator serves as an accurate indication of the evaporator-
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surface temperature is set to extract the required sensible and latent heat to obtain required .
i

5  air humidity.
Air flow rate
The flow rate of the drying air to the chamber is controlled by a 3-phase frequency
inverter. By regulating the frequency of the inverter and reading from the air vane
anemometer, the flow rate of the air entering the chamber can be set to the desired

10  volumetric flow.

Refrigerant Circuit Control
To ensure that the scroll compressor works within the recommended operating
envelope, the condensing temperature is set to operate in the range of 45°C to 55°C (16.5
bar to 21 bar, respectively, measured at the compressor discharge after de-superheating).
15  The lower limit is proposed for an ambient temperature of 35°C and allowing a temperature
difference of 10°C for sufficient heat rejection to the surroundings by the air-cooled
condenser. The upper limit is obtained with the purpose of safeguarding the compressor life
by preventing overheating of the motor. At the evaporator side, in order to achieve a
cooling capacity of 14.2 kW, an SST of 5°C is normally set. A lower evaporating
20  temperature can be set but there is always a possibility of the coil freezing up. At the same
time, the corresponding cooling capacity would be reduced. The cut-in and cut-out pressure
for the external evaporator is set at 14 bar and 16 bar, respectively, to achieve the desired

condensing temperature and maintain the evaporator temperature within the operating range.

Example

25 Initial commissioning runs have been conducted to evaluate the system stability and
time to approach steady-state conditions. Table 1 shows results obtained from air-side
measurements without any latent load in the chamber. This example is for illustrative

purposes only and should not be construed as limiting on the invention in any way.
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After drym chamber 47.5°C
After pre-cool coil 44.0°C
After HP evaporator 22.5°C
After LP evaporator 13.5°C
After pre-heat 18.6°C
After SC2 32.0°C
After SC1 37.0°C
After HGC 48.3°C

Based on values in Table 1 and compressor energy consumption, the COP of the heat pump
operating at 48.5°C is calculated to be 2.96. We expect a higher heat recovery and

improved COP when latent load is available in the chamber.

NOTATION

COP Coefficient of performance

EC Economiser

HGC Hot gas condenser

HP High pressure evaporator

LP Low pressure evaporator

PID Proportional-Integral-Differential
SClI Subcooler 1

SC2 Subcooler 2

SDT Saturation discharge temperature
SMER Specific moisture extraction rate
SST Saturatfon suction temperature

dimensionless

°C
kg/kWh
°C



