;e3e=i =f4r26hTDL=1 G v.~~~ 12t" June 2003 -1 TWD STAGE HEAT PUWP DRYER
‘TECHNLCAL F}LED This invention relates to a heat punp dryer h\Ior npl e
for dfyisg™of food or agricultural products. In particular e ”nler?&@?fti on
relates to a two-stage heat punp cycle s which advantageously provides
better “\mn\m\“y and control of drying air. BACKGROUND OF THE | NVENTI ON
Comonl mn heat punp dryers afe single-staged. A single-staged heat
punp has onggeyaporator. This evaporator has to undertake both the duties
of sensible and | atent hpefoRAMGRIARAT POMP DRIk age heat punp has now

' been devel oped according to the invention incorporating a two-stage
evaporati on system where one evaporator operates at a higher pressure with
respect to the other. Advantageously, a two-stage system enables the
recovery of nmore |latent energy fromtll |Lr and flexibility to

i mpl emﬁ@%ﬂ“wol strategies l mmmmwulﬁ umdity control. For many
drying applications, in order to 15 reducegedéyi ng energy for product

noi sture renoving and i nprove the product quality, both energy recovery and
ai r condi ti Ophi§Gnihn aBlatedRBTd B8t pudhe diyer efdri Gafiple o YdrPhig dfNfob@SrOVi Ng
heat recovery, the high-pressure evaporator advantageously assunes part of
t he cootgrisyltenal productshaln pastienlanothgdinvénsiontrplates 40 [aokwo-3tags lmwppmessrg‘%e
evaporator.tq dedi cate not f lts thermal c i or dehum di fication.
For Soet e G RLE Rites Bevh nba SRy B GGt log M or s i 1 the ai
duct is advantageously such that it allows the air humdity to be
controlled by two nethods. One is to use an air bypass process through the
evaporators to control the dehum dification. The other method involves the
r egul at BACKGROUENDeQR THIE INVENEIEON t enper at ure of the hi gh-pressure
evaporator for sensible and | atent heat extraction. 25 Another devel opnent

of the presept systemi. he incorparation of an_external. evaporator, to the
dryer. The eGPmPiY” dvaifaplenfet TPAT 3, 3k Sefiufe o AhinBERRRA ek,

assi st pump Rasléhdlevhpb@itotO0fhis BvapbratstUias ko Bhdditake/Both fthe ditieh @R tenBibIPardl yer .
This is acconplished by ' absorbing' sensible heat fromthe surroundi ngs

during latent beat@hsarpligi-ocess until the condenser reaches the right pressure
|l evel. Its second role is to serve as a 'dummy' |load to inject auxiliary

| oagy to the y eft%%gg@tﬁegp pgx\&g} B0 RSN PV ‘ie%@%%‘ohg‘?gdﬂéﬁ thNEheCABREn | S

encount ered. The externs vapor at or advant sures a consi stent
ext er nainchnweatingra inveabtape evaperationhsysteirherhtzt @et eviapadtor roptiaesditya highethanber

is low This intervention is heneficial to drying processes where the
D tra PR AETES B ghe oera AdymupsSuloe SulidEE SRR ARGy B oceeds

into theechddyl S9mbAL Bidn®h@By IR BE APRAY al RS HAGKIIRCR! infiERe " ¥ dgr system
advant ageously also forns the 1o nodular_building bl ock for designing
advanc edontriil tstrategieg doh better gunpdity genteolt dForemsany drying applications, in order to

15  reduce drying energy for product moisture removing and improve the product quality, both

energy recovery and air conditioning play an important role in efficient drying.

In improving heat recovery, the high-pressure evaporator advantageously assumes
part of the cooling duty. It has been found that this allows the low-pressure evaporator to
dedicate more of its thermal capacity for dehumidification. For better humidity control, the

20  arrangement of evaporators in the air duct is advantageously such that it allows the air
humidity to be controlled by two methods. One is to use an air bypass process through the
evaporators to control the dehumidification. The other method involves the regulation of
the mean coil surface temperature of the high-pressure evaporator for sensible and latent

heat extraction.

25 Another development of the present system is the incorporation of an external

evaporator to the dryer. The external evaporator plays a dual role. Its first role is to assist



denmands for . hi gher product quality and energy efficiency. As such, the
present invention advantageously provides better energy reCPﬁ"eﬂL}'nebé’o 3

i nproving the latent to total heat recovery ratio, and better control of
the drying air through better sensible and | atent heat exchange through the
evaporators and condensers. Further, 15 the invention advantageously
provides a heat punp dryer that is eqyipped with a quick start-up mechani sm
as well as a drying systemthat ensures consistent |oad for heat recovery

h h he, dryi : ffi.ci Lwo-s. field h
purp. ar gape gk sab-a2ef I SEAC PR fndF . IR SeRm e iR S b e "o
| NVENTI 24t Zrond\Ghed 6kiro\ehdingst QiRing! @8 & cycRY Fidbdse Runtih @ieecdrleived tE4thes eheheat

punp dryer assenbly conprising: a heat pu unit conprising (i) a two-stage
i nt er nafiglhnapssuest lovel s Jistseeand galsris & W%Sgﬂqn%amn dead e djegy lan‘gWé[r}Q?fhE(br s for

heat o . ) AR - q
tb- coofBfelrieeBton SO il I8 Hentold BEuR)cumbdnd cfeolfierdi®TrieBggRaE] 217
and 5(i i eyaparat@caivantagausiynatsates adcdmsieneexemalalohe forsheatl renoapryr when shef or

precool | n aid drying air before it _enters said evaporatqQrs and preheating
sai d drl?‘f‘e?%foéprm%W@giqm@ﬁ?re‘ﬁéov%aitra‘sdﬁﬁﬂ@ﬂgﬂ 1 b&“‘%&%r“ég‘%‘i‘% PIORCS8&S er nal
SVapor afbrel e irift Hith16aP B ilptt bt diflinlnts bropMssighiflabBlyiiAproccedt Hio e
2003 -3“@%% enfc,r{el{r?éﬁaérllt gu?)-colg er arranges r?gmgnd ?or 1Ttyam iot atlgngoconstant
| at ent Fablimf rats regimmance; a dryi ng chanber having ports for introducing
fresh air thereto and exhausting drying air therefrom In order to
facilitate e scal e-up of the drying chanber without the ne for

i tering o  ABYdBREPGvasRsn TBR P e PEpTREm, Aoy RS ARRFE IS o

t heieanoauBP véMdingabidck Tor Wedibmiflg advanced multi-stage heat pump dryers to meet

demands for higher product quality and energy efficiency.

As such, the present invention advantageously provides better energy recovery by
improving the latent to total heat recovery ratio, and better control of the drying air through
better sensible and latent heat exchange thrqugh the evaporators and condensers. Further,

15  the invention advantageously provides a heat pump dryer that is equipped with a quick
start-up mechanism as well as a drying system that ensures consistent load for heat
recovery throughout the drying process, and an energy efficient two-stage field heat pump
dryer that is easily integrated to any drying chamber.

SUMMARY OF INVENTION

20 According to the present invention there is provided a heat pump dryer assembly
comprising:

a heat pump unit comprising (i) a two-stage internal evaporator system
comprising high and low pressure evaporators for heat recovery and conditioning of drying
air; (ii) a hot-gas condenser and sub-cooler arrangement for introducing sensible heat to said

25  drying air; and (iii) an economiser installed before and after said evaporators for precooling
said drying air before it enters said evaporators and preheating said drying air before it enters
said condenser;

a compressor;

an external evaporator for receiving said drying air from said hot-gas



chanber be parti'tioned fromeach other. The configuration of the heat punp
‘unit-is preferably such that the high pressure evaporator o eSS 2
partial dry/wet coil, and the | ow pressure evaporator operates as a

dedi cated wet coil. Furthernore, in a preferred enbodi nent a back pressure
regulating valve is installed at a discharge line of the high IO pressure
evaporator to ensure constant evaporaBing pressure. In a preferred

enbodi ment, the hot-gas condenser and sub-cool er arrangenent conprises a
hot - gascandemberagrsubitdolenmragbmenand for. fadlivtingeonstantdaganioad maemaneayeousl y
provi des the required sensible heat far .the dryi air. tq attai.n the
desired tenper at (¢ &Yi08 ﬁrﬁf@?ngtq?gsg%rég{%r%q‘ﬂ?“‘éﬁe%ﬁ@? theg H“i%’g‘at‘?ﬂﬂgr ol
means f@yignsthéefomuf ficient sensible heat t s is provided fromthe hot
gas condenser and sub-cool er arrangenent to the drying air to achieve a
predeterm ned air tenperature. Thus, the air tenperature of the drying air

may be regul Hr@derde fagdinte sasy scpletupd the Fyingshamba witout bapesdion pliersig ¢ he
dr Vi i L. i . .
o 7 0o oftlonliglaRRRA T Neob P LA Y i510BRALS B3t e RONOERD I UM Bk

t he drychanber rbei partitiened yoraneackusthérer ibe eqonfiguratiqar ef dhe dlate pivopi urénts t he
assenbl onpri ses. a ass danper system for regul ati t he f.] ow of bypass
20T L br D SIS PONRFSUR Creavaan SPeiEis db fiRerial By Ve cae ané e

provi deghyf ?Ees}s]@eigvascsragrb Eral¥ PASS JATRES wof oM FRrhRinBlAliR 2 prgerésd

hum dity of the drying aif. In order to cater to higher ténperature

r equi r eemhodimefit 4 fbeckd pydissuge a¢gulatingevahies snibbtgllisatna disthargh dine odrthe ibégh an
auxi | i ar%é heater for facilitating the introduction of additional sensible

heal? t oPERRTHTFAPARGIOL G SO PRI B Sy 2P LAY G &  cont rol  means is provi ded for

activating the auxiliary heater as required. The heat punp dryer

advant ageously aaphieea BR¥6dIMEhNaRt Hobgey RbidednSir &ld kei-Esdlerd Bffapeaeam C
drying of, for exanple industrial and aqucultural products. This is

achi evegomprisgs iarhptiawcendgnisr gnd pive sulreeolernt Suplpn avapgsment pdvanisgeensly
ext er naj ro%Y&Bﬁﬁeatreoqrujf‘éc?rse&s?@L 'l ?)'the dhihe, a8 the: é‘esﬁgé‘#%@{é&&e‘?‘t | on of

t he dryPng nedi um e ex arr fromt ryi ng e passed

t hr ough Pidi&ably ohie pdsemblyr fartkarapmpéitasicohBoluneas 69 epseing eafficitgt sensibisiseabef or e
the | ow pressure evaporator dehum difies the air for |atent heat recovery.
Thelsr r Enpomisdsd frm thes het, gasopandensst and sul-cenler arangement, locthe fHBINgfainfe (o

tho. dr yrageis S REmARANAL KRy, TRuR (RO Smppiahie GRS ERink aF (AThEl 1Y ©F
dehum drdgutatid asnlesired. m xi ng.
In order to regulate the temperature of the drying air, the assembly preferably
comprises a condenser, such as a air-cooled condenser, which facilitates a discharge of excess
20  heat from the drying air in the system. Furthermore, in a preferred embodiment the assembly
comprises a bypass damper system for regulating the flow of bypass air through the
assembly. More preferably, a further control means is 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
25 may further comprise an auxiliary heater for facilitating the introduction of additional
sensible heat to the drying air. Preferably, a further control means is provided for activating

the auxiliary heater as required.

The heat pump dryer advantageously achieve maximum heat recovery for efficient
and economic drying of, for example industrial and agricultural products. This is achieved

30  using low and high pressure internal evaporators and an external evaporator for cooling and



On the condenser side) two subcoolers are preferably used for heat
‘recovery The subcool ers ensure that for high tenperature opgrgf,lLop3nore
heat fromthe evaporators is recovered by naki ng avail abl e nore heat
transfer area between the air and the refrigerant. t o The system further

I ncor porates a passive evaporat or-econom ser for pre-cooling of the air
before the evaporators and pre-heating-before the condensers. The facility
can al so operate as a chiller unit thus enabling both cold and hot air

dryi ng &éhuBfdipestdar medm d@u@nﬁwﬁﬁl agpeCdkit 4iP Frdn RN EHRRY BhANbASS frsheat
punp dryer assenbl nprising: a heat punp unit conprising a two-stage

i nter napase%@m@dﬁ bagbtmmswmﬂpcyﬂtng tq@d@t&;hprammm\p@p@sggﬁf@e dhealowr at ors

for hea ORI [ t er nal
cvapor aPSPFS Fnpr aGRRRY O R df Bk bk 1R, Bdyert, TRTRLARIMhen 3 SR
chanber evporaners pllows diffsrentperaitage g atrrteaiypassramhﬁ:r mixed ajotvistErihl HF ithe)
drying air therefrom 20 BRI EF DESCRI.PTI ON OF THE DRAW NGS A nore detail ed
descr i pePilsn ‘Bhis epgbles the humidity e the duying air ip beicqa@olgd: through & sipukanegus he
drawi ng L nts of the invention and serve to explain
the pri ﬁm p%sgds?dgi’r] _uﬁeﬁéﬁ%%{@ l&% I's to be understood, however, that the
schemati c drawi ngs are designed for the purpose of illustration and

expl anat i on 6n thheondepsergsidey $we subcankrmnat pa{sfemblyauméffbmhd:at oeccogéryt N€Ehd¢ i mi t s

of the i i on i.s.a frontal view of a 23taeheat punp
G yer - uRhEoolets isutar it fos gl otRfRutE haliom mRrChg ol frcedupdt

ar r angegechers by Stakir) aval 1o fobEheat &aﬁsrféradﬂéhe&tﬂéémﬂél afrA88 e i 9 rators
for pre-cooling and pre-heating of the drying air. 12t" June 2003 -s FIG
2 is a schematic diagramshowi ng the high and | ow pressure evapor ator
sysiem FI G Theisystemdumkardng¢aspeIAGHA PgssiveceyAPIalor-geQlioatses for pic-qopling »f er nal
evapor at,or

aif Before the evaporators and pre-heating before the condensers. The facility can also

operate as a chiller unit thus enabling both cold and hot air drying to be performed.

In another aspect, the invention provides a heat pump dryer assembly comprising:

a heat pump unit comprising a two-stage internal evaporator system comprising
15  high and low pressure evaporators for heat recovery and conditioning of drying air;
a Compressor;
an external evaporator for facilitating constant latent load maintenance;
a drying chamber having ports for introducing fresh air thereto and exhausting
drying air therefrom.

20 BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed description of the invention will now be provided with reference to
the drawings which illustrate embodiments of the invention and serve to explain the
principles of the invention. It is to be understood, however, that the schematic drawings
are designed for the purpose of illustration and explanation of the drying system, and not as

25 a definition of the limits of the invention.

FIG. 1 is a frontal view of a prototype 2-stage heat pump dryer unit. As shown, the
two evaporators, high and low pressure, are arranged in series. An economiser is arranged

around these two evaporators for pre-cooling and pre-heating of the drying air.



enabl e quick system start-up and consistent |latent | oad absorption. s FIG
4 1s a circuit diagramshow ng the connections for the cond1ei1,s§urne 3
subcool ers. The di agram shows the refrigerant flow froma 3-way mrmodul™ati ng
val ve to the vapour chanber and air-cool ed condenser. FIG 5 is a schematic
di agram show ng a control nechanismfor shutting down the heat punp and

mai ntaining the air tenperature vm'th_%r; auxiliary heater bank. 10

DESCRI PTI ON OF PREFERRED EMBODI MENTS THE I NVENTION I n the foll ow ng

sections, t efails of the dryer design _copfjguration, the refrigeration
conmponent s g?[qd 1} \ﬂo§‘§’95‘63° a‘Bu‘%‘BW&'%CF? g‘ﬁh e{%rpi“?)‘ﬁ‘érec%‘?"i‘l’? or
strategdgg@mto condition the humdity of the air will be presented. This is
foll owed by the description of the system quick start-up nechani sm and

met hod for maintaining consistence is heat recovery throughout the drying
process. DRYHR.3ES| Grehemglie showigg gveontrpbmediignismafps theextermahpvaporaser @nit. |t
can be r i .such that the

refri ge%éﬁgr%l?c%g%%&%gﬁgug%%é%&%gegfﬁ%&ﬁgﬁé90{62&50?% , partitioned fromthe
dryi ng chanber. This design advantageously allows further scale up Si E , =
, 26 of the BIG. Agisc hacitomit diagiaoutshowanggiheg cordmectpmsi for otheotorideasee cardds and

other refrigeratjng. conponents. Further, such desi ermts the

Const r (BIFONE; LherasramaROes Ui eiEerHE 0w romar e gon PERRaALe o feve
readi | yydoaheshadier amd ibc ESHakAdeper i sed chanber. This node of
constru\étpiBon ail?rfomg fex%‘f&?i ty tor chanber scale-up as well as system

mai nt enance. 2s HEAT PUMP COMPONENTS A two-stage heat punp drying system
has been desFihelist msihepaty diagtae bleing a rantrol uepbamigFor shutdagdewy thy ocess
and thu he thermal efficiency of the dryer. The basi inciple in the
heat reﬁ@%gwpﬁp%g@ggam@gﬁféc ?'W@at\‘ﬁ?ew FLipeiliagy Bﬁaﬁ%{fbag‘ker gy transfer at
the evaporators. The follow ng sections illustrate how the 2-stage system
is able to inprove heat recovery process. 5 Internal evaporators (high and
| ow pressure) Figure 2 shows the connections for the two internal

evapor aDHESCRIPAZON OF FREEERRED EMBODIMENTS OF THEINVEBNTIONer nal
evaporators to achieve the desired humdity of the air by expansion of the

liquid refrigerant. fromthe .condenser to different pressure levels. Two

ther nost at | c T ParlRmb afoueRs ookl of Be et dEhem EERE pEons g8 an ¢

o | eavi RaribdiBtiGiPRE/PSRIntS O e W dtfsecRbatPp@AS WiRle! aNe! the - vadls WRnef two

evaporators at different pressure |evels advantageousl|y ggroves the | atent
B

to tot ?Btraftcgiqrs Wgccm_déiogy_h@ mﬁn@éi@_r ofathetairewdl bp preseseds  dis Bﬁ@gi betther
charber e ke 3l i Bafl i merif e g gg Gull®

evapor ahedt redovertylthfoughyut thddryltiggrogsessur e evaporator operates as a parti al
dry/wet coil 15 while the | ow pressure evaporator operates as a dedi cated

wet coil with nore dehum dification capability. The use of direct expansion
evapor aDRYERIDESIGNi | i t ates nodul ation of the refrigeration capacity when
the latent load in the chanber varies. Figure 2 further shows how t he back

pressure regul.ating valve 1 is installed at the, discharge Line_of the high
pressure evaﬁwa@drshm%i%emaﬁwgﬁ\ea@@m duyes ugisn skt 4an vehserad ithd BFessur e

20 and Hs BQé?P&és‘gExeé Widheths: the TORkahHAS cAflpdrlfits O WRCh Phmb Uykte akBE

regul ati dn process |
partitioned from the drying chamber. This design advantageously allows further scale up <ce ~. .
20  of the drying chamber without changing the position of the coils and other refrigerating - A
components. Further, such a design permits the construction of a field dryer where the
refrigerating equipment can be readily integrated with any containerised chamber. This
mode of construction allows flexibility for chamber scale-up as well as system

maintenance.
25  HEAT PUMP COMPONENTS

A two-stage heat pump drying system has been designed to improve the heat



achieved by .throttling in the conpressor suction line |a. The anmount of
‘refrigerant through the coil is matched with the evapor at ory Jwogfl. Jegker na
evaporator Figure 3 shows a control nechanismfor the external evaporator
The external 25 evaporator 14 plays a dual role. Its first role is to
assist in the quick start-up of the heat punp dryer. This is acconplished
by pressure switch 16 sending an on-o6f signal 17 to the normally cl osed
sol enoid val ve 12 when conpressor di scharge pressure 20 reaches a preset
val ue. rERbverpipk€ess Adithub A AerhAfdifideicynif the diee. TR PRR! principleXRaRsi on
val ve 13 and external evaporator 14, resSulting in heat being absorbed from
t he envheabnepoMeryoproedse ity wnnreyantie laipaipiortatabencrgy trapdemalrthe gvegoratersgnal i s

sent to l.enqi al.ve ep t . 0 onpr; r

di schargé@g?@gg‘ﬁg gecgl@}{sr gg‘éﬁé% hgﬁ'o@ﬁeisg?ﬁeegyg{gp i\%gﬁ%gee,% %rr (r)r‘lgena it %ééo?'ﬁg

refri gepmoéssf | ow to the thernostatic expansion valve 13 and thus cutting
of f the external evaporator 14 operation. The second role of the external
evaporator 14 is to serve as a ' dummy' load to 5 inject auxiliary sensible
| oad t olft¢raal empergiars(highaed vepresi#e8l | ow | atent |oad in the chanber is
encountered. The external - evaporator 14 ensures a consistent external
latent |oad fgurd@albndwRCaeetonniiiRns e tetid int @R evdpoldisis AT Yhe Grédearber is
low. This intervention is beneficial to drying processes where the initial

| at ent bysteon useshiwghdipeot edpanisionsintesnab eyapozaseisvigl aghigue theydasiredh houmiditys of nt o

t he secgnd.falling rat egi an. t he.second falli 0 rate period, a
f eodbac et i exBEsighal he Bl gpfriestetl 605 B8 sobdbmde wd it Gl Bleire, o
the | at gRblsl 0F¢hol thefhsttiRodipanision ValveNs dnd 6 e hdd @PB%Padd |tRE rdigetant t he
wei ght of the product reduces to below a set value, the controller 19 sends
an th- oldavisggthe|condenser tchews dlifferontdpressure levelsandhe\dise whttwe ¢vapormiors abict i on
all ows t refrigerant .to, flow ta the the st at.i ¢ _expansion valve 13 which
" tor nonfech iRl Wl RvhoRbiohty ifBrvBE LTI h o RIGRRRE 2herk? st 00 G
on the hutte évappatoné Wh® eddbles Thet@r abﬁmfhﬂaurﬁﬁ b s e T Her hair

environnment by the external evaporator. Under is condition, the anmount of
absor pt lesNings the frging ambey, is epled &y itp dlewr pajnk o helowaafiast the dighepressire he
chanber t t | 1 r term 4 St ent
atont SEArith. 1 o Qe g frkdiie Aioratp dperalfR' & L pRRAL AR wEPLH
subepol extble2@hd-i lgwrpresbusch cavapdrh@r c operates | onsa fdedichled ket - gib wiahdenser 24

and the two subcqol ers 25 and_26. On ot gas condenser 24 plus two
subcool dfumidificagon @ab?b(SWdede?e“?eeé?gi&@ﬂt géP@F’BPeeWQ%atqroF&ksh ia%kt?te% 0
attain j: HRTR : : R9m V@3
addi ti o%@%‘gﬁ%y mﬁﬁgﬁgﬂg\ﬁaﬁaﬁ %ﬁ%%@%ﬁt R’??é‘%é%‘eer ag(ga‘h?%?' ﬁllgeure
r ef ri gerafurthenstoovsdevs thef ragknprespara reguwatingouilye ¥ or mstalldveatithe dischdrge line

oner oy o e PighchpeS e RUARDIAES” aTHE, RRwalE FhSi RGARSEY VaPorAERe, PlSi Bt or o
and2@f t gnd the HEEHR AN SurfRY RS aMIC ol URPVapérafor €6il! SFheHRguIRGE PRIcERY is

undertakes part of the cooling duty for the evaporator and heating duty for
t he condehicesd by tthmtding oip) thet ¢ranprpsson snesioa line dat edhe tamouay H oretrigerantand 3o

pr e- heat ir.hefore it . gas condenser. The use of the
econom s rOLElgth%cf tlgm%tf’ gﬁ%@gﬁfé‘%p@&gor%&edf heat fromair on one side of

the evaporator to the air on the other side can increase the water
ext r act i Exernalaapérgtcef the heat punp 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 ter fromtihe air. ZC%FRO_FH%: DRYI NG ALR CONDI T1 ONS
The desired dFightg® SRPWE Grchnfe H?‘:E‘}‘ES“@ e it R dc‘{?Bﬂﬁaf%rl N % he use
of lr ecyRhddafoP U RhyseS dual POR. CROTIFRIbBNis kS adkfieth HR QY bER-upUSL thé iRAM

sensi bl e heat from t’he hot-gas condenser (HGC), and the two sub-coolers (SC

1 and SQRimy dryehe Tisyis aeromiphished byaitessues swghdbrsending an an-offessigiphé7 s@ thend

control lr%rnnlaﬁy %foesgd ts&er?o? t\rerzl% VA énbrl:o?npr}gs%gr h{s]&%trgé {)r%sngu?en 20 reaches a pre-

set value. This allows the flow of refrigerant to the thermostatic expansion valve 13 and
external evaporator 14, resulting in heat being absorbed from the environment by the

30  external evaporator 14. Another on-off signal is sent to the solenoid valve 12 when the



10, auxil i ary heater to cater to higher air tenperature requirenents. The
third controller is used to nodul ate the face and bypass daf@e\rj@neoéod:be
evaporators so as to control the dehum dification process and naintain the
desired hum dity of the drying air. Ar tenperature Figure 4 shows a
control nmechanismto control the drying air tenperature. The air t s
tenperature is controlled by sending-a-continuous PID signal to a 3-way
nodul ating valve 23 . This valve regulates the flow of refrigerant vapour

to the dddpréstor diSchhrpeopreftreSid reabhesANBthBY PrRS8t Wilud, h&rtﬁﬁfﬁntgtiﬁé fifAgdafy t WO

lines 28a and 28b neet at point 28c. The m xed refrigerant then énters the
ai r - cooflew te Bisdbersrastaio expgansios; valveold and boneutingpff2ke peemeleevaperatasjkdct t he
excess &g%-ogefore the entering liquid receiver 30. 20 Figure 5 illustrates
anot her®ontrol strat egy to inprove energy saving by using the auxiliary
heaters 31 to provide the sensible heat for the drying air during the | ast
st age of dryThygsecondaoidsoft the dxacahalf evaporaton Iaif isdioysenes, anppdommyatieddytolO to
20 % of , the drying prgcess,, the humjdity of the ajr remgns relatively the
sane. GWet @Hﬁlawyﬁﬁs%iff 30%%@% IgeIgHeR SYHERatEEn doW et doadi Hudhes

provi si &Bfrﬁ) J ea i : T in an
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condense from vapour to liquid form. The use of two subcoolers 25 and 26 maximises the

25  recovery process and improves overall energy efficiency.
Economiser

A refrigerant economiser is installed 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

30  pre-heats the air before it enters the hot gas condenser. The use of the economiser to



 volumetric flow. Refrigerant Circuit Control 25 To ensure that the scroll
conpressor works within the recomended operating envel ope ﬁ,ggng% ensi ng
tenperature is set to operate in the range of 45C to 55C (1% bar to 21
bar) respectively, neasured at the conpressor discharge after
de-superheating). The lower limt is proposed for an anbient tenperature of
35C and allowi ng a 12" " June 2003 -8-10 tenperature difference of 10C for
sufficient heat rejection to the surroundings by the aircool ed condenser.

The upp@nstei heat fiot SBbaioRE dideiof ithe! dVapdufop &5 el Gridhe Ddwr dideGah er&@OPr essor
life by preventing overheating of the notor. At the evaporator side, in

order ¥ Wakr exteackion sapaciy of Hisaaat pursp diyero Hegrogling thespir-on side ¢fdhem) | y
set. A t] I : e.J s a
possi bt TEhoR GHERE TR hitl: pETRETA Wchnk 301 RERE) FUE dHPlFelB RS, B
cool i ngromapmcdit.y woul d be reduced. The cut-in and cut-out pressure for the
external evaporator is set at 14 bar and |6 bar, respectively, to achieve

t he_desi ' r mai ntai n the evaporator tenperature
wi thi n¢éﬂﬁﬁﬁ%€@ﬁ1€bmﬁ§ Initial conm ssioning runs have
been conducted to evaluate the systemstability and time to approach

st eady- st at eTHeQdiréd 8fSng iR BbRlitlons Aey\Berlefiidd 4kl RirallaEwith MBI Jf tired ©
measurenents without any latent load rn the chanber. This exanple is for

i |1 ust D epatrgliers o Lane eontrollerrig usadoial provide suficignirrensible dieatsfrom e hotegasn t he

I nventi i Y., iy 5@10 T .- I bt ai ned
from hé%pdepngu?’r[g&gys ,ea%déﬁ%t\\éollgqbé?o B:'i' ﬁéas u%édn%é%)st%%ﬁpdgyéns%gﬁﬁgﬁgﬁ%‘%a@gpurrp
syst ema endiekdiGre) A TABEIcEHRL £A1MAIIES 30 tsedUdNEdtgrol RP\:tES HeaAiplt GoaT afhiunni ng
anpere3. 2 _Anp at 50 HzSuction Pressure4.0 to 5.0 barDi scharge Pressurel9 to
21 1ar GNEHBEF heater,ty eater Osighes) HF feraperamicorcayipements. 1 [Thg thisd contrelarsia; r - si de

t enper - | . Vi 44 SCAfter
pre-co g{s&g g‘? I %%‘%ﬁ%@ e: ?&h@g\/@%i@%&g«g@ g’%&?‘%ﬁﬁ“‘%a‘*’pﬁ rg%l'(tE (2 ?HEI%I %‘EAf ter

pr e- healeh@m@lifidation pHéc2s2and@adihtain tBEdSsired Gafuidity di@el@rying3aif Based on val ues
in Table 1 and conpressor energy consunption, the COP of the heat punp
operati 9 at 48 5C is calculated to be 2.96. W expect a higher heat
recover‘é} P o oved COP when latent load is available in the chanber.
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Figure 4 shows a control mechanism to control the drying air temperature. The air

15 temperature is controlled by sending a continuous PID signal to a 3-way modulating valve
23. This valve regulates the flow of refrigerant vapour to the HGC 24, SC1 25 and SC2
26, and bypassing the rest before the two lines 28a and 28b meet at point 28c. The mixed
refrigerant then enters the air-cooled condenser 29. The air-cooled condenser 29 is used to

reject the excess heat before the entering liquid receiver 30.

20 Figure 5 illustrates another control strategy to improve energy saving by using the
auxiliary heaters 31 to provide the sensible heat for the drying air during the last stage of
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

25  moisture. Therefore, in an economical sense, switching the heat pump system off and
providing continuous heating with the auxiliary heater bank 31 would reduce operating
costs. To accomplish this, a feedback signal from the weighing machine 38 is fed to the
PID controller 34, which in turn sends two simultaneous signals 35 and 35a to the
compressor and the auxiliary heater bank respectively. Signal 35a activates the on-off relay

30 32 and closes the contact for the auxiliary bank while signal 35 de-activates the normally
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-13 CLAIM5S 1. A heat punp dryer assenbly conprising: a heat punp unit

conpri Sj i =St i nternal .evapar.atqr .syste risjn i.gh and
| ow pr éisogg roéH)ef\f/ %%J’fmgp %‘r 28 r r‘ﬂ@'a?’ 8‘? éscé?fgﬁva{gﬁd &Ee)c/)%oéﬂraagﬁﬁr%gcof}*mg P ?il g5
air; (iopgned. MHis gASeLHS dRNSIEStartstdelay B6 eOOt@ut thesipnglefif®n tthd Bphasatpodduci ng
sensi ble heat to said drying air; and (iii) an econom ser jnstalled before
and af SBPPIE 4P the \ssrmbl sempLes§os 33y &%Fﬁg of gvgniarastiyaiesathe heatess dnjtheent er s
sai d e‘éﬁ?ﬁi&@ Rater20icPs £ BRA UL ABkivils And s¥oll Lot es?&f;fs” Sebliif iR S
condenser; conpressor; to an external evaporator Tdr recétving said

dr y$ ng daiwn dfnierheas pomp and gastral thetesiiste mpevathrs with ciecduxiliasy heatgycbapk31and f or
facilitating constant |atent |oad maintenance; a drying chanber having
ports L@r inaﬁoducing fresh air thereto and exhausting drying air

t her ef rER{uIBIdiN, assenmbly accordihg to claiml|, wherein said heat punp unit
and said drying 15 chanber are partitioned fromeach other to facilitate
scal e-up of TR ghid PID'GoftbaIRas uded ROBSntR)] RS idgoriad dampal. MHENdddifer. 3. AN
assenbly according to claiml, wherein said high pressure evaporator

oper at d6gatey, theaflow0f air yhrqugh ¢hei face 2nd| bypasy dappersrafsthe reaapoyaipes: atlbe

oper at . i i o dj. : im.1,

whor o1 reRidaEE R S #6¢ et s AP R hY bBRERCHPS, W T

| i ne ofdesieédihinidity of @sdir.e evaporator to ensure constant evaporating
pressure. 5. An assenbly according to claim11, wherein said hot-gas
condenser and sub-cool er arrangenent conprises, a_ hot-gas condenser and two

sub-cool ers . The Scﬁﬂ‘%@g@ﬁg 0§ h%’@_d‘b’d’l"ﬁﬁ"‘t@ 189 o ?nbi“§k RIGISPTS eAMatiRo KVl means
for ensyrimgSi %ﬁﬁh@@t el e Copdpitin Lﬁte%ﬁféybfjﬁﬁ_ fI!'POE‘?/agﬁﬁlt&Qt RS
and sub- il chi

condenser cool ér arfrangenent to rying air to eve a
pr edet erperatiag paessuteenfiibe BiPuevaporator serves as an accurate indication of the evaporator-

coil temperature. On many air conditioning applications, the maintenance of a fixed coil
15  temperature is all that is required for accurate control of both sensible and latent heat
removal. Through precise regulation of the back pressure regulator 1, the mean coil
surface temperature is set to extract the required sensible and latent heat to obtain required

air humidity.
, Air flow rate

20 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

volumetric flow.
Refrigerant Circuit Control

25 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).

The lower limit is proposed for an ambient temperature of 35°C and allowing a



12t" June 2003 - 14 7. An assenbly according to claiml, conprising a
‘condenser for regulating tenperature of said drying air by fj'gsghar%'o%g
excess heat fromsaid drying air. 8. An assenbly according 1% )
wherein said condenser is an air-cool ed condenser. 9. An assenbly according
to claim7, wherein said condenser is one which can reject 5 heat by heat
transfer through cooling nedia besidgg.air, such as a water-cool ed
condenser. 10 An assenbly according to claim1l, conprising a bypass danper
system liadd t 3 bkt 0 ikl An
assenblt%ﬁg?:%ggg idﬁ;gér%%eé{? glon¢ gXY' %%E&%%/r?glé%tgé e%trllgtﬁ?% ﬁ%‘éﬁ?@%%ﬁ%fﬁlng sai d
bypass deladetomigdeem The rippert it & dbgined dviltlithed pliyposf of hrefeguarding eer . |1 0
12 An assenbly atccordi ng to claim1, conpri si gg an auxiliary heater for

faci | i tEAMRTESSPRELe; by RrgYrRiing gxerbeating @f thedRefr- s ShEICHVAPHRRE side, IBATdST too

hi gher é&m@r@wmglgg,sac&gp@fnmzomw SHEYoMG°@l s nothal 8 S CHDdhwer
according to clarm™2, cohprising control means for actiVvating sal

auxisl i agvwapb@ting tengera@@an &d setltmt therd\is abwaysrbpossibitity oflthe goil dreeziag np 1,
wherein said econom ser conprises two plate-fin coils charged with

ref ri gefhthe sams tige othe cRPESPORAING ((9phRg £apagiiaMRYld be Fedpesdn gutdB Ani ser

-

CONpr i S8t %gglg_ﬂ.gtf?{"ﬁﬁt e)&é&ﬁﬁlaé'{ﬁ brafdk it E&T%Wﬁebﬁeﬁfd %Bﬁ&ar}gﬁkcti\écﬁﬁtﬁype 20

assenbly acc o clarml, erein said conpressor 1S a scr
conpr esachieve e desired semdehsing tenaprechturg and nalimaimtie, evapenator nerhperatorenwitliasi on of

t he vapgur refrigerant takes place with conpressors operating with
differe&’f’OBBWBP%g"sr\an met hods such as centrifugal, reciprocating, rotary

and screw conpressors. 12t" June 2003 -15 18 An assenbly according to
cl ajom 1Exghseei n the conpressor can be open, sem hernetic or
fully-hernetic.

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.

15
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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.
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Low pressure evaporator -

PID Proportional-Integral-Differential -

SC1 Subcooler 1 -

SC2 Subcooler 2 -

SDT Saturation discharge temperature °C
SMER Specific moisture extraction rate kg/kWh

SST Saturation suction temperature °C
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=} <b%mﬁxﬁij)g iR %nd I¢w presyure evaporators for heat recovery and conditioning of drying
%‘O%&I gﬁ)r (1) a %%g;s(gohhgsgrlgﬁu‘))coolgﬁ Lr%a%l%g/ﬁeét)for m%rgnﬁlcmg genmble heat to said
drying air; and (iii) an economiser installed before and after said evaporators for precooling
said drying air before it enters said evaporators and preheating said drying air before it enters
said condenser;
a Compressor,
10 an external evaporator for receiving said drying air from said hot-gas
condenser and sub-cooler arrangement and for facilitating constant latent load maintenance;
a drying chamber having ports for introducing fresh air thereto and exhausting
drying air therefrom.

2. An assembly according to claim 1, wherein said heat pump unit and said drying
15  chamber are partitioned from each other to facilitate scale-up of said drying chamber without

altering said heat pump unit.

3. An assembly according to claim 1, wherein said high pressure evaporator operates as

a partial dry/wet coil, and said low pressure evaporator operates as a dedicated wet coil.

4. An assembly according to claim 1, wherein a back pressure regulating valve is

20 installed at a discharge line of said high pressure evaporator to ensure constant evaporating
pressure.
5. An assembly according to claim 1, wherein said hot-gas condenser and sub-cooler

arrangement comprises a hot-gas condenser and two sub-coolers.

6. An assembly according to claim 1, comprising control means for ensuring sufficient
25  sensible heat is provided from the hot-gas condenser and sub-cooler arrangement to the

drying air to achieve a predetermined air temperature.
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9. An assembly according to claim 7, wherein said condenser is one which can reject

5  heat by heat transfer through cooling media besides air, such as a water-cooled condenser.

10 An assembly according to claim 1, comprising a bypass damper system for regulating
the flow of bypass air through the assembly.

11 An assembly according to claim 8, comprising control means for modulating said

bypass damper system to maintain a desired humidity of the drying air.

10 12 An assembly according to claim 1, comprising an auxiliary heater for facilitating the
introduction of additional sensible heat to cater to higher temperature requirements of said

drying air.

13 An assembly according to claim 12, comprising control means for activating said

auxiliary heater as required.

15 14 An assembly according to claim 1, wherein said economiser comprises two plate-fin

coils charged with refrigerant.

15 An assembly according to claim 1, wherein said economiser comprises a compact

heat exchanger or fin-tube heat exchanger.

16 An assembly according to claim 1, wherein said compressor is a scroll-type

20  COmpressor.

17 An assembly according to claim 1, wherein the compression of the vapour refrigerant
takes place with compressors operating with different compression methods such as

centrifugal, reciprocating, rotary and screw compressors.
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