;e3egigf:J6TDMAL | -1 TWO STAGE HEAT PUMP DRYER TECHNI CAL FI LED 12°" June
» 2003 This invention relates to a heat punp dryer, for e | e % 3dryi ng
. of fRog~ gricultural products. In particular the inven??‘gﬁu % (gées to a
t wo- st age heat punp cycle 5 which advant ageously provi des better heat
recovery and control of drying air. BACKGROUND OF THE | NVENTI ON Conmonl

y
avai | abl e heat punp dryers are singlg-staged. A singl estagﬁm’mmwummmm has
one evaporator. This evaporator has to undertake both the d
sensi bl e and | at ent hequ.mi#gmAﬁmwymge heat punp Rassg@ow been
devel oped according to The Invention Incorporating a two-stage evaporation

system where one evaporator operates at a higher pressure w to
t he other. Advantageously, a two-stage system enabl es the %@@mg@@@m@mmme
Latent energy fromthe drying air and flexibility to inplenen

cont r STEEHNIICGAIL ®ILEDr better humidity control. For many dryi ngdeoool*
applications, in order tot s reduce drying energy for product noisture
renoving and i nprove the product quality, both energy recovery and air

condi ti oni .pl.a [ t (= I o ' ih# of Te6P%E Ng heat
recovery, {lﬁlé'?ﬁflé@g?églg%%té@e%vg%g.rpgtﬂgfd%&aﬁlt[gggxgﬂgyfypgs%ugr]res part of the
cool i ngpridutodral ptodaes. DiseparfiularcthE Haventibh selates twa twhetage hepl pyBp cxcle
evaporator to dedicate npre of its thermal Caﬁ{i-‘cli Y Eg dehumi di fi cation.
Fors bewhish afyantagepysiy Browidss betfer beatecqvery and ool of %Sr ators in the air
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 nethod involves the
regul agAKGROURDGRTHR INVENTION: t enperature of the high-pressure
evaporator for sensible and | atent heat extraction. 25 Another devel opnent
of the present system.is the incorporation of an external .evapo r to the
dryer. The Ermamdnly axailabler hea rpumIp, Jeyers a%pmgl&s&ge(f.t sAf ?l?%l?'ségff({eﬁ%és% to
assist - 12 ¢ ég,go} “Fhid SHHas o Bhderthkd/BotR thet dified 6B$ensiblEandr yer .

Thi s ié’“%Bi‘S?rB#’%ﬁag y"?héigxgﬁ)gﬁﬁg' sclgongglbl e heat fromthe surroundi ngs
dur i ng ldtée heat-abyapeorpr ocess unt'il the condenser reaches the right pressure
| evel,. Its second role is to serve as a '"dunmy' load to inject auxiliary

|l oad to the refrigeration t i Nt anhar i
enddunt ered & 'I‘WQI'S%gFZf"lf?gIp"sgyébggoﬁ;gg‘tﬁgbf&g\éﬁ\?g%%eg%@@%ggutrﬁgsﬁlg consi !sfent

exter n%cokéliﬁfﬁiﬁgoﬁ tW63tagt RUEPLRAtIonyeRNi Wacleadrendvaparar iopetates atirayhigherc hanber
is low . This intervention is beneficial to dr&i@gsg?ggrocesses ene the

i ni ti alprésaarenwith omspect torithh ogier- diARVARLagROUSIRy 3y PR CBRSn *or oceeds
into the falli ra regloy. r t; A imMetiEht devdrald system
advant 35¥3SI f}‘nﬁ}" %E %nrtrfcgk%ﬂeﬁ{ln?h%ogﬁl gral%% g%)ﬁgﬁgrqck.ﬂflor' desi grni ng
advancegni#tff dttatépicadfor bemdr Huniipityl cystral. t Bormpety deyingnapplicgionh, Wherdepidduct

1i d ffici . As h, th i i .
achisint dgdusesiyiog SurEn dar Botet e gmpuing et e s DGk, Wi bt ¢
t ot al he%%}gyrrg&ql\é@’ ¥nd A LohditfiRtheJay & intdiahOloleTih effitferldyyting ai r through

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



better sensible and | atent heat exchange through the evaporators and

. condensers. Further, 15 ~ the invention advantageously proysdgs.adpat punp
. dryer that is equipped with a quick start-up nmechanismas well as a drying
system that ensures consistent |oad for heat recovery throughout the drying
process, and an energy efficient twd-stage field heat punp dryer that is
easily integrated to any drying chanher. SUMVARY OF | NVENTI ON 20 Accordi ng
to the present invention there is provided a heat punp dryer assenbly

conprising: a. heat pu nit conprisipg. (i) a twa-stage. jnt.ernal .evaporator
syst eni‘b'g’gﬂ?‘}cgi W’Pﬁﬁﬂﬂﬁ awxgﬁg?g'u @“@63&‘6’%“@%"? q%o?’b%?giélﬁé r%@%@ér y and
condi t hORi fidhy Ghe Sadrbididisys’ durfrigl the Sorh@icledprocess NN SR caidensetl beached dfe
arrangenent for introducing sensible heat to said 25 dr ilrl)? .ali r;%‘gnd (rii)
an econight pressurenievel) II@CF%%GP@ infRyseaYS 252 SymanyeJeadde dvert aukiarydeat 9ol i ng
sai d dryingd.allr.be ' LAl s RBLAH&G" h ' | d
drying ﬁﬁgﬂb%f{)urogl s&&@n‘%’%‘?@%@:‘l&%ﬂﬁg’h élﬁglgr; ai’%ol?r}g?éggg%fiﬂ' Zﬁsée%ﬁal
evapor gidpordter advantpscusly amirbsdr gonsiytent exttmehicadifor hext regayery when theJune

2003 -3 condenser and sub-coo] er arrangenent. and fo .f%ci | i.tati ng const ant
| at ent latentdoadsin Ahedryingechagmbey ?ilﬂ‘q.ﬁ%’g@ﬁ""ﬁﬂw f‘f&’eﬁ?ﬁ“‘t“g 9 gpying,p S ng

¢ h ai o . - L ¢ > )

Faci 1 e BETGUR A5 FATRISHA B e, Pl o O BT i e

al t er i igllibg therepionl.i gurati on of the heat punp unit, it is preferred that
the heat punp unit and the drying chanber be partitioned fromeach other.

. The configurgtion of the heat punp unit is pref I c hi gh
pressure evé@’&rﬁ‘?’fﬁm wgfséﬁgggheégp%a%f%l ?yg &% %gfﬁglg(ﬁu?&ana&t ﬁe }(Igl%

Pr §§S UnfiodYAPBUiRfifY bRRR' R Sfeshing sliReheat @dltivetigeCivat pufnpr dfyersnwr eneet N a
preferred enbodi nent a back rpressure requl ating valve is installed at a
di schardgmahdsfer bighehprodiigtquality and 'en¢rgy g -e evaporator to ensure

constant evaporating pressure. In a preferred enbodi nent, the hot-gas
condenser anﬁs glyclﬂ: ﬁ%oplxr%gen@rixli\%ﬂﬁm&%mageously 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—cboler 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



it hrieugipresaere igvaporaionte snFUES eAPSRBY SUABPT2HRE BIF
- the |l ow pressure evaporator dehum difies the air for latent heat recovery.

conprises a hot-gas condenser and two sub-cool ers. Such an arrangenent

_+ advant ageously provi des the required sensible heat for the‘é;lr%‘jnggzogbr to
.attain the desired tenperature. Preferably, the assenbly furt [

er conprises
control neans for ensuring sufficient sensible heat 15 is provided fromthe
hot gas condenser and sub-cool er arrangenent to the drying air to achieve a
predeterm ned air tenperature. Thus,-3the air tenperature of the drying air
may be regulated as desired. In order to regulate the tenperature of the

dr yi ngcatidenset ARl absRbler ¥rragefentaind forcfheifitalisg sonstanblat¢ahload maintkshaness a
air-cool ed condenser, which facilitates a iscﬁgrﬂe. f o r &5 GES Sxtiaustinal, Neat
from the drying affyingchambeshavingports foriglpdgg ires a‘é(&bef%?erre’gl Ui nent

t he asagg&! | ses a bypass danper system for regulating the flow of
bypass ai %{#rhgug hl?he assenbly. Mre preferably, a further control neans

I's provided for nodul ating the bypass danper systemto main{ain a desired

hum dity of In tudedioyfacilitateieasy soalegimefithe dryigrchamber Wﬂ]@%ﬂwt“éﬁ%@%f altering

requi rgnments of .t he. dryi air, .t "T('fgte‘{“dqg ESE an

auxi|i &'t“@?oq‘bfr‘ﬂ?éﬁQ%WQthﬁﬁﬁﬁﬁ%%h@ih%%&% it ona| ise%si bl e

heat t QpidiSerdbey bGtiahdd fBHEERNAbIY:. AHeutdnfiguratiomtof othe teatpuing wiitvs ded f or

activating the auxiliary heater as required. The heaqt_lé&jgg dr.ger

advant ggdeeblyysuels Hiab e g Presswre e ¥PORARI APSTAESTaS 2 R t ity 28d Shomi ¢

drying.of, for exanple industr] I WGUEGINT FurtRERNE L B LSrrbP

achi evéﬁwﬁcﬁgﬁenﬁvﬁ%%énoc?c}%?gshésg%e(gég%ra%gi‘;r‘ﬁ&ernaI evaporatprsaﬁ% an

ext er NgmhRdmat at kick fpéssaeakpulatimndalve 19 installethat 20®harge dsleuofi e fhighat i on of

the drying medium The exit air fromthe drying chanber is first passed
ffé‘?ego precool i ng process before

The arrangengng ,lﬁ%faﬁ%? HHRBNAL OfiR Rt AScotliérser @Ad siBico6ieE agang@medtr t o
(0]

bypass and be m*e wnstream of the's coils. This enables the hum dity of
t he dr ydonfprisés a hot-§z8 conddnsel dnddwohsubtghless. sSueh| anzaveapgemet deadagspusly

dehum di ficati d mxing., On th d sl .

or of o ABPYIGS B8 TRl PBRL A a0 SAT i YRt ERBpShae 50

tenper aﬁr@feﬁbﬂg %eaésbc%lﬂ% ARIHRr Edrisks edfitbohRiemsdpensinirigssuifficient easitde heat by
a

maki ng aval l'e nore heat transfer area between the air angryt he .
r ef 1si geisgmoviddd Groffhtheshot tgamopudenssy aridngthroeler pEANEPMSRL &9 e drying air to

evapor at or - econojyi ser_for pre- | i | f akors and
pr.e- hea?“?‘f?@'eﬁé’lr ?Wd@gﬁﬁgﬁ%%?%- %%g%?ﬁ?t%; ctgl% dafltgeoaﬂggleg%f gﬁgs a

chill e'rregﬁ;h{edtapggshe@_abl ing both cold and hot air drying to be perfornmed. In
anot her aspect, the invention provides a heat punp dryer assenbly

conpri si ng: . . _
w J In order to regulate the temperature of the drying air, the assembly preferably

comprises a condenser, such asa air-cooled condenser, which facilitates a discharge of excess

N 20 . heat from the drying air in the system. Furthermore, ina 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



a heat punp unit conprising a two-stage internal evaporator system

., conprising t s high and | ow pressure evaporators for heat ygcygrapcand

. conditioning of drying air; a conpressor; an external evaporator for
facilitating constant |atent |oad maintenance; a drying chanber having
ports for introducing fresh air thereto and exhausting drying air
therefrom 20 BRI EF DESCRI PTI ON OF THWE DRAW NGS A nore detail ed description
of the invention will now be provided with reference to the draw ngs which
illustr ' : ' Nt ]hd @ lcRAfbdrNR fidst Nci pl es
of thed%@@ﬁﬁ&gﬁé@?@sg{yéﬁé]g[gh%ergﬂte%%?%gﬁger‘, t'hat the schematic

dr awi ngassad ehrdegh thaditf pressufrecyaporates do ghdergd peetqogling progess hefgre dbmlavon of

the drying system. a nat..as .2s .a.definit i hec.i 11 t

 nvent Porssuce caprorhipg QEmRACES me ARGy s fboBlert e dchiefon e .,
unit. AQasoRoR allodR difreRt pétesmiige df aihtogbypasardobe mixedsdovenstrears afrth@nged in
series. An econon ser is arran{ged around these twy evaporatars, for

pr es coatoilsig Thiscengbles Hechumidity, of thedryingiaifgtodercontrolest throjghea simylianegug g 2
is a schenmati i agr.am showy ng. .t he high and | ow pressure evaporator system
FI G 3Rf9°'3338€#g%’?‘f‘ﬁ°3§198®\ﬁ%‘g’§;‘€0ntr0| mechani sm for the external
evaporator to enable quick systemstart-up and consistent |atent | oad

absor ption. @n HeGondenser &id€, twolsubcablers arnprefesatilyngsetitfor beatreaiveryns Theor t he
condenser and L subcool ers. The di agram shows th rtelfy%qgr ant flow.froma
r

3-way nwkiealers ggsure thas forhigh dermpergre SRCEAHORS MORg IBY PSS FI G
5 15 8 SERAMBHLFmiiagh AlabRAbe Geft (RANEE flea BEGRANIHET 4K tbdiiibaEndon he
heat punp an Intarning the air tenperature with an auxiliary heater
bank. to DESCRI PTI ON OF PREFERRED EMBCDI MENTS OF THE | NVENTION | n the

f ol joowi ng SseThé system further caiporatesfa Passivel £YAPPTARISCOROIRISHT fOF BELEqolmE of he
refrigeration _conponents of the two-st y ri ous
cont r ol theAIr-ReEQTE dke EYRPRIARYS AR qu%t%%e{}g@%?ﬁéﬂ%ﬁgi ?hgmf%ﬂﬁ%tgggraégent ed.
Thi s | Sofchld QU8 dnik: il bling b cold dndobyis ueyingl pesfomtbdLip mechani sm
and net or mal ntal ning consistence 15 heat recovery throughout the
drying process. DRYER DESIGN Figure 1 shows the two-stage heat .punp dryer
unit. It canlbanotiss espeeld theriaventing PERvwdes afhgat DyEAryeis?s Y SODRTEREL t he

refrigerating conponents of the heat .punp cycle are partitioned fromthe
dryi ng chanberheafTpirsp duti cpmprisingn? dyestage yintgrmabgEaporatef; SN COMPEISHE 20 of

the drying chanber w thout changi L onR:-.of . he Sirand ot her

ref M gehggiﬁﬂg?%%ﬁﬁeéﬂgﬁﬁ?mﬁﬁ?[? E%r@%t%ﬁ’egygﬂéﬁ:%ﬁ“%er %IQ{%S i h% const ruct i on
of a field dpygmprkissire the refrigerating equipment can be readily
integrated with any containerised chanber. This de.of construction allows

flexibility poextemaheaporor far faplipting constant lalsal joafhmamtenance, \ o - 25 HEAT
PUMP CCNPCNElsn_dc"rying 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.



A two-stage heat punp drying system has been designed to inprove the heat
.+12"" June 2003 -6 recovery process and thus the thermal effjuchpnopgaf the

- dryer. The basic principle in the heat recovery process is to I nprove the

| atent to total energy transfer at the evaporators. The follow ng sections
illustrate how the 2-stage systemis able to inprove heat recovery process.
5 Internal evaporators (high and ongpressure] L Figure 2 shows the
connections for the two internal evaporators. The present system uses two

direct expansion internal evaporatqrs.to achi eve the desired humdity of
Che ot r by Bithonsh gh surmAse deRoRtE f an Fro ot LSS ABERE” oo

di ffer§;§{mpressure | evel s. Two thernostatic expansion valves 5 and 6 are
used t0 expand the refirigerant |eaving the condenser to two different
pressure -levels. The use of two evaporators at different pressure |evels
advant ageouFlq. 3 ipa echematip showing ft cangrol greghanisgbfar fhe eXerl cYaPgRTeto at t he
evaporat ors and enpabl.es. - rying air humdity. The
dryi nge%ﬁ%ﬁe ‘F‘&Q&ﬁyﬁ%ﬂ’t%@'&?3‘%‘%&“@%@‘%@?&1‘2&33@%&@6 (%ﬂ() its dew point or bel ow
after the high-pressure evaporator. In this way, the high-pressure

evapor at or PGS At &S aasiranipdidgrah showinge thec gpihmectiGnswhar| thet pendenser pasksur e

evapor at or operates as a_ dedicat&d wet coil wth nore hum. di fication
capabi Bumle%e%@amm@é%Mﬁ%&é%r ?—&ay &qqdugaupﬁg Mige 1213

nodul at | [ bRdknsapaci ty when the latent load in the
chanbe&aﬁarr?@ﬁ%iaég%{é{ggﬁ% er sEows how t he back pressure regul ating
valve 1 is installed at the discharge line of the high pressure evaporator.
Fhi s regul atfi6. 6ris urselenatic dirgram shewing areontrabmpehanisuy for shutting)dewn dhe,

constant surface tenperature.on the ev rat of..cQil .. The regul ati on process
i s achihsRympandpyp WFH“BF@%%B%%E@%?S%% Y Beatpt DAk o The amount of
refrigerant through the coil is matched with the evaporator |oad. External

evaporator Figure 3 shows a control nechanismfor the external evaporator)
The external 2s evaporator x4 plays a dual role. Its first role is to

asspst DRSCREPTION OB PREFERRED EMBONMENTS OB A INVENTTION acconpl i shed

by pressure switch I6 sending an on-oil signal 17 to the normally cl osed
sol enoid valve 12 en conpressaqr di schar pr ure. 20 ac a [jLeset
val ue. This 1B fgnfollopng Isg‘&}o&f’ (raéef %@@ a‘?{?ﬁleodﬁ%g (Ee%lér?lmc)és "crtulgg Ielkptg%si on
val ve 13gand et &6iiinefy 3P0 iRl @ko-bthge NR&U IpupIcydle hedt theevaripuabemmtiotd from

the environnment by the 30 external evaporator 14. Angther on-off signal is
sent t osttategies ab enodition e umidityof the #i will e presepied. 2 18 E‘g\?ﬁ% by o‘:bg

di Schar ge. Bt eSS §%ehPRi00Ra R i hariR a5F IncHk'H5r mbHAAE boidros

refrige
15 heat recovery throughout the drying process.

DRYER DESIGN

Figure 1 shows the two-stage heat pump dryer unit. It can be observed that the
dryer has been designed such that the refrigerating components of the heat pump cycle are /
parntloned from the drying chamber. This design advantageously allows further scale up §L ze’z— Iy
20  of the drying chamber without changing the position of the coils and other refrigerating IR
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
mocie- 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 desighed to improve the heat



flow to the thernostatic expansion valve 13 and thus cutting off the

+ external evaporator 14 operation. The second role of the %5‘?![19@5003

. evaporator 14 is to serve as a ' dumy' load to s inject auxiliary sensible
|l oad to the refrigeration systemwhen low |atent load in the chanber is
encountered: The external evaporator 14 ensures a consistent external

| atent | oad for heat recovery when tke latent load in the drying chanber is
low. This intervention is beneficial to drying processes where the initial
latent | oad is high L3RS A r ' / cinkipRERERS | Nt O

t he sef:%ﬂ‘c’:f’r*ﬂ?ﬁ"fg rJ; {elsﬁ'i'{eeg‘lhon. %\t%ﬁ(?ﬂggsog?%éng&%gl lqihﬁg{a{iofiﬂ raifﬂ'g period, a

f eedbagdat séconedy pidcesbisiionmproveothetlitentioitgtal enskgyt Wansfar ol e evaporatersur e of

the latent |oad i n the _chanber, is.sent to the C I f the
wei ght The follawing sertions jllugrate how,thg Jrsfage Sysigm '535[1?3,0 'ﬁﬂé&%o#% (r)%tgg?lij sends
an on- {Qﬁégsgnal 18 to the solenoid valve 12 and activates it. This action
al lows*thée refrigerant to flowto the thernostatic expansion valve 13 which
in turn distributes the refrigerant to the external evaporator 14 15 based
on $ he Iiaeinol eveprprxars Whigh 884 lophpressré)ows heat to be absorbed fromthe
environment by the external evaporator. Under this condition, the anount of

absorption of |atent engrg N h .|?ﬁ§?§esb'ﬂthe
chanber due?{‘@r?#:%%v%dﬁ]gt%ghggﬁﬁggr rrﬂ(%t ?‘izzﬁ&gg gve ererg}%ed and consi st ent
| at ent sphaR"REd Bo liRécttdparBiont inmred revipratarsribaichieve teodrsied bnmidityt of

~subcoolers 20 Figure 4 shows the connectiogns for the hot..gas condenser
and t héhe gio by epansionrof the ligpid rzﬁ%gea%%ﬁm &Q“@SFHQH&QP ISP

and th , Sane . ; P
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ener gy a‘?ft{,% Budh “%%m 5%3 NQHISEbetfr 'BhirbIOS B [drff® 4R Tuedity.S Thesdrgingesr bef or e

and aft'er l'ow pressure evaporator coils. The econoni ser
under t aspang e drying Henteolis ngoladity its glewt peinkohbelow: afferhe MEHPIAsYGuty for

the condenser. | re-cools.the air before. |t r { e and 3o
pr e- he8@PRTRPT i“ 'E‘égf?f?}é' ‘llh? "B’i%suf%qu%gfatdgra%p%g%% enés g?#ﬂ'?@&%e of the
ecofiom Sfific t@e lowipresstit® CevdipOratord optrattss hera hdmlicafedoweai coibnwithe mpirde of
the evaporator to the air on the other, side capn increase th
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use o contr sensi bl e heat input from an .
achieved by throttling in the compressor suction line la. The amount of refrigerant

24.

S50

through the coil is matched with the evaporator load.

External evaporator

Figure 3 shows a control mechanism for 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
pump dryer. This is accomplished by pressure switch 16 sending an on-off signal 17 to the
normally closed solenoid valve 12 when compressor discharge pressure 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
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both sensible and latent heat

20 Figure 4 shows the connections for the hot-gas condenser 24 and the two subcoolers
25 and 26. One hot gas condenser 24 plus two subcoolers 25 and 26 provide the required
sensible heat for the air to attain a desired temperature. The two subcoolers 25 and 26
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 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



removal . Through precise regul ation of the back pressure regulator 1, the
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frequency inverter. By regulating the frequency of the inverter and reading
fromthe air vane anenoneter, the fl.ew rate of the air entering the chanber
can be set to the desired volunetric flow. Refrigerant G rcuit Control 25
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Figure 4 shows a control mechanism to control the drying air temperature. The air
{5  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 | Figﬁre 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
temperamré 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

30 132 and closes the contact for the auxiliary bank while signal 35 de-activates the normally
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- The secon me od of humidity control relies on a back pressure regulating valve 1
as shown in Figure 2, to regulate the operating pressure of the HP evaporator. The
operating pressure of the HP evaporator serves as an accurate indication of the evaporator-
coil temperature. On many air conditioning applications, the maintepance 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.
Gy 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
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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.



$~= R UVTH#L0%& ()-yZ" 109%& ()- MBLOY& () - f i 109& ()-Z109%& ()-" 10%& () -

- IO0F(F(R 12t _June 2003

L1 ETH3" 109 () - Y" 10%&' () - f Frl0%&! () - 109%&! () - L&$10%& () - SIS 228 de7# |
109 ()- *&LO%&' () - Y40%&' ()- $3"109& ()-"Y" 10%& () - & $109%& () - 5PAE7#63" 10%
& ()-4s$109%& ()- -3 "109%& ()-13"10%& () -

f &0109@& () -.Z10%& ()-*bCH" 109&' ()-319%& ()- 10 10 10y; 10%& ()-Z

£ 109&' () - S810%& ()-*. GAEbCH#s  $10%& ()- S 10%& () -

ySlO%E%QEW' ()-y! 109% ()-9Z10%& ()- ZQaBbCHY" 109%& ()-f, 10%& ()-!- &LO%&' (
) - f i TO%& 1) - 10%& () -y" 10%& () - Moxa?bCh! $' &10%& () - yf &L0%& () - #109%& () - F"
| " 100& ()-!;

s$109%& () -f1109%& ()-6v' dEDCHL YAZ" 109& () - 2$10%&{ ) 110048 () -1 . - 10%& () -

i 10()/@&’}-3+m'1 f‘@)"-‘lggﬁ%@ﬁ‘f‘“ﬁ% h& ()- 10 18{’%"6';}'1’ HiéSs

$10%& %v 3: " 10YRBIndi0%® () - 6210%& () - (WIEMDCHL Y" 10% h& ()-y10% h& ()- 10%
h& ()-L$10% h& ()-f"10% h& () - GL0% h& ()-WKf ! [!aBmbC#! S 10% hé& () - F10%
h& () - H% h&' () HobgasosmHenser () - FL.10% h& () -, 10% .

h& ()-[1!1"Z" p" " JEmbCH! . . 10% h& () - (10% h& ()-' 10% h& () - %810% h& () - $- 10%
h& () - b“ | 10% h&ﬁ&-l"“%%%&‘@?% GbCH! 710% h& () - @10% h& () - 3Y" 10% h& () -
2Y" 10% &' () - OY'[LPhrBkufe cvapdidton & () - Z$SSIORRYs%6% Wo-_ @ , 109%&: () -

Y109%& ()-!i! OF@  10% # & ()-3 10_h 10 h 10 h& f10% h& ()- " 9nt 10%

h& () - PID&P&E Z)Bgep_o@bnal-lntegxal-DxfferenUal -

109! (ol 810%0P& () ! Q%O%&' () - 3! VMBLOYHHE () - 3! yZ" 109& () - zf |

109 (P P)])‘*+w§$zl)f(§)~_ 1), 109 ()-L910%& ()-!asY+$109%& ()-' ! NsY+$10%& () -
2 (0 109 - ! sl $1@abcdoler2t) , *, +, , ' -

s Y m @ 10% & () -2 v 10% & ()-<710% & ()-1>1°2"10% ( (& () -

R oo S i 01 0% ( (2 0-m 0 1
SMER Specific moisture extraction rate kg/kWh

SST Saturation suction temperature °C



10: 10%' ()---/...8/1 A~ @ F"10% & ()-! @ $10%
G0 @ (T O O T
~ Ao~ @ *FT10% & ()-1S )&109B(3(& () - 3" " 0N B r:

S| S$10% (& () -2F" 10% & ()-3V'10%&'()-3=3)Q334_5(55(5dE:(3 10( J&?§2 ;
$10% & () - 47" 10% & () - 3$10% & ()- YL10% & ()-. 10% & () - @ 10% & () - 5555) 66697
xY7/ 10!, $10% h h& ()-10% h& () - m:,g% h& ()- yf"10% h& ()-sZ10% h& ()-" 10%
h& ()- 10(9777D89j::aB7/ 10!s $10% h& () - i 10% h& ()-!Y, &10% h h& () - ¥ 10%
h& ()-1"10% h& () - frf 10% h& ()-: :};:::<=dE7/ 10!+"10% h& ()-s)$10% h& () -
" 10%OBAMSS10% h& () -, #2" 10% h& ()-1Y"10% h& ()-===4>>>D?E?F?dE:/ 10 h 10
h; $10% h&' () - F: Y"10% h& () - 8Y"10% h& ()- 710% h&' () - 4mi0% h& () - 210%

h& () - F?G2V?Z? @I AXY: /| 10 hF" 10%& () - mlO%&: () - s@O%& () -
£ 7" 109 () - AZe@%WRindp) dridQ8&nfbly cobfiprisiAB’ BBCCE: / 10

h109%&' 109&: F* 109 0 "1 00/48 .
10 he$10%& ()-'()a)y*@e*ol/&“/fqegf?() S$10/&i“§2 e 9/%“%%““‘%"- i é‘{"fa%cg}%EdEaB'/

| Y109
ﬁ \1/(7);/&1?‘)‘ i:%g;%?% Wg E‘Oi/j% 6% ) %?mlr% o h(e?t r;c;,egtygd(cjm:g:fgﬁ d(“)'m B HHND JIK
bu b& ()-F 10KZKK&l» yLLOMRB7/ L s eepoREosble pel(e B 100

o 0o e yinasin MDA  GSORQTBISY ‘(‘-@%‘I‘}%&a‘(‘} affey s34 syppoprtoss Looprreadline ) ovwve
NNNh NN?%Z wﬁf'%@ B ferters said evaporators and preheating said drying E}: before it entlt?rs( )0

( 109 “Foe 1000& () - #F 10%8& 100 '
10@4" 18b&idens310%& () - 3(2) ()-""$10%& () - NOgOxOOO=PdE7/

109%8& () - OMLO%& () -,/ F" 10%& () - - F"10%& () - =PPPPPPPPYRbC
10@@y Y" 109%2& () - §%@W’§Si‘)‘ | "109%& ()- 10b (1)0b

” _101?0 G'10%¢& () - &3h 188 fal( bvayoRtor TRid<tdedivipg 14id 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 dedicz_ited 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.

4

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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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 exchangct.

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

20  CcOmpressor.

17 An assembly according to claim 1, wherein the compreséion of the vapour‘reﬁ"igcrant

takes place with compressors operating with different compression methods such as

centrifugal, reciprocating, rotary and screw compressors.
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19 A heat pump dryer assembly comprising:

a heat pump unit comprising a two-stage internal evaporator system comprising
5  high and low pressure evaporators for heat recovery and conditioning of drying air; |

a compressor; v

an external evaporator for facilitating constant latent load maintenance;

a drying chamber having ports for introducing fresh air thereto and exhausting

drying air therein.



