WO 20051083337 PCT/ US2005/ 003743 Adaptive Defrost Method Background of the
I nvention [0001] This invention relates generally to controlling defrost of
evaporator <coils and, nore particularly, to an adaptive method of
defrosting evaporator coils of a transport refrigeration system [0002]

Transport veRoeb®msiseat transport tenperature sensitive Cﬁ%zb@%bgg; a
condi ti oned space whose tenperature is controlled within a predeterm ned
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as to circulate a heated _fluid through the evaporator coil. It nay al so be

acconpl i shed wi t 1 TeREPOFIefrigeratign sY¥§®Rct rj cal resistance heater. After each

periodic defrost [gom] e, tNPrahspom oshidiesiiat trxRPrt @mpétitute sbithve bitpHBRELEO Oper at e
in the cooling node until the build-up of, condensation again requires a
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during defrost represents tinme in which the conditiohed space 1S not being
cool ed, and si ncdhereondifonedgpase fothe therma] get painthecessary to not only make up

for the heating gindshe cONhix SARCoRRG A bR b fortBPhl o BAOT 2L o

coil itself after being heated up by e defrost cycle, 1t I1s preferable to
wait as |long as ped&pppefieshon the eyaperator ¢ndl. Saeh Best. orgnshwallyHoousser , the | oss

necessi tate.t ho Hapoa el Bd AP bd 8% afd I e ol s
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fluid through the evaporator coil. It may also be accomplished with the use of an
electrical resistance heater. After each periodic defrost cycle, the temperature
control unit is returned to operate in the cooling mode until the build-up of
condensation again requires a defrost cycle.
[0004] Generally, one would like to maximize the cooling cycle times and
minimize the defrost cycle times. That is, since the time during defrost represents
time in which the conditioned space is not being cooled, and since following defrost,
it is necessary to not only make up for the heating of the conditioned space but also
to cool the evaporator coil itself after being heated up by the defrost cycle, it is
preferable to wait as long as possible to initiate the defrost cycle. However, the loss
of efficiency as caused by a build-up of frost on the coil, will eventually necessitate
the defrost cycle being initiated. Thus for any particular unit, the times in which the
defrost cycle is initiated can be optimized by determining how much condensate will
be built up before initiation of the defrost cycle. Generally, because of rather stable
operating conditions and parameters (i.e. fixed conditioned space temperature, fixed
compressor operator speed, and fixed voltage to the resistance heater), this optimum

build-up of frost is directly related to operating time and, once stabilized, one can



operating conditions and paraneters (i.e. fixed conditioned space
tenperature, fixed conpressor operator speed, and fixed voltage to the
resi stance heater), this optimum build-up of frost is directly related to
operating tine and, once stabilized, one can 1 WD 2005/ 083337

PCT/ US2005/WO39®8333T npl y, and quite consistently, initiRETRURS/0GFHI ost

hat “dof r ost - oy cRERT BUGHTE pepGBH R B TR AP RO e g
as efrost cyc ng
par anmet ers of th@hlcﬁ&reumnbﬁhsoﬂlihslnﬁimcv&ie1afafm§ttcyaecessar|Iy constant. For
le, inth f t ed t ai t hat | ogded
ransport hip: (Mipay! olireaie WHEEems Aa e oo RS R P8 B0l od- down
i edi ately aft eﬁcctnﬁulmjpd mﬁdahhre hdt@edassatiliticonstant. eRoe bxaintpld, dﬁhéme@ﬂ)nt ai ner nmay
change according_t.0 racterl cs of .t . accordin 0 varying
t enper at ure and Wg‘?ﬁ fOBtf’mgs ?ff oé‘iﬁlog&qaﬂﬁpfﬁngm@ @‘88?%‘? é’? ® or the
pur poses of vent cdmguﬂehmay a¢ed a0 bavvdletiidewn inireedsnitdly afdr béiigloaded the Gurdidily
changes. i n cool | FE THBSHCPoR BT BEH A ar oEyns B hertsFa ! B fanges | n_
climate al ong tha:cmdtugscavaﬁrmg Rmpetdtiyead hurhidd9 6 ail intrédused iatoghd@dainaPpr eci at ed
observing the ti HETEARTIEAT {HHEPE BEEo BRLBURERD o Sasar arot FErEr me ¢ o
observing the i o2 0 ) ne to a
previ ously det er thk fedtpetatieadf thé éﬁﬁporﬁtﬂiboﬂdjag&hdn@gadcbﬁlnga@ﬂwms&i ¢ling nt er val
to be | onger or ghor lrl?tﬁa??@?'ﬂﬂ?@}(fgef ea e’s8 r%ﬁtfg% efro ctglgh%vrtée%?so ess or
greater than the% i
operating par amatr@ﬁge are not necessarily constant. For exarrpl e, in the case
of refrigerated ai ners .t hat clg‘ﬁ]gatran ort. s t he
containers are p ed fr rhafﬁBgE??Pﬁp‘gecé%@t dapfipg i © ﬁ%@eﬁf&o gtﬁgl stent in
pr O;“ d![ Rgt power ﬁdrarﬂeéérh m[a?zlbé ?t&ﬂlplb;?&ﬂiy&ﬂbs@hg ihe]??lu fdyRiredto defildst {he asift . FOW@I’
units at are periodic rou nline. or i ne.. Since wat t age
varies with the SHPAF %1‘ oo \98?% {jsgygeftr?’ﬁ’@d 6’6961% °am)unt of heat
del i vered by theadahxﬁﬁlhuiomﬂﬂervahs‘bsloagarer ﬂﬁﬂémcomdmg wav}yt}ﬁutbsﬂéﬂ%ﬁ thhdiy over a
gi ven

:1
=

less or greater than the ideal time.

[0007] In some applications however, the operating parameters are not
necessarily constant. For example, in the case of refrigerated containers that are
loaded on a transport ship, the containers are powered from the ship’s system, which
is not consistent in providing power at a fixed level because of the number of
different power units that are periodically brought online or offline. Since the
wattage varies with the square of the voltage of the ships power, the amount of heat
delivered by the electrical resistance heater can vary substantially over a given

period of time. This, in turn, can shorten or extend the time needed for defrost.

Summary of the Invention

[0008] Briefly, in accordance with one aspect of the invention, the
condensate accumulation interval is calculated as a function of the previous defrost
interval and also on the basis of the wattage of the heaters used in the defrost cycle.

In this way, the effect of the variable heat or voltage is taken into account so as to



period of tinme. This, in turn, can shorten or extend the tinme needed for
defrost. Summary of the Invention [0008] Briefly, in accordance with one
aspect of the invention, the condensate accunulation interval is calcul ated
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accordance with maesafrftmmﬁqmdmlsw. the present invention. [0013] FIGS. 2A and
2B illustrate a f(;O(H\i chart &Q%wﬁlggstapﬁerglﬁa%Féécribgﬁ, a preferred embodiment is

depicted; however, various other modifications and alternate constructions can be

o)

made thereto without departing from the true spirit and scope of the invention.

Brief Description of the Drawings

[0012] FIG. 1 is a schematic illustration of a refrigeration apparatus in
accordance with one embodiment of the present invention.

[0013] FIGS. 2A and 2B illﬁsixate a flow chart showing the process for
characterizing a dry evaporator coil de-ice energy in accordance with the present
invention.

[0014] FIGS. 3A and 3B illustrate a flow chart showing the adaptive defrost

cycle control method in accordance with the present invention.

Description of the Preferred Embodiment

[0015] Referring now7 to Fig,. 1 there is shown an evaporative cycle portion
of a refrigeration apparatus which includes an evaporator coil 11 a compressor 12 a
condenser 13 and an expansion device 14, all in a conventional circuit through

which a refrigerant is circulated in a conventional manner.



characterizing a dry evaporator coil de-ice energy in accordance with the
present invention. [0014] FIGS. 3A and 3B illustrate a flow chart show ng
the adaptive defrost cycle control method in accordance with the present

i nvention. Description of the Preferred Enbodi nent [0015] Referring now/7 to
Fig. 1 there"P2SH8M” an evaporative cycle portion of a R@vs20esraiidn

appar atus whi ch includes an eva orgéﬁr coil |11 a conpressor 12 a condenser
13 and an expansi[@h16 evi ce TEaPRIPT fap 16 is pEpyided for gppaimg air from the temperatire  whi ch
a refrigerant is contfolledl gfacé] thrbugh e RMtorRBRN 1 ARNYASK intoxhdBnpdRRf083337

PCT/ US2005/ 003743 %%0%%@8 evg]ggr_ator fan 16 is provided for noving air
from the tenper at®GFEHe 4 L HLEmperatie seRsAr Y Previderbiogense thedrmall1 and
back into the tenagpegftméefﬂlsoiﬂitfeﬁinlradmﬁﬁ?@mdevaﬁofaﬁ&wmua%dmﬁﬁnperature
sensor 17 is provided to sense the actual tenperature o e air stream
returning to thetﬁwb"é‘flﬁf"(ﬂ’%@?ﬂﬁusﬁc"f Bihiqpgran %Ng‘&géﬁﬂi’f&m%]ﬁﬁﬂdéwfed air
space. This tenpaeatthyreturidii sehpoirs terpefabirg i wedi@lith RhtrélprocbRAE wilhe return air
set point terrper%tur.ﬁ?;d is.ugsed in the control process as will be described
herei naf.ter. [00f9criaed heremalithyn v known, operation of the evaporative cycle
unit causes congenypte t oAditdmmshly hbwaysHeaKiah 6f théQiapordtive cyélt nid condensat e

freezing and tending tq buil 3111#) on the coil to reduce its effectiveness in
cooling the air FPHHFFPgdcnsaiRiode ‘Eﬂfgﬁ?vaﬂwa@@(’:ltlrli%a?@g?ﬁf%ﬁé@%a@er 18 is

therefore provi deshding tprrildaghoadid asil tdRAN ith BfecBTbnb ilBoling e air @Bwingat i s
fornmed on the evgtf)orator coi 11.. The el ectrical r esi stange heater 18

receives its el edisfitgyshy echicglFpsistangqiaater L s dsrefere pravided toneredically vary in

vol tage | evel ande tiiddoRyo Mkl the sehidt afbinRl o thédvapokais cuil 1. a0 eRktrichie
el ectrical resistance heat e[s 18, bot-h from one _defrost cycle to another and

al so during any "SHERERACAEELS ECRITeE IS plpgtriqalpawer B gpower sopice SQwhichnsor 21 is

provided in the wndd® vafydfivéibge RONRAA BBKbEAsolbsisntiay va0y M6 wafshe @@lHkY Sense
the voltage level, In_  practice, 1tlgggo%%_lot age .is sensed, and the wattage of

the el ectrical r&%rtical ﬁq’sgtaﬁtéea]ieél}er m one defrost cycle to another and also
during any one defrost cycle. For that reason, a voltage sensor 21 is provided in the

line from the power source 19 so as to periodically sense the voltage level. In
practice, the voltage is sensed, and the wattage of the electrical resistance heater 18,
is calculated every second during defrost cycle operation. Control of the system is
maintained by a central processor-based controller 20 that receives inputs from the
voltage sensor 21, return air temperature sensor 17, the evaporator fan 16, and also
from a defrost termination temperature sensor 22 that is attached to the evaporator
coil 11. Itis the function of the defrost termination temperature sensor 22 to
measure the temperature of the evaporator coil in order to determine when the
defrost cycle is complete.

[0018] In normal operation, the defrost cycle is continuous for a period of
time after it commences. The cooling dycle, on the other hand, tends to be cycled on
and off, with the controller 20 turning the compressor 12 on and off as necessary to
provide the desired temperature in the controlled space. It should be recognized,
however, that when the defrost cycle is turned on, the cooling cycle is turned off.
Accordingly, during defrost cycle operation, not only is the air to the controlled

space not being cooled, but the evaporator coil 11 also is being heated. The heat that



I's calcul ated every second during defrost cycle operation. Control of the
systemis nmaintained by a central processor-based controller 20 that
receives inputs fromthe voltage sensor 21, return air tenperature sensor
17, the eva r fan 16, and also froma defrost termi nation tenperature
sensor 22 tﬁﬁiﬁkgmgf%ached to the evaporator coil 11. |PCTUSIREGBIHICti on of
the defrost termnnation tepperature s or. 2 0 . neasure the tenperature of
the evaporator cBi%* fWegrt%lgg eYa(?mt?g’tr 8?lrﬁﬁné’ %“é?%ﬁ%m“ﬁﬁw gg"’tteﬁ%ch‘d%
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not bei ng cool ed, but .the evapprator,.cail 11 al.so is, bein eat ed, . The heat
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coil 11 by the elempemiucedf theaontsdlind spacd)dsadhewn FignPA uakb2B ovedh radgé yf t hat
required to nelt, the jce that .is formed on.th v.apor.atqr.cqil, but also

i ncl udes the heaf™PH& ‘?E“?Pﬁﬁ?ﬁéﬁr8HEF8&F#®m§%§8253P§?3%@F effunale| f . This
heat is referr esttpsintttérepedatyre.c Thd deciee temtination k¢ pointis drbitmarityhset 208y requi r ed
to "de-ice" a dry,. evaporat coi | or. the amount of_.ener required to
conplete a de-i c‘éhlﬁfgcaeraﬁﬁ’%a%{yv%%ﬁmflﬁ%hrleegf %“cﬁg SYSieén‘ o%ef%‘éag}é%fﬁor ator coil.
The procedur e f o¢stablighed it tdodk23n ds irddizated inybleoki24, teunitie thenepegated gt | on, (i . e.
the energy in kilowatt hour.s.as.a functipn of the enper at ure of. the
control | ed spac e‘5°°¥}§g R Wn?tr%le FgR A SR ﬁﬁtamﬁeéa%r\?gﬂuais tﬁgﬁé’é" Bf st PUMper at ur es
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poi nt tenperature. .The de-i termnation set point. is arbitrarily set at
o whi o' o a GEBBIRASPHL B B A rrppiof R s Sligton i 2 e ar e
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€0

point temperature.

[0019] As set forth in block 28, the dry-coil de-ice procedure is then initiated
by first setting the dry-coil de-ice energy to zero and then energizing the heating
element 18 until the de-ice termination control temperature is greater then the de-ice
termination set point. The dry-coil de-ice energy in watts seconds is then integrated
and recorded each second. In block 29, the return air control temperature and dry-
coil de-ice energy is stored for that iteration.

[0020] The return air set point temperature is then reduced to 5° centigrade,
and the same process is repeated to obtain data for that temperature. This continues
at 5° intervals down to -25° centigrade as set forth in block 31.

[0021] The resulting data is then recorded for later use as set forth in block
32. Inblock 33, a linear regression is performed on the return air control
temperature versus the dry-coil de-ice energy function, and that result is recorded for

later use. The slope and intercept of the dry-coil de-ice energy function is then



tenperature, after which the defrost node is energized in block 26 until the
defrost termnation control (i.e. the actual tenperature of the de-ice
term nation sensor 22) is greater than the de-ice termnation set point. In
bl ock 27, the unit is then ran in the cooling node until the return air
control tenp®O200/M8338gual s the return air set point tenperpiskossoosRA9Lo] As
set forth in block 28, the dry-coil de-ice procedure is then initiated by
first setting thescdnyd,@od in tlerkild ¢heainecajldetice enengp isostded Lyaninedrdi@tian 6y t he

heating el enent ﬂ%@eﬁ&tgigcoﬁlpﬁtéjngie}a%ﬁet erm nation control tenperature is
greater then the de-1ce termnation set point. The dry-coil de-ice energy

in watts seconds[0022} hen iRefagngatoscio Figs.B A and 3Bdlthd adeptive deiostrgcle tonttbl ock 29,

the return air ¢ rok . a -. coll de-ice ener is stored for
that iteration. F@g‘?g}s lflhﬁgggég't %’?{{rlaﬁﬁ?r{ra%g‘g{IX%tglgnﬁ{l r %ér;‘?pt*e‘? g?‘ﬁ?@ °?§°nf‘ T educed
to 5 centigrade, rundimbsisinee lpstrde-iges the Ems when the pegpiressortwas ddst mn fthelat a f or t hat

tenperature. Thig, ¢ P ' S tQ .-25 centjgrade as set
forth in block 3t° U%E%]ﬁ% eaﬁﬁarécgﬁk?#r%éy%%tagglg}g@taﬁgﬁk%&@?‘g‘e%g#ﬁgeI ater use
as set forth in binesice B corhpredsbronds 143Gmn & I¢ss fheal4 hags st fonh inblgeRBor ned on

the return air c I V. the dry-caqil de-jce energy

funct i on, and t naeh PRemebdi BRE A RIKERE il oot Yo S o e

i ntercept of t heamsgt-as shdwndn blocke3& meth the atamnuatiominkegval heing &ZbidIFE&at 083337
PCT/ US2005/ 00374%eerh%ggr ded, and in block 34 the dry-coil de-ice energy is
stored as a linear tunction of the return air control tenperature. [0022]
Ref erring now t o[0B23)s. 3AImbkici3D, theltempreamt and evapefatop fin ae/enkgizedtot r ol  net hod
is illustrated. Initial e n r .hS,. turned on d .t he readings of
cConpressor run fé}nméén%gh}égé&fn sc?&ge“fl{lh?’ee,cofnﬁreesstofrﬁlg%\f\lﬁebﬁmtgﬁ%’ogdg%&ggsor was

| ast run, the acsaond iatrexments.nAsprodded imbldck 4igifcherdomptessbatun timediirice the ar e t aken
in block 36. If e .l ' . c ressor. was | run is |less than 24
hours as set for Eatﬁ]t dlehl&blgg o%id@%s lg%gﬁheaﬁ REUETEYPA "nmﬁ‘ng’éttéeélége R¥EBPock 39. If
it is greater theturditolblugk 89. Hlitdsgredie thealtheescunaulaion drterad tieh daoviesitobl ock 38,

wi th the accumul g‘ltocLJ?& Wér&ﬁ Yl%ldegggt QIQIe%ebﬂr(t)c%afrg %s%mﬁgtgd at

[0024] As shown in block 43, during the defrost procedure the voltage is
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sensed and the wattage calculated for each second of operation. This continues until
the de-ice termination control temperature is greater than the de-ice termination set
point as shown in block 44, and the resulting data is used to calculate the next
accumulation interval as shown in block 46. Here, the dry coil de-ice energy is first
calculated by using the dry-coil de-ice energy function as determined in those steps
shown in Figs. 2A and 2B. The dry-coil de-ice energy is then subtracted from the
total de-ice energy that has been calculated in block 43 to obtain the net de-ice
energy attributable to removal of the frozen condensate from the evaporator coil.
Next, the amount of ice melted by the net de-ice energy is calculated on the basis of
specific heat of ice, heat of fusion of ice, and the return air control temperature that
was recorded before the de-ice procedure was performed. Next, the current rate of
frozen condensate accumulation is calculated on the basis of the amount of ice that
was melted and the compressor run time. Finally, a new accumulation interval is
calculated by assuming the current rate of condensate accumulation, and a

predetermined maximum allowable weight of frozen condensate.



three hours. [0023] In block 39, the conpressor and evaporator fan are
energi zed to commence the cooling cycle, with the conpressor run tine being
recorded at one second increnments. As provided in block 41, if the
conpressor run tinme since the last de-icing operation is |less than the
accunul ati on ?HWEP§QF7 then the program returns to bl oclPCIUS2005/0p3743 S
greater than the accunul ation interval then it noves to block 42 wherein
the defrost or df9%3e prodd@@Pl is initiated. [0024] As shown in bl ock 43,

during the defrost procedyQingassciibdiiRgRodess of SAERAH 3w LBEmIBLbRIE
cal cul ated for each second of operation. This conti nues unt i the de-ice

term nation cont f“(tﬂ“’ac’e“FFp%Wﬁ’r@q‘@%%W@W&ﬁ@h@%ﬁéﬁmmﬁt@]ﬁmt i on set

poi nt as shown |par5),{1astlgbé,4 applied:t he resulting data is used to calculate the
next accumul ati g_n_L_n_t_g_L\Laf_ag shown : n_block 46 _Here the dI‘V coil de-ice
energy is first |k@@m¥ated by usi ngAPRlcaten Snepific? (¥alug e energy fungtion as

determ ned in thoS&aaf RESUMINANIONN [KegS. ZA and ZBigoiiEukE Y- COl I Ug-ice
energy is then sjuimrRetiqd fromthe |[total de-ice epergy that has been

cal cul ated in bl OfkxAdmaPloniBletbzen NG YeET de-1ce elgEgy attributattg to
renoval of the frogghsgondensate fromthe evaporator coil. Next, the anmount
of ice nmel'ted by ThRR- DIEICEE enelgyy 15 cal cul at e o@Ry {{TSolAes S ©f

speci fic heat of| mheErGEFUNEHORNUSI ON of ice, and thgg dorocontr ol
tenperature that| was recorded befoqe the de-ice p @%}%m rformed.

Next , t_he curren DETCETER%VIIN L(W;llbdte acecun Ilgb‘ﬁl o T s -catrcutat ed on
| ce that T he conpressor nun t1 ne.

U
the basis of th was nelted and
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Finally, a new NPORATER HER ARG Yoo Caf cutate 32W50@he current
rate of condensatg Ag ?\l?ﬁﬁée and a predet erm hed nmax m bl e

al'l owg
wei ght of frozen Hé‘éltl fd wa(fﬂl@ 4\\%/ 683337FPCH J&%%/ﬁﬁrﬁ‘g 66251
Exanpl e Having 3 b’iéhtbif{f process catcttating 50.500E 1% BRE |3'&ti0n
i nterval, we w | H—H6w—wot L?‘.rough —exatpe—eof—that—proecess—w+H—t he
foll owi ng paraneters being applied:

[0026] Power on:

If we suppose that current datetime minus datetime compressor last run is
greater than 24 hours, then current accumulation interval = 180 minutes, compressor
run time since =0.

[0027) Begin cycle:

After the compressor has run for the accumulation interval (180 minutes the
first time through in this example), begin de-ice procedure. Set de-ice energgl =0,
energize evaporator heating element. Suppose that a return control temperature of —
3.0°C is recorded just before de-ice procedure is begun.

For each second during the de-ice procedure, the voltage to the evaporator
heating element is measured. For the purpose of simplifying this example, suppose
that the voltage is a constant 480VAC throughout the procedure; therefore the heater
wattage would be constant. Nevertheless, a claim of this application is that
instantaneous wattage is calculated with sufficient frequency so as to make possible
a valid method for integrating power over an interval of time in cases where heater
voltage varies during the de-ice procedure. Thus the total amount of energy
introduced during the de-ice procedure is measured with sufficient accuracy to arrive

at a useful estimate of the frozen condensate accumulated, as calculated below.



Par anmet er Application Specific? Value Default ACCUMULATI ON Yes 180 m nutes
| NTERVAL Maxi num al | owabl e frozen Yes 9 kg condensate DRY-CO L DE-1CE Yes
0.9 kWhr - (0.0190 ENERGY FUNCTI ON RETURN CONTROL TEMERRATUREC DE-1CE
TERM NATI ON_Yes 18C SETPO NT EVAPORATOR HEATI NG Yes 3. 167kW @ 460VAC
ELEMENT wat tSy&'%%38%70f fusion of water No 0.09266 kW hr PKT/USHEEI®RT4E heat of
I ce No 0.0005813 kWbr/kg/C @%61 Power on: | f we, suppose that current
datetime m nus dHt028k ne RSP pling payerof p resistivedie emeRYaNosasifur s, t hen
current accunul abquare of feSioltste applibdAmaiffike WfitagSEMIRY RSSO thik biamdpldT® Since = 0.

nterval (180" 1 AELET Hetsd VAR paBd SR ot v b FRE) X Gebn de- i ce
procedure. Set dest)¢e160xer6q)), oF 3348k VENHWE stSposy/ MMAkadedite hrodidina sl 196@ Nt .
de | co. procedur e sieenBefCRimeg), bETERe Stbrnii it o2 EPestmtbciaure, the
voltage to the evaprKkwtier heating element is nmeasured. For the purpose of
Chrbughott t he. pRBESHur o TRHERLTGPEStoRY i il ok 0400 HoTod BEx const ant
Neverthel ess, a gbpj én00J57kiW-Br, 8q2pPidingas the dry-cvilldedde entrgp hmblichiBewS Nt t age i s
calculated with sufficient freguen so 3s to nmke, possible a valid nethod
for integrating Poife F“‘B%‘?méﬁtaﬂﬁ Pe'i%qyfﬁﬁ‘ c‘l’)‘?e”ts?tﬁﬁ@nf%”dcg% EVapAr@oEcoibist er

therefore (1.207-0.957) kW-hr, or 0.25 kW-hr.

[0030] This net de-ice energy attributable to frozen condensate removed

from evaporator-coil is assumed to be equal to the amount of energy needed to raise

the temperature of the ice from —3.0°C up to 0.0°C, plus the energy needed to melt

the ice. Those knowledgeable in the art would point out that the return control

temperature is necessarily higher than the actual temperature for the frozen

condensate when the de-ice procedure is initiated, but this fact is ignored and doing

so does not materially diminish the validity of the method described herein.

[0031] The amount of frozen condensate is therefore give by the formula:

kg ice = net de-ice energy/
((0.0° - return control temperature) x specific heat of ice) + (heat of fusion)

which in this example would be (0.25) / ((3.0 x 0.0005812 ) + 0.09266), or 2.648 kg.

In cases where the return control temperature is greater than 0.0°C the condensate is

assumed to be at or near 0.0°C and therefore the term accounting for the specific

heat of ice is ignored.

[0032] The prior accumulation interval was 180 minutes; therefore the

accumulation rate is (2.648 kg /180 min), or 0.0147 kg per minute.

[0033] The maximum accumulation is predetermined according to testing

and observations carried out by the manufacturer of the unit. This amount is biased

to achieve a somewhat sub-optimally short accumulation interval as opposed to the

greater evil of tisking an unacceptably large condensate accumulation. The next

accumulation interval should be just long enough to accumulate 9 kg of frozen

condensate in this example. At the current rate of accumulation, 9 kg of



voltage varies during the de-ice procedure. Thus the total amount of energy
i ntroduced during the de-ice procedure is nmeasured with sufficient accuracy
to arrive at a useful estimate of the frozen condensate accunul ated, as
cal cul ated bel ow.. 7 WO 2005/ 083337 PCT/ US2005/ 003743 [0028] Since the
heating poweY O8P*4833%Ei stive heating el ement varies as t RCT/EH00/0837} t he
vol tage applied, and if the wattage of the heater_in this exanple is 3.167
KW at 460 VAC, tﬁéﬂ’ﬂﬁ’éa“&wm‘e‘ﬂ@k?ﬁgz mptes e thrgerumuiation mierep At 1 10 (480 x
480) / (460 x 46G@hirs afd 1 BmAhRK\dbmplessoErufi U eimee deiad istdiet t80ahd e Bycpcedur e

| asts 1260 secondsetgé\lwmLl nutes), the de-ice enerqgy would be (3.448 x 1260)
kW seconds, or TP § timey nep eoumylatiog iterval”’ ener gy is cal cul ated to
ge (0.9 kWhr ]:(Qomﬂo %-Wﬁil@%ﬁpre%ntﬁy&ﬁanBaﬁ\ibbé’n,paﬁléﬁ_mfgﬁlshm Itaﬁdthfe dry-coil
e-ice energy functi.on ove. t e-ice, ener ttributapble tq.frozen
condensat e rermvélﬂscflg?ﬁ‘r‘i"’éh/? "r"ﬁ?f?rp-r%gfeldaf’%atef’ﬁ B8 ‘B“’(‘ti?szghi@t@.t@ﬁﬂhekw hr,
or 0.25 kWhr. [ Qes@hgsTiinsll BeeindestobdBy ¢e ekillad in ttierartibit @hricas tiinfdsad @dtail
condensate renoved fr ev o.rat,t?lr-coi | .is assuned t& be equal to the
anount of ener gy T¥dg&Heq %F‘é‘é“ PR deR o ¢ epingand seope elthe inyeption, oc up
to 0.0C, plus thesgsmedyytRenas.to mnelt the ice. Those know edgeable in the
art would point out that the return control tenperature is necessarily

hi gher than the actual tenperature for the frozen condensate when the
de-ice procedure is initiated, but this fact is ignored and doing so does
not materially dimnish the validity of the nethod described herein. [0031]
The anopunt of -frozen condensate is therefore give by the fornula: kg ice =
net de-ice energy/ ((0.0c - return control tenperature) x specific heat of
ice) + (heat of fusion) which in this exanple would be (0.25) / ((3.0 x
0.0005812 ) + 0.09266), or 2.648 kg. 1In cases where the return control
tenperature is greater than 0.0C the condensate is assunmed to be at or near
0.0C and therefore the termaccounting for the specific heat of ice is

i gnor ed.



[ 0032] The prior accumnulation interval was 180 m nutes; therefore the
accunul ation rate is (2.648 kg /180 mn), or 0.0147 kg per mnute. [0033]
The maxi mum accumul ation i s predeterm ned according to testing and
observations carried out by the manufacturer of the unit. This amunt is

bi ased to achieve a sonewhat sub-optimally short accumul ation interval as
opposed to wheramgater evil of risking an unacceptably |arge condensate
accurrul ati on. The next accumnul ation interval should be just |ong enough to
accurmul ate 9 kg of frozen condensate in this exanple. At the current rate

of accunul ation,, 9 of 2005/ 0 37 PCT./ US2005/ 0037 cumul ati on
woul d takea1612 n’%‘ ﬁnﬁb.g)éi ,Ofggte%/%lén%élﬁr%g? a Lfl%thoni 1Ht’cj(ra\{,aggfe(v¥e§n§3§’rs&(%?rf6t hours and

12 m nut es,cyclenpd @ s8&@hdrdéftott d¥eleSh AGEfrigerati6R aprardt@SRivih@ad evipdratdiecogy cl e
repeats, but this tine with a new accunul ation interval. 100341 Wile the

present i nvaadenglechics! dafeast heateriferanplying Bes imthgsapatetoe eoibdering 2 h r ef er ence
to preferre | t e I ts as illustrated in the drawings, it
will be unodeéﬁrgggggleb%ngﬁ%ﬁr&lﬁ%ﬁ{e%g?ﬂ the art that various changes in detail
may be effected therein w thout departing fromthe spirit and scope of the
invention ®&ginfeld MeLddmost BRIE pdlidEcald s\é\Esi%ﬁJeMoltlge peinBhaReraf todgd er m ni ng
the accunul ation interval between a first defrost "cycle and a second
def rost cydieatet gumng wid figedefrosoaydppar at us havi ng an evaporator coil and an
el ectrical defrost heater for applying heat to the evaporator coil during a
defrost cycle, conprising the steps of: duri the first defrost cycle,
peri odi cal 1197 AR PHEES HBStso P A AR ecRifing ditcam e Of EnerRE SXRE | ng' sai d
first defrqglingYicherié®r each voltage sensed, cal culating and recording the
amount of energy expended during that period; adding said anounts of energy
expended to obtain the total energy expended during

adding said amounts of energy expended to obtain the total energy expended during

the first defrost cycle; and

applying said total energy expended to determine the accumulation interval.

2. A method as set forth in claim 1 wherein the step of determining the
accumulation interval includes the step of calculating the amount of ice melted during

the first defrost cycle.

3. A method as set forth in claim 1 wherein the step of determining the
) accumulation interval includes the step of calculating an amount of dry-coil de-ice

energy expended in the first defrost cycle.

4, A method as set forth in claim 3 wherein the step of determining the
accumulation interval includes the additional step of subtracting said dry-coil de-ice
energy expended from said total energy expended to obtain the net de-ice energy

expended in removing frozen condensate from said evaporator coil.
5. A method as set forth in claim 2 wherein said step of calculating the amount of

ice melted is made on the basis of a sensed temperature of air returning to said

evaporator coil from a temperature controlled space.
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the first defrost cycle; and applying said total energy expended to

determ ne the accumulation interval. 2. A nethod as set forth in claim1l
wherein the step of determning the accunulation interval includes the step
of calculating the amount of ice nelted during the first defrost cycle. 3. A
met hod as set forth in claiml wherein the step of determ ning the

accunul ation interval includes the step of cal culating an anount of dry-coil
de-ice energy expended in the first defrost cycle. 4. A nmethod as set forth
in claim3 wier el method as sefonh idetiemn Fiwhergn tdié stepof vatohlatin®theiand oy af

includes the additional step of suhtracting said dry-coil de-ice _energy
expended fﬂ‘&ﬁﬁlg]é‘?ddnolBa%ﬂtﬁ‘éﬁ PQ}f/Cé% éth%%‘ef eSEb&?eﬁl ensate a(S‘é‘-“.Flli‘]étl8’111ergy
expended i RiyRETHE fGiofi HERRRN SRNERNSRE RcldPdBrRAl g cgyaporator coil. 5. A
met hod as set forth in claim2 wherein said step of cal culating the anmount

of ice nelted is made on the basis of a sensed tenperature of air returning
to said evaporator .cqil fr ate rature control.l ed space. 10 6. A nethod
as set forth'in F’ﬁf%afs\ﬁﬁtﬁg}’ﬁ“ glﬁgg_gé’”f%f?bel%isalgﬁﬁeel?lfﬁéaf:\ﬁl@&t%g"eéﬁtﬁ t of ice
nel ted i nclfuges céhRnSdeRcOmufAonYs AlcbRglitia bf«/%ﬁsieémgg PeamouansEesat e

accurmul ation during the period between the first and second defrost cycles.

7. A met hodnelsdglating thetfirst defisisa¢ yelecandtibe edmprsssiod rust tape since Hedistadafrogt t he
rate of frozlen condensat e accurul ation is acconplished by considering the
amount of i¢&% melted duri ng the first defrost cycle and the conpressor run
time since the first defrost «cycle. 8 A nethod as set forth in claim®6
wherein said accurmul ation interval is determned on the basis of said rate
of frozen coBdensaethodas senforthiimpalanmé vehergin sald requmattbmmidrvalns al | owabl e
anount of fc{egzen . ¢l aim1 wherein

ondensate.. 9. thod as set forth |
Step of  perBantARy BERBI it SR b Rulatalif, "secona. 10.
A control sy&detiinid adighid ARFableOnARPAS Rbith Jdadédistean evaporator coil and
an
9. A method as set forth in claim 1 wherein step of periodically sensing the

voltage is accomplished every second.

10. A control system for a refrigeration apparatus having an evaporator coil and an
electric defrost heater for applying heat to the evaporator coil during a defrost cycle,

comprising:

sensing means for periodically sensing a voltage being delivered to the heater during a

defrost cycle;

first calculation means for calculating an amount of energy expended during each of
said periods and for adding said amounts to obtain a total amount of energy expended

by the defrost heater during the defrost cycle;

and second calculating means for calculating an accumulation interval to a next

defrost cycle on the basis of said total amount of energy expended.

11. A control system as set forth in claim 10 wherein said first and second

calculating means are contained within a controller.
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el ectric defrost heater for applying heat to the evaporator coil during a
defrost cycle, conprising: sensing neans for periodically sensing a voltage
being delivered to the heater during a defrost cycle; first calculation
means for cal culating an anmobunt of energy expended during each of said

peri ods and for adding said anounts to obtain a total anmount of energy
expended by the defrost heater during the defrost cycle; and second

cal cul ating neans for calculating an accunul ation interval to a next

defrost cycl 2.0 ¢dngrobagsitem of seg donth inotlaim binwbereincfaidesystegyinckppenaed. 11. A
control system as set fgrth in c i st, and second

i 10 )
cal cul atin e%e%greaﬁegsocr R (i aﬁ%??rﬂtuéem@?}h?e%‘gmtgﬁmngﬁ’ spisl SVAPQIBHEr ol syst em

as set fortehiliffonfh ainfPetakureht@nhBblledSspatt. Syst em i ncl udes a tenperature sensor
for sensing a tenperature of the air returning to said evaporator coil from

a tenperature controlled space. 13. A control systemas set forth in claim
12 wherein sa,d contr r hece i-ves. i,hpu rom dte erat.ure sensor.

Ta. A contr ofsySrael e e o SR in PR T whERMAR SorbSRPLRbY

cal cul at i ngnpuieRES saliickhgestFesétsof or determ ning an amount of ice that is
mel t ed durlng the defrost cycle. 15. A control systemas set forth in claim

14 wherein said second cal cul ati on neans |ncI udes neans for determning a

rate of froz cond accy ti t cycle. 16. A
control syst F%Sf‘i qlc{?rgh ‘Q%lmwﬁd erel gs&lratcgn%‘é@%ulﬁ ng step is
acconplis heﬂbm 1n%hfdé§1 ﬁiea@snfoeﬁetaﬂn@m:gtumtanofunt 6ﬁ1c8'ﬂ{att &dmelwd dgirghBe def r ost

cycle and a conpressor run tinme followi ng the defrost cycle. 12
defrost cycle.

15. A control system as set forth in claim 14 wherein said second calculation
means includes means for determining a rate of frozen condensate accumulation

following the defrost cycle.
16. A control system as set forth in claim 15 where said rate determining step is

accomplished as a function of an amount of ice melted during the defrost cycle and a

compressor run time following the defrost cycle.
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