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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
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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
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[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.
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el ectolthgeadensor 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 cycle, 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
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[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 férth in block
32. In block 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



dry-coil de-ice energy function, (i.e. the energy in
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total de-ice energy that has been calculated in block 43 to obtain the net de-ice
energy atiributable 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.
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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.
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vert ess, laimof this application is that
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I nt I ng power over an Interva ne 1 n cases

wher e heg dre =vich tiaripe emagy/es during the de-ice

procedur %(O O-I’-h urseu}nq Contd %mpera r}tx s%gciﬁp RlaPYr 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 risking 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
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f r oagdefmed the iwafams.enoved from evaporator-coil is

therefore (1.207-0.957) kWhr, or 0.25 kWhr. [0030]

This net de-ice energy attributable to frozen

condensate renoved from evaporator-coil is assuned to

be equal to the amobunt of energy needed to raise the

tenperature of the ice from- 3.00C up to 0.00C, plus

the energy needed to nelt the ice. Those know edgeabl e

in the art would point out that the return control

tenperature is necessarily higher than the actua

tenperature for the frozen condensate when the de-ice

procedure is initiated, but this fact is ignored and

doi ng so does not materially dimnish the validity of

the nethod described herein. [0031] The anount of

frozen condensate is therefore give by the fornula: kg

ice = net de-ice energy/ ((0.0c - return contro

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. In cases where

the return control tenperature is greater than 0.00C

t he condensate is assuned to be at or near 0.00C and

therefore the termaccounting for the specific heat of

ice is ignored.




[0032] The prior accurulation interval was 180
m nutes; therefore the accunulation rate is (2.648 kg
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as define y the clains.W Caim 1. A nethod of
determ ning the accumul ation interval between a first

defrost gycl epanghqd o5 86 I6reth Beiaind twikysh teistp af determining the
refrigeration apparatus having an_evaporator c

an et@omldtion interaplinduden dgtstep of erlcugpR TN ELe! 1t 1
eva%%%g;@lgd&%gﬁ&gpﬁ Yo a defrost cycle, conprisi ng t he
uri

e first defrost cycle, periodically
sensing the voltage bei ng dellvered to the heater

during S?' d f1k dih ks rtﬁ:i)ﬁ 1 HerSRRR i |off@<9;@rmm1ng the
sensed, Cal cu |ng and recor g t he anoun enerdg
e-ice

ex pepdtldioninervliatludes fhegttp of g:dplﬁ@j:mgan @H@ﬁﬁmﬁd@"%ﬁl
ener expen btakn.the total energy expended
dur i %é‘gi’ ﬁ’g’eflg‘?%s“?tﬂb?ef?rﬁtodgb ost cg(f% and

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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appl ying said total energy expended to determ ne the

accumul ation interval. 2. A nethod as set forth in
web@sosiB3nherein the step of determ ning the PCT/US2005/003743

accunul ation interval includes the step of cal cul ating

the anmourfi of A metheéhs stifouthrin elgint hwhenen@aldck@fpmdisﬂculatmg the
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energy expended in the first defrost cycle. 4. A

nmet hod as set forth in claim3 wherein the step of

det er mi ni 7ng t hemathed mﬂeafoirtﬁﬁln ¢laihe6 wabreinrsaidmfb@Sft:ah&ﬂaﬁng the

addltloog step of subtrai: sai d.d coil .de:ic

e ner gy A AERMRTISHR AR AiGR Hacehmarlgebyseptidsting e amount

obt adficd meltddaturidg tHeFRst ALY yyc@mnﬂbe&mpaese&rmﬂhﬂe since the

frozen caondensate from said evaporator coil. 5.

et Hagt dedrogiycleorth in claim2 wherein said step of

cal cul ating the amount of ice nelted is nade on the

basis of a sensed tenperature of air returning to said

evapor at 6+ coi/ mpthedragset forthdn elaigy @Wb@mmrselldl aehnypietivn igerval
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es the step

cal culatin unt o Ice nme te |nc
of qub@ttﬂrmmedgnmum allewable dnrawpeef fooememderseate.
accumrmul ati on during the period between the first and
second defrost cycles. 7. A nethod as set forth in
claim6 wher eiAnm&ﬁbdjaseteemthﬁn daibcuivateingtephod periddécaliy sensing
froztﬁ cl?ndensate a nmul at i on i s acconplished by

Gl

cons 285 R ATEOHRl 6V8¥y %Oél mel ted during the first

defrost cycle and the conpressor run tinme since the
first defrost C met hod as set forth in claim

cle, 8.
6 wher ei 10sai d %/fE’E‘BIrﬁXFfﬁ]i“' tefiiesralign apnaratysihaying g gvapprator

t he RAThE aREledifit deficit Bealh (JrlapFIfRg HORUS S %taﬁ)orator coil during a
accumul ati on and a predeterm ned nmaxi mum al | owabl e

anoulefrogifcyele paprisidEdensat e. 9. A method as set forth
in clai ms@ns\Mherﬁ&inQ fo?tp@f?od?cfall? %ﬂsfﬁg'a% tcliéé b%ﬁ@%'ef]&rém the heater

vol tage IS accorrp I shed every seco
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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10. A control systemfor a refrigeration apparatus

havi ng an evaporator coil and an el ectric defrost
whe@sos8338Dr appl yi ng heat to the evaporator coPCT/U8200510P3743

a defrost cycle, conprising: sensing nmeans for

periodi cal2l y secmitmbsyatemals setderttoimiclagmdé [whessireshid systeine

heat.er, during a defrost.cycle: first calcylation neans.
for Bepibt s PRpdets SRRt P G adif o edstrify 1o Saia
eac hevaporadi coipférh adenmpefdurt oontadldd Bigicsal d amounts to
obtain a total anount of energy expended by the

defrost heater during the defrost cycle; and second

cal cul atimg neagsmubbiystemlas sdt@tiig clin 3 GihRsipdaiDddniroller
interval to a next defrost.cycle on the basis of said

t ot FFCEAYRS dRRUTHFOmR srdf (FPESeBEREFBEPT 11. A control system
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for sensing a tenperature of the ait returning to sa
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13. A control systemas set forth in claim12 wherein
said controller receives inputs fromsaid tenperature
sensor. 14. AAcamirpldystsyst ssnfath isetaith 34 whetein saidesecondO
wher ej n, sai d second, cal cul ating means i ncl.udes ans
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in claim1l4 wherein said second cal cul ati on neans
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16. A control systemas set forth in claim 15 where
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cycl & and a conpressor run tine following the defrost

cycl e.




