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This invention relates to mechanical refriger-
ating -apparatus -and more particularly 1o ‘the
provision in such apparaius of improved .defrost-

ing means to remove excessive geceumulations of

frost and ice from.the evaporatlor or. chilling unit
thereof.

‘Such chilling units.or evaporators, which -are
frequently .in the form-of pipe colls, Mmay rapidly
accumulate “ice -and frost .on the exterior sur-
faces thereof when operated below freezing tem-
peratures. -As the thickness of such deposits in-
erease, the cooling surfaces become. insulated-and
unable -to abstract heat ‘from the surrounding
medium, thus progressively reducing operating
efficiency. Frequent removal of this ice.and: Trose
coating, which operation is commonly known in
the -art as defrosting, is therefore required in
order to maintain .the efficient functioning of the
refrigerating apparatus.

“When its becomes necessary to defrost such
cooling surfaces as are contained in the:ordinary
household refrigerator, the .refrigerator :com-
pressor is.shut.off, -allowing the temperature 0f
the refrigerant within the evaporator to rise above

freezing, and the iced surfaces may be: simultane-
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.ously-exposed to the warmer outside air until the

“ICEE meilts and -runs-off the.coils. ‘Obviously this

method is not suitable for defrosting in.commer-
m&l wvlants since it ‘requires too -much time -as
well as the intermittent -exposure of the-contents

of the refrigerated area to undesirable high tem-~

-veratures. In-commercial-type refrigeration sys-
tems various methods-of defrosting by the use-of
-water-sprays have heretofore been suggested but
they-have -involved the-disadvantages-of compli~
-cated squipment and-expensive instaliations, par-
tieularly to provide for drainage and in the means
employed for preventing freezing of water used
for defrosting :during nondefrosting periods.
‘Other means which ‘have heretofore been em-
ployed -in the :defrosting of commercial -size re-
frigeration units ‘include the use of heated re-
frigerant gases circulated from the compressor
-directly through the evaporator, the -heated gases
-eventually raising the temperature -within the

cooling -coils -until the exterior frost -or ice is

‘melted. This method . is disadvantageously slow
gnd. time-consuming due to the relatively slow
-heat transfer between the heated gaseous medi-
um- and the cooling :coils and usually ‘results in
considerabple rise in temperature in the refriger-
-ated :area during the long defrosting period.

It is:an object of .our invention to provide an
improved system for defrosting .of low tempera-
4ure:chilling units -which will serve:to.quickly and

-rapidly heat:such «chilling units to-a-temperature
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just sufficient to ‘eguse the -exterior frost and -ice
to melt or drop off, thereby defrosting fthe ap-
paratus in-a minimum period of time. a,ndthhout

.....

permitiing a substantial rise in tempera,ture of

|||||

the refrigerated areg during the defrosting permd
Our 1nvent10n centemple,tes the use ef hee;tmg

el -

as .t.h,_e Tiguid ..r..efr;geram ..W..l,l.en -.df.airofs.tmg_.;.s re—'
quired, and the circulation- of such-heated liguid
through the cooling -coils, rapidly .elevatingthe
temperature .of the latter from -the- inside--out,
until the excessive frost-and :ice -are: melted emd
arop therefrom.

A further object of our invention is the pre-
vision of a defrosting system in-which a heated
liguid may be intermitiently circulated through
the cooling element of a refrlgera,ter Whﬂe flow

of cool refrlgerent Trom the eondenser- umt 18

shut off. |

A further object of our mventlon 18 to- prowde
a valve-controlled conduit system, liquid :pump
and liquid heating means connecied -into .a -re-
frigeration system in such a-manner-that J:h_e. re-
{frigerating medium -may be caused ‘to circulate
continuously :between -the liquid heatling .means
and the cooling coils during the :defrosting -oper-
ation, by~passing the ecnventional condenser and
compressor commonly employed in the refriger-
ating cycle.

A further object is to provlde in:a. refnge;'e,tmn
apparatus of the aforementioned characier, elec-
trical heating elements :disposed :in-heat-transier
relationship with -the liguid refrigerant in erder
40 elevate the temperature-of the latter-for cir-
culation threugh the -cooling -colls duung a -des
frosving ¢cycle.

A further eb;;eet i8 te prowde -Q refngerﬁtmg

llquld refrlgerant is hee,ted 111 the defrestmg cyele
may be autemetlcally centrolled Py deen,erglza-
event ’r,he tempereture ef the refrlgerent hq;uld
within the liquid heating means or the. pressure
within the refrigerant hquld tank reaches o pre~
<determined. level,

-An additional ;objeet dis the provision . of - de-
frosting -system whieh s -efficient in- epem:tdgn.
relatively - mexpenswe to msta,ll ~and . elmple 40

| ,Qpere,te
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:V,eml;on W..lll .b..emme .epp_e.r_en.t_ in .,h_hﬁ :I,Ol.leﬂmg
discussion of the drawing, and in-whieh:

-Pig. 1 is:a semidiagrammatic -elevational. vjEW

;E‘F a refrlgere,tmg System Fembedy_mg the mvel;l-_
tion.

“The - refmgeretmg apparatus. shown compr;ses
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a refrigerant compressor 10, driven by means of
a motor (1, which evacuates refrigerant vapor
such, for example, as ammonia vapor or Freon,

- from a refrigerant liquid tank 12 through a suc-

tion conduit 13 having a manually operated nor-
mally open shutoff valve 14. The compressed
vapor from the compressor {8 is forced through
- & condenser 13, where it is cooled and condensed
under relatively high pressure to the liquid phase,
in accordance with conventional operation, and
is led through a conduit i9, having a solenoid
operated shutoff valve |7 disposed therein, to the
refrigerant liquid tank (2. The conduit 16 ex-

tends within the tank to a lower portion {2¢
thereof where the refrigerant liquid is dischar_ged_

into the tank under reduced pressure. |
A liguid pump (8 driven by a motor (8 con-
nected through a manually operated starting
switch 20 to a source of power (not shown),
pumps the refrigerant liquid from the lower por-
tion 12a of the tank 12 through a conduit 21 to

an mlet I8a¢ of the pump and thence, from an

outlet 18b thereof, through a conduit 22 to s
liquid distributor header 28. Disposed in the
conduit 22 between the liquid pump 18 and the
liquid distributor header 23 is a normally open,
manually operated shutoff valve 28. The liquid
distributor header 23 receives the liquid under
reduced pressure and discharges same into a
plurality of cooling coils 26 on which ice and
frost will accumulate in normal operation upon
circulation of the liquid refrlgera,nt therethrough
durmg the cooling cycle.

-The defrosting apparatus includes a liquid
-heating means, illustrated generally at 28, hav-
ing a plurality of electrical heating elements 29
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interposed in heat transfer relationship with the

liquid refrigerant between the liquid pump 18
and the ligquid distributor header 23. Each such
heating element 29 is disposed within a rela-
tively small diameter tube 30, which may be
filled with a fluid, as, for example, oil, and se-
cured within a larger diameter conduit section
31, the annular space between the tube 30 and
- the conduit section 31 providing a passageway for
the flow of the liquid refrigerant, The conduit
‘sections 3f include an inlet conduit section 3ia,
a plurality of intermediate conduit sections 315
and an ouflet conduit section 3lc which  are
joined in series by connecting conduit sections 32

in order to provide a continuous sinuous passage

or coil for the flow of refrigerant liquid from an
inlet conduit 83 leading from the outlet 18b of

the fluid pump 18, to inlet conduit section 3a

and thence to an outlet conduit 34, leading from
the outlet conduit section 3ic back to the liguid
distributor header 23. Disposed in the inlet
conduit 33 is a normally closed, manually oper-
ated shutoff valve 356 and a similar shut oif valve
36 is located in the outlet conduit 34 between
‘the conduit section 3ic and the liguid dlstrlbuter
-header-23. |

- The electrical- heatmg elements 29 may be of
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any conventional type such as high resistance -

conductors arranged in a closed circuit and
adapted to heat up when an electric current is
passed through the circuit. As illustrated in the

drawings, current is supplied to the heater ele- .

65

‘ments through conductors 38 which are con- -

nected through the contacts of a normally closed
relay 39 and a manually operated switch 40 to a
three-phase source of electric power (not shown).
“The relay 39 comprises a relay switch 41 and a

70

" relay coil 42, the former serving to connect or in- -

' -terrupt the flow of elecirical energy to the heater

16

drop from the coils.

‘through the coils 26.
‘1zes will accumulate in the liquid refrigerant tank

4

elements 29. The relay coil 42 is connected in
series with a normally open thermostatic switch
44 and also a normally open pressure switch 45,

. the switches 44 and 45 being connected in parallel

with each other to a source of power that may
conveniently be obftained from any two of the
conductors 38.

The flow of liquid refrlgerent into the re-
frigerant liguid tank is controlled by means of
the solenoid operated shut off valve {7 which is
connected by conductors to a source of power
(not shown) through a float regulator 48 in which
the liquid is maintained at an equal height with
the liquid level in the refrigerant liquid tank 12
by-means of the bleeder conduits 49 and 58 which
lead from the lower and upper portions respec-
tively of the float regulator 48 fo the refrigerant
liquid tank 12.

The operation of the defrestmg system of our
invention is initiated when the cooling coils 26
become coated with ice or frost, during the con-
ventional cooling cycle, to an extent that the
withdrawal of heat from the surrounding air in
the refrigerated area is reduced to an inefficient
operating level. The switch 48 is first closed in
order to supply current through the conductors
38 to the heating elements 29 which in turn heat
up the tubes 30. The liquid heating means 28
is thus prepared for the transfer of heat to the
liquid refrigerant as it is by-passed therethrough.
Prior to opening such by-pass liquid eircuit, the
valve 14§ is closed in order that no refrigerant
gases can be pulled back to the compressor
through the suction condmt i3, thereby stoppmg
the cooling cycle.

With the liquid pump (8 rema,mlng in opera-
tion as in the cooling cycle, the valves 35 and 36
are opened and valve 24 is closed. This opera-
tion causes the liquid refrigerant from the re-
frigerant liquid tank 12 to travel through the
conduiis 21, 22 and 33 to the liquid heating means
28 via the inlet conduit section 3la, thence
through the intermediate conduit sections 31b,
via the connecting conduit sections 32, to the
outlet conduit section 3fc.  From the latter the
refrigerant liguid is led via outlet conduit 34 to
the liquid distributor header 23, from which it is

circulated through the cooling coils 26 back to
refrigerant liquid tank 2. |

During the passage of liquid refrlgerant
through the liquid heatfing means 28, the tem-
perature of the former is rapidly elevated by
transfer of heat from the tubes 30 to the refrig-

erant liquid flowing in the annular space between

the tubes 30 and the conduit sections 31. Sub-
sequently as the heated refrigerant is circulated

~through the expansion coils 26, heat is trans-

ferred to the coils from the refrigerant, elevating
the temperature of the latter from the inside out
until the excessive frost and ice are melted and
A portion only of the liguid
refrigerant will vaporize to the gaseous phase at
such elevated temperature during the passage
thereof through the cooling coils 25 while the
balance will be accumulated in the lower portion
[2a of the tank 12 for reheating and recirculation
Such refrigerant as vapor-

building up the pressure therein and in the coils
26, which increased pressure will in turn tend to
reduce further vaporization and maintain the re-

frigerant in the liquid phase desplte the eleva.ted
-temperature thereof.

"When the temperatui*e of the 11qu1d refriger-

-.a,nt near its point of exit fmm the liquid heating
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means 28, reaches a‘bredetermined valuerequisite
to-effect the melting-of ice -and frost on ‘the:cool-
ing -coils 26 as-aforesaid, the thermostatic switch
84 -zutomatically -closes, -completing the -circuit

from the relay coil 42 to:the source of power (not

shown) -and -energizing the former, thereby open-
ing the relay switch 41 of the relay 39. The: cir-
cuit to ‘the heating elements 20 throtgh: conduc-

tors i38 ‘being ‘thus -interrupted -and the liguid
heating ‘means -degctivated, the temperature -0f

the refrigérant liquid is-élevated -no further until
the teniperature switch-44 réopens under the in-
fluence-of:the liguid-refrigerant -.cooled to-alower
temperature. In this manner-the-temperature of
the -liguid refrigerant in ‘the ‘cooling :coils 26 1S

maintiined within predetermined limits: so (that

the ‘cooling coils .are heated ‘only to a:minimum
teniperature sufficienit to :cause:melting “of accu-
mulated frost ‘and -ice, preventing unnecessary

elevation of ithe: temperature .of :the srea refrig-

erated thereby.

The pressure-switch 45 .also: serves: to mterrupt
the -current flow to the heating elements 29 by
energization of the relay coil 42 and opening of
the:relay switeh ‘41 when the.pressure .of refrig-
erant .wvapor “within .the refrigerant liquid tank
reaches 'a :certain ~predetermined saiety limit.
Thus the -accumulation of excessive pPressure
within the tank 42 will terminate the heating of
the liguid:refrigerant and the further building up
of such pressure due to the increased tendency of
the réfrigerant to vaporize in-the .cooling .coils 26
when heated. Upon opening .of the shutoif valve
4 and withdrawal of ithe excess refrigerant gases
to the compressor i, the pressure within the fank
12 may be reduced below the safety:level, where-
upon the pressure switch 45 will open o remake
the circuit to-the heating elements 29.

To maintain the proper supply of- refrlgerant
liquid -within the tank 142, -the solencid operated
shutoff valve 17 is disposed within the conduit
16 and is-automatically .onened by means of the
Hoat regulator 48 when -the liquid level within
the tank 12 falls below a setb devel 1o permit the
entry -into the tank 12 of -additional refrigerant
from the compressor ‘10 or, conversely, it is closed
thereby when such liguid -evel reaches 4 -given
height. -

The operation in the defrostmg cycle is con-
tinued until ail the frost and ice are melted from
the evaporator coils 26 and until the water caused
by melting has run off, whereupon the deirost-
ing cycle.is terminated .and the cooling cycle is
reestablished by opening the.switch 48 :to .dis-
connect heating elements 29, opening the valve
{4, closing the valves 3% and 36, and opening the
valve 24. The refrigerant will then be led from
the. compressor (8 fthrough the condenser 43,
where it is :cooled under pressure, to the refrig-
erant.diquid tank [2,.from. which it is pumped
to ‘the- liguid distributor -header .23 and thence
thiough the :cooling coils. 28 in-the conventional
refrigerating cycle. .

“Thus it -is apparent .that ve -have 1G16V186d -Q
defrosting system wherein the refrigerant in lig-
id form-may be intermittently heated in a:short
period of time and circulated through the cool-
ing coils, thus providing for rapid elimination of
accumulated jce and frost in a minimum period
of time during which the refrigerated area is ex-
posed to elevated temperatures.

While we have disclosed an exemplary em-
bodiment of our invention herein for purposes of
illustration, it will be understood that various
changes, modifications and substitutions may be
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incorporated ‘theréin without: depa;xhtmg from hthe='-~
spirit of the-invention. | -

We claim as our-invention: |

1. In a refrigerating system :including a com-—,
pressor normally forcing refrigerant vapor under
pressure through -a :condenser “where:it is:caonled
and condensed to ithe liquid phase and-then dis-
charged into:a refrigerant. liquid tank.under.ye-
duced pressure from which it is ‘pumped by &
liguid pump -to-a liguid disfributor header from
which it is circulated through cooling coils back.

tothe refrigerantliquid:-tank, the combination-of:.

liquid heating means interposed between the lig-
uid pump and the Jliguid distributor -header
adapted to elevate the temperature .of the liquid
refrigerant circulated through the cooling.coils.to
melt- accumulated.ice .and frost thereon; an inlet
conduit connecting said liguid heating:means.and
the outlet -of the liquid pump; :an.outlet conduit.
connecting.said liguid heating meang and the lig~
uid distributor header; and valve means.control-
ling the flow of refrigerant liquid from the lquid
pump through said inlet .conduit through said
liouid heating means and said outlet conduit.to
the liquid distributor header.

2. In & refrigcerating system. mcludm:r & com-
pressor normally forcing refrigerant vapor. under
pressure through & -condenser where it is cooled
and condensed to the liquid phase-and then .dis-
charged into a2 refrigerant liquid tank under re-
duced pressure from which it is pumped by a
liquid pump to a liquid distributor header from
which it is circulated through .cooling coils back
to the refrigerant liguid tank, the combination
of: electrical heating means connected in ‘heat
transfer relationship between the outlet. of said
pump and said liguid distributor header .adapted
to elevate the temperature .of the liquid refrig-
erant circulated through the cooling coils to melt
accumulated ice and frost thereon; an inlet con-

- gquit connecting said liquid'hea'ting means and
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the outlet of the liquid pump; an outlet conduit
connecting said liguid heating means -and the
liguid distributor header; and valve means con-
trolling the flow of refrigerant ligquid from -the
liquid pump through said inlet conduit ‘through
said liquid heating means and said outlet con-
duit to the liguid distributor header. - -

3. A refrigerating system as defined in claim™2
in which said electrical heatmg means has con=
nected thereto a thermostatic switch adapted to
inactivate said heating means when the temper-
ature of the refrigerant liquid therem Tises *above
a predetermined level. |

4. A refrigerating system gs defined in- clm‘m"'z
in which the refrigerant liquid-tank has-a pres-
sure switeh connected thereto, said -pressure
switch being connected to sald electncal ‘heating
means for deenergizing the latter when the pres-
sure within the refrlgera,nt liuid tank reaches
a, predetermined level. o

5. A refrigerating system as defined in- I:l‘ﬂlm
2 in which said electrical heating means in-
cludes a sinuous fluid conduit in -which is ‘dis-
posed a plurality of tubular electrical heating
elements defining annular passageways between
said sinuous fluid conduit ‘and the extermr SUr-
fa.ces thereof

6. In a refrlgeratmg system. mcludmg 7, com-
pressor normally forcing reéfrigerant vapor under

pressure through a condenser where it is cooled
and condensed to the ligquid phase and then dis-

charged into a refrigerant liquid tank wunder
reduced pressure from which i1t is pumped by
a liguid pump to a liquid distributor header from
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r
~  whieh it is circulated through cooling coils back
 to the refrigerant liquid tank, the combination
of: electrical heating means interposed between
the liquid pump and the liquid distributor header,
said electrical heating means having associated
therewith a normally closed relay switch adapted
upon opening to interrupt the current to said
heating means; a first conduit connecting said
electrical heating means and the outlet of sald
liquid pump; a second conduit connecting said
electrical heating means and the liquid dis-
tributor header: valve means for selectively con-
trolling the flow of refrigerant liquid irom the
outlet of the liquid pump to the liquid distributor

header or to said electrical heating means; a.

thermostatic switch disposed in said electrical
‘heating means, said thermostatic switch being

connected to said relay switch and adapted to

‘open the latter when the temperature of the

refriserant liquid within said heating ‘means

reaches a predetermined level; and a pressure

switch connected to the refrigerant liquid tank
and said relay switch for opening the latter when

the pressure within said tank reaches a prede-

termined level. - |

7. In a refrigerating system the combination
of: o compressor having an inlet and an outlet;
" means for driving said compressor; a condenser
connected to the outlet of said compressor; a
refrigerant liquid tank connected to said con-
denser; a liquid distributor header; a pump

having an inlet connected to said refrigerant

liquid tank and having an outlet connected to
said header; a plurality of cooling coils connected

to said header and said refrigerant liquid tank;

& suction line connecting said refrigerant liguid
tank to the inlet of said compressor; liquid heat-

10

15

25

30

35

ing means having an inlet conduit connected to

the outlet of said pump and having an outlet

conduit connected to said header; and selector

valve means for selectively connecting the outlet
of said pump to said header or to said liquld
heating means. : |
8. In a refrigerating system the combination
of: a compressor having an inlet and an outlet;
means for driving said compressor; a condenser

connected to the outlet of said compressor; a

refrigerant liquid tank connected to sald con-
denser; a liquid distributor header; a pump
having an inlet connected to said refrigerant
liquid tank and having an outlet connected to
said header; ‘a plurality of cooling coils con-
nected to said header and said refrigerant liquid

 tank; a suction line connecting said refrigerant

liquid tank to the inlet of said compressor, elec~

trical heating means conhected in heat transfer

relationship between said pump and said liguid
distributor header and having an inlet conduit

econnected to the outlet of said pump and having

an outlet conduit connected to said header; and
selector valve means for selectively connecting
the outlet of said pump to said header or to
said liquid heating means. |
9. A refrigerating system as defined in claim

'8 in which said electrical heating means has con-
nected thereto a thermostatic switch adapted
to inactivate said heating means when the tem-
perature of the refrigerant liquid therein rises

above a predetermined level.
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- 10. A refrigerating system 4s defined in claini .
8 in which the refrigerant liquid tank has a pres-
sure switch connected thereto, said pressure
switch being connected to said electrical heating

- means for-deenergizing the latter when the pres-

sure within the refrigerant liquid tank reaches
a predetermined level. - |

'11. In a dual cycle refrigerating system having
a cooling cycle during which frost and ice pro-.
gressively accumulate on the exterior surface of
a plurality of cooling coils through which lig-
uid refrigerant is circulated and a defrosting

- eyele during which said frost and ice are melt-

ed from said cooling coils, the combination -of:
a refrigerating apparatus including a compres-
sor having an inlet and an outlet, means for
driving said compressor, a condensor connected
to the outlet of said compressor, a refrigerant
liquid, tank connected to said condenser, a lig-
uid distributor header, 3 pump having an inlet
connected to said refrigerant liquid tank and
having a normally open outlet line connected to
said header, a plurality of cooling coils conneci-
ed to said header and said refrigerant liquid
1_;ank, 5 normally open suction conduit connect-
ing the inlet of said compressor and said re-
frigerant liquid tank; and a defrosting appa-
ratus including liguid heating means having a
first normally closed conduit connected to said
outiet line of said pump, and a second nore-
mally closed conduit connected to said header,
the closing of said suction conduit and said line
angi the opening of said first and second con-
duits causing a shift from the cooling to the
defrosting cycle.. | | |
12. A refrigerating system as defined in claim
11 in which said liguid heating means has con-
nected thereto a thermostatic switch adapted to -
inactivate said heating means when the tem-
perature of the refrigerant liquid therein rises
above g predetermined level. -
1_3.' A refrigerating system as defined in claim
2 In which the refrigerant liquid tank has a
pressure gswitch connected thereto, said pressure

~ switch being connected to said liquid heating

means 1or deenergizing the latter when the pres-
sure within the refrigerant liquid tank reaches
a, predetermined level. B
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