
Feb. 10, 1953 E. W. ZEARFOSS, JR 2,627,730 
DEFROSTABLE REFRIGERATION SySTEM 

Filed Dec. 9, 1950 

A. 

l-/6 

INVENTOR. 
AZMWAA/227A2a(2M/2 

(24. 

  



Patented Feb. 10, 1953 2,627,730 

UNITED STATES PATENT OFFICE 
2,627,730 

DEFROSTABLE REFRIGERATION SYSTEM 
Elmer W. Zearfoss, Jr., Philadelphia, Pa., as 
signor to Philco Corporation, Philadelphia, Pa., 
a corporation of Pennsylvania 

Application December 9, 1950, Serial No. 200,019 
(CI. 62-115) 2 Claims. 

1. 
The invention hereinafter disclosed and 

claimed has to do with refrigeration apparatus 
and, more particularly, is concerned With appa 
ratus of the type having provision for heating 
the evaporator to effect removal of frost depos 
ited upon the surfaces of said evaporator. 

Periodic removal of accumulated frost is nec 
essary in order to maintain the efficiency of a 
refrigeration machine the evaporator of which 
is operating at temperatures below the freezing 
point of Water, and Such defrosting has frequent 
ly been accomplished by Shutting down the re 
frigeration system. Since extended discontinu 
ities of Operation of the System result in thawing 
of frozen foods contained within the evaporator, 
With resultant deterioration of Such foods, and 
since the defrosting operation has frequently 
been troublesome and time-consuming, auto 
matic and relatively frequent defrosting of the 
evaporator is desirable. Such defrosting can 
conveniently be accomplished by subjecting the 
evaporator to a considerable quantity of heat 
over a relatively short period of time, and the 
most desirable and efficient modes of accomplish 
ing this have incorporated heat pump principles. 
It is With improvements in this class of appara 
tus that the present invention is concerned. 

It has been known to effect defrosting by by 
passing the condenser and restrictor of the re 
frigerating System and delivering directly to the 
evaporator hot gaseous refrigerant flowing from 
the compressor. Such arrangements are intend 
ed to result in condensation of the gaseous re 
frigerant within the evaporator, With resultant 
heating and consequent defrosting of the latter. 
Such Systems have, however, not proven satis 
factory in practice due to the fact that, under 
defrosting conditions, that is, when the condens 
er and the restrictor are by-passed, insufficient 
liquid refrigerant is available in the System. As 
a result of this insufficiency of liquid refrigerant, 
and as is explained hereinafter, the hot gas in 
troduced into the evaporator, While it tends to 
Condense therein, becomes trapped in said evap 
orator as liquid and must then re-evaporate 
therein prior to flowing through the Suction line 
to the Compressor. Since the condensation proc 
ess involves the liberation of only slightly more 
heat than is taken up during the re-evaporation 
process, the net heat available for defrosting, in 
arrangements in Which the Condensate tends to 
become trapped in the evaporator, is relatively 
slight being approximately equal Only to the de 
gree of Superheat Within the gaseous refrig 
erant. 
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Attempts have been made to improve systems 

of this type, although there has been no recog 
inition of the causes which underlie the difficul 
ties encountered, by adding to the system a com 
plicated arrangement of valving and connections 
intended to modify the normal flow of refrig 
erant Within the System and, while certain of 
these attempts have yielded useful results, such 
approaches to the problem are inherently un 
desirable from the standpoint of high initial 
cost and unreliability in service. 

I have discovered that it is essential that a 
Substantial quantity of refrigerant be circulated 
during the defrosting process, and that only in 
this Way can the re-evaporation process be di 
Worced from the evaporator and caused to take 
place in the Suction line and the compressor 
housing. 
With the foregoing difficulties in mind, and 

recognizing the problems which underlie the de 
ficiencies of prior arrangements, it is the primary 
object of the present invention to provide a heat 
pump defrosting System which is not only highly 
effective in producing adequate defrosting in un 
usually short periods of time, but which system 
is of the simplest and most inexpensive type. 
More Specifically, the invention contemplates 

provision of a very simple defrosting system in 
Which the circulation and distribution of refrig 
erant within the elements of the refrigeration 
machine are Such that, during the defrosting 
cycle, only condensation occurs within the evap 
Orator and Substantially all of the evaporation 
process takes place within the suction line and 
the compressor housing. 
In the achievement of the foregoing general 

objectives, the apparatus of the invention util 
lizes-in novel combination with a by-pass con 
duit or connection serving to deliver hot gaseous 
refrigerant to the evaporator-a sump or ac 
Cumulator disposed within the system between 
the restrictor and the evaporator and serving, 
under normal refrigerating conditions, to collect 
a quantity of liquid refrigerant therein. In par 
ticular accordance with the invention, the by 
passed gaseous refrigerant is delivered to this ac 
Cumulator, when defrosting of the evaporator is 
desired, with the result that the amount of re 
frigerant, by volume, which flows through the 
accumulator is increased many-fold and this in 
Creased Volumetric flow serves, in a manner 
Which will be more particularly described here 
inafter, to drive the stored liquid refrigerant 
from the accumulator and to cause said liquid re 
frigerant to pass through the evaporator and to 
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be returned to the compressor where it is evap 
Orated and re-introduced into the accumulator in 
gaseous form, from Whence it passes to the eWap 
Orator. 

It is also a feature of the present invention 
that initiation of the defrosting operation may be 
accomplished by the use of any One of a number 
of Simple and inexpensive devices adapted to 
modify the normal fioW of refrigerant. Within the 
System and to establish the aforesaid foW of hot 
gaseous refrigerant through the entioned by 
pass conduit. Such means may be exceedingly 
simple in nature, comprising nothing more, for 
example, than a Solenoid-actuated Wave disposed 
in the by-pass conduit. 
The foregoing objects and features of my in 

wention, together with significant details Of Con 
struction thereof, will be understood from a Con 
sideration of the following description taken in 
conjunction with the accompanying dra Wing, the 
Single figure of Which is a diagrannatic repre 
Sentation of a refrigeration System including 
defrosting apparatus embodying the present in 
Wention. 
Now making detailed reference to the dra Wing, 

it will be seen that the illustrated embodinant 
of the invention includes the elements of a re 
frigeration System of conventional type, Said 
system having a compressor , a condenser , 
a continuously open restricted connection, or : 
capillary tube 2 (other suitable control devices 
could be used if desired), and an evaporator 3 
which is disposed in heat eXchange relation. With 
a compartment or Zone to be cooled, Said Con 
partment being diagrammatically represented by : 
the broken line identified at . . The aforesaid 
elements are connected in Series flow circuit 
through the agency of Suitable conduits and con 
nections, including the aforesaid capillary tube 
and a suction line illustrated at 5. As Will be 
understood, the capillary tube 2 and the Suction 
line 5 may, if desired, be disposed in heat ex 
change relation, but such disposition has been 
omitted from the disclosure in the interest of 
simplicity in illustration. The normal operation 
of such a system is well known and requires no 
detailed description herein. 

In especial accordance with the present inven 
tion, however, the apparatus includes a by-paSS 
connection or conduit 6, in novel combination 
with an accumulator device effective to insure 
such distribution of refrigerant within the Sys 
tem, during defrosting of the evaporator 3, that 
a substantial amount of liquid refrigerant is 
made available at the compressor as soon as 
the defrosting process is initiated, and the re 
sultant flow of refrigerant through the Systern 
is such that substantially no re-evaporation of 
condensed refrigerant takes place Within the 
evaporator. The said device comprises a Sump 
or accumulator shown at and conveniently 
takes the form of a sealed tank to Which, under 
normal refrigerating conditions, is delivered liq 
uid refrigerant flowing through the capillary 
tube 2. Delivery of such liquid refrigerant to 
the accumulator is effected through the agency 
of a short connection 8 which is coupied to 
the capillary tube 2 and which connection pref 
erably includes a drier, as shown at 9 in the 
drawing. 

Disposed within the accumulator is a verti 
cally extending pipe or conduit 20, the lower 
end of which is open and which pipe is provided 
with an aperture 2 f near the upper portion 
thereof, that is, adjacent the top of the accumul 
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4. 
lator vessel. As will presently appear, liquid 
refrigerant derived from the capillary tube 2 
accumulates in the Sump to approximately the 
level indicated in the drawing under normal 
conditions of operation, and flows to the evapo 
rator 3 through the aforesaid aperture 2 and 
through a short feed line 22 which forms an 
extension of the pipe 28. The by-pass conduit 
6, which is preferably controlled by a solenoid 

actuated Valve represented at 23, has its upper 
end in open communication. With the Space 
Within the accumulator. 
A circuit adapted to control actuation of the 

Valve, as well as energization of the coin preSSOr 
, is also illustrated and its operation will be 

described just below. It should be understood, 
however, that the invention is not inited to 
the use of a Solenoid-actuated Wave for con 
trolling the flow of refrigerant through the by 
paSS 8 and that, in Sofar as initiation of the 
defrosting Operation is concerned, the Control 
circuit may take any desired one of a number 
Of knoWn form.S. 
As is common practice, energization of the 

compreSSOr is conti'Olled in accordance With the 
determinations of a temperature-Sensitive SWitch 
device 23, responsive to the pressure of a vapor 
izable fiuid contained within a feeler bulb (not 
shown), which bulb is generally disposed in heat 
exchange relation with the evaporator, or With 
the Space to be cooled. As will be understood 
Without detailed description, closing of the 
Switch device 23 places the motor of the Com 
pressor across the line 25. During norinai opera 
tion of the Syst3n, that is When defrosting is 
not required, the copieSSO then delive's 
hot gaseous refrigerant to condenser through 
the compressor discharge connection 25. The 
usual change of state OcCui's in the condenser, 
and the resultant liquid refrigerant is fed to 
Ward the evaporator through the capillary 
tube 2. As a result of the preSSule changes 
occurring within the capillary tube, a rinixture 
of liquid refrigerant and “flash' gas is delivered 
to accumulator through connection 8. The 
refrigerant emitted from the capillary tube coin 
prises a mixture of liquid and gas, the amount 
of refrigerant in the liquid phase being Very 
much in excess of that which is in the Vapor 
phase. This refrigerant is trapped in the ac 
cumulator and the liquid component being 
heavier than the gaseous component gradually 
accumulates until the level thereof reaches the 
aperture 2 provided in pipe 23. The size of 
the aperture 2 is so proportioned, with respect 
to the aforesaid flow of refrigerant into the ac 
cumulator, that the preSSure drop across the 
aperture is less than the hydrostatic head de 
termined by the height of the aperture 2 above . 
the botton wall Of the accumulator. The Size 
of the aperture, it should be noted, is not critical, 
a s' aperture having given satisfactory results 
in a representative embodient of the in 
wention. 
When, as above indicated, the level of liquid 

lefrigerant within the accumulator reaches 
the apeiture 2, the pressire maintained within 
the accuÉinulator by the presence of the flash gas 
introduced froin the capillary tube forces liquid 
refrigerant through the said aperture and into 
the feed line 2 from whence it flows to the evap 
Orator 3. During the normal cycle, the accum 
ulator remains full of liquid to the approximate 
height of Said aperture. 

Liquid refrigerant is, of course, vaporized in the 
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evaporator f3, producing the desired refrigera 
tion effect, and the resultant cool, relatively low 
pressure gas is returned to the compressor 0 by 
way of the suction line 5. The switch device 24 
energizes the compressor and effects the aforesaid 
normal circulation of refrigerant within the 
system, cyclically, in response to the determinar 
tions of the feeler bulb associated with the said 
Switch device 24. 
The control circuit of the illustrated embodi 

ment includes a single throw, double pole Switch 
27, and the defrosting cycle is initiated in re 
sponse to closure of this switch, regardless of the 
position of the contacts of switch device 24. As 
will be understood, the switch shown diagram 
matically at 27 is indicative of the fact that the 
invention contemplates inclusion of Such appa 
ratus as may be required to initiate and terminate 
the defrosting cycle. Preferably, although not 
necessarily, switch 27 may be actuated auto 
matically in a variety of different ways such, for 
example, as by the use of a frost thickness Switch 
device of the type described and claimed in 
applicant's co-pending disclosure bearing Serial 
No. 183,757, filed September 8, 1950. 
The aforesaid closing of the switch 2 places. 

the valve 23 across the line 25, thereby opening 
said valve and, concurrently, energizing the con 
pressor. It Will be noted that the circuit arrange 
ment is such that energization of the compressor 
is accomplished even in the event that the con 
tacts of switch device 24 should be open when 
defrosting is initiated. 
When modified flow of refrigerant has been 

established within the system, by opening of the 
valve 23, hot gaseous refrigerant flows to the 
accumulator, by-passing the condenser and 
the restrictor 2. While it is desirable that the 
hot gaseous refrigerant by-pass the condenser , 
as Well as the restrictor 2, by-passing of the 
condenser may if desired be omitted. Such modi 
fication of the apparatus only requires relocation 
of the point at which one end of the conduit 6 
is connected in the system. Under such modified 
conditions all of the refrigerant entering the ac 
cumulator is in the vapor phase and, by Com 
parison with the foregoing description having to 
do With introduction of refrigerant to the ac 
cumulator during the normal cycle, it will be seen 
that the amount of refrigerant (by volume) en 
tering the accumulator is increased to a value 
many times as great as the amount, in terms of 
volume, which was flowing into the accumulator 
during the normal cycle. This increase flow 
cannot be accommodated by aperture 2, with the 
result that the pressure drop across said aperture 
is increased to a degree such that the hydroStatic 
pressure of the liquid within the accumulator is 
overcome and the liquid is forced into the bottom 
of tube 20 and, together with a portion of the 
gaseous refrigerant which has just been delivered 
to the accumulator, flows through the said line 
22 and into the evaporator. 
This liquid refrigerant floods the evaporator 

and flows into the Suction line and the compressor 
housing. As it leaves the evaporator, it is re 
placed by hot gaseous refrigerant flowing through 
the by-pass conduit 6 and the accumulator , 
which has now been emptied of liquid, such 
gaseous refrigerant being at an elevated tempera 
ture and giving up its heat to the frost-laden 
evaporator with the result that condensation oc 
curs within the evaporator. This condensation 
of gaseous refrigerant takes place in the evapor 
ator at a temperature (and corresponding pres 
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6 
sure) just above 32° F., since the temperature of 
the evaporator cannot rise materially above this 
value until all of the frost has been melted. It 
Will be understood that defrosting is accom 
plished by the aforesaid heat transfer which 
effects the condensation taking place Within the 
evaporator. Concurrently with the mentioned 
condensation process the excess liquid refriger 
ant which is now present, at a relatively low tem 
perature, in the suction line 5 and the low pres 
Sure housing of the compressor (), has been 
evaporating and the gas thus formed is forced 
by the compressor through the by-pass conduit . 
6 from whence it is again delivered to the evap 

Orator, being available to continue the condensa 
tion process therein. 
As will be recognized, the heat required to 

Vaporize the returned liquid is Supplied by the 
thermal mass of the compressor, by heat ex 
change between the compressor and the ambient . 
air, and by the electrical losses which inevitably 
occur in the compressor. 

PaSSage of sufficient quantities of liquid re 
frigerant into the suction line and the housing 
of the compressor operates to raise the suction. 
preSSure, at the evaporator, above that value 
which corresponds to the 32° F. temperature 
naintained at the evaporator because of the 
presence of meltable frost thereon. When the 
Suction pressure reaches the stated value, hot 
gaseous refrigerant introduced. Within the 32° F. 
evaporator, Once it has condensed, cannot re 
evaporate since the suction pressure is at a value 
Which precludes evaporation at 32° F. Consid 
ered from another point of view, it will be under 
stood that the presence of liquid refrigerant in 
the Suction line and in the compressor housing, 
as contemplated by the invention, “satisfies' the 
pumping capacity of the compressor and the 
compressor does not therefore operate to evapo 
rate liquid refrigerant in the evaporator. 

It will be noted that the over-all process de 
scribed above differs very materially from that 
which Would occur Were the accumulator not 
present in the circuit. In the absence of the 
accumulator, the hot gaseous refrigerant deliv 
ered to the evaporator Would also tend to con 
dense, but, concurrently, the Suction of the com 
preSSOr, as in the normal cycle, would operate 
to re-evaporate the condensate within the evap 
Orator and withdraw refrigerant from the evap 
Orator in gaseous form. Since condensation and 
evaporation represent opposite processes of heat 
transfer, the net heat flow to the evaporator, 
and hence the net defrosting effect would be 
very slight, and it is precisely this difficulty 
Which was encountered in the arrangements of 
the prior art. Therefore the use of the by-pass 
conduit 6, in novel combination with the ac 
cumulator 7, serves to prevent the re-evapora 
tion process from taking place within the evap 
Orator and causes it to Occur in the Suction line 
and in the compressor housing. Thus the con 
densation proceSS Occurring Within the evapora 
tor is not opposed by re-evaporation, and hence 
the heat transfer to the evaporator is substan 
tial and rapid defrosting thereof takes place. 
From the foregoing description it is clear that 

the present invention provides a heat pump de 
frosting System which is characterized by a high 
degree constructional simplicity and by unusual 
rapidity in operation. No electrical heating de 
vices are employed and the consumption of 
power, during the defrosting operation, is un 
usually low. 
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claim: 
1. In a refrigeration System having Comples 

SOr, condenser, restrictor and evaporator ele 
ments normally so connected that refrigerant 
foWS through Said elements in the Order named 
whereby to vaporize refrigerant within said 
evaporator, means for modifying the flow of 
refrigerant through said system to cause Con 
densation of refrigerant. Within the evaporator 
and Consequent heating of the latter, comprising: 
Conduit means by-passing said restrictor and op 
erable to deliver to said evaporator hot gaseous 
refrigerant fowing from the compressor, to effect 
the aforesaid condensation and consequent heat 
ing of the evaporator; and apparatus adapted 
to increase the quantity of liquid refrigerant 
active in the System under the aforesaid modi 
fied condition of operation, Said apparatus Com 
prising a vessel with an upper portion of which 
said restrictor is in open communication, said 
vessel further being connected to said evapora 
tor through the agency of a pipe having an open 
ing communicating with a lower Sump portion 
of the vessel, said Wessel Serving, under normal 
conditions of operation, to collect liquid refrig 
erant Within Said lower Sunap portion to a level 
well above the Said pipe opening, and said con 
duit means being in communication with an 
upper portion of said vessel and delivering there 
to, under said modified condition of operation, 
hot gaseous refrigerant whereby to drive liquid 
refrigerant contained in Said accumulator 
through said pipe opening and into Said evapo 
rator, under the influence of pressure exerted 
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by said gaseous refrigerant against the free sur- 35 
face of liquid refrigerant contained Within said 
vessel; and means normally preventing flow of 

8 
gaseous refrigerant through said conduit means 
and operable to establish said modified flow of 
refrigerant within the system by permitting flow 
of gaseous refrigerant through said conduit 
eaS. 
2. In a refrigeration system of the type hav 

ing elements including a compressor, a con 
denser, a restrictor, an evaporator, and con 
duit means connecting said elements in Series 
flow circuit, means including a valve-controlled 
line by-passing said restrictor and communicat 
ing with Said evaporator and being operable to 
interrupt normal flow of liquid refrigerant 
through the restrictor and thence to the evap 
orator, and to establish modified flow of hot 
gaseous refrigerant through said line and to said 
evaporator, and a Sump disposed in the circuit 
etween said restrictor and said evaporator and 

functioning, under the said conditions of nor 
mal flow, to collect a quantity of liquid refriger 
ant therein, said line being associated with said 
Sump so that the stated flow of hot gaseous re 
frigerant through said line causes flow of liquid 
refrigerant contained in said accumulator 
through said evaporator and toward said com 
preSSOr. 
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