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This invention relates to improvements in defrosting 
arrangements for refrigeration systems, and more par 
ticularly to re-evaporating provisions in the suction line, 
with controls therefor, in a compressor-condenser-evapo 
rator type of system provided with a hot gas evaporator 
defrosting circuit. 
We are aware that numerous systems have heretofore 

been devised for utilizing either directly, hot gases dis 
charged directly by the compressor, or condenser heat, 
for the purpose of melting away the frost and ice coating 
periodically accumulating on and near the usual refrig 
erant evaporators. However, as far as has been ascer 
tained after a considerable investigation of earlier ar 
rangements, none of these has fully satisfactorily realized 
its intended purpose, at least without introducing to the 
system some unsatisfactory and objectionable perform 
ance characteristics. Principal among such objections ex 
perienced with earlier arrangements may be noted a coil 
siderable reduction in efficiency of the system; a tendency 
under defrosting conditions for liquid to slug over to the 
compressor and objectionably or dangerously high pres 
sure conditions in parts of the system, sometimes includ 
ing the compressor, to mention but a few of the difficulties 
heretofore experienced and usually accepted as neces 
sary incidents of automatic defrosting. It is accordingly 
a major objective of the present improvements to obviate 
each and all of the difficulties noted, and to realize a fully 
automatic arrangement for periodically freeing the evapo 
rator of frost. accumulation. 
A further valuable objective of the present improve 

ments is realized in an arrangement for the general pur 
pose noted, and which utilizes as one of the controls for 
selectively interposing or excluding a re-evaporator in the 
suction side of the system, a thermostatic expansion waive 
which is or may be of some conventional construction, 
with or without, minor modifications. 
A further object of the current improvements is realized 

in an arrangement such that the addition of the controls 
and facilities for automatically defrosting a system which 
may otherwise be conventional, does not appreciably in 
crease the power requirement of the system, does not in- i. 
troduce an excessive pressure-drop in the suction side 
during the normal refrigerating cycle, and which serves 
to realize dependably frost-free evaporator conditions, all 
without any noteworthy impairment of overall efficiency 
of the system. 
Yet a further and important objective of the present 

improvements is realized in a novel construction and cir 
cuit location of a bypass valve unit which functions, co 
ordinately with an auxiliary thermostatic expansion valve 
in the low side of the system, to effect an automatic selec 
tion between branches of the suction line utilized respec 
tively for vapor return with minimal pressure drop during 
normal refrigeration, and for re-evaporation. 
The foregoing and numerous other-objects of the pres 

ent improvements will appear from the following detailed 
description of a presently preferred exemplary arrange 
ment, particularly when considered in connection with 
the accompanying drawings thereof, in which: 

Fig. 1 is a schematic or diagrammatic arrangement of 
elements and tubing constituting a compressor-condenser 
evaporator refrigeration system, including the improved 
defrosting facilities, and 

Fig. 2 is a vertical sectional elevation of a bypass valve 
unit utilized for control of flow selectively through the 
branches of the 'suction line of the system of Fig. 1. 

Referring now by characters of reference to the draw 
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2 
ing, and first to Fig. 1, those units which are or may be 
of well known and conventional character and disposi 
tion in the flow circuit, are designated by reference letters, 
these including a motor driven compressor C, the dis 
charge of which is supplied to the condenser CN, thence 
to the receiver R, the 11quid from which flows through the 
iiquid line LL to supply the main evaporator EV. in 
the line LL and forming a part thereof, is a heat inter 
changer generally indicated at 10, and shown diagram 
Inatically as including a jacket portion 11 and an inner 
flow element 12 forming a part of the suction line, as 
Wiil appear. From the jacket 11 liquid flow is conducted 
through a continuation of the line LL to a thermostatic 
expansion valve TEV1. This is or may be of a conven 
tional type and requires no detailed description, it being 
noted lihat this unit is thermally responsive to “a fluid 
charge in its motor system connected to a bulb B1 in 
thermal exchange relation with the conduit or tubing at 
or near the evaporator outlet. 
The evaporator outlet is connected to suction line SL, 

a part of which is constituted by the inner circuit i2 of 
the heat interchanger i0, whence the line SL is continued 
as will hereinafter be described. 
The evaporator EV is shown in typical instaliation with 

its coils in the line of flow of the air stream from a pro 
pelier fan PF driven by fan motor FM. 
As a convenient means for supplying a source of heat 

to the evaporator for purposes of defrosting same, pref 
erably at more or less definite yet regulable intervals, 
there is provided a hot gas line 13 leading directly from 
the compressor through a strainer 14 via a solenoid valve 
iš, the line i3 continuing into communication with the 
evaporator at a pointi6 which is between the valve TEWi 
aid the evaporator. The cooled space is shown, merely 
for completeness, as bounded by walls W and shewn as 
preferred, with the major operative elements of the system 
in a mechanical compartment MC. For completeness it 
may also be noted as desirable to provide, for removal of 
water resulting from defrosting, a drain line generally 
indicated at 17. 

Although the specific instrumentalities for periodicity 
of diefrosting. constitute per se no part of the present im 
provements, it is noted for completeness that in the present 
system there is provided a defrost timer DT, the circuit 
controlled thereby serving to energize the solenoid valve 
i5 for opening of same to supply the hot gas line 13 at 
predetermined intervals. Although the arrangement 
shown in the accompanying drawing is merely suggestive 
and is introduced solely for completeness, the electrical 
circuits are noted as distinguished by dotted lines over 
the lines of tubing serving to complete the flow circuit 
between the several elements of the refrigeration system. 
The points of major novelty in the current system are 

found in novel items of control apparatus and the arrange 
ment thereof in the low pressure side of the system, some 
times referred to beyond the evaporator, as the suction 
line. lt will be noted that the line SL is divided or 
branched, beginning at point 20. A first such branch, 
utilized primarily during the defrosting cycle, is identified 
with the line of tubing 21 containing and controlled by a 
thermostatic expansion valve TEV2, thence proceeding 
into and through a re-evaporator unit generally indicated 
at 22, the coil 23 within which forms a part of the branch 
21 of the suction line. A second propeller fan PF2 driven 
by a fan motor FM2 utilizes the usually relatively warm 
ambient air within the space MC as the heat exchange 
medium over the coills.23 of the unit 22, with the effect 
of vaporizing any liquid refrigerant which may exist in this 
portion of the suction line, thus effectively preventing the 
return of same to the compressor. A drain connection 
24 is provided from the re-evaporator unit 22 to remove 
any condensate therefrom. 
The branch 2 containing the re-evaporator unit 22 is 

continued therebeyond to a connection or fitting 25 of a 
bypass valve unit generally designated at 26, and here 
inafter described in more detail. The final section of 
suction line SLF between the bypass valve unit 26 and 
the compressor is shown as connected to the unit 26 
through a single outlet fitting 27. 

It will of course be understood that many of the usual 
control accessories such as a motor starter MS-and-ad 
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ditional valves, all indicated by usual legend, will serve 
to complete the system and to facilitate usual control op 
erations and servicing of the several elements. 

There has thus far been described only one of the 
dual branches of the suction line SL, namely that which 
provides for flow through the re-evaporator, primarily 
under defrosting conditions. It should be noted that the 
normally used suction line or otherwise expressed, that 
portion of the suction line which serves to complete the 
return connection between the evaporator and com 
pressor during normal refrigerant operation, comprises a 
branch or leg 30 originating at point 20 in line SL, thence 
continuing into an evaporator inlet fitting 31 directed 
into the lowermost chamber 32 of the bypass valve unit, as 
will later be more fully described, it being presently noted 
that communication between line 30 via chamber 32 and 
fitting 27 into the final section SLF of the suction line, 
is under control of a valve element 33 subject to actuation 
by a fluid-charged bellows 34 in an upper chamber 35 
of the unit 26, the valve-opening actuation of bellows 34 
being opposed by a valve return spring 36 which is or may 
be equipped with spring-loading adjustment means (not 
shown). 

Proceeding now to further detail of the preferred form 
of bypass valve, particularly as shown by Fig. 2, it should 
first be noted that the suction line SL is of a generous 
cross section and that the inlet and outlet fittings par 
ticularly those designated at 31 and 27 are similarly of 
ample cross section, so as to realize only a minimum 
pressure-drop through the unit 26. The valve and valve : 
port of the unit 26 are similarly designed so as to keep 
at a minimum, any obstruction to normal flow through 
this unit during the normal operating cycle. The valve 
unit generally designated at 26 includes in addition to the 
major elements heretofore designated, a casing which 
for example, may be of a generally cylindrical form and 
designated at 37. Presupposing without limitation, a ver 
tical mounting of the bypass valve unit, the casing body 
or shell will include a bolted sealed upper head 40, and 
a similar removable bottom closure or head 41. The 
metallic bellows 34 is located in the upper chamber 35 
of the bypass unit, and includes rigid end heads 42 and 
sealed thereto the metailic bellows structure of expansible 
contractible character shown at 43. A charging tube 44 
facilitates introduction of a fluid charge, the tube being 
sealed off as well known after supplying such fluid. This 
motor element for actuating the valve 33 is by preference 
supplied with a predetermined charge which approximates 
the characteristics of the refrigerant in the system, and as 
a matter of usual convenience may consist of a finite 
quantity of such refrigerant. 
A valve stem or push rod indicated at 45 is directly 

actuated by the lower head 42 of the bellows. It is guided 
ly constrained to reciprocal movement through a guide 
element 46 forming a part of a valve cage 47, it being 
noted that the element 46 may consist merely of a bridge 
extending diametrally of the cage 47 so as to present vir 
tually no obstruction of freedom of flow between the upper 
and lower chambers 35 and 32 respectively, when the 
valve 33 is open. It will appear that the cage 47, threaded 
into a transverse partition 50, provides along its lower 
margin a valve seat 51 engaging the valve proper 33. 

It is an important feature of the arrangement shown 
that the valve 33 and the valve port, the latter defined 
by seat 51, both be of ample dimensions for reasons stated, 
and it is greatly preferred that the valve 33 be opened 
under expansion of the bellows, generally indicated at 34, 
in a direction against the flow from the evaporator to the 
compressor, or otherwise stated, from inlet fitting 31 via 
the valve port, to the compressor connection 27. 
The function and operation of the several elements 

and their relation mutually and to the system, will have 
become at least in part apparent from the structure de 
scribed; however, it may be noted for completeness that 
during normal refrigerating operation of the system, line 
13 is closed, and the evaporator supplied with liquid 
through line LL, and valve TEV1. Return flow will 
then occur through the leg 30 via the open valve 33, thence 
through line SLF to the compressor C. During normal 
working, superheat values in branch 30 and pressure 
differentials across valve 33 are such as to cause bellows 
34 to overcome spring 36 and to keep open the bypass 
valve. 

During refrigeration, valve TEV2 will remain open as 
affected by bulb B2 responsive to superheat values beyond 
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the re-evaporator. However, the much lower pressure 
drop through line 30 than line 21, results in a preponder 
ance of flow through leg 30, unit 26 and line SLF. 

Defrosting is periodically initiated by timer DT, acting 
to open valve 15 and the hot gas line 13 to the evaporator 
relieving same of ice and frost accumulation. Evapora 
for pressure rises sharply during defrosting, which pres 
sure increase coacts with the spring 36 to close valve 33 
against bellows 34, thus closing the bypass branch 
30-26. Valve TEV2 being open, the closure of valve 33 
compels return flow during defrosting by way of the re 
evaporator unit 22. During defrosting the superheat 
decreases, which fact further conduces to closing of valve 
33. Since, under these conditions, defrosting return flow 
occurs solely through the unit 22, wet vapor or liquid 
acting on bulb B2 throttles valve TEV2, and prevents re 
turn of liquid to the compressor. This situation prevails 
until shortly after the defrost cycle, whereupon the rise 
in Superheat and the decreasing pressure drop across 
valve 33 again causes full opening of both valves 33 and 
TEV2. It is noted that the re-evaporator line 21-23 is 
always open into line SLF, through chamber 35 of the 
valve unit 26. Upon completion of the defrosting cycle 
and perhaps a short interval thereafter, the relations of 
the bypass valve and thermostatic expansion valve TEV2 
will again be relatively reversed, so as to reestablish the 
refrigeration cycle upon completion of defrosting. Upon 
closure of the solenoid valve 15, the normal refrigeration 
functions of the compressor, condenser and evaporator 
will of course be resumed. 

Experience has shown that during and through a short 
period following the actual defrosting of the evaportor, 
liquid from the evaporator returns to the re-evaporator 
wherein it is vaporized and returned to the compressor. 
It is of course obviously necessary to prevent the return 
of liquid to the compressor, either through the bypass line 
30-26, or otherwise. It is for the purpose of regulating 
the amount of liquid refrigerant delivered to the re 
evaporator that the unit TEV2 is utilized. This is or may 
be a conventional thermostatic expansion valve as de 
scribed, under the thermal or sensing control of a bulb 
B2 which may be and is by preference located in ad 
jacence to the re-evaporator branch line after the outlet 
of unit 22 and ahead of the bypass valve 26 as shown. 

It has been found highly desirable during the normal 
refrigerating cycle, to bypass the main flow of refrigerant 
around the re-evaporator line after the defrost cycle has 
been completed and after the evaporator EV is again 
normally cooling the load. The bypass valve unit accom 
plishes this purpose and function, in that it serves to pre 
vent the return of liquid refrigerant to the compressor 
during the defront cycle. The unit 26 is also specially 
constructed to provide a portion of the low pressure-drop 
path between the evaporator EV and the compressor C 
during the normal refrigerating cycle. Furthermore, the 
construction and arrangement in the flow circuit of the 
unit 26, gas-charged to predetermined pressure, is such 
that it acts to limit the pressure in the compressor crank 
case to a predetermined maximum, this and the aforesaid 
results being accomplished fully automatically. 
By way of further discussion of operation it may be 

noted that during and for a short time after the defrost 
ing cycle, when liquid is returning from the evaporator 
to the re-evaporator, the temperature of the suction line 
at the point where the bulb B2 is located, will show a 
Superheat corresponding to the setting of the unit TEV2. 
It should be noted that the spring pressure in the by 
pass valve 26 should be such that the valve 33 will remain 
closed so long as superheat is of the order of 5-10 
or whatever range of temperature corresponds to the 
setting of the unit TEV2. 

After the liquid in the suction line has been removed 
by the re-evaporator, the superheat at the outlet of unit 
22 will increase to a value of the order of 15, for 
example, whereupon the pressure in the motor unit 34 
of the bypass valve will overcome the loading of spring 36 
which fact and the reduced pressure differential across 
valve 33 will cause same to open, there being assumed 
a charge in the unit 34 of the same refrigerant as used 
in the System. Opening of valve 33 as noted, will reestab 
lish flow through line 30, 31, 33, 27 and SLF to the 
compressor. In case Superheat reduces, for example 
from 15 to any considerably lower value, the valve 33 
will again close. 
The provision of a relatively large valve and valve 
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port in the bypass unit 26 assures a low pressure-drop 
path of flow of generous section fully between the evapo 
rator and the compressor during normal refrigeration 
operation. Also, by virtue if the relatively large port 
or valve seat aperture, there will be realized a highly 
favorable regulation of the bypass valve due to the rela 
tively higher evaporator pressures obtaining during and 
perhaps for a minor period of time following the defrost 
cycle. 

Although none of the pressure or temperature values 
herein stated should be construed as representative of 
exact conditions but rather as examples or illustrations, 
they are usually similarly proportioned in different sys 
tems. Thus it may be noted that during defrosting 
operation an evaporator pressure may not unexpectedly 
attain a value of fifty pounds, and will normally be 
reduced say to a ten pound value or lower, during the 
normal refrigeration cycle. By reason of the fact that 
the flow of refrigerant through the bypass valve is in 
a valve-closing direction, it will exert a definite valve 
closing force of the order of 10-20 p.s. i. during the 
refrigeration cycle. This valve-closing effect requires 
extra superheat in the region of the valve motor bellows, 
and results in balancing of the bypass valve at a 
superheat higher than 15°. During the refrigeration 
cycle say with a pressure of 10 lbs. in the evaporator, 
the aforesaid valve-closing force of 10 to 20 p.s. i. will 
be reduced to a value for example, of the order of 1 
p.s. i., which reduction of pressure across the valve disc 
permits the valve to balance at a lower superheat, caus 
ing the valve to open more widely with additional flow 
area through the port, all of which is desirable in mini 
mizing pressure drop. For reasons stated it will appear 
as highly desirable that the valve 33 open in a direction 
against the direction of flow, as shown. 

It may be further noted that the arrangement described 
will act to facilitate pumping out the evaporator when 
desired. For such purpose the liquid inlet to the evapo 
rator is shut off, resulting in a higher superheat at the 
outlet end of the re-evaporator, such as quickly and fully 
to open the bypass valve which facilitates this operation. 

It will now have appeared that the novel control 
apparatus described and the novel arrangement thereof 
for the purposes noted, will serve fully to realize the 
several objectives and purposes hereinabove expressly 
stated, as well as others implied. Although the inven 
tion has been described by particularized reference to a 
single preferred embodiment, the detail of description 
should be understood solely as instructive rather than as 
limiting, numerous variants being possible both in struc 
ture and arrangement, without departure from the full 
intended scope of the appended claims. 
We claim as our invention: 
1. In a refrigerating system including a compressor, 

a condenser and an evaporator together with means for 
driving the compressor, and tubing interconnecting the 
said units in a closed system, a hot gas conduit for 
defrosting purposes connected directly from the com 
pressor to the evaporator inlet, that portion of the tubing 
between the evaporator and compressor including a first 
branch, a re-evaporator in said first branch, a thermo 
static expansion valve controlling admission of flow to 
said first branch and responsive to thermal conditions 
beyond the re-evaporator, a second or bypass branch 
connected into the suction line ahead of said thermo 
static expansion valve and a bypass valve of thermal 
responsive character connected to both of said branches 
and selectively controlling flow therefrom through a re 
mainder of the suction line to the compressor, said bypass 
valve including a fluid-charged valve motor unit located 
substantially directly in the line of flow from either of 
said branches through said remainder of the suction line 
to the compressor, said bypass valve being actuated by 
said motor unit in response to thermal conditions and 
pressure differentials in the first branch beyond the re 
evaporator and in the bypass branch. 

2. In a refrigeration system, a compressor, a condenser, 
an evaporator, means for driving the compressor, tubing 
interconnecting the compressor, condenser and evaporator 
in a closed system, a hot gas conduit for defrosting 
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6 
purposes between the compressor and the evaporator 
inlet, the tubing between the evaporator and compressor 
including a first branch, a re-evaporator in and forming 
a part of said first branch, a thermostatic expansion 
valve controlling the flow through said first branch and 
responsive to thermal conditions in the suction side of 
the System beyond the re-evaporator, a branch serving 
to bypass a flow around the first said branch, a bypass 
valve in the by-pass branch, the bypass valve including 
a fluid-charged expansible motor member and a con 
nected valve element, said motor member being directly 
in the line of fluid flow from the re-evaporator to the 
compressor, said valve element being actuated by said 
motor member in response to thermal conditions and 
pressure differentials of the first branch and the bypass 
branch. 

3. In a refrigeration system, a compressor, a condenser, 
an evaporator, tubing interconnecting the said units in 
a closed system, and means for driving the compressor, 
a hot gas conduit for defrosting purposes constituting a 
connection directly between the compressor and evapo 
rator, valve means controlling the hot gas conduit, a 
thermostatic expansion valve located at the inlet end 
of the evaporator, the suction line comprised of portions 
of said tubing beyond the evaporator and including a 
first branch line, a re-evaporator in said first line, a 
second thermostatic expansion valve controlling admis 
sion of flow to said first line, and a second or bypass 
branch line, a bypass valve unit of thermal responsive 
character and including a fluid-charged motor member 
and a valve element connected to the motor member 
for actuation thereby, said bypass valve element being in 
controlling relation to the bypass line, and the bypass 
unit providing a constantly open portion of the first said 
branch line, said valve element being actuated in response 
to thermal influences and pressure differentials between 
the first branch line and the bypass branch line, the 
bypass line being characterized by a substantially minimal 
pressure drop therethrough and the re-evaporator line 
???????: characterized by a substantially higher pressure 
rop. 
4. In a refrigeration system, a compressor, a condenser, 

an evaporator, tubing interconnecting the said units in 
a closed system, and means for driving the compressor, 
a hot gas conduit for defrosting purposes constituting a 
connection directly between the compressor and evapo 
rator, valve means controlling the hot gas conduit, means 
for periodically actuating said valve means to open the 
hot gas conduit, a thermostatic expansion valve located 
at the inlet end of the evaporator, the hot gas conduit 
having a connection to the evaporator between same and 
the thermostatic expansion valve, the suction line com 
prised of portions of said tubing beyond the evaporator 
and including a first branch line, a re-evaporator in said 
first line, a Second thermostatic expansion valve con 
trolling admission of flow to said first line, and a second 
or bypass branch line, a bypass valve unit of thermal 
responsive character and including a fluid-charged motor 
member and a valve element connected to the motor 
member for actuation thereby, said bypass valve element 
being in controlling relation to and urged toward closing 
position by flow and pressure conditions in the bypass 
line, and the bypass unit providing a constantly open 
portion of the first branch line which is connected to 
the bypass branch line by said bypass valve element, the 
motor member being so located as to be directly ther 
mally influenced by flow through either of the branch 
lines, the bypass line being characterized by a substan 
tially minimal pressure drop therethrough and the re 
evaporator line being characterized by a substantially 
higher pressure drop. 
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