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This invention has to do with improved ap 
paratus for selectively heating or cooling air, as 
may be required, by the heat pump or reversible 
cycle principle. The same type of cycle that is 
used in refrigeration plants for transferring heat 
from the refrigerated space to some warmer sur 
rounding medium can also be applied to transfer 
heat from a cool surrounding medium, such as 
outdoor air, to the space to be heated. When 
air conditioning requires provision for both cool 
ing and heating, the same heat exchanging plant 
can be designed to perform both functions 
economically. This has many advantages, such 
as simplicity of maintenance, uniformity of load 
factor on a single power Service, and the avoid 
ance of long idle periods for part of the equip 
Inlet, , 
The present invention is concerned with im 

provements in such dual purpose systems to make 
them less costly and more efficient; with im 
proved arrangements for switching such systems 
from one function to the other; with a new, type 
of heat exchanging unit which can be designed 
to give optimum effectiveness whichever function 
is being performed; and with ah electrical control 
System which provides completely automatic de 
frosting of the evaporator unit in the outside 
air stream. Before describing my invention more 
fully, I shall outline the operation of the re 
versible cycle system and describe briefly, the 
difficulties usually encountered in .switching it 
from one function to the other. 
A power driven compressor delivers refrigerant 

vapor at relatively high temperature and pressure 
to a condenser. This is a heat transfer unit in 
which heat is given up by the refrigerant to an 
air stream (use of other heat carriers will be 
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considered later), condensing the refrigerant . 
vapor to the liquid state. The temperature of 
the condenser is essentially determined by the 
boiling point of the refrigerant at the relatively 
high pressure maintained by the compressor, 
The liquid refrigerant then passes through an 
expansion valve, by which its pressure and tem 
perature are reduced to relatively low values in 
an essentially isodynamic (constant total heat) 
expansion. The refrigerant liquid enters a second 
heat exchange unit, the evaporator, in which heat 
is taken up by the refrigerant from a second 
air stream, evaporating the refrigerant liquid to 
the vapor state again. The temperature of the 
evaporator is essentially determined by the boil 
ing point of the refrigerant at its reduced pres 
sure, and is therefore lower than the temperature 
of the condenser. The pressure in the evaporator 
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2 
is maintained at its relatively low value by the 
compressor, which draws of the refrigerant 
vapor as it is formed, compresses it to the initial 
relatively high pressure and temperature, and 
returns it to the condenser, repeating the cycle. 
The net effect of the comiplete cycle is to remove 
heat from the evaporator air stream at a lower 
temperature and to deliver heat to the condenser 
air stream at a higher temperature. To apply 
this system to air conditioning it is only necessary 
to circulate air to be conditioned through the 
condenser or the evaporator, according as it 
needs to be heated or cooled; and in either case, 
to circulate outside air through the other unit. 
The energy needed to pump heat from the 

lower to the higher temperature is provided in 
the form of mechanical energy to drive the com 
presser. Ideally, all of this energy reappears in 
the form of heat delivered to the condenser air 
stream. Therefore the total amount of heat de 
livered by the heat pump at the higher tem 
perature is greater than the heat taken in at 
the lower temperature, the difference corre 
sponding approximately to the energy expended 
in the compressor. Moreover, these three 
quantities, the heat delivered to one air stream, 
the heat taken in from the other air stream, 
and the energy expended, are proportional, re 
spectively, (for an ideal system) to the absolute 
temperature of the condenser, the absolute tem 
perature of the evaporator, and the difference 
between these two absolute temperatures. For 
example, if the absolute condenser temperature 
is 318 Kelvin and the absolute evaporator tem 
perature is 258 Kelvin, (corresponding to 113 
F. and 5 F., respectively), the ratio of the heat 
delivered at the higher temperature to the heat 
energy expended by the compressor is 318/60 or 
5.3. This is a measure of the theoretical efficiency 
of the system, considered as a means of heating 
the condenser air stream. At the same time, 
the ratio of the heat taken in by the System at 
the lower temperature to the energy expended 
is 258/60, or 4.3. This is a measure of the 
theoretical efficiency of the system, considered 
as a means of cooling the evaporator air stream. 
Thus the amount of heat usefully transferred in 
heating or cooling is, in this instance, roughly 
five times the energy expended in the compressor. 
In other words, under the assumed conditions, 
a building can be heated five times as effectively 
by a given amount of electrical energy, say, if 
this is used to pump heat in from the colder 
outside air than if it is converted directly into 
heat. 



It will be seen at once from the above dis 
cussion that to attain good efficiency the "tem 
perature lift' between evaporator and condenser 
must be kept as small as possible. This tem 
perature lift is necessarily larger than the ten 
perature difference between the conditioned air 
and the outside air, since there must be a tem 
perature difference between the refrigerant and 
the air stream in both condenser and evaporator 
if rapid heat flow is to take place. If this ten 
perature difference between air and refrigerant 
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blast coll so that it will serve effectively both as 

O 

(and other similar temperature drops in the sys 
tem) is to be kept to a minimum, each heat ex 
change unit must be carefully designed for the 
particular function it is to perform. The design 
should take into account not only whether a 
given coil is to act as evaporator or condenser, 
but also whether it is to be located in the con 
ditioned air stream or in the outside air stream. 
This is because it is economical to use large 
quantities of air in the outside air stream, thus 
reducing the necessary temperature difference 
between air and refrigerant; but the amount of 
air which may be economically circulated in the 
conditioned air stream is limited by power losses 
in the relatively long air ducts, and by other con 
siderations. These facts are of particular im 
portance in the design of a system intended to 
be switched back and forth between heating and 
cooling the conditioned space. 
One manner of switching, which I shall call 

system A, is to use a condenser coil in one air 
duct and an evaporator coll in another air duct, 
and to switch the air streams between the two 
ducts. For heating, the conditioned air stream 
is passed through the condenser duct and the 
outside air stream through the evaporator duct. 
For cooling, the conditioned air stream is switched 
by a system of dampers to the evaporator duct, 
and the outside air stream is automatically 
switched at the same time to the condenser duct. 
An advantage of this air switching method of 

changing function is that the refrigerant cycle 
is always the same, the evaporator and the con 
denser always serving the same purpose in the 
same way. However, the air ducts and switching 
equipment occupy a considerable amount of 
space. A more important disadvantage arises 
from the very different quantities of air that must 
be handled in the outside air, stream and in the 
conditioned air stream to give a practical effective 
eficiency. This necessitates the design of both 
blast coils with large enough face area to pass 
the larger quantity of air, increasing the bulk and 
first cost of the equipment and making it difficult 
to obtain good balance. Several variations of this 
system have been used, but they show the same 
general characteristics and need not be described 
here 
The disadvantages of air switching can be 

avoided by the use of refrigerant switching sys 
tens. 
mand attention, and will be denoted as systems 
B and C. In both of these the conditioned air 
is always circulated through one duct and the 
outside air through another. In system B there 
is one refrigerant coll in each duct, which acts 
as condenser or evaporator according to whether 
that air stream is to be heated or cooled. The 
refrigerant circuit in this system is relatively 
complex, because of the number of automatic 
valves which are required to control the flow. 
Four three-way valves or their equivalent are 
needed. In addition, it is difficult to design a 
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condenser and as evaporator. 
In the second refrigerant switching system C, 

two blast coils are provided in each of the air 
ducts, one serving only as condenser and the other 
only as evaporator. Orily two three-way valves 
(or their equivalent) are required with this ar 
rangement. Since each of the four blast cols 
is used for only one function, it can be designed 
to perform that function with satisfactory efn 
ciency. The chief disadvantages of this system 
are the increased air friction due to the duplica 
tion of blast cols in each air stream, and the in 
creased weight, bulk and expense of the addi 
tional coils. 
The present invention makes possible a revers 

ible cycle air conditioning system which in large 
measure combines the advantages of the two last 
described systems, but avoids their characteristic 
disadvantages. in each air strean a single blast 
coll unit is used, as in system B, but this is con 
structed with two separate primary or refrigerant 
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Two forms of refrigerant switching de- . 
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tube circuits, one designed to perform eficiently 
the function of condenser and the other designed 
expressly as an evaporator. The secondary sur 
face of each blast coil, at which heat exchange 
with the air takes place, is common to both of 
the primary tube circuits. This secondary sur 
face may consist of conventional flat fins, brought 
into heat conducting relation with the tubing of 
the two refrigerant circuits by any suitable tech 
nique. Each fin is common to some, but not 
necessarily to all, of the tubes of both circuits. 
Switching is performed by switching the refrig 
erant. 
There are certain other features of the inven 

tion associated with the coll units, and a con 
trolling system, which will be explained. 
The various features of the new system are illus 

trated in the accompanying figures, of which: 
Figs. 1 and 2 illustrate diagrammatically a 

preferred embodiment of the invention, Fig. 1 
showing the system as used for heating the con 
ditioned space, and Fig. 2 for cooling; 

Figs. 3, 3a and 3b are respectively side elevation, 
end elevation and plan of a typical blast coll 
designed according to my invention for the condi 
tioned air stream and having separate tube cir 
cuits for condenser and evaporator; 

Fig. 3c is a section taken at 3c-3c of Fig. 3b; 
Figs. 4, 4a, and 4b are respectively side elevation, 

end elevation and plan of a similar blast coil de 
signed according to my invention for use in the 
outside air stream; 

Fig. 4c is a section taken at c-4c of Fig. 4b; 
Fig. 5 is a section of an infector nozzle associ 

ated with the coil units, taken at 5-5 in Fig. 3 
or Fig. 4; 

Fig. 6 shows in partial section the special 
switching valve, indicated at 20 in Figs. 1 and 2; 

Fig. 7 is a diagram of the electrical control cir 
cuit for the entire system. 

Referring now to Figs. 1 and 2, the action of 
my system is as follows. Return air from the 
conditioned s enters passage A at 3 and is 
recirculated to the space by the blower 33 after 
passing through the conditioning blast coil unit, 
indicated at 8. Similarly, outside air enters 
passage.B at 2, passes through the outside air 
blast coil unit 4 and is drawn of and rejected 
to the outside by the blower 34. Each blast coil 
unit is seen to contain two tube circuits, both 
related to the common secondary surface, such as 
the fins represented schematically at O. The 
condenser circuits 5 and it are shown, for clarity, 
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diagrammatically displaced above and to the 
left of the respective evaporator circuits f and 
8. Refrigerant vapor from the compressor 
(driven by power means not shown) passes 
through line 8 and the special three-way switch 
ing valve 20 (to be described below) and thence 
through line 7 to the condenser circuit 5 of the 
conditioning blast coil unit 3 if the conditioned 
air is to be warmed (Fig. 1); or through line 6 
to the condenser circuit 6 of the outside air blast 
coil unit 4 if the conditioned air is to be cooled 
(Fig. 2). In each figure those sections of the 
complete refrigerant System which are used for 
the function illustrated are shown by solid lines, 
and those sections in which the flow is tempo 
rarily cut off are shown by dashed lines. Con 
densed refrigerant from whichever condenser is 
in operation enters the receiver 12 through one 
of the check valves 2, the other check valve pre 
venting any back flow through the unused con 
denser coil. From the receiver, liquid refrigerant 
is admitted during the heating cycle (Fig. 1) by 
the valve 22 via line 3 to the subcooling coil 9 
(see below) and via the expansion valve 24 and 
line 4a to the evaporator circuit 8 of outside 
blast coll unit 4; and during the cooling cycle 
(Fig. 2) by the valve 23 to the other expansion 
valve 24 and via line 4 to the evaporator circuit 

of the conditioning blast coil unit 3. After 
evaporation in one or other of the evaporator coils, 
the refrigerant returns to the compressor i? via 
lines 9. 
The special switching valve 20 has been devel 

oped to facilitate electrically controlled switching 
of the relatively large vapor line 8 from the com 
pressor to the condenser circuits 5 and 6. The 
Valve is operated by the pressure of the vapor 
itself, the action being controlled as described 
below by the pilot valves 25 and 26 in the rela 
tively small lines 27 and 28 leading from the two 
ends of the valve casing to the high pressure 
refrigerant line 8. The pilot valves 25 and 26 are 
electrically operated in unison with the valves 
22 and 23 on the liquid lines leading from the 
receiver 2. 
22 and 25 are always in one state and the valves 
23 and 26 in the opposite state. Operation of 
these four valves (the equivalent of two three 
way valves) is all that is required to change the 
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decidedly superior to that of system B, and may 
even exceed system C when losses fruri air fric 
tion are taken into account. 
In Figs. 1 and 2 the connecting duct 35 indi 

cates schematically provision for continuously 
adding a certain amount of fresh outdoor air 
from passage B to the circulated conditioned air 
stream in passage A in order to maintain fresh 
ness in the conditioned space. A corresponding 
amount of air must be expelled from the condi 
tioned space, and provision for doing this is indi 
cated schematically by the connecting duct 36. 
In general it is economical to have this exchange 
of air between the two main air ducts of the sys 
tem take place ahead of the blast coils, since this 
reduces the temperature difference between the 
two air streams at the blast coils, and hence re 
duces the "temperature lift' of the system. 
However the air exchanges may take place at any 
suitable points in the complete system; for in 
stance, the expulsion of air from the conditioned 
air circuit may be simply by air leakage from the 
conditioned space. 
The capacity and effective efficiency of a heat 

transfer System of the general type under discus 
sion can be increased significantly by sub-cooling 
the condensed refrigerant before it reaches the 
expansion valve 24. For this purpose an auxil 
iary heat exchanging coil is added to the refrig 
erant circuit between the condenser and the ex 
pansion valve, heat being removed in this coil 
from the refrigerant to some other medium. On 
the cooling cycle any medium can be used for 
this purpose, provided its temperature is lower 
than that at which the refrigerant leaves the 
condenser (assuming, of course, that heat taken 
up by this medium does not warm the conditioned 
Space). The same medium which is used to cool. 
the condenser ordinarily satisfies this require 
ment, since a considerable temperature differen 
tial must exist between it and the refrigerant 
coils of the condenser, in order to give a rapid 
exchange of heat. 

As shown in Figs. 1 and 2, the valves 45 For example, in my System when it is acting to 
cool the conditioned space as in Fig. 2, a refrig 
erant subcooling coil (not shown) might be in 
troduced in the outside air stream in passage B 
ahead of the condenser 6. This would cool the 
liquid refrigerant nearly to the temperature of 

entire system from the heating to the cooling 50 the outside air stream. The latter would be function, or the reverse. 
My new system has the same simplicity of 

refrigerant switching as system C, described 
above, avoiding the relative complexity of system 

Warned slightly in the process, but not enough 
to raise the temperature of the condenser appre 
ciably. If we neglect this slight change in con 
denser temperature (which can of course be 

B. This factor has an important bearing not only 55 avoided by using a separate stream of outside air On the first cost of a plant, but also on the ex 
pense of maintenance. 
The air friction in my system is much less than 

in System C, in which each air stream must pass 
through a complete idle blast coil. The presence 60 
of an additional refrigerant tube circuit in each 
of my blast coils increases the air friction only 
slightly over that in system B, since the major 
part of the friction occurs at the secondary sur 
faces, or fins. In my system all secondary sur 
faces of both blast coils are in full use, whether 
the conditioned space is being heated or cooled. 

In expense, size, and weight, as in air friction, 
my System is decidedly superior to system C, 
since only half as many blast coil units are 70 
needed. Although each coil unit is somewhat 
more expensive than the simple coils of system 
B, the difference is not great. Since each tube 
circuit can be designed for the single function 

65 

for the subcooler), the increase in cooling ca 
pacity of the System due to such a subcooler is 
equal to the full amount of heat which it removes 
from the refrigerant. Similarly, when my sys 
tem is used to heat the conditioned space, as in 
Fig. 1, a subcooling coil can be introduced ahead 
of the condenser 5 in the conditioned air stream 
in passage A. In this case also, the capacity of 
a given System for a given rate of power con 
Sumption is increased by the amount of heat 
absorbed from the subcooler by the conditioned air stream. 
The arrangement of the subcooler illustrated 

in Fig. 1 has marked advantages over either of 
the systems just described. During the heating 
cycle, the refrigerant subcooling coil 9 is cooled 
by the stream of fresh makeup air 35 before it 
enters the conditioned air stream. The refrig 
erant can be cooled in this way nearly to the it is to perform, the efficiency of operation is 75 temperature of the outside air stream, and yet 



7 
all the heat that is removed from it is usefully 
employed in heating the makeup air, and hence, 
effectively, in warming the conditioned space. 
Since the temperature change is greater than in 
the subcooling arrangements described above, the 
resulting increase in capacity of the system is 
correspondingly greater. This form of subcooler 
preheater is preferably used only during the 
heating cycle, when the demands upon the sys 
tem are ordinarily heavier than they are for cool 
ing. Thus it tends to improve the effective bal 
ance between these two functions of the system. 
As an example of the detailed design of a set 

of blast coil units according to my invention, 
Figs, 3, 3a, 3b and 3c and Figs. 4, 4d, 4b and 4c 
show respectively a conditioning blast coil unit 
and an outside air blast coil unit which have 
been designed to function, as described above, in 
a reversible cycle heating and cooling plant of 5 
tons capacity. Corresponding parts of the two 
blast coil units are identified for clarity in these 
figures by the same reference numerals, except 
that a subscript 'a' is added in the case of the 
outside air blast coil unit. The air streams pass 
through both coils from bottom to top, in the 
aspects of Figs. 3, 3a and 4, 4a, as indicated by 
the arrows. Significant differences in design of 
the two units will be clear from the drawings, 
The face area (Fig. 3b) of the conditioning coil 
is 6 sq. ft. (18' wide by 48' long), while that 
of the outside air coil (Fig. 4b) is 9 sq. ft. (24' 
wide by 54' long), allowing a larger quantity of 
air to be circulated efficiently through the latter. 
The refrigerant condenser tube circuit in each 

blast coil unit is made up of parallel tubes 55 
(or 55a) joined by the distributing header 54 (or 
54a) at the inlet end and by the header 56 (or 
56a) at the outlet end. These two headers are 
joined by the injector 53 (see Fig. 5, described 
below). Refrigerant vapor enters the condition 
ing condenser via line 7 and the outside air con 
denser via line 6, both leading from the switch 
ing valve 2.0 (FigS. 1 and 2). The condenser cir 
cuit of the conditioning coil (Fig. 3) is made up 
of eight horizontal rows of six tubes each; the 
four upper rows being connected to the upper 
inlet header 54, the lower four rows to the outlet 
header 56, and the several tubes of the upper 
rows being connected in two-paSS arrangement 
with those of the lower rows. Each of these tube 
passes is essentially as long as the face of the 
unit-48 inches. In the outside air coil unit 
(Fig. 4) the condenser circuit has six horizontal 
rows of eight tubes each, the tubes of the three 
upper rows being connected in two-pass arrange 
ment with those of the lower rows. 
The evaporator tube circuits 65 are of essen 

tially different nature, having only one row of 
tubes per pass, but containing many more passes. 
In the conditioning coil (Fig. 3) the horizontal 
rows are six tubes wide and make eight passes, 
while in the evaporator coil the rows are eight 
tubes wide and make six passes. The distribut 
ing headers for the evaporator circuits are shown 
at 64 (or 64a) on the inlet side and at 66 (or 66a) 
on the outlet side. Liquid refrigerant enters the 
conditioning and the outside air evaporators by 
lines 4 and 4a, respectively, and leaves as vapor 
by lines 9 and 9a. 

In each blast coil all the tube passes of both 
circuits are joined by a multiplicity of parallel 
fins 68. These form the secondary surfaces of 
the unit, at which heat exchange with the air 
takes place. The fins shown in the figures are 
thicker and farther apart than they are in the 
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actual coil. Heat conducting relationship be 
tween the fins and the tubes of the two refrig 
erant circuits is obtained by any of the usual 
methods of construction. My invention does not 
require that each fin contact all the tubes of 
both refrigerant circuits, as is the case in the 
particular coil units illustrated, so long as each 
fin or other secondary surface element is com 
mon to some part of both circuits. 
The injector 63 is shown in section in Fig. 5. 

It consists essentially of the jet nozzle 59 lying 
along the axis of the tubular chamber ), and 
the side tube 58 at approximately the level of 
the nozzle. Refrigerant vapor enters from the 
high pressure line 6 or 7 at 52 and passes through 
the nozzle 59, creating suction through the side 
tube 58. As will be seen in Fig. 3 (or Fig. 4), 
this side tube connects to the outlet header US 
(or 56a) of the condenser. The lower part of 
this header contains condensed refrigerant on 
its way to the liquid outlet 5 (or Sa), but the 
upper part of the header is filled with vapor 
which has passed through the condenser coll 
circuit without being condensed. This vapor is 
drawn from this header by the injector and 
enters the inlet header 54 (or 5a) of the con 
denser coil circuit together with fresh vapor from 
the nozzle. The effect is to recirculate the re 
frigerant vapor which has not been condensed. 
This increases the mass flow of refrigerant 
through the coil, thus increasing the rate of flow 
and the effectiveness of heat transfer. 
The increased mass flow resulting from re 

circulation of the uncondensed vapor also tends 
to wash the condensate out of condenser tubes 
55 or 55a into header 56 or 56a, increasing the 
tube area, which is in effective heat exchanging 
relation with the vapor. This function of the 
recirculation is particularly important in con 
densing typical refrigerant vapors, which Ordi 
narily have a relatively low heat of vaporization 
(for example, about 60 B. t. u, per lb. for di 
chlorodifluoromethane, known commercially as 
"Freon 12,' compared to about 1000 B. t. u, per 
lb. for water), since a relatively large amount of 
liquid must be moved out of the condenser pas 
Sages for a given amount of heat exchanged. 
Recirculation becomes more effective as the re 
sistance to flow through the condenser passages 
is reduced. Such a reduction of resistance is 
accomplished, for example, in the illustrative em 
bodiments described above, by the use of many 
condenser tubes connected in parallel, each tube 
making only two passes through the fins. 
The discussion thus far has been limited for 

simplicity to the form of heat pump system in 
which heat is exchanged directly between the 
refrigerant and the conditioned air on the one 
hand, and directly between the refrigerant and 
the outside air on the other. It is of course pos 
sible to replace the outside air stream 32 by a 
stream of Some other medium, such as water. 
Each of the tube circuits of the blast coil unit 
f4 will then preferably be replaced by a heat 
exchange unit, one of which is designed to act 
as a condenser and the other as an evapora 
tor. These may be supplied with fresh water, 
or the water may be circulated through a radi 
ator, and heat transferred between the water 
and the outside air. The point of present in 
terest is that even with such a replacement of 
the outside air blast coil 4, the advantages of 
my new type of blast coil still apply to the con 
ditioned air stream. My invention can there 
fore be applied effectively under certain circum 
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stances to the heat exchange unit in the condi 
tioned air stream only, or, similarly, to that in 
the outside air stream only. 
A preferred form of my new switching valve 20 

is shown in partial section in Fig. 6. Operation 
of the valve depends upon the fact that vapor is 
delivered under pressure to the inlet port 40, and 
that the pressure in the lines leading from the 
outlet ports, 4f and 4 a (particularly in the line 
through which vapor flow is cut off by the valve) 
is maintained at a lower value by condensation 
of the Vapor in the condensers to which these 
lines lead. The Valve casing 39 is made in three 
sections, forming three concentric cylinders. The 
central cylinder 42 is separated from the two 
larger end cylinders 43 and 4.3a by the flat an 
nular pieces 44 and 44a which carry valve seats 
45 and 45a respectively on their inner faces. The 
piston 47 in the central cylinder is rigidly joined 
by the connecting rods 46 to the pistons 49 and 
49a in the end cylinders. The central piston car 
ries on its faces the layers of rubber-like material 
48 and 48a, so that it forms a tight joint when 
pressed against one or other of the valve seats 
45 or 45a. When piston 47 is seated against 
valve seat 45a, Say. (as shown in Fig. 6), it cuts 
off communication between inlet port 40 and end 
cylinder 43a; but the outer face of piston 47 is 
still exposed to substantially the fluid pressure 
in end cylinder 43a. If piston 47 fits central cyl 
inder 42 closely, the cylindrical surface of the 
piston acts as a sleeve valve which may supple 
ment or replace the annular valve formations 45, 
45a. Thus fluid entering at the centrally located 
inlet port 40 is diverted to one or other of the 
outlet portS 4 or 4d, located near the inner ends 
of the end cylinders 43 and 43a. The end pistons 
49 and 49a, serve to operate the valve, but take no 
direct part in the valving action, which is per 
formed entirely by the central piston, 47. 

For operation of the valve, the relatively small 
line 27 leads from a connection in the head of 
the left cylinder 43, through the electrically con 
trolled pilot valve 25, to the high pressure vapor 
line 8 which carries refrigerant vapor from the 
compressor to the inlet port 40 of the switch 
ing valve. A similar line 28 leads from the head 
of the right cylinder 43a through the pilot valve 
26 to the line 8. A small leak, indicated sche 
matically at 29, is provided between the head of 
the cylinder 43 and the outlet port 4f from this 
cylinder. A similar leak 30 allows a slight flow 
between the head of the cylinder 43a and its out 
let port 4a. These leaks act to bypass the pis 
tons 49 and 49a, tending to eliminate any pres 
sure differential which may exist across them. 
The leaks do not need to be located in external 
lines, as indicated in the figures, but can be pro 
vided, for example, by piercing the pistons them 
selves with one or more Small apertures, or simply 
by allowing sufficient clearance between the pis 
tons and the Walls of the cylinders 43 and 43a, 
With the pilot valve 25 open and 26 closed, 

the piston assembly of the valve is normally at 
the right hand limit of its motion, as shown in 
Fig. 6, so that inlet port 40 is connected to outlet 
port 4, and compressed vapor flows through line 
to the condenser circuit 5 of conditioning unit 
3, as required for the heating cycle (Fig. 1). 
The valve is held in this position by the differen 
tial pressure across the Central piston 4. The 
left side of this piston is exposed to vapor enter 
ing at 40 under essentially the full pressure of 
the compressor. The pressure acting on the right 
side of this piston is that within the end cylin 
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der 43a. This cylinder is connected to the re 
mainder of the system only through the outlet 
port 4 fa, which leads by line 6 to the unused 
condenser circuit 6 of outside air unit 4 and 
thence by line 5 to the check valve 2. Since this 
check valve prevents back flow of refrigerant into 
condenser 6, the pressure in this condenser, and 
hence in the cylinder 43a of the switching valve, 
can not be higher, once equilibrium conditions 
are reached, than the vapor pressure of the re 
frigerant at the temperature of the condenser 
itself. The temperature of this condenser is rela 
tively low, both because it is in the outside air 
stream and because it is in thermal contact 
through the fins fo with the evaporator 8. 
Therefore the pressure in cylinder 43d will nec 
essarily be lower, and ordinarily will be much 
lower, than that in the central cylinder 42, and 
the valve will be held firmly against the seat 45a. 
Under the assumed steady state conditions, no 
differential pressure acts on either one of the end 
cylinders 49 and 49a, due to the equalizing effects 
of the leaks 29 and 30. - 

If now the pilot valves are reversed, 25 being 
closed and 26 opened, vapor under pressure flows 
from line 8 through valve 26 and line 28 to the 
outer end of cylinder 43a. In spite of leakage 
through 30 around the piston 49a, a large pres 
sure differential is set up, tending to move the 
piston assembly to the left. Since piston 39a is 
larger than the central piston 47, the force on it 
is greater than the opposite force on the central 
piston, and the piston assembly therefore moves 
to the left. As soon as contact is broken between 
gasket 48a on the central piston 47 and the valve 
seat 45a, high pressure vapor can flow from the 
central cylinder 42 into the right hand cylinder 
43a, tending to reduce both the pressure differ 
ential acting on the end piston 49a and the oppo 
site pressure differential on the central piston 4. 
However, this effect is Small for several reasons. 
Wapor entering cylinder 43a flows freely out 
through port 4d and line 6 to condenser circuit 
6, which was idle and cold during the previous 

cycle, and is there rapidly condensed. More 
over, central piston 47 fits its cylinder well enough 
so that the flow around it is small. In addition, 
as shown in Fig. 6, this piston is preferably quite 
thick, so that as it passes the entrance port 40 
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(from right to left in the present instance) it vir 
tually cuts off the normal flow through line 8. 
This causes a momentary surge of pressure in line 
8 which is transmitted through the open pilot 
valve 26 and line 28 to the outer end of cylinder 
43a, further accelerating the leftward motion of the piston assembly. 
As the central piston approaches the left end 

of its cylinder, the foW from the central to the 
left cylinder 43 is first sharply reduced, and then 
completely cut off when gasket 48 makes con 
tact with the left valve seat 45. A pressure dif 
ferential tending to hold the valve in this posi 
tion is at once set up across the central piston. 
This is given by the difference between virtually 
the full pressure of the compressor in the central 
cylinder and the lower pressure in the left cyl 
inder, the latter corresponding to the vapor pres 
sure of the refrigerant at the temperature of con 
denser circuit 15, which is now idle and is being 
cooled by evaporator circuit 7. Once piston 4; 
by its leftward motion has cleared entrance port 
40, vapor flows freely from line 8 into the inner 
end of cylinder 43a, and through outlet port 4 fa. 
to the cold condenser circuit 6 (see above). As 
continued condensation of the vapor warms this 
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condenser, with corresponding increase in the va. 
por pressure within it, the pressure differential 
across piston 49a is gradually eliminated (with 
the help of leak 30). Therefore the valve is held 
in its new position by the force on the central 
piston only. Throughout the shift from extreme 
right to extreme left positions of the piston as 
sembly, the left, piston 49 takes no active part, 
the leak 29 maintaining approximate equality of 
pressure throughout cylinder 43. The entire ac 
tion, described here at some length, actually 
takes place very rapidly. The opposite motion 
of the piston assembly from left to right is 
brought about in an exactly similar way when 
pilot valve 25 is opened and 26 is closed. 

It will be seen that my new switching valve, 
operating as described above, involves no loss of 
refrigerant from the high to the low pressure side 
of the compressor. The action takes place en 
tirely within the high pressure part of the System 
between the compressor and the receiver 2, 
and all the vapor delivered by the compressor, in 
cluding that which passes through the pilot valves 
25 and 26 to operate the switching valve, returns 
to the compressor through one or other of the 
condenser circuits 5 and 6. This prevents any 
waste of potential capacity of the System and 
avoids unnecessary complication in the connec 
tions. 

For clarity of illustration, I have described the 
action of my switching valve with reference to its 
use in a particular type of reversible, cycle sys 
tem. However, it is not limited to such use, but 
can be applied also to switch the flow of Vapor 
from a supply line between any two feed lines in 
which, in absence of vapor fioW, the pressure is 
appreciably less than the pressure in the supply 
line. Such a reduced pressure in the feed line 
which is temporarily cut off from the supply line 
will result, for example, if vapor can escape (even 
at a relatively low rate) from the feed line to a 
region of lower pressure; or if, as in the present 
instance, each feed line communicates with a 
check valve which prevents back flow into the 
line and if there is some condensatin of vapor 
between the switching valve and each check 
Valve. 

Fig. 7 illustrates diagrammatically an electri 
cal control circuit of preferred form by which 
the reversible cycle heating and cooling System 
described above can be rendered completely au 
tomatic in operation. This control system also 
provides automatic defrosting of the outside air 
blast coil unit whenever, on the heating cycle, the 
accumulated frost on the evaporator obstructs 
the passage of air to a predetermined extent. Be 
fore describing the electrical control System it 
self, it will be useful to outline the functions which 
this particular System is designed to perform. 
Throughout those periods of the day during 

which temperature control is desired, the condi 
tioned air fan 33 operates continuously, provid 
ing circulation throughout the conditioned space 
and drawing in a certain amount of fresh air from 
outside, the remainder of the System operating 
Only if the temperature of the reurn air from 
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the conditioned space is colder or hotter than 
the desired temperature by a predetermined small 
differential ac. If this differential is exceeded, the 
refrigerant control valves 22, 23, 25 and 26 are 
set for heating or cooling, whichever is required, 
and the outside air fan 34 is started. The start 
ing of this fan initiates the starting of the mo 
tor which drives the compressor . This motor 
always starts at low speed. It changes auto 
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12 
matically to high speed if the difference between 
the temperature of the return air and the desired 
temperature exceeds a second predetermined dif 
ferential y, larger than ac. The motor then stays 
in high speed until it is shut off. This occurs, 
whether the motor is operating at high or low 
speed, when the air temperature comes within 
the differential ac of the desired value. 
When the outside air temperature is low, frost 

may accumulate during the heating cycle on the 
outside air blast coil unit 4, which is necessarily 
colder than the outside air stream itself. When 
ever the resulting obstruction to air flow through 
the unit exceeds a predetermined amount, the 
operation of defrosting is initiated. The flow of 
air through the blast coil unit normally causes a 
definite pressure differential between the air in 
passage B to the left and to the right of the coil 
unit 4 (as seen in Figs. 1 and 2). As frost col 
lects on the coil, the resistance to air flow in 
creases, and the pressure differential increases 
correspondingly. I therefore make use of a pres 
sure sensitive device to close a switch when this 
pressure differential exceeds a selected value 
which is slightly greater than its normal value. 
This main defrosting control operates circuits 
which ther automatically (1) Switch the SyS 
tem temporarily to the cooling cycle, (2) turn off 
the outside air fan 34, (3) operate the compres 
sor motor independently of the outside air fan, 
with which it is normally linked, and (4) start 
a timing device. During this mode of Operation, 
the coil circuit 6 of the outside air unit is in use 
as condenser, and since the air flow over this 
coil is cut off, essentially all the heat released in 
the coil by condensation of the refrigerant is 
available for melting the accumulated frost. 
After the timing device has run for a predeter 
mined time interval, sufficient to remove the 
amount of frost for which the main defrosting 
control was set, the system is returned auto 
matically to normal operation under control of 
the thernOStat. 

I turn now to the preferred embodiment of my 
control circuit, the essential elements of which 
are indicated with their electrical connections in 
Fig. 7. Power for the motors of the conditioning 
system and for the electrical control circuit is 
obtained from regular 3-phase 220 volt alternat 
ing current lines, represented by L1, L2, and L3, 
although Single phase power could be used in 
stead. The power connection for M1, the motor 
which drives the conditioned air fan 33, is by the 
three lines 8 which lead from L1, L12, and L3, 
through the three normally open SWitches , 2 
and 3 of multiple switch relay A, to the motor 
M1. Thus the magnet coil of the relay. A con 
trols operation of M1. Suitable auxiliary motor 
starting means and Safety devices are understood 
to be included in this and the other motor cir 
cuits, but are omitted from Fig. 7 for clarity. 
Similarly, motor M2, which drives the outside air 
fan 34, is connected by the three lines 82 through 
normally open switches , 2 and 3 of multiple 
Switch relay B. The compressor motor M3 is a 
two speed motor of any suitable type, assumed 
for purposes of representation to be a three 
phase consequent pole motor. This motor is 
Operated at low speed through the three con 
nections 83 which lead from the power lines 
through the normally open switches , 2 and 3 
of controlling relay D. Power for high speed oper 
ation of M3 is brought from the power lines by the 
three lines 84 through normally open switches 3, 
4 and 5 of relay C, switches 6 and 7 of this relay 
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serving to connect together the three terminals 
of the low speed windings of the motor when it is 
to be operated at high speed. The energizing cir 
cuit of the magnet coil of relay D includes the 
normally closed switch 2 of relay C. Therefore 
relays C and D cannot be energized to actuate 
their switches at the same time. The two relays 
C and D are also mechanically interlocked (by 
means not shown) for safety in such a way that 
the switches of one cannot be closed unless those 
of the other are Open. 
The motor 9 of the electric clock T9 is con 

nected directly to L1 by the line 85 and to L2 by 
the lines 88 and 86, so that the clock runs con 
tinuously. The clock motor is linked mechan 
ically to the switch 92 in any suitable way, so 
that it will open and close the switch according to 
a predetermined time schedule. When the switch 
92 is open the entire control system, except the 
clock motor itself, is disconnected from line L1, 
and is inoperative, the relay controlled motors 
M1, Ma and M3 being therefore also disconnected. 
When the switch 92 is closed, line 85 from I1 is 
connected to line 87 which leads to one side of 
switch 4 of relay A and also to one side of the 
magnet coil of this relay, the other side of which 
is connected through line 86 to I2. This actuates 
the relay, closing all four of its normally open 
switches. Switches , 2 and 3 energize the motor 
M1, operating the conditioned air fan 33; and 
switch 4 energizes line 89 and the several short 
feeder lines from it, by completing their connec 
tions to L1. The line 9C is normally energized 
also, since it is connected to line 89 through the 
normally closed switch 4 of relay E. The lines 
89 and 90, (like the line 86 and its feeder lines 
which are always connected to L2) are shown as 
heavy lines in Fig. 7. The function of the clock, 
then, may be expressed as energizing the line Sys 
tems 89 and 90, and energizing the conditioned 
air fan motor Mi, both being accomplished 
through the relay A. The green pilot light 93, 
connected between lines 89 and 86, indicates the 
functioning of this relay. 

Further action of the system is thermostatically 
controlled in accordance with the temperature of 
the return air from the conditioned space. This 
control is effected by means of the cam set 00, 
operating the switches a, b, c, d and e. . The 
switches a and b are mechanically linked and 
are operated together by the can disk of, which 
is fixed upon shaft in a rotationally adjust 
able position. The similar cam disk fo2 operates 
the two linked switches c and d. The actuating 
finger of the Switch c is sufficiently wide to be 
contacted by either of the two separately adjust 
able cam disks 03 and 04. Cam shaft is 
driven through a reduction gear, not shown, by 
the electric motor 2, in such a way that it as 
Sumes a definite rotational position for every value 
(within a certain range) of the difference between 

alcohol, for example. 
O 
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14. 
torily wide range of To. The essential elements of 
a preferred embodiment of such a device are ill 
lustrated schematically in Fig. 7. The bulb 20, 
located in the return air stream 3 from the con 
ditioned space, as indicated schematically in Figs, 
i and 2, is connected by tube 2 with the elas 
tically extensible Sylphon bellows 22, the whole 
being filled with a suitable liquid, which can be an 

With changing tempera 
ture of the bulb, the contained liquid changes 
volume, expanding or contracting the bellows 22, 
of which the right hand end is rigidly supported 
and the other end is connected to the rack 24. 
This moves the rack, turning pinion 25, and 
changing the setting of the variable contact 30 
upon the electrical resistance 32. Thus the ratio 
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the desired air temperature To and the actual 
temperature of the return air T1. When T1 equals 
To the motor turns the can shaft into the posi 
tion shown in Fig. 7, in which the cam set 00 
is in a central or neutral position. As T. drops 
below To, the cams are turned progressively to 
the left of center; and as T1 rises above To the 
cams are turned to the right of center, their an 
gle of rotation increasing with the value of T1-To. 
The above described temperature controlled 

motion of cams OO can be obtained in many ways. 
I prefer to make use of an electric network and a 
follow-up motor, giving great temperature sensi 
tivity and convenient adjustment over a satisfac 
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of the two parts into which this resistance is 
divided by the contact 30 depends in a definite 
way upon the return air temperature T1. 
A second resistance 33 is similarly divided by 

a variable contact 3. This contact is mounted 
(in principle at least) on the same shaft if as 
the cam assembly G0, and is turned with it by the 
notor if 2. One side of resistance 32 is elec 
trically connected by line 35 to one side of re 
sistance 33 and also to line 37 leading to one side 
of the secondary winding of a voltage reducing 
transformer 40, the primary of which is con 
nected between the lines 86 and 89. The other 
sides of the resistances 32 and 33 are connected 
together by line 36, which is also connected by 
line 38 to the other side of the secondary of the 
transformer 40. The two variable contacts 30 
and 3 are connected by lines 44 and 45 to 
opposite sides of the arnature winding 3 of 
the electric motor f 2. The field windings 4 of 
this motor are connected by 37 and 38 across 
the secondary of transformer 40. This circuit 
can be considered as comprising a Wheatstone's 
bridge, the four resistances of the bridge being 
formed by the four parts into which the two re-, 
sistances 32 and 33 are divided by contacts 30 
and 3 f. Current is supplied to the bridge 
through lines 3 and 38 from the transformer 
40. The armature winding of motor. 2 takes 

the place of the galvanometer usually associated 
with such a bridge circuit. No current will flow 
'in this armature if the bridge is balanced-that is, 
if the resistances 32 and 33 are divided in the 
same ratio by their respective contacts 30 and 
3t. Otherwise current will flow through the 
armature of the motor, either in phase with or in 
opposite phase to the current through its field 
windings. This will operate the motor in one 
direction or the other, depending upon the sense 
in which the bridge is out of balance. The motor 
must be so connected as to drive the contact 3 
in that direction which will tend to restore the 
balance of the bridge circuit. Then, whenever 
contact 30 is rotated by motion of its temperature 
sensitive mechanical control, the contact 3 will 
be similarly rotated by motor f2, carrying with 
it the switch actuating cam assembly loo. The 
cams therefore assume a definite position for each 
Value of the return air temperature T1. 
Adjustment of the temperature To for which the 

cams 100 will assume a central position may be 
accomplished in many different ways. For pur 
poses of illustration we may assume that the 
total volume available to the charge of fluid in 
bulb 20 and Sylphon 22 is adjustable by varying 
the volume of the auxiliary Sylphon f26. As this 
Sylphon is compressed by the screw 27, the 
temperature To which results in a central posi 
tion of rack f24 (and hence of cams 00) is 
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lowered; and as the Sylphon 26 is expanded, this 
temperature is raised. An example of a com 
plete unit which is commercially available, includ 
ing thermostat, motor and Cam shaft, and which 
performs the functions described above, is a 
Barber Coleman modulating control damper 
motor of the D. C. 500 Series. 
Assuming that, by the above described means 

or some functional equivalent, can set OO is 
rotated from its central position by an angle 
which corresponds with the difference between 
the desired temperature To and the existent re 
turn air temperature T1, I return now to the 
control circuit proper. If T1 falls below To by a 
certain small adjustable difference ac1, the 
switches a and b are closed by rotation of cam to 
to the left; the value ac1 depending on the ad 
justed normal position of the cam. Closure of 
switch a connects line 160 to 90, completing cir 
cuits through four separate elements, wired in 
parallel, which together form what I shall call 
the heating set-up. These are the red pilot light 
6, the motor M5 and the two valve opening 

solenoids V1 and V3, which when energized open 
the valves 22 and 25, preparing the refrigerant 
circuit for the heating function, as already ex 
plained (Fig. 1). The notor M5 is not essential to 
the operation of my system, but can be employed 
to humidify the conditioned air stream, for ex 
ample by pumping Water through a Spray nozzle. 
Water for this purpose can be obtained, for ex 
ample, from the water which condenses from the 
outside air stream upon the evaporator coil 8. 
The closing of switch b by cam Of completes a 

circuit via line 65 through the magnet coil of 
relay B from line 90 to line 86, actuating the relay 
and closing its four normally open Switches. 
Three of these energize motor M2, actuating the 
outside air fan 34, as already explained. The 
fourth switch B4 energizes the magnet coil of relay 
D by closing the circuit from line 39 via line 66 
to the central contact e1 of double throw Switch e, 
through its normally closed contact e2 to line 67, 
then through normally closed relay-interlocking 
switch 2 of relay C to line 69 and finally through 
the relay magnet to line 86. The resulting actua 
tion of relay D operates the compressor motor M3 
at low speed. The system is now fully operating in 
its heating function, but at low capacity. 

If the return air temperature T1 continues to 
decrease, or if it is initially colder than To-ac1, 
the motor 12 continues to turn cam set 00 to the 
left. When this reaches a position corresponding 
...to the temperature To-ji, where y1 is some defl 
nite temperature interval larger than ac, the 
switch e is actuated by cam 03, the cam 0 
continuing to hold switches a and b closed. 
Actuation of Switch e disconnects e1 from e2 and 
connects it instead to e3. This breaks the circuit 
through line 67 by which relay D was energized, 
deactivating this relay and disconnecting the low 
Speed windings of motor M3 from the power lines; 
and completes a circuit from the still energized 
line 66 via line 68 to the magnet coil of relay C, 
energizing this relay in place of D. 

Actuation of relay C puts the compressor motor 
M3 into high speed operation, as explained above. 
It also opens switch C2, breaking the connection 
from switch e via lines 68 and 69 to relay D. 
In addition switch of relay C closes a holding 
circuit by connecting lines 66 and 168 through 
line 70. By this combined action of switches C1 
and C2 the operation of relays C. and D is made 
independent of the position of cam-operated 
switch e, Thus, even when cam 03 backs of to 
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the right with rising temperature and allows 
Switch e to return to its normal position (shown 
in Fig. 7) relay C will remain activated, and the 
compressor motor will not be changed from high 

is "back to low speed. This avoids wear and tear and 
possible damage from sudden deceleration of 
.notor and compressor. However, operation of 
notor Ma is still dependent upon continued acti 
vation of relay B. If this relay is deactivated (see 
below), Switch B4 opens, breaking the circuit from 
line 89 through switch C1 and the magnet of relay 
C to line 86. This deactivates relay C, returning 
its switches f and 2 (as well as the others) to their 
normal positions, reestablishing the dependence 
of relays C and D upon can Operated Switch e. 
Whether or not the system has been put into 

full capacity operation by activation of Switch e, 
it continues to operate (remaining in high Speed 
once it reaches it) until rising temperature brings 
cam O far enough to the right to allow switches 
a and b to open. This occurs when the tempera 
ture difference To-T1 has decreased approxi 
mately to the value ac1 at which the Switches 
were originally closed (see above). The opening 
of switch b deemergizes relay B, deactivating the 
outside air fan motor M2 and also breaking the 
circuit through switch B4 to relay C (via switch e 
and switch C1) or to relay D (via switch e and 
Switch C2), depending upon whether the cam 
f03 did or did not operate Switch e at any time 
during the course of that particular heating cycle. 
The opening of switch a breaks the circuit 
through 60 to the four elements of the heating 
Set-up, shutting off the humidifying motor M5 
and the red pilot light 6 and allowing the 
Solenoid controlled valves 22 and 25 to close. 
Thus the entire Systein is returned to its original 
standby condition, only the conditioned air fan 
motor M1 continuing to operate. 

40 When the conditioned air temperature T1 ex 
ceeds the desired temperature To by some definite 
differential ac2 (which need not equal the differ 
ential ac1, mentioned above) cam 02 is rotated 
by motor 2 far enough to the right to close 
Switches c and d. These initiate a cooling cycle, 
with the compressor operating first at low ca 
pacity, much as Switches a and b initiated the 
heating cycle described above. Switch c ener 
gizes line 62 by connecting it directly to line 89, 
thus energizing the four elements of the cooling 
Set up. These are the blue pilot light f 63, the 
motor M4, the Solenoid Wa which opens valve 23, 
and the Solenoid W4 which opens valve 26 in the 
refrigerant switching system. With these two 
valves open the system is set for its cooling func 
tion (Fig. 2). Switch d connects line 65 to line 
90. This energizes the magnet coil of relay B, 
just as was done on the heating cycle when a 
Similar connection was made through switch b, 
The resulting operation of the outside air fan and 
the compressor takes place just as before. The 
motor M4 is not necessary to my system, but may 
be used to remove condensed water from a pan 
below the conditioning blast coil 3, spraying it, 
for example, into the outside air stream, and thus 
avoiding the necessity of a sewer connection from 
the unit. A further rise in the temperature T 
will bring cam 04 progressively around to the 
right until it actuates Switch e, shifting the com 
pressor motor M1 to high speed operation, just 
as described above. The notor continues to op 
erate at full capacity, due to the holding circuit 
of relay C, until cam 02, turning back to the left 

75 with lowered air temperature, again allows 
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switches c and d to open, The System then re 
turns to its standby condition, as before. 
The various elements which act together to 

control the defrosting operation are grouped in 
the upper left hand part of Flg. 7. The essential 
elements of this control are a pressure sensitive 
device by which defrosting is initiated; and a 
timing device, by which the defrosting operation 
is terminated. The other elements of the mecha 
nism and the particular connections used are 
Subject to wide variations within the scope of my 
invention. 

In a preferred embodiment illustrated in Fig. 7, 
the pressure sensitive unit is indicated at 8 f and 
acts to close the normally open switch 82 when 
the pressure differential across the Outside air 
blast coil exceeds a predetermined value. This 
action can be obtained, for example, by the con 
struction indicated schematically in Fig. 7. The 
Sylphon bellows 83 and 84 are rigidly mounted 
at their outer ends, and their inner movable ends 
are mechanically connected together and to the 
movable arm 85 of the switch f2. The tube 
8 leads from the interior of Sylphon 83 to the 

outside air duct B to the left, or on the upstream 
side, of blast coil 4 (Figs. 1 and 2), where it is 
exposed to the static pressure in the duct. The 
tube 88 similarly joins Sylphon 84 to the out 
side air duct on the right hand, or down-stream, 
side of the blast coll. (See the schematic show 
ings of the positions of the tubes in Figs. 1 and 
2.) The pressure differential across the blast 
coil, caused by the resistance it offers to the air 
flow, is thus transmitted to the Sylphons, caus 
ing the arm 85 to move farther to the right the 
greater the pressure differential. By adjusting 
the fixed contact of the switch, as by the thumb 
Screw fe9, the switch may be made to close at 
any desired value of the pressure differential. A 
complete unit 8, which performs satisfactorily 
the functions described, is available commercially 
under the descriptive name "Hays contact mak 
ing draft gauge, type BEL.' 

Typical air flow through the particular outside 
air blast coil shown in Fig. 4 normally gives a 
pressure differential of approximately 0.4 inch of 
water. With a light coating of frost on the blast 
coil, this is increased by a few hundredths of an 
inch, and as the layer of frost becomes heavier 
it increases progressively. By adjusting the unit 
8 to make contact at the desired pressure dif 

ferential, defrosting of the coll can be initiated 
When the frost is still light, or can be postponed 
until it is relatively heavy. Thus any desired 
balance between the various factors affecting ef 
ficiency and convenience can be obtained. 
The timing device by which the defrosting op 

eration is terminated (see below) is also adjust 
able; and the duration of the defrosting Opera 
tion is preferably so coordinated with the setting 
of the control unit 8 that just sufficient time is 
allowed to remove the particular depth of frost 
at which defrosting was initiated. The timer 
95, used in the particular embodiment illus 

trated, is a simple commercially available device 
including a self-starting clock-type motor 96 and 
a normally closed switch 97. These are linked 
mechanically in such a way that the switch is 
opened momentarily after the motor has run for 
a definite adjustable period of time; and that 
when the electric circuit through the motor is 
broken, the switch is automatically reset to its 
closed position, ready for another cycle of opera 
tion. 
When Switch 82 of pressure sensitive unit 8 
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is closed, as described above, it completes a cir 
cuit from line 89 via line 20 through the motor 
96 of timer 95 to line 86, thus starting the timier. 
Switch 82 also completes a circuit" from line 89 
via line 202 through the magnet coil of relay E 
to line 86, actuating the relay. So long as relay 
E is actuated, the refrigeration system operates 
to defrost the outside air coil. Switch Ei of this 
relay closes the holding circuit leading from line 
89 through the switch to line 203, then through . 
the still closed switch. 9 of the timer to line 202 
and thence by parallel paths through the magnet 

5 

coil of relay E and through the timer motor f 96 
to line 86. Thus the relay E and the timer, once 
they are activated by the closing of pressure 
sensitive switch 82, remain activated through 
the holding circuit even after switch 82 opens, 

20 

as it will do early in the course of the defrosting 
cycle. But the opening of switch 97 by the 
timer, after it has run for the predetermined 
period, breaks this holding circuit, deactivates 
relay E and the timer itself, and thus returns the 
entire system to normal operation. 
The actuation of relay E initiates the defrost 

ing cycle by performing several functions. 
Firstly, normally closed switch E4 of the relay is 
opened, disconnecting line 90 from line 89 and 
in effect opening the switches, a and b (which 
were presumably operating the system in its heatr 
ing function, as already described) and also dis 
abling Switch d. This action alone would return 
the system to its standby condition, closing 
switching values 22 and 25, stopping the outside 
air motor M2 and compressor motor M3, but leav 
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ing the conditioned air motor M1 in operation. 
Secondly, switch 3 of relay E closes the connec 
tion from line 89 via line 208 to line 68, and 
thence through the magnet coil of relay C to line 
86. This energizes the magnet, actuating the 
relay C and putting the compressor motor M3 
into full capacity operation. If the Switches of 
relay E are so adjusted that upon actuation the 
relay switch E3 closes slightly before switch E4 
opens, the compressor will continue uninter 
rupted operation, merely shifting into high speed 
if it was previously in low speed. Thirdly, closure 
of switch Ea of the defrosting relay connects line 
89 to line 209, energizing the four elements of the 
cooling setup, opening valves 23 and 26 of the re 
frigerant switching system, just as would nor 
mally be done by closure of Switch C. This 
switches the refrigerant system to its cooling 
function, since the valves 22 and 25 have been 
closed as a result of the opening of switch E4. 
The functional result of activation of relay E, 

then, is to operate the system essentially as in its 
normal cooling cycle, but with the Outside air fan 
turned off. Therefore refrigerant coil circuit 6 
is used as condenser (Fig. 2) and heat is given up 
by the refrigerant to the coil. The fin structure 
(or its equivalent) of the blast coil forms heat 
conducting connection, as described above, be 
tween this coll circuit and coil circuit 8, the use 
of which as evaporator during the preceding 
heating cycle caused the frost formation. The 
heat given up by one coil circuit is therefore in 
mediately available for melting the frost, even 
though this was formed directly by cooling action 
of the other coil circuit. Since the outside air 
fan is turned off, this heat is not carried away 
to any appreciably extent by the surrounding air. 
The above described automatic defrosting Sys 

tem avoids the waste inherent in automatic sys 
tems which initiate the defrosting cycle at regu 
lar time intervals regardless of the depth of frost 
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on the blast coil. Under some weather conditions 
defrosting is required frequently, and if it is 
omitted the effectiveness of the heating function 
of the system may be seriously curtailed. Under 
other conditions defrosting may not be required 
at all for many days at a time, whatever frost is 
formed melting of naturally while the system is 
inactive or while it is cooling the conditioned 
space. Regular defrosting is then a waste of 
power, and interrupts unnecessarily the use of 
the System for heating. With my new type of 
defrosting control the defrosting cycle is always 
initiated when needed, and only when needed. 
Moreover, each defrosting cycle is correctly timed 
for the depth of frost actually present. If it is 
desired to limit the initiation of defrosting cycles 
to certain periods of the day, this can readilly be 
done, retaining most of the advantages of my 
system, by introducing a simple adjustable time 
Switch (not shown, but similar to time switch 79 
of Fig. 7) in series with the pressure controlled 
switch 82 in line 20. When this time switch is 
open it will inactivate the defrosting system; 
when it is closed the system will operate normally, 
as described above. It will be obvious that my . 
new type of defrosting control can be applied 
with little change to other kinds of dual purpose 
heating and cooling systems, in particular those 
described above as System. B. 
I claim: 
1. In a reversible cycle heat pump of the type 

which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means for 
moving a fluid to be heated or cooled through the 
conditioning passage, means for moving a heat 
carrying fluid through the other passage, a con 
denser coll and an evaporator coll positioned in 
each of the two passages in heat transferring 
relation to the fluid flowing therein, refrigerant 
conduit circuiting including two parallel refriger 
ant circuits each of which includes the condenser 
Coil in One fluid passage and the evaporating coil 
in the other fluid passage, and valvularly con 
trolled means for circulating refrigerant selec 
tively through either circuit; the improvement 

- which comprises structure forming an entrance 
through which a restricted amount of heat carry 
ing fluid is introduced into the conditioning pas 
sage from the other passage, a refrigerant sub- 5 
cooling coil in said entrance, and conduit means 
by which the sub-cooling coil is incorporated in 
one of the refrigerant circuits between the con 
denser and the evaporator of that circuit. 

2. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means 
for moving a fluid to be heated or cooled through 
the conditioning passage, means for moving a 
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heat carrying fluid through the other passage, 
a condenser coil and an evaporator coil posi 
tioned in each of the two passages in heat trans 
ferring relation to the fluid flowing therein, re 
frigerant conduit circuiting including two paral 
lel refrigerant circuits each of which includes 
the condenser coil in one fluid passage and the 
evaporating coil in the other fluid passage, and 
valvularly controlled means for circulating re 
frigerant Selectively through either circuit; the 

- improvement which comprises structure forming 
an entrance through which a restricted amount 
of heat carrying fluid is introduced into the con 
ditioning passage from the other passage, a re 
frigerant sub-cooling coil in said entrance, and 
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conduit means by which the sub-cooling coll is 
incorporated in the refrigerant circuit which in 
cludes the condenser in the conditioning passage 
in a position in that circuit between the condenser 
and the evaporator in the heat carrying passage. 

3. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means for 
In Oving a fluid to be heated or cooled through the 
conditioning passage, means for moving a heat 
carrying fluid through the other passage, a con 
denser coil and an evaporator coil positioned in 
each of the two passages in heat transferring re 
lation to the fluid flowing therein, refrigerant 
Conduit circuiting including two parallel refrig 
erant circuits each of which includes the con 
denser coil in one fluid passage and the evaporat 
ing coil in the other fluid passage, and valvularly 
controlled means for circulating refrigerant 
Selectively through either circuit; the improve 
ment which comprises structure forming an en 
trance through which a restricted amount of 
heat carrying fluid is introduced into the con 
ditioning passage from the other passage, a re 
frigerant sub-cooling coil in said entrance, and 
conduit means by which the sub-cooling coil is 
incorporated in the refrigerant circuit which in 
cludes the condenser in the conditioning passage 
in a position in that circuit between the conden 
ser and the evaporator in the heat carrying pas 
sage, and structure forming a connecting passage 
through which fluid from the Conditioning pas 
sage at a point ahead of the condenser therein 
is transferred in restricted amount to the heat 
carrying passage at a point ahead of the evap 
orator therein. 

4. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means 
for moving a fluid to be heated or cooled through 
the conditioning passage, means for moving a 
heat carrying fuid through the other paSSage, 
heat transfer means positioned in each of the two 
passages in heat transferring relation to the fluid 
flowing therein and adapted selectively to evap 
orate refrigerant liquid and to condense refrig 
erant vapor, and refrigerant conduit circuiting 
and valvularly controlled means for supplying re 
frigerant vapor selectively to one heat trans 
fer means and refrigerant liquid to the other; 
the improvement which comprises structure 
forming an entrance through which a restricted 
amount of heat carrying fluid is introduced into 
the conditioning passage from the other passage, 
a refrigerant sub-cooling coll in Said. entrance, 
and conduit means by which the sub-cooling coil 
is incorporated in that part of the said conduit 
circuiting through which refrigerant liquid is 
supplied to the heat exchange means in the said 
other passage. 

5. Valvular means for selectively controlling 
the connection of a supply line which contains a 
gaseous fluid at a normal supply pressure to 
either one of two feed lines, the pressure in that 
feed line which is not connected to the Supply 
line being appreciably less than the supply pres 
sure; said valvular means comprising, a valve 
casing forming a central valve cylinder and two 
valve actuating cylinders in communication re 
spectively with the ends of the central cylinder, 
an inlet port communicating with the supply 
line and leading into the medial portion of the 
central valve cylinder, outlet ports leading from 
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the two actuating cylinders at points inward of 
their outer ends, said ports each communicat 
ing with one of the feed lines, a piston valve 
in the central cylinder adapted by movement 
toward either end of that cylinder to close the 
communication of the inlet port through the 
central cylinder to the actuating cylinder which 
communicates with that end of the central cylin 
der, pistons in the two actuating cylinders out 
Wardly of the said outlet ports and connected 
to the piston. valve to move therewith, valvu 
larly controlled means for selectively applying 
pressure from the supply line to either of the 
actuating cylinders at points outside the pis 
tons therein, and means allowing leakage of 
fluid pressure from the outer end of each ac 
tuating cylinder to the outlet port of that cylin 
der. 

6. In a reversible cycle heat pump of the type 
which includes a compressor, refrigerant cir 
cutting including two alternatively usable re 
frigerant sub-circuits each including a conden 
Ser and an evaporator with an intervening ex 
pansion valve dividing each sub-sircuit into a 
high pressure side and a lower pressure side, cir 
cuit connection from the low pressure side of 
each sub-circuit to the low pressure side of the 
compressor and forming, with the low pressure 
sides of the sub-circuits, the lower pressure side 
of the refrigerant circuiting, and valvular means 
in the high pressure side of the refrigerant cir 
cuiting for selectively connecting the high pres 
sure side of the compressor to the high pres 
sure sides of the sub-circuits; the improvement 
in said valvular means which comprises, a cen 
tral valve cylinder, two valve actuating cyline 
ders of larger diameter than the valve cylinder 
and having inner ends in communication with 
the ends of the valve cylinder and closed at their 
outer ends, the central valve cylinder having a 
port intermediate its ends connected to the high 
Pressure side of the compressor, outlet ports lead 
ing from the two actuating cylinders at points 
Spaced inward of their outer ends, said outlet 
ports respectively connecting with the high 
pressure sides of the two refrigerant sub-circuits, 
a piston valve in the valve cylinder adapted by 
movement toward either end of that cylinder to 
close communication of the inlet port through 
the valve cylinder to the actuating cylinder 
which communicates with that end of the valve 
cylinder and to open communication to the other 
actuating cylinder, valve actuating pistons in the 
two actuating cylinders outward of the outlet 
ports and connected to the piston valve to move 
therewith, a leak passage effective between the 
Oppositefaces of each actuating piston, and valvu 
larly controlled means for selectively applying 
pressure from one of the pressure sides of the 
refrigerant circuit to either of the actuating 
cylinders outward of its actuating piston. 

7. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means for 
moving a fluid to be heated or cooled through 
the conditioning passage, means for moving a 
heat carrying fluid through the other passage, 
a Condenser coll and an evaporator coil posi 
tioned in each of the two passages in heat trans 
ferring relation to the fluid flowing therein, a 
refrigerant compressor, a pair of parallel refrig 
erant circuit conduits each leading from the com 
pression side of the compressor through the 
condenser in one of the fluid passages and thence 
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through the evaporator in the other fluid pas 
sage, and thence back to the inlet side of the 
compressor; the improvement in valvular means 
for selectively controlling the connection of the 

5 compressor to the two parallel circuits which 
comprises, a valve casing forming a central valve 
cylinder with annular valve seats at each end 
and two valve actuating cylinders extending from 
the ends of the central valve cylinder and of 
larger diameter than the latter, a piston valve 
in the central valve cylinder, pistons in the two 
actuating cylinders connected to the piston valve 
to move therewith, an inlet port connected to 
the compression side of the refrigerant compres 
sor and leading into the central valve cylinder 
medially between its ends, outlet ports leading 
from the two actuating cylinders at points in 
ward of the pistons therein, said outlet ports each 
connecting to one of the two parallel refrigerant 
circuits, and valvularly controlled means for 
selectively applying pressure from the compres 
sion side of the refrigerant compressor to each of 
the actuating cylinders at their outer ends out 
side of the pistons therein. 

8. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means for 
moving a fluid to be heated or cooled through the 
conditioning passage, means for moving a heat 
carrying fluid through the other passage, a con 
denser coil and an evaporator coll positioned in 
each of the two passages in heat transferring re 
lation to the fluid flowing therein, a refrigerant 
compressor, a pair of parallel refrigerant circuit 
conduits each leading from the compression side 
of the compressor through the condenser in one 
of the fluid passages and thence through the 
evaporator in the other fluid passage and thence 
back to the inlet side of the compressor; the im 
provement in valvular means for selectively con 
trolling the connection of the compressor to the 
two parallel circuits which comprises, a valve cas 
ing forming a central valve cylinder with annular 

45 valve seats at each end and two valve actuating 
cylinders extending from the ends of the central 
valve cylinder and of larger diameter than the 
latter, a piston valve in the central valve cylinder, 
pistons in the two actuating cylinders connected 

50 to the piston valve to move therewith, an inlet 
port connected to the compression side of the re 
frigerant compressor and leading into the central 
valve cylinder medially between its ends, outlet 
ports leading from the two actuating cylinders at 

55 points inward of the pistons therein, said ports 
each connecting to one of the two parallel refrig 
erant circuits, valvularly controlled means for 
selectively applying pressure from the compres 
sion side of the refrigerant compressor to each of 

60 the actuating cylinders at their outer ends out 
side of the pistons therein, and means allowing 
leakage of pressure fluid from the outer end of 
each actuating cylinder to the outlet port of that 
cylinder. 

9. In a reversible cycle heat pump of the type 
which includes structure embodying a condition 
ing passage for fluid to be heated or cooled, an 
other passage for a heat carrying fluid, means 
for moving a fluid to be heated or cooled through 

70 the conditioning passage, means for moving a 
heat carrying fluid through the other passage, 
a condenser coil and an evaporator coil posi 
tioned in each of the two passages in heat trans 
ferring relation to the fluid flowing therein, re 

75 frigerant conduit circuiting including two paral 
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lel refrigerant circuits each of which includes the 
condenser coil in One fluid passage and the evap 
Orating coil in the other fluid passage, and valvu 
larly controlled means for circulating refrigerant 
selectively through either circuit; the improve 
ment which comprises, an element responsive to 
changes of the fluid pressure differential between 
opposite sides of the evaporator in the passage 
for the heat carrying fluid, and means controlled 
by said element, upon said pressure differential 
exceeding a predetermined value, to actuate the 
valvularly controlled means to circulate refrig 
erant through that refrigerant circuit which in 
cludes the condenser in said fluid passage. 

10, Improvements in reversible cycle heat 
pumps as defined in claim 9, and in which the 
means controlled by the pressure responsive ele 
ment includes a timing device acting to control 

valvular means remains in its said actuated con 
dition. 

O 
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the time period during which the valvular means 
remains in its said actuated condition. 
11. Improvements in reversible cycle heat pumps 

as defined in claim 9, and in which the means 
controlled by the pressure responsive element in 
cludes a timing device acting to limit the time 
period during which the valvular means remains. 
in its said actuated condition, and in which said 
means also includes means acting to de-activate 
the fluid moving means of the heat carrying pas 
sage for the duration of said time period. 

12. In a refrigerating System which includes 
a heat transfer element of the blast coil type, 
means for circulating refrigerant therethrough 
and means for moving a vapor containing gas 
through the heat transfer element, whereby 
the gas is cooled and some of its contained vapor 
deposited in solid form on the element; the im 
provement which comprises the combination of 
means for supplying heat to the transfer ele 
ment, and a control system for said heat sup 
plying means, said control system including a 
control element responsive to changes in the gas 
pressure differential at opposite sides of the 
heat transfer element. 

13. The improvement defined in claim 12 and 
in which the control system also includes means 
by which the initiation of heat supply is effected 
by said control element, and timing means con 
trolling the termination of heat supply. 

14. In a reversible cycle heat pump of the 
type embodying a passage for a heat carrying 
gas which may contain a vapor, means for mov 
ing Such gas through the gas passage, an evap 
oration coil of the blast type in the gas passage 
in heat transferring relation to the gas flowing 
therein, and refrigerant circuiting including 
valvularly controlled means for supplying either 
a refrigerant or heat to the evaporator; the im 
provement, which comprises, an element respon 
sive to changes in the gas pressure differential 
between opposite sides of the evaporator in the 
gas passage, and means controlled by said ele 
ment, upon said pressure differential exceeding 
a predetermined value, to actuate the valvularly 
controlled means to supply heat to the evapora 
tor. 

15. The improvement defined in claim 14 and 
also including a time controlled element acting 
to control the time period during which the 
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16. In a reversible cycle heat pump of the type 
embodying a passage for a heat carrying gas 
which may contain a vapor, means for moving 
such gas through the passage, evaporator and 
condenser colls of the blast type in the gas pas 
Sage in heat transferring relation to the gas 
flowing therein, refrigerant circuiting including 
valvularly controlled means for selectively sup 
plying either condensed refrigerant to the evap 
orator or hot compressed refrigerant vapor to 
the condenser; the improvement which com 
prises the combination of a heat transfer unit 
which includes the evaporatof and condenser 
coils and heat transfer elements common to 
both coils and affording a heat transfer path 
between the coils, and a defrosting system com 
prising control means responsive to the deposi 
tion of frost on the evaporator and acting to 
actuate the valvularly controlled means to sup 
ply hot compressed refrigerant vapor to the 
condenser coil of the heat transfer unit. 

17. The improvement defined in claim 16 and 
also including a time controlled element acting 
to control the time period during which the 
valvular means remains in its said actuated con 
dition. 

18. A condenser embodying structure form 
ing a passage for condensible vapor and conden 
sate and heat transfer surfaces associated with 
the passage, an inlet passage leading to one 
end of the condenser passage, an outlet passage 
leading from the other end of the condenser 
passage, means associated with the inlet pas 
Sage and acting to create in said passage a local 
ized lowering of the static pressure of vapor 
flowing through said passage, and a communica 
tion between the outlet passage and the inlet 
passage at the location of lowered pressure, 
whereby uncondensed vapor is drawn from the 
outlet passage into the inlet passage and re 
circulated through the condenser passage. 
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19. A condenser as defined in claim 18 and in 
which the condenser structure includes a plu 
rality of heat conductive fins, in which the con 
denser passage is formed by a plurality of tubes 
each of which makes two passes through the 
fins, and including an inlet header forming a 
part of the inlet passage to the tubes, an out 
let header forming a part of the outlet paSSage 
leading from the tubes, and in which the loca 
tion of lowered pressure in the inlet paSSage 
is substantially on a level with the upper part of 
the outlet header and the communication with 
the outlet passage is directly with the outlet 
header. 
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