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This invention relates to fluid cooling systems
and particularly to such systems employing vari-
able capacity refrigerant evaporators.

In fluid cooling systems, and particularly in
air cooling systems, it is desirable to provide a
control for adjusting the effective refrigerating
capacity of the evaporator. For example, in an
air conditioning system the evaporator may be
employed to maintain a predetermined range of
dry bulb or sensible temperatures in a room to
be conditioned; however, when the relative hu-
midity is high, it frequently happens that the
dry bulb conditions will be satisfied before the
relative humidity has been reduced to a value
consistent with the desired comfort conditions, It
is, therefore, desirable to operate the evaporator
at reduced capacity in order to perform further
latent cooling after the demand for sensible cool-
ing has been satisfied. Various arrangements
have been proposed for controlling refrigerant
evaporators to provide variable effective refriger-
ating capacity. These systems have not been en-~-
tirely satisfactory for all purposes from the stand-
point of simplicity and reliability. Accordingly,
it is an object of this invention to provide a fluid
cooling system employing g refrigerant evaporator
and including an improved arrangement for con-
trolling the effective refrigerating capacity of the
system.

It is another object of this invention to provide
a fiuid cooling system employing a refrigerant
evaporator and a restrictor tube for controlling
the flow of refrigerant to the evaporator and in-
cluding an improved arrangement for controlling
the ficw of refrigerant through the restrictor tube.

Further objects and advantages of this in-
vention will become apparent as the following de-
scription proceeds, and the features of novelty
which characterize this invention will be pointed
out with particularity in the claims annexed to
and forming s part of this specification.

In carrying out the objects of this invention.
a compression type refrigerating system includ-
ing an evaporator for cooling air is provided with
restrictor tubes or capillaries to control the flow
of refrigerant to the evaporator. In order to
regulate the flow of liquid through the capillaries,
a by-pass cireuit is provided ineluding a restrictor
tube or capillary and an expander portion ar-
ranged in heat exchange with the liquid refriger-
ant flowing to the main capillary. The cooling
capacity of the expander portion is thereby em-
ployed to subcool the liguid flowing from the
capillaries, the refrigerant flowing from the ex-
pander portion fo the evaporator where its re-
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by-pass cireuit is controlled by applying heat to
the inlet side of the by-pass capillary. The great-
er the amount of heating, the less the flow of re~
frigerant through the by-pass and the less the
subcooling of the main refrigerant liquid supply.
The supply of heat may be controlled either auto-
matically upon a demand of the system or manu-
ally as desired.

For a better understanding of this invention,
reference may be had to the accompanying draw-
ing, the single figure of which llustrates diagram-
matically an air conditioning system provided
with a refrigerating machine embodying this in-
vention.

The air conditioning system illustrated in the
drawing comprises. an air cooling equipment 10
supplied with refrigerant from g, condensing unit
{1 and arranged to deliver cooled air through
& discharge duct 12 into a room or enclosure 13,
a portion of the walls.of the room being indicated
at 14, The temperature within the room is regu-
lated by a thermostatic control (5 and, under
certain:conditions of operation, relative humidity
is regulated by a humidity control {8. The cool-
ing equipment i0 comprises a duct {7 having o
fresh air inlet I8 and a return air inlet 19 con-
nected to receive air from the room {3. The
air is circulated through the duct 17 by opera-
tion of a blower 20 driven by a suitable motor
(not shown). During the operation of the equip-
ment the proportions of fresh and recirculated air
are controlied by dampers 21 and 22 respectively,
and the mixed air stream passes through a filter
23 and thence over an evaporator unit 24 and
through the blower 20 to the discharge duct 12.
The evaporator 24 is connected in a closed re-
frigerant circuit including g, compressor 25, g con-
denser 26 and a receiver 2T The compressor 25
is driven by an electric motor 28 through a belt
drive 29. When the compressor 25 is in opera-
tion hot compressed refrigerant gas is delivered
to the condenser 26 where it is cooled by air
circulated over the condenser by a fan 39 driven
by an electric motor 31. The gaseous refrigerant
in the condenser 2§ is thereby cooled and lique-
fied, and the liquid refrigerant collects in the
receiver 27 from which it fows through a heat
exchanger 33 and a distributor 34 to a group of
restrictor tubes or capillaries 35 connected to
deliver refrigerant through three parallel paths
or coils of the evaporator 24. The liquid refriger-
ant passing to the evaporator 24 is vaporized in
the three coils, and vaporized refrigerant is
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removed through three connections 36 and enters
2 suction line 27 through which it is returned
0 the compressor.

1t will readily be understood that as air is
circulated over the evaporator 24 by operation of
the blower 28 it is cooled and delivered to the
room, the heat removed from the gir being al-
sorbed by vaporization of liquid refrigerant in the
evaporator and thereby being withdrawn by the
compressor.

When the amount of liquid refrigerant supplied
to the evaporator of & refrigerating system is de-
creased, there results a decrease in the effective
ares of the evaporator, that is in the area of
the evaporator which is wetted by liquid refrig-
erant and therefore operates to provide substan-
tial cooling of the air passing over its surface. - As
the guantity of refrigerant supplied to the evapo-
rator is decreased, the balancing of the system for
this new condition of operation results in a de-
crease in temperature of the refrigerant. Thus,
the reduced effective suriace operates at a lower
temperature and, although the total sensible
cooling may be substantially decreased, the de-
humidifying capacity of the active portion of the
evaporator may even be increased.

In the refrigerating system illustrated in the
drawing, the rate of flow of refrigerant from the
high side to the low side ig determined by the
dimensions of the restrictor tubes 35. The flow
of liquid refrigerant through such tubes changes
with changes in the temperature of the liguid,
and the flow may be substantially imBeded by the
presence of gas formed by flashing or boiling of
the liquid in the tube. In the system iliustrated,
the rate of flow of liquid through the tube is
varied by varying the temperature of the liquid
supplied to the tube in accordance with the re-
quirements of the system to change the effec-
tive area of the evaporator surface.

In the arrangement disclosed, a portion of the
liquid refrigerant from the receiver 27 may be
eirculated through a by-pass including an inlet
duct 38, a restrictor tube 39, an evaporator coil
89 arranged within the heat exchanger 23 in heat
transfer relationship with the liquid refrigerant,
and an outlet connection 4! through which the
by-passed refrigerant is conducted to the evavo-
rator 24. it being shown as admitted to the first
coil of the evaporator on the inlet side with re-
spect to the air path in the duet {7. It will
readily be apparent that the refrigerant circu-
1ated through the by-pass is expanded in the
coil A8, and the refrigerating capacity thereof is
emuvloved to cool the liguid refrigerant in the
heat exchanger 33, thus subcooling the refrigerant
before it flows to the distributor 34.

The size of the capillary tubes 35 is selected so
that with the full subcooling of the liquid re-
frigerant supplied to the tubes there will be prac-
tically no vaporization of the refrigerant in the
tubes and therefore maximum supply of liguid
will be sscured. The tubes for this purpose are,
as a rule, smaller than those employed with sys-
tems not provided with subcooling because sub-
cooling affords greater liquid flow for a given size
of tube. When the amount of subcooling is de-
creased, boiling or flashing of refrigerant in the
tubes occurs and the rate of flow diminishes ac-
cordingly. This change in flow by change in the
amount of subcooling of the liquid refrigerant is
employed in the present system to vary the effec~
tive cooling capacity of the evaporator.

During the normal operation of the air condi-
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tioning system, should the temperature of the
room 13 rise above a predetermined maximum
desirable value, a bimetallic blade 43 of the ther-
mostat 15 will move to the right and engage a
stationary contact 84. This econnects a coil 48
across the secondary of the transformer 46 the
primary of which is connected across supply iines
§7. Energization of the coil 45 raises a switch
armature 48 to move switch arms 48 and 56 to
their upper positions engaging contacts i and
52 respectively. Closing the switch 49 connects
2 coil 53 of a relay 56 across lines §8, which in
turn are connected to the supply lines 47 The
energization of the coil 83 astuates the relay 54
and connects motors 28 and 3f across tire lines
55, thereby starting operation of the condensing
unit. The operation of the reirigerating machine
will continue even though the biade 43 moves

‘away from the contact 46 hecause the lower

switch 58 of the control 15, upon engagement
with its contact 52, establishes a holding circuit
for the coil 45 across the secondary of the trans-
former £6.

The operation of the refrigerating system will
continue until the temperature of the 2ir within
the room 13 has been lowered to a predetermined
value at which the blade 43 engages back contact
5§, thereby shorting and deenergizing the coil 45
to allow the armature 48 to drop oui and open
the switches 49 and 50, thereby stopping opera-
tion of the system.

Throughout this norma] operation ¢f the sys-
tem, the flow of liquid refrigerant through the by-
pass circuit to provide cooling of the liquid re-
frigerant in the exchanger 33 is at full capacity,
it being determined solely by the condition of
operation of the refrigerating machine. Thus the
maximum subcooling of the liquid refrigerant
fowing to the capillaries 35 is available through-
out normal operation. Should it be desired to
decrease the effective refrigerating capacity of
refrigerant flowing through the by-pass and
thereby decrease the amount of subecoling of the
liquid refrigerant, this can he accomplished by
heating the liquid refrigerant supplied to the tube
39. An electric heater 57 is arranged 1o be ener-
gized by moving & pair of switeh arms 38 and 59
to their lower positions, whereupon the arm 58
connects the heater 57 across the lines 47 through
a lead 80 and a variable resistor 61. The heater
57 is mounted in heat exchange relationship with
an enlarged portion 62 of the inlet conduit 32 so
that heating of the liquid refrigerant flowing to
the capillary tube 38 will decrease the capacity of
the said capillary tube, hence decreasing the cool-
ing effected by the evaporator portion 4¢ of the
by-pass. The amount of heat may bhe adjusted
by varying the position of a contact 63 on the re-
sistor 81 and it is thus apparent that the amount
of subecooling may ke varied over a wide range and,
if desired, sufficient heat may be supplied to the
heater 57 to render the evaporator portion 49 in~
effective to subcool the liquid in the heat ex-
changer 33.

In addition to the manual control just de-
seribed, the humidity control 16 may be employed
in order automatically to decrease the amount
of subcooling of the liquid refrigerant when it is
desired to continue operation of the evaporator
24 at reduced effective refrigerating capacity
after the thermostat {5 has been satisfied. The
humidity control 6 is effective when the switches
58 and 59 are moved to their upper position as
shown in the drawing. If will be noted that the
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lower switch arm 50 of the thermostat. {5.in its
lower position. engages a stationary contact €5
and connects stationary contacts 56 and 87 of the
humidity responsive device 18 to the left-hand
side of the secondary of the transformer &5
through a conductor §8. Thus, should the ther-
mostat 18 be in its position as shown on the
drawing, the refrigerating machine may be oper-
ated by the humidity control 5. Should the
relative humidity be higher than desired, a hu-
midity responsive element 79 will move to the
left and engage the contact 68, thereby estaplish-
ing a cireuit from the contact 68 through humid-
ity responsive element 78 and a normally closed
bimetallic strip 72 to a coil 71 and back through
& lead 73 to the right-hand side of the trans-
former secondary. This energizes the coil T,
thereby raising a switch actuating armature 74
and moving switch members 75, 16 and 77 up-
wardly into engagement with the contact 67, a
contact 78 and a contact 79 respectively. En-
gagement of the switch 75 and the contact 87
establishes a holding cireuit for the coil 7 i, there-
by maintaining the switches in their raised po-
sition even though the contact should be broken
between the element 78 and the contact 68,
Closing of the switch 18 by engagement of the
contact 78 establishes g circuit from the upper
side of the line 47 and the switch 58 through

the switch 76 to the coil 53 of the switch B4, 2

thereby starting the operation of the refrigerat-
ing machine. Engagement of the switch 77 with
the contact 18 connects the upper side of the
line 47 through the switch 58, the switch 77 and
the switch 59 to the heater 57 thereby energizing
the heater. The refrigerating machine, there-
fore, continues to operate to supply refrigerant
to the evaporator 24 and cool the air passing
through duct i7. The effective capacity of the
evaporator 24, however, is reduced by the de-
crease in subcooling of the liguid refrigerant
supplied to the evaporator and resulting from
the heating of the liquid refrigerant in the by-
pass. This operation in response to the humid-

ity control, therefore, reduces the effective re- |

frigerating capacity of the evaporator and the
sensible cooling may be no more than required
to carry the normal heat load of the room; how-
ever, should the sensible cooling of the air con-
tinue under these reduced conditions until a pre-
determined minimum desirable value is reached,
the bimetallic thermostat blade 72 will move fo
the right until it engages a stationary contact
80, thereby short circuiting the coil 7{ to cause
the switches 78, 76 and 771 to drop out and dis-
continue operation of the refrigerating machine.
Should the relative humidity of the air in the
room 13 be reduced to a predetermined desired
value before the room temperature has been re-
duced to its minimum value as determined by
the thermostatic blade 72, the humidity respon-
sive element 78 will move to the right until it
engages a stationary contact 81, whereupon the
coil 71 will be short circuited through the ele-
ment 70 and the bimetallic strip 72, thereby caus-
ing the switches to drop out and discontinue
operation of the system. In order to insure stop-
ping of the system when the humidity conditions
are satisfied, the thermostat 72 is made of the
two~position or snap-acting type so that the hlade
72 does not break engagement with its left-hand
contact until the temperature has reached a
value such that it will move into engagement
with its right-hand confact 806. The snap-acting
characteristic of the thermostat has been illus-
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trated diagrammatically as including a perma-
nent. magnet 82 for retaining the blade in its
left-hand position until sufficient force has been
built up to move it away from the magnet. It
will readily be apparent, however, that effective
dehumidification of the air may continue for 3
substantial period of time after the thermostat
I% has been satisfied and dehumidification will
be inferrupted only in the event the humidity has
been reduced to.a predetermined low value or in
the event that the room temperature has been
reduced to its permissible minimum.

From the foregoing it is readily apparent that
a simple and easily adjustable arrangement hag
heen: provided for reducing the effective cooling
capacity of the evaporator for the purpose of
humidity control after the sensible temperature
conditions have been satisfied. Although the in-
vention has been illustrated in connection with
a particular air conditioning system and control,
other applications will readily be apparent to
those skilled in the art. If is not, therefore, de-
sired that the invention be limited to the details
illustrated and described, and it is intended by
the appended claims. to cover all modifeations
within the spirit and scope of the invention.

What I claim as new and desire to secure by .-

Letters Patent of the United States is:

L. A fluig cooling system comprising a refrig-
erating machine having a compressor and a con-
denser and an evaporator connected in a closed
refrigerant circuit, means for circulating fluid to
be cooled over said evaporator, a first restrictor
tube for determining the rate of flow of liquid
refrigerant from said condenser to said evapora-
tor, and means arranged to control the tempera-
ture of the liquid refrigerant flowing to said tube
from said condenser for varying the refrigerat-
ing capacity of said evaporator, said last-men-
tioned means comprising a by-pass around said
tube between said condenser and said evaporator
and including a second restrictor tube and a
liquid - refrigerant expanding portion, said ex-
panding portion being arranged in heat exchange
with the liquid refrigerant flowing to said first
tube, said control means further including means
for adjusting the rate of flow of refrigerant
through said by-pass.

2. A refrigerating system including a com-
bressor and a condenser and an evaporator con-
nected in a closed refrigerant circuit, a restrictor
tube for regulating the flow of liquid refrigerant
from said condenser to said evaporator, an aux-
iliary cooling circuit by-passing said ‘tube and
including a second restrictor tube and an expan-
sion conduit, said expansion conduit being con-
nected in heat exchange relationship with said
refrigerant circult between said condenser and
said first restrictor tube for cooling the liquid
supplied to said first tube, and heating means
for selectively supplying differing amounts of
heat to the liquid refrigerant flowing to said
second tube to adjust the amount of subcooling
of the liquid supplied to saiq first tube and there-
by vary. the effective refrigerating capacity of
said evaporator.

3. A refrigerating system including a com-
pressor and a condenser and an evaporator con-
nected in a closed refrigerant circuit, a restrictor
tube for regulating the flow of liquid refrigerant
from said condenser to said evaporator, an aux-
iliary cooling circuit by-passing said tube and
including a second restrictor tube and an ex-
bansion conduit, said expansion ‘conduit being
connected to supply refrigerant to said evapora-
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tor whereby the remaining cooling capacity of
refrigerant flowing through said auxiliary cir-
cuit is available in said evaporator, said expan-
sion conduit being connected in heat exchange
relationship with said refrigerant circuit between
said condenser and said first restrictor tube for
cooling the liquid supplied to said first tube, and
heating means for selectively supplying differ-
ing amounts of heat to the liquid refrigerant
flowing to said second tube to adjust the amount
of subcooling of the liquid supplied to said first
tube and thereby vary the effective refrigerating
capacity of said evaporator.

4. A refrigerating system including a com-
pressor and a condenser and an evaporator con-
nected in a closed refrigerant circuit, a restrictor
tube for regulating the flow of liquid refrigerant
from said condenser to said evaporator, an aux-
iliary cooling circuit by-passing said tube and
including a second restrictor tube and an ex-
pansion conduit, said expansion conduit being
connected in heat exchange relationship with
said refrigerant circuit between said condenser
and said first restrictor tube for cooling the lig-
uid supplied to said first tube, an electric heater
mounted in heat exchange relationship with a
" portion of said auxiliary circuit on the inlet side
of said second restrictor tube, and selectively
operable means for varying the energization of
said heater to adjust the amount of subcooling
of the liquid refrigerant supplied to said first tube
and thereby vary the effective refrigerating ca~
pacity of said evaporator.
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5. A refrigerating system including a com-
pressor and a condenser and an evaporator con-
nected in a closed refrigerant circuit, a restrictor
tube for regulating the flow of liquid refrigerant
from said condenser to said evaporator, means
for conducting a fluid to be cooled into heat ex-
change relationship with said evaporator, an
auxiliary cooling circuit by-passing said tube and
including a second restrictor tube and an expan-
sion conduit, said expansion conduit being con-
nected in heat exchange relationship with said
refrigerant circuit between said condenser and
said frst restrictor tube for cooling the liquid
supplied to said first tube, heating means ar-
ranged in heat exchange relationship with said
auxiliary circuit on the inlet side of said second
tube, and means dependent upon a condition of
the fluid to be coocled by said evaporator for vary-
ing the amount of heat supplied by said heating
means.

ALBERT B. HUBBARD.
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