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1-0 ‘Claims.

This invention is concerned with refrigeration

apparatus and, more partcularly, relates to con-

trol of the air cooling and dehumidiﬁcation func-
tions of such apparatus.

Broadly, the invention has for its pnmary ob- 5 foregojng solutions are not applicable for a va-
ject the provision.of control, or modulation, of riety - of reasons, including cost con51derat10ns
the capacity of an-air conditioner or other re- Most. smgle -foom air conditioners utilize a com-
frigerating machine in such manner: -that the pressor ha.vmg only one cylinder and it is. there-
temperature of ambient or cireulating air is main-~ fore _apparent that modulation of capacity by
tained within a desired range, without .undue 10 varymg the. number of cylinders is not feasible.
sacrifice of the capacity of the machine to effect Cycling the motor compressor has also not proven
the transfer of latent heat which results in con- to be a practical solution. The rapid increase in
densation of.undesired moisture present in the humidity which usually takes place during peri-
circulating air. - ‘ods:of idleness of the compressor may cause the

As is now well known in alr condmomng prac— 16 numidity to reach a value exceeding comfort zone
tice, maintenance of a conditioned. space within limits, even though cycling can readily be uti-
the so-called. “comfort zone”: involves not only lized to maintain the dry bulb temperature with=~
control of the air dry bulb temperature, but also in-a satisfactory range. Further, the variation
limitation of the relative . humidity : prevailing in sound'level which results from cycling the unit
within said space. * For example, under. summer 20 is highly objectionable, especw,lly in bedroom ap-
cooling conditions, the comfort zone is generally: plications. 3
regarded as covering a range of relative humidi= Attempts have been made to meet the fore-
ties from about 70% to about 30%, the permis~ going difficulties and-to provide satisfactory ca-
sible comfort zone temperaturées ranging: from pacity modulation of air conditioning equipment
68° to 78°, under the 70% condition; and from 25 of the simpler type.to which this invention has
72° to 85° at the 30% condition.. Under: high particular reference, and. heretofore. these at-
humidity conditions commonly encountéréd. in. tempts have usually involved provision of means
climates where rooni ¢ooling is desirdble, “pull for varying the operation of the air conditioning
down” of the air temperature t6 an acceptable machine in such a way that the temperature of
value necessarily results in a very substantial in= 30 the entire evaporator is raised to a -higher value
crease in relative humidity of the air, and it will in response to a predétermined reduction in the
therefore be appreciated that-removal of moisture temperature of the circulating air. . However this
from the air is essential to comfort. - A rélatively expedient is also unsatisfactory, in view of the
wide range of psychrometric condifions may ex- fact that there is no lenger sufficient limitation
ist in practice, and control of thé capacity of the 35 of humidity, and for this reason, it:is not possible
air conditioning machine (as reéspects transfer of to meet the: comfort zone conditions.  The truth:
both sensible and latent heat) is‘therefore essén- of this will be recognized when it is understood:
tial if the space being conditioned is to be Kept in that increasing the temperature of the entire
the comfort zone. . evaporator limits the capacity. of the evaporator

At times, particularly when the apparatus is 40 to effect transfer of latent heat and, as a conse-
being operated to cool a bedroom &t night, the quence, the relative humidity may rise to-an ex-
dry bulb température of the circulatmg air may cessively high value. Attempts have also been
-drop below the acceptable minimum snd it is made to meet this problem by utilizing machines
then desirable to modulate the capacity of the having two separate refrigerating units, opera-
machine in such 'z way as to res’oore the deswed 45 tion of one of which can be dlscontmued when
temperature condition. reduction in total capacity is desired. Tts rela-

In large installations such moduldtion can con= tively high ccst rendérs this type of apparatus
veniently be provided by cortrolling the amount undesirable, and it is also to be noted that dis-
of moisture in the air, to offset changes'in cocling  continuation of 6peration of one of the units ré-,
capacity. S1m11ar1y in'large installations refrigs 50 stlts in variation in thé sound level of the raae-
erating effect can also convement]y be modulated chine. ~ As pointed out above, such variation is
by varying the number of compressor cylinders objectionable.
effective to pump refrigerant, or by manipulating With the foregoing ifi mind; it is to be empha-
dampers to regulaté air flow, Not Uncommonly  sized that the present invention provides for mod-
some regulation of refrigeratiriy efféét has beer 55 ulstire the capacity of refrigérating machines in

2

achieved by Varying the speed of the compressor

Whlle control of hoth temperature and humid-
ity conditions is also a problem in the case of
single room package type air condltloners, the
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such manner that the total air cooling capacity
of the evaporator is reduced, when the tempera-
ture of the circulating air falls to a predetermined
value, while yet continuing to maintain a portion
of the evaporator at a femperature sufficiently
low to result in substantial condensation of mois-
ture present in the air. It is particularly note-
worthly that these advantageous results are
achieved in a very simple manner and by the use
of only a single room-cooling evaporator element
operating at a single pressure throughout.

In the achievement of the foregoing general’

ends the invention provides, in novel combina~-
tion with the elements of an air conditioning
system of known type, an auxiliary refrigeration
circuit or system including: a tank or receiver
adapted to receive liquid refrigerant fowing from
the condenser; and associated restrictor and
evaporator portions. Said tank and portions are
connected in series circuit with the compressor,
and the evaporator portion of said auxiliary sys-
tem is disposed in high heat exchange relation
with -the high pressure side of the main refrig-
eration system. Means is provided for causing
a portion of the liquid refrigerant derived from
the condenser to flow through the auxiliary sys-
tem, ‘when reduction in total cooling ecapacity of
the main evaporator is desired, with the result
that the main evaporator element is deprived of
a certain amount of the liquid refrigerant which
would normally flow thereto and, as a conse-
quence, only a portion of the main evaporator
is supplied with liquid refrigerant and remains
effective for cooling purposes. The portion which
remains effective, however, continues to operate
at a temperature approximately equal to the
normal, unmodulated -temperature of the over-
all- evaporator, since no change occurs in the
suction pressure of the machine, and this tem-
perature is, of ‘course, sufficiently low:to result
in substantial condensation of moisture present
in the circulating air. The extent of the evapo-
rator portion which is deprived of liguid-refrig-
erant may be varied to any desired degree and,
in the illustrated embodiment, this variation is
advantageously controlled by movably .or tilt-
ably mounting the aforesaid tank or receiver,
which tank is connected with both the main
evaporator element and the evaporator portion
of the auxiliary system. Tilting of the tank
provides selective distribution of the condensed
refrigerant between the said evaporator elemenb
and said evaporator portion.

The manner in which the objects and ad-
vantages of the invention may best be achieved
will be more clearly understood from a consider-
ation of the following description, taken in con-
junction with the accompanying drawing, in
which:

Figure 1 is a diagrammatic representatmn of
an air conditioning machine embodying the
modulating apparatus of my invention, the afore-
said adjustable tank or receiver being shcwn in
section; and, ,

Figures 2 and 3 illustrate the tank in positions
of adjustment other than that shown in Figure 1.

Now making more detailed reference to the
drawing, there is diagrammatically illustrated an
air conditioning or refrigerating system including
a pair of heat exchangers 10 .and if which, as
shown, are of known finned coil type. A com-
pressor 12 is connected in series flow circuit with
said heat exchangers through the agency of
suitable conduits including suction and dischargs

passages which appear in the drawing at 14 and

ot

10

4

15, respectively, and a capillary type restrictor,
portions of which are shown at {3, 13a, {3b and
13c. As will be understood, the suction line (4
and portions of the capillary tube 13 may be
placed in heat exchange relation, but such dis-
position of these elements has been omitted from
the drawing in the interest of simplicity in illus-
fration.

In partlcular accordance with the plesent in-
vention there is included a tank or receiver 16
within which is disposed both section 13c¢ of the
aforesaid capillary tubing through which liguid

_‘flows to the tank, and & similar section or con-
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nection 13b. The latter provides for outfiow of

-liquid from the tank and toward the evaporator

element i0, through capillary tube i3c. Rach of
these sections terminates in a downwardly pre-
sented opening- freely communicating with the
interior of the tank or receiver, and it will be

‘observed that an additional section of ftubing

of capillary size extends within the receiver. This
additional section, illustrated at 7, is also pro-
vided ' with a downwardly - presented opening
communicating - with the space within the re-
ceiver, and forms an extension of a capillary
passage 18 connected with a.conduit a portion
of which (shown at 19) is disposed in heat ex-
change relation with the discharge line {5, and
another portion of which (llustrated at (4a)
provides an auxiliary suction line returning to
the -compressor 2. As will be understood, the
conduit portion {9 constitutes the evaporator
portion of the auxiliary circuit mentioned here-
inabove. Further and more detailed reference
to the receiver and the manner in which it is
mounted will be made hereinafter. .

The illustrated embodiment further includes
switching apparatus shown diagrammatically at
28 and through the agency of which the motor
of compressor 12 may be placed across the line
L. :As  will be understood, when-the machine
is 'intended for use as-an air conditioner, pro-
vision: would be made for forcing air over the
heat exchangers or coils 10 and if, and to this
end suitable fans and motors are commonly em-
ployed. These elements of the apparatus have
been omitted from the drawing, since illustration
and description thereof are not necessary to an
understanding of the present invention. It is,
however, to be understood that air to be cooled
and ‘dehumidified is freely circulated in heat
exchange relation with :the evaporator element
10 and, for purposes which will be set forth in
what  follows, in heat exchange relation with
thermo-sens1t1ve means which adjustably sup-
ports the tank or receiver 16.

While g, showing of the air conditioner cabmet
has also been omitted, it will be appreciated that
a. cabinet would be provided having partition
means serving to divide the same into separate
chambers housing the evaporator {0 and the con-
denser {i. A dashed line appears in Figure 1,
and the evaporator lies to the left thereof. As
is. apparent from the legend applied to the draw-
ing this portion of the apparatus is disposed upon
the “indoors” side of the dashed line. The con-
denser and preferably the compressor are, as
indicated, disposed out-of-doors.

The construction of the above-described ma-~
chine as .respects the general organization of
the main refrigeration circuit, the cabinetry and
the confrol circuitry, is conventional in nature,
and its operation need not be considered in fur-
ther detail herein except insofar as the elements
thereof cooperate with and are affected by the
novel ¢apacity modulating means which includes
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the -aforesaid tank or receiver 16, and which
means will now-be more fully considered.

- As mentioned above, the receiver. 16 is mounted
for filting movements, in order to provide.feed
of the liquid refrigerant selectively to different
portions of the circuit, and preferably the re-
ceiver is adjustably supported by a thermo-sensi-
tive element which, as shown, take the form of
strip 21 of bi-metallic material; said strip being
secured to the receiver 16 and having a spirally
configured portion 22 the inner convolution of
which is: fixedly secured to. a stud 28.. The
spirally configured strip portion is disposed ad-
jacent the evaporator element {0 and in: ‘the
path of air flowing in heat exchange relation
with said evaporator element. As will be under-
stood without further description, changes in
air temperature cause the lower end of the strip
21 1o be raised or lowered. Thus the. tank is
so.mounted as to be tilted or adjusted in response
to the temperature of the air passing the evapo-
rator element 0. As will more clearly appear in
what follows, when this temperature has fallen
to a predetermined lower value the strip 21 tilts
or rotates the receiver 16 to a position such that
a controlled amount of liguid refrigerant flow-
ing to said receiver by-passes the main evapora-
tor element 10 and returns to the compressor
through the auxiliary refrigeration system, 'in~-

cluding the evaporator portion 19. . When the -

desired air temperature is re-established the
tank is, of course, returned to a position such
that all or the major part of the liquid refrig-
erant is delivered to the main evaporator.. It is
to be understood that while such automatic con-
trol of the position of the receiver is preferred,
the invention also contemplates use of ‘manually
operable means, or other expedients, for varying
the position of the receiver. ) .
To accommodate the tilting movements of the
receiver, the restricted passages ‘which . extend
thereinto have sufficient flexibility to permit free
movement. of the receiver without interfering
with the flow of refrigerant through. ‘the -pas-
sages. . Such accommeodation can conveniently be
provided. by including a flexible loop of:tubing,
gs:illustrated in the drawing. . - - e

tubing iterconnecting the condenser; receiver.

and. the: two evaporators .10 and 19, be of the.

type commonly known in this art as “capillary”.
tubing; it is preferred that such be the case,
sinee use:of such tubing represents a simpleé way
of preventing .any considerable loss in. capacity
due to gas: flowing through.the tubing path not
in. use... Preferably the tubing sections. are of
such infernal diameter and.length that the re-
strietion from: the receiver I8, to the evaporator,
and thence to the suction side of the compressor,

is: approximately. equal ‘to the restriction pre-
sented-by-the circuit: from:the-said ‘receiver; to:
uxiliary evaporator portion 19; and thence
to the-suction side wof the compressor: through:
It is, of' course, the physical re-:

the .

conduit {4a.
striction rather than the effective. restriction
which. is preferably so.proportioned;.it being

understood -that the amount of refrigerant, by:

weight, which can pass through. one of:the two
barallel circuits i

pass  through the other path in the ‘gaseous
Phase. -« <o i R

In:.operation the receiver: {6. may- oceupy- any:
‘betweenithe limiting: positions:
illystrated»in Figures 1 and:3, but consideration:

angular- position

1_1g_h; it is-not essential that all of .:f,he"

' in the. liquid phase is many times.
the quantity -ofreftigerant by.weight, which :will
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6

of the operation of the apparatus with respect
to three positions of the receiver will suffice to
illustrate ‘the manner in which the equipment
functions. . First making reference to Figure 1;
it. will be seen that the receiver 16 is. shown in
that figure as occupying a position in-which all
of the liquid refrigerant flowing into said re-
ceiver, through the conneection i3a, passes to the
main evaporator element 10 through connection
130 and the capillary tubing- {3¢, which is inter-
bosed between said connection and the evapora-
tor.- Thus Figure 1 is illustrative of the position
which the receiver occupies when the main evaps
orator element is. operating st maximum capac-
ity. ‘When the receiver is so positioned the con-
nection 135 is immersed in lquid refrigerant;
ag shown, and the connection 17 which com-~
municates with capillary tubing {8 and the aux-
iliary evaporator portion 19, is disposed. above
the level of liquid refrigerant within the. receiver,
with the result that the receiver operates as a
flash gas separator, returning only gas to_the
compressor through the. auxiliary circuit. :
The position of the receiver which results in
minimum capacity at-the main evaporator is
illustrated in Figure 3, and this will .be under-
stood to be the position in which substantially
all ‘of the liquid refrigerant delivered to the re-
ceiver returns to. the  compressor - through the
alternate or auxiliary circuit and only gas trav-
erses the evaporator, since the connection (3b
is then dispesed above the level of liquid within
the receiver. The liquid passing through the
tubing {7 and {8 toward the compressor (2 is
returned to the gaseous state, by virtue of flow-
ing through evaporator portion 19, wherein, by,
virtue of heat exchange between the. said - por-
tion and the warm gaseous refrigerant flowing
through the conduit 15 of the main refrigeration
circuit, the liquid emitted from the capillary tube
18 is re-evaporated and returned to the: com-.
pressor through suction conduit portion !dg..
Any quantity of refrigerant which is. caused to,
flow through the auxiliary. circuit; by-passing
the main evaporator, represents a direct redue-.
tion in the effective capacity of the main evapo-
rator, and. the significance, of :this. will. be ap-
breciated when it is understood that. the receiver
may occupy intermediate positions, one of which
is illustrated in Figure 2, in which both of the
parallel paths are supplied with liquid refrig-
erant.  Under such a condition, due to the sub-
stantial equality of the restriction of the: two .
parallel -circuits, there results ahout a 50% e~
duction -in .the cooling capacity of- the.. main
evaporator. . However, and importantly, passage
of the liquid through the auxiliary circuit does
not resulf in raising the suction bressure to which
the main evaporator is subjected and, therefore,
as large a portion of said main evaporator as is.
supplied: with liquid refrigerant continues to
operate at a surface temperature about.as. low.
as.is obtained under the normal, unmodulated
condition -illustrated in. Figure 1.. The-impor-.
tance of this in providing the hecessary continu-
ance of removal of moisture from the :air will he
understood without: restatement; and: is:to.be ,
contrasted with -‘arrangements “hitherto - known:
in which throttling, and the like, resulted:inran:
increased ‘pressure.in the main: evaporator with -
consequent undesirable <increase. in ‘the surface: .
temperature thereofi: « & 0 Lot s ey
<Thus, and in-the ‘light of the:foregoing :des:
scription, it will ‘be understood ‘thiat the present:
invention  provides air conditioning - or-:refrig--
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erating equipment of very simple type in which
the total air cooling capacify of the main evap-
orator element may be controlled automatically,
while yet maintaining a portion of said evap-
orator element at a temperature sufficiently low
to continue substantial condensation of excess
moisture present in the circulating air.

- While a preferred structural emboediment has
been illustrated and described, it is to be borne
in: mind that said embodiment is susceptible of
modification, without departing from the spirif
of this invention. For example, the receiver 16
may readily be mounted for movements other
than tilting movements. Further, it is to be
understood that, in the broader aspect, the in-
vention is characterized by providing for flow
of refrigerant through parallel circuits of ap-
proximately equal restriction, in order that the
flow of refrigerant by volume may be substan-
tially the same in the two circuits under any
condition of operation, coupled with means for
selective distribution of the liquid component of
the refrigerant between the two parallel ecir-
cuits. . In this aspect of the invention, a variety
of flow control means may be utilized and are
contemplated. However it will be recognized
that the invention contemplates such changes
and modifications as properly come within the
scope of the appended claims.

- Iclaim:

1. In refrigeration equipment: a main refrig-
eration system including compressor, condenser,
restrictor and evaporator elements so connected
in series flow circuit that evaporation of re-
frigerant cccurs in said evaporator element with
consequent cooling of an ambient medium; an
auxiliary refrigeration system; and apparatus for
adjusting the heat exchange capacity of sald
evaporator element, including a movably mount-
ed receiver to which is delivered ligquid refrig-
erant flowing from said condenser element, said
receiver being provided with a pair of outlet
passages one of which communicates with said
evaporator element and the other of which com-
municates with said auxiliary system, movement
of said receiver serving to control the supply of
liquid refrigerant to the said outlet passages
to provide selective distribution of the condensed
refrigerant between said evaporator element and
said suxiliary system.

9. In refrigeration equipment: a main refrig-
eration system including compressor, condenser,
restrictor and evaporator elements so connected
in series flow circuit that evaporation of refrig-
erant occurs in said evaporator element with con-
sequent cooling of an ambient medium; an auxil-
iary refrigeration system; apparatus for adjust-
ing the heat exchange capacity of said evapora-
tor element, including a movably mounted re-
ceiver to which is delivered liquid refrigerant
flowing from said condenser element, said re-
ceiver being so -connected with said- evaporator
element and with said auxiliary system: that
movement of said receiver provides selective dis-

tribution of the condensed refrigerant: between

said evaporator element and said auxiliary sys-
tem; and means responsive to the temperature of
the said ambient medxum to effect movement of
said’ receiver..

_3. Refrlgerat on equlpment 1n accordance with
claim 2, and further characterized -in that said
means comprises a thermo-sensitive device hav-
ing a portion disposed and adapted to sense the
temperature of the ambient medium and: an-

other portion movable in response to changes in-
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temperature of said medium and adapted to
effect corresponding movement of said receiver.

4, In refrigeration equipment: a main refrig-
eration system ineluding ecompressor, condenser,
restrictor and evaporator elements so connected
in series flow circuit that evaporation of re-
frigerant occurs in said evaporator element with
consequent cooling of an ambient medium; an
auxiliary refrigeration system; and apparatus for
adjusting the heat exchange capacity of said
evaporator element, including a tiltable receiver
to which is delivered liquid refrigerant . flowing
from said condenser element, said receiver being
so connected with said evaporator element and
with said auxiliary system that tilting of said
receiver provides selective distribution of the con-
densed refrigerant between said evapora,tor ele-
ment and said auxiliary system.

5. In refrigeration equipment: a main refrlg-
eration system including compressor, condenser,
restrictor and evaporator elements so.connected
in series flow circuit that evaporation of refrig-
erant occurs in said evaporator element with
consequent cooling of an ambient medium; an
auxiliary system including an evaporator- por-
tion in communication with the suction side of
said compressor element; and apparatus for ad-
justing the heat exchange capacity of said evap-
orator element, including a tiltable. receiver to
which is delivered liguid refrigerant flowing from
said condenser element, said receiver being pro-
vided with a pair of spaced outlet passages one
of which communicates with said evaporator ele-
ment and the other of which communicates with
said evaporator portion, tilting of said receiver
serving to control the supply of liquid refrigerant
to the said outlet passages to provide selective
distribution of the condensed refrigerant between
said evaporator element and said evaporator: por-
tion.

6. Refrigeration equipment in accordance Wlt;h
claim 5, and further including means responsive
to the temperature of the ambient medmm to
effect tilting of said receiver.

7. In air conditioning equipment, means for
circulating liquid and gaseous refrigerant, & pair:
of refrigerant flow circuits connected in: parallel»
with said means and each including an:evapor-
ator, said circuits presenting apprommately"
equal restriction whereby, in response to opera-
tion of said circulating means, approximately
equal quantities of refrigerant, by volume, flow’
through each of said. circuits, and means provid-
ing selective distribution- of liquid and gaseous:
components of the circulating refrigérant be-:
tween -said ‘two cireuits, said last means com-
prising ‘a movably mounted receiver disposed to
receive refrigerant from -said circulating means
and having a pair of outlet passages each of
which: communicates with a corresponding ‘one
of said ‘circuits, movement of said receiver serv-
ing._to control the supply of liguid and gaseous:
refrigerant to the said outlet passage: to provlde
the stated selective distribufion.

8. ‘Air conditioning equipment in accordance~
with claim 7, and further including thermo-
sensitive means responsive to the temperature
of air. cocled by .one of said evaporators and
adapted to effect adjustment movements of said.
receiver in accorda,nce w1th the temperature off’
such air. - )

9. In refrigeration equlpment a mam refnger-
ation- system including eompressor, condenser,
restrictor, and evaporator elements so' connected-
in. series flow circuit that condensation iof ‘re«:
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frigerant occurs in said condenser element and
evaporation of refrigerant occurs in said evapo-
rator element with consequent cooling of ambient
air, and apparatus for reducing the total air
cooling capacity of said evaporator element while
yet maintaining a part of said element at a tem-
perature sufficiently low to result in substantial
condensation of moisture present in the ambient
air, said apparatus comprising: an auxiliary re-
frigeration system in circuit with said compres-
sor element and including an evaporator con-
nected in parallel with said main refrigeration
system; and means including a chamber provid-
ing for volatilization of a portion of the liquid
refrigerant discharged from said condenser ele-
ment, and also providing for selective and con-
trollable delivery, to said evaporator element and
to the evaporator portion of said auxiliary sys-
tem, of the gaseous and liquid refrigerant com-
ponents available at said means.

10. In refrigeration equipment: a main refrig-
eration system including compressor, condenser,
restrictor and evaporator elements so connected
in series flow circuit that evaporation of refrig-
erant oceurs in said evaporator element with
consequent cooling of an ambient medium: an

<
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auxiliary refrigeration system presenting re~
striction approximately equal to the restriction
of said main refrigeration system; and apparatus
for adjusting the heat exchange capacity of
said evaporator element, including a movably
mounted receiver to which is delivered liquid re-
frigerant flowing from said condenser element,
sald receiver being so connected with said evapo-
rator element and with said auxiliary system that
movement of said receiver provides selective dis-~
tribution of the condensed refrigerant between
said evaporator element and said auxiliary
system.
MALCOLM G. SHOEMAKER.
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