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The present invention relates to heat pumps and is
more particularly concerned with a self-contained air
conditioning umit including a reversible refrigerating sys-
tem including 1n1prf\ved means for stopping operation
of the system whenever either heat exchanger component
thereof is subjected to frosting conditions.

Self-contained air conditioning units of the reversible
type which are adapted to be mounted in the outer wall
of an enclosure and wuiilized for heating the air from
the enclosure during the winter and cooling the air from
the enclosure during the summer comprise a housing
divided into an indoor seciion and an outdoor section.
An indoor heat exchanger is disposed in the indoor sec-
ticn while an outdcor heat exchanger and usually the

compressor are located in the outdgor section. The com-

pressor is reversibly connected to the heat exchangers
so that the indoor heat exchanger functions as an evapo-
rator when the unit is operating on the- cooling cycle
and the outdoor heat exchanger functions as the evapo-
Tator on the heating cycle. Suitable fan means are pro-
vided for circulating indoor air over the indoor heat
exchanger and outdoor air over the outdoor heat ex-
changer during operation of the system on either the
heating or cooling cycle.. Under certain operating con-
ditions, whichever heat exchanger is functioning as the
evaporator may operate at such a low femperature as
to cause the accumulation of a coating or layer of frost
thereon. Since such a frost layer operates as a barrier
to heat transfer between the evaporator and the air being
circulated. over the evaporator, the efficiency of the unit
is markedly reduced.  Also, unless means are provided
for interrupting this accumulation of frost, the evaporator

can become completely filled with a layer of frost which
" may eventually ‘cause water-or other damage to the unit.

It is a primary object of the present invention to pro-
vide a self-contained heat pump including control - cir-
cuifry comprising a single frost control switch arranged
to interrupt.the operation of the reversible air condition-
ing umit or system whenever: either heat exchanger at-
tains a frosting temperature

Another object of the invention is to provide a-self-

contained air conditicning unit including a reversible re-:

frigerating system and control circuitry designed to inter-
rupt the operation of the refrigerating system whenever

either heat exchanger attains a frosting temperature and’

to supply auxiliary heat to the enclosure whenéver the
operation of the refrigerating system is thus interriipted
during a heating cycle. :
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Further objects and advantages of the invention will -

become apparent as the following description proceeds
and the features of novelty which characterize the i inven-
tion will be pointed out with particularity in the claims
annexed to and forming a part of this specification.

in carrying out the objects of the present invention,

there is provided a- self-contained air conditioning unit
adapted to be mounted as a unit in an.outer wall of an
enclosure and comprising 'a’ reversible refrigerating sys-
tem so-that it can be employed: for -éither heating or
cooling the air from the enclosure. The reversibie re-
frigeration systern: compmses an indoor. heat eAchanger\_

an-outdoor heat exchanger, & compressor_and -flow -con--,,
-trol. means for directing the flow of high pressure refrig-
-erant from the compressor either directly into the indoor”

80

the cooliug cycle
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_indoor s

~indocr heat
-fame motor 15 is prov1ded in the outdoor section: for
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heat exchanger or directly into the outdoor heat ex-
changer for operation of the heat exchangers interchange-
ably as a condenser or as an evaporator. Control cir-
cuitry for controlling the operation of the heat pump
on both the heating and the cooling cycles includes, in
addition the usual thermostat responsive to indoor air
temperatures for cycling the compressor on and off dur-
ing either the heating or the cooling cycle, a frost con-
trol switch for interrupting the operation of the com-
pressor whenever either heat exchanger attains a {rosting
temperature. The frost control switch includes a vapor-
filled bellows and capillary tube sensing element con-
necied to the bellows.  The tube is arranged with a first
portion thereof in contact with one of the heat exchangers
and a second portion in coniact with the other heat ex-
changer whersby the switch means  operated by the
bellows will stop the compressor when either heat ex-
changer attains a frosting temperature. Preferably, the
eat pump unit also mc‘udps an auxiliary heater in the
path of the air from the enclosure flowing through the
ection and the frost control switch mears is de-
signed to enefglze this heater whenever the operation of
the compressor is interrupted during a heafing cycle.
For a better understanding of the ‘invention reference
may be hiad to the accompanying drawing in which:

FIGURE 1 is a view, partially in cross section, of the’

self-contained air
present invention; and

FIGURE 2 is a schematic dlagram of electrical control
circuitry adapted to control the unit in accordance with
the present invention.

Referring to FIGURE 1 of the drawing, there is shown
an air conditioning uait of the rever51ble or heat pump
type including a housing 1 divided by means of a par-
tition 2 into an cuidoor section 3 and an indoor section
4. A reverse cycle refrigerating system contained within
the -housing comprises. a ‘compressor 5 and an. outdoor
heat exchanger 6 ‘mounted within- the outdoor section
3 of the housing and an indoor heat exchanger 8§ mounted

conditioning hmt mcmpmatrno the

within the indoor section 4. 'The outdoor heat exchanger °

6 and the indoor heat exchanger 8 are connected by means
of a suitable fiow restricting means such as a capillary
tube 9 while the compressor is ¢onnected to the heat

exchangers through a erersmg vaive 18 operated by a
solenoid 11 so that the indoor heat exchanger -8 can
be connected to the ‘compressor either as the evaporator
or as the condenser component of ‘a re:fngeratm*7 Sys-
tem. A fan 34 driven by a motor 15 is prov1ded in
the indoor section for circalating indoor air over the
“‘{changer 8 while a fan 15 driven by the

circulating ontdoor air over the outdoor. héat exchanger
6. An au:x.mary heater in the form of an electric resist~
ance heater 17 is prefera bly provided in the indoor sec-
tion in. the path of the ‘air flowing through the indoor

‘heat e\changur 8 for the phrpose of supplying }'eat to

that air stream under: certain operating conditions.’
Positioned within the ‘unit at some point in the  air
stream upstr¢am from the heat exchanger 8 is a thermo-
stat 18 which controls the operation of the compressor
5 during operation of tbe unit on either the heating. or
This thermostai is of th» type well-

A1

known in th

a--switch in-the .compressor -circuit,
embodiment of ‘the inventi on, this temperature respon-

‘the enclosure and into the:indeor section 4 throzigh- tne

“inlet grille 28, The ‘unit-is also provided with'a main.
or selector switch 21 (FIGURE 2) through which elect™ -
“’mcﬂ power from swplj hnes 221 connected to the-

e art-and. mvmdes sensing means 19 respon-.
. 8ive to, the ‘Dmperaa ure of the.indoor: air-for -actuating.
In:the’ ﬂlus rated

‘sive means 19 is arranged in the air stream flowing from.... "
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unit and by means of which the operator of the unit
may select operation thereof on either the heating or
the cooling cycle.

In accordance with the present invention, the unit also
includes a frost control switch 23 which is- mounted in
the -indoor section 4 and which is actuated by a vapor-
filled bellows 24 and a capillary tube sensing element 25
connected to the bellows 24. The sensing element 25 of

this switch 23 is arranged to interrupt the operation of

‘the compressor whenever either heat exchanger 6 or 8
attains a frosting condition or temperature during opera-
tion of the unit on either the heating or cooling cycle.
To this end, the capillary sensing element 25 is threaded
through both the outdoor heat exchanger 6 and the indoor
heat exchanger 8 so that it includes a first portion 26
which continuously senses the temperature of the outdoor
heat exchanger 6 and a second -portion 27 which continu-
ally senses the temperature of the indoor heat exchanger
8. As is well known, a vapor-filled capillary-bellows type
of thermostat has the characteristic of controiling from

the coldest point of the bellows- capillary system due to-

the fact that a vapor-liquid boundary is formed at the
coldest point and this boundary establishes the vapor pres-
sure of the capillary-bellows system. Hence, the opera-
tion of the frost control switch 23 will be controlled
either by the portion 26 or the perticn 27 of the capillary
sensmg element 25, c.ependng upon: which of these por-
tions is the colder.
For a more complete understanding of the control cir-
“cuitry and the manner in which the frost control switch
23 operates, reference is made to the wiring diagram
shown in FIGURE 2 of the drawing. The manually oper-
ated main or selector switch 21 by means of which the
operator cnergizes the unit and selects the operation
thereof on either the heating or cooling cycle includes a
first switch means 29 including a cooling contact 30 and
a heating contact 31 by means of which the operation
of the unit on either the cooling cycle or the heating cycle
can be selecfed. The ‘main switch 21 also includes a
fan energizing switch 33 iadapted to energize the fan
motor 15 ‘so that the fans will run continuously during
operation of the unit on either the heating or the cooling
cycle. An additional switch means included in-the main
control switch means is a switch 35 included in the ener-
gizing circuit for the heater 17 and adapted to be: closed
when the main switch is positioned for operatlon of the
umnit on the heating cycle.
- In addition to the switch means 29, the comn*essor cir-
cuit also includes the thermostat 18 and the frost control
switch 23. The thermostat switch 18 includes a cooling
contact 3§ and a heating coniact 37 which are respec-
tively series connected to the cooling and heating contacts
20 and 31 of the switch 29 so that the thermostat 18

cycles the compressor on and off to maintain the desired -
temperatures- during either ‘a heating or a cooling cycle.,

The other terminal of the thermostat switch is connected
to the common terminal of the frost control switch 23
which includes a first normally closed contact 38 and a
‘second or back contact-39. Normally, the switch 23 com-
pletes the compressor circuit through the contact 38 since,
during normal operation of the heat pump on either the
cooling or the heating cycle, the heat exchangers- ‘6 and 8
are operating at above frosting temperatures. - Under such
‘conditions, when the switch means 29 is positioned, for
example, in -its cocling position, a’ circuit- is’ compieted
through the contact 38 of the switch 29 and the contact
38 of the.switch 23, and the compressor is cycled on and
off- by the: thermostat switch 18 through the cold contact
. 38 thereof. Similarly, the heat ing cenirol circuit is traced
‘through contact 31 of the swiich 29, contact 37 of the

thermostat 18 and contact 38 of the defrost control switch.
It will’ also be noted that when the main ‘switch -

23,
: »:commr'er\t is in. the heating position; a circuit ener-
gizing the solenoidrvalve 11 is, completed: through the
switch 29, -Energization. of -the sojencid ‘11 moves: the
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valve 1§ to its heating position so that the refrigerant
flow is from the compressor to the indoor coil or heat
exchanger 8 and then to the outdoor heat exchanger 6.

Under abnormal operating conditions, that is, under
any condition in which either the outdoor heat exchanger
6 or the indoor heat exchanger 8 attains a frosting tem-
perature sensed by either portion 26 or 27 of the element

25, the frost control switch means 23 is designed to break
contact with the compressor contact 38 and to make con-
tact with the heater contact 39. If this occurs when the
main swiich is set for cooling; the compressor is de-ener-
gized until the frost control sensing element 25 again
senses above-frosting temperatures in both heat ex-
However, the heater 17 is not energized since
the switch 35 is open. On the other hand, when the
main - switch 21 is set for operation of the unit on the
heating cycle, a frosting condition of-the heat exchanger
6, operating as an evaporator, not only de-energizes the
compressor circuit, but also completes the heater circuit
through the contact 3% so that auxiliary heat is supplied -
to the enclosure by the heater 17 during the period that
the refrigerating system is de- energized due to the frosting
condition.

From the above description, it will be seen that in ac-
cordance with the present invention only a single frost
sensing means is required to de-energize the compressor
when either of the two heat exchangers reaches a frosting
temperature and this de-encrgization of the compressor
takes place regardless of whether the system is operating
on the heating cycle or on the cooling cycle. Since heat
is not reguired or desired within the enclosure when. the
unit is ‘operating on the cooling cycle, the auxiliary-heater
17 is energized only when a frosting condition exists on
the heating cycle.

While there has been shown and described what at
present is considered to be a preferred embodiment of
the invention, it will be obvious to those skilled in the
art that varicus changes and modifications may be made
therein without departing from the invention and it is
therefore intended by the appended claims to cover all
such changes and modifications as fall - within the true
spirit and scope of the invention.

What I claim as new and desire to secure by Letiers
Patent of the United States is:

1. In a self-contained air conditioning unit for heating

~and cooling an enclosure, an outdoor heat exchanger and

50

55

indoor heat exchanger, a compressor, means for selec-
tively connecting said compressor to said heat exchangers
whereby said outdoor ‘heat exchanger :functions as an
evaporator during operation of said unit on the heating
cycle- and said indoor heat “exchanger functions as an
evaporator during operation of said unit on the cooling
Cycl and compressor control means comprising a ther-

ostat including a vapor filied beliows -and a capillary
lube sensing element connected to said bellows, said ele-
ment including a first portion in contact with said indoor
heat exchanger and a second portion in contact with said
outdoor. heat exchanger whereby the compressor is

* stopped when either of said heat exchangers attains a

frosting temperature.

2. In a self-contained air conditioning unit for heating
and cooling @n enclosure, a reversible-refrigerating sys-
tem including an outdoor heat exchanger and indoor heat
exchanger, a compressor and refrigerant’ flow control
means for selectively connecting said compressor to said
heat exchangers whereby said outdoor heat exchanger

. functions as an evaperator during operation of said unit

" on the heating cycle and said indoor heat exchanger func-

70

tions as an evaporator during operatlon of said unit on
the cocling cycle, control means for centroliing the opera-
tion of said compressor comprising-a thermostat including

a vapor filled bellows and & single capillary tube sensing

- element connected to said bellows, said thermostat being

.~ adapted to de-energize said compressor when said sensing
75

element- senses a frosfmg tempemture, sald elemem m-
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cluding a first portion in contact with said indoor heat
exchanger and a second portion in contact with said out-
door heat exchanger whereby said compressor is stopped
when either of said heat exchangers. aitains a frosting
temperature.

3. In a self-contained air conditioning unit for heating
and ceoling an enclosure, an outdoor heat exchanger and
indoor heat exchanger, a compressor, refrigerant flow con-
trol means. for selectively comnecting said compressor to
said exchangers whereby said outdecor heat exchanger
functions as an evaporator during operation of said unit
on the heating cycle and said indoor heat exchanger func-
tions as an evaporator during operation of said unit on
the cooling cycle, means for circulating outdoor air over
said outdoor heat exchanger and air from theé enclosure
over said indoor heat exchanger, an auxiliary heater in
the path of the air circulated over szid indcor heat ex-

changer, -control means for controlling the operation of

said unit including a selector switch for operating said

3,159,981
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unit on either a heating cycle or a cooling cycle and a

- frost control switch including a vapor filled bellows for

operating said frost control switch and a capiilary tube
sensing element connected to said bellows, said element
including a first portion in contact with said indoor heat
exchanger and a second portion in contact with said out-
door heat exchanger and operable to stop said compressor |
on either cycle when either heat exchanger attains a frost-
ing temperature, said frosi control switch including means
for energizing said auxiliary heater when said frost con-
irol switch operates to stop said compressor- on a heat-
ing cycle. ) ‘
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