May 22, 1956 M. M. KOSFELD 2,746,266
AIR CONDITIONING APPARATUS
Filed June 14, 1954

4 REVERSING VALVE

54

CONDITIONED
AIR COIL OUTSIDE AIR COIL

7 7 ),

(' 13 4 cAPILLARY TUBES' .
~oi 1) D

( 1\4——’—@——@)‘*@ ||J’(
10

INVENTOR.
MILTON S. KOSFELD

BYW

HIS ATTORNEY



United States Patent O

=)

2,746,266
Patented May 22, 1956

ice

2,746,266
AIR CONDITIONING APPARATUS

Milton M. Kosfeld, Louisville, Ky., assicnor to General
Electric Company, a corporation of Mew York

Application June 14, 1954, Serial No. 436,674
4 Claims. (ClL 62—115)

My invention relates to air conditioning apparatus and
more particularly to reverse cycle refrigeration systems
for use in such apparatus.

Reverse cycle refrigeration systems may be included in
air conditioners so that the air in the enclosure to be con-
ditioned may be either heated or cooled for comfort.
During the cooling operation the indoor coil or heat ex-
changer acts as an evaporator and the cutdoor coil or
heat exchanger acts as a condenser. Conversely during
the heating operation the indoor coil acts as a condenser
and the ocutdoor coil as an evaporator. This change in
function is, of course, accomplished by reversing the di-
rection of the refrigerant flow through the system.

A problem is, however, presented by the switchover
of the system from the one operation or cycle to the
other.
there is a considerable temperature differential between
the indoor coil acting as an evaporator and its surround-
ing atmosphere, the room air; whereas during the winter
heating operation or cycle there is ordinarily a much
smaller differential between the outdoor coil acting as an
evaporator and its surrounding atmosphere, the cold out-
side air. Thus the coil acting as an evaporator caunot
pick up as much heat during the heating cycle as is ab-
sorbed during the cooling cycle. As a result the system
cannot be cperated with good efficiency at the same rate
of refrigerant flow for both operations. A rate of re-
frigerant flow which allows a substantially complete vapor-
ization of the refrigerant in the indoor coil during the
cooling operation results in a “flooding through” of the
outdoor ceoil during the heating operation. In other
words, with the most efficient rate of flow for the cooling
cycle also flowing during the heating cycle, the outdoor
coil would be unable to vaporize all the refrigerant flowing
therethrough so that liquid refrigerant would pass or
“flood through” to the compressor. Since as is well
known in the art, a “flood through” condition of the
evaporator results in a lessened efficiency for the system
than when all the refrigerant is vaporized in the evapora-
tor, it is therefore desirable that the system have a
lower rate during the heating cycle than during the
cooling cycle.

In many refrigerating systems, however, capillary ex-
pansion tubes are used to regulate the flow of refrigerant
from the condenser to the evaporator. These tubes are
quite inexpensive compared to expausion valves and due
to their extreme simplicity and total lack of moving parts
are extremely satisfactory in operation. In fact they
are generally used in refrigerating systems whenever pos-
sible. But since these tubes are of a fixed resistance to
flow depending upon their length and cross-sectional
area, they have not been readily usable with reverse
cycle systems wherein it is nceessary or desirable to pass
a different rate of refrigerant flow through the system
in its heating operation than in its cooling operation. Due
to their fixed resistance to flow they will, if connected
in the ordinary manner between the indoor coil and the
outdoor coil, pass the same amount of refrigerant in both
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operations. If the capillary tube is designed for correct
operation during the cooling cycle, an inefficient opera-
tion will result during the heating cycle. Or if the
capillary tube should be designed for an efficient heating
cycle, an inefficient cooling cycle will be caused. Thus
in spite of their many advantages capillary tubes have not
pnroven particularly satisfactory in refrigeration systems
designed for both heating and cooling operations, as are
used in many air conditioners.

Accordingly it is a primary object of my invention to
provide a new and improved reversed cycle refrigeration
system utilizing capillary tube expansion meauns, in which
a different rate of refrigeration flow is obtained during
the heating cycle than during the cooling cycle.

1t is another object of my invention to provide a new
and improved reverse cycle refrigeration system utilizing
capillary tube expansion means, in which more restric-
tion is offered to refrigerant flow during the heating cycle
than during the cooling cycle whereby this system operates
efficiently during both cycles. ’

In carrying out my invention in one preferred form
thereof I provide a reverse cycle refrigeration system
adapted for incorporation in an air conditioner for either
heating or cooling the air within an enclosure. This refrig-
eration system includes a compressor and indoor and out-
door coils or heat exchangers. The system further includes
a reversing valve for selectively connecting the discharge
and the suction of the compressor to the outdoor and the
indoor coils respectively during the cooling cycle and to
the indoor and outdoor coils respectively during the heat-
ing cycle. For expanding the refrigerant of the system
from condensing pressure to evaporating pressure a plu-
rality of capillary tubes are provided; and in accordance
with my invention these capillary tubes are connected
in a novel manner so as to provide for efficient operation
of the system during both the heating and the cooling
cycles. Specifically at least one of the capillary tubes
is connected between the ends of the coils remote from
the reversing valve, and another of the capillary tubes
is connected between the remote end of the outdoor
coil and a point on the indoor coil intermediate the ends
thereof. By their connection to the remote end of the
outside coil both of these capillary tubes join the coil be-
low the level of refrigerant liquefication therein when the
coil is acting as a condenser during the cooling cycle.
Therefore, liquid refrigerant is fed to both the tubes
during the cooling cycle and the maximum possible flow
rate of the system is obtained. But the point at which
the second capillary tube is connected to the indoor coil
is above the level at which refrigerant liquefication occurs
in the indoor coil during the heating cycle when the in-
door coil is acting as a condenser. As a result gaseous
refrigerant is fed to the second capillary tube during
the heating cycle and only the first capillary tube con-
nected to the end of the coil receives liquid refrigerant.
Since it receives gaseous refrigerant, the second capillary
is not nearly so effective to pass refrigerant as during
the cooling cycle and consequently only the first capillary
connected to the end of the indoor coil passes an appreci-
able amount of refrigerant. Thus with only one capillary
effective to pass refrigerant a smaller refrigerant flow
rate occurs during the heating cycle than during the cool-
ing cycle, which of course, is the desired result in order
to permit complete vaporization of the refrigerant by
the outdoor coil during the heating operation. ' In other
words as a result of my novel capillary tube arrange-
ment the operation of the system is automatically modi-
fied so that it has a lower refrigerant flow rate during
the heating cycle than during the cooling cycle thereby
allowing it to operate efficiently during both cycles.

The novel features which I believe to be characteristic
of my invention are set forth with particularity in the ap-
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pended claims. My invention itself, however, both as to
its organization and method of operation may be best
understood by reference to the following description taken
in conjunction with the accompanying drawing, the single
“figure of which is a diagrammatic view of a reverse cycle
-refrigerating system embodying my invention.

Referring now to the diagram I have illustrated therein
a refrigerating system including a compressor 1 having a
‘discharge line 2 and a sucticn line 3. The discharge and
suction lines are both connected to a reversing valve 4.
Also connected fo the reversing valve 4 are a pair of con-
-duits 5 and 6 which lead respectively to indoor and outdoor
heat exchangers or coils 7 and 8. The indoor coil 7 is ar-
ranged for heating or cooling the air in the enclosure to be
conditioned and the outdoor coil 8 is arranged for either
rejecting heat to or picking it up from the outside atmos-
phere. The reversing valve 4 which in my preferred em-
bodiment is manually controlled by means of a knob 4a
is operative to selectively connect the discharge and suc-
tion of the compressor to conduits 5 and 6 and thus to the
inside and outside coils 7 and 8 respectively. Or. it may
be operated to reverse that connection and connect the
discharge line 2 to the outside heat exchanger 8 and the
suction line 3 to the inside or conditioned air coil 7. More
specifically if it is desired to set the system for a heating
cycle the compressor discharge is connected to the inside
coil"7 -and the suction to the outside coil 8 whereas if it
is-desired to initiate a cooling cycle the discharge is con-
nected to the outside coil 8 and the suction to the condi-
tioned air coil 7. My invention is, however, not limited
to a-system:in which the reversing valve is manually ac-
tuated for I contemplate that it may also be used in sys-
tems wherein the reversing valve is automatically actuated
from one position or cycle to the other in response to a
controlling condition. For example the reversing valve
could be electrically actuated in response to a thermostat
sensitive to room temperature. '

Further included in my preferred system for the purpose
of expanding the refrigerant from condensing pressure to
evaporating pressure are a plurality of capillary tubes 9
and 10. In accordance with my invention these tubes are
so connected and sized that an efficient flow rate is ob-
tained both during the heating cycle and during the cool-
ing cycle. More specifically, these capillary tubes are so
connected that they offer more restriction to the fow of
refrigerant during the heating cycle than during the cool-
ing cycle whereby- a lesser amount of refrigerant flows
during the heating cycle. - As explained hereinbefore it is
desirable that less refrigerant fiow within the system dur-
ing the heating cycle than during the cooling cycle in or-
der vthatathe system may cperate efficiently during both
cycles. . Because the temperature differential between the
outdoor-cail acting as an evaporator during the heating
cycle and.-its surrounding atmosphere, the outside air, is
normally much smaller than the differential between the
inside conditioned air coil acting as the evaporator during
the cooling cycle and its surrounding atmosphere, the
room air, the outside coil cannot pick up as much heat
during the heating cycle as the inside coil during the cool-
ing cycle for the same amount of refrigerant passing there-
through. Thus if the inside coil is to be run most efficient-
ly during the cooling cycle which; as is well known in the
art, means running the coil full, the outside coil must be
run at some lesser amount during the heating :cycle if
“flood through” is to be avoided. By running the inside
coil full during the cooling cycle I, of course, mean sup-
plying the inside coil with the particular amount of re-
frigerant. which will result in all the refrigerant being
boiled off, i. e. evaporated, but not super-heated by the
time it leaves the evaporator. The same amount of re-
frigerant supplied to the outdoor coil during the heating
cycle would, however, not be all boiled off and this “food
tﬁroug » of some liquid refrigerant would result, In other
words-if the coil acting as the evaporator is to be supplied
with the proper amounts of refrigerant for maximum sys-
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tem performance during both the heating and the cooling
cycle some means must be provided for causing a lesser
rate of flow during the heating cycle than during the
cooling cycle.

As above mentioned, it is through my novel arrange-
ment of the capillary tubes 9 and 10 that I accomplish
this result. In other words it is through the manner of
connection of the capillary tubes 9 and 10 within the

_ refrigerating system that I cause the refrigerant flow dur-

ing the cooling cycle to be such that the inside coil 7 then
acting as an evaporator is run full and also cause a lower
rate of flow to occur during the heating cycle so that the
outside air coil then acting as an evaporator is also run
substantially full but not flooded through. In my novel
capillary tube arrangement both the capillaries 9 and 10
are connected at their one ends to the end 11 of the outside
air coil remote from the reversing valve 4. At its other
end the one capillary 19 is connected to the end 12 of in-
door coil 7 remote from the reversing valve 4. But the
capillary 9 is connected at its other end to the coil 7-at 4
point or tap 13 intermediate its ends. This point 13 may
vary somewhat along the coil 7 according to the design
of the system but it should be above the level at which
liquid refrigerant begins to form when the coil is acting
as a condenser, i. e., above the level of refrigerant lique-
fication. In other words, by my invention the one capil-
lary tube 10 taps the coil 7 at a point wherein the refriger-
ant flow is still gaseous rather than liquid when the coil 7
is acting as a condenser. ’

Although I have not shown it in the diagram, it should
be understood that either or both of the capillary tubes 9
and 10 may be placed in heat exchange relation with the
compressor suction line 3. This heat exchange relation,
which, for example, may be accomplished by soldering
the tubes or portions thereof to line 3 increases the effi-
ciency of the system since it results in heat being picked
up from the warm refrigerant flowing in the capillary
tubes by the cool suction refrigerant flowing in line 3.
The heat so extracted from the refrigerant in the capillary
tubes increases by like amount the capacity of the refriger-
ant to absorb heat in the coil acting as the evaporator: - )

" The manner in which my novel arrangement of capillary
tubes operates to cause a lesser flow during the heating
cycle than during the cooling cycle may be best understood-
by reference to the arrows shown in the diagram, wherein
the refrigerant flow during the cooling cycle is indicated by
the solid arrows and the flow during the heating cycle by
the dotted arrows. As there shown, during the cooling
cycle the discharge line 2 of the compressor is connected
by the reversing valve 4 to the line 6 leading to the outside
air coil 8 and the suction line 3 of the compressor is con-
nected to the line 5 leading from the indoor coil 7. This
of course causes a circulation of gaseous refrigerant from
the compressor to the outside air coil 8 wherein it is con-
densed. The coil 8 is so designed that for normal ambient
temperatures of the outside air surrounding the coil, the
refrigerant is substantially- all liquefied by the time it
reaches the end 11 remote from the compressor.  The
liquid refrigerant then passes through both the capillary
tubes. 9 and 10 being expanded and greatly reduced in
pressure.: In other words-the capillaries 9 and 10 coop-
erate to reduce the refrigerant from the condensing tem-
perature and pressure to the evaporating temperature and
pressure. . Since the capillaries are both fed with liquid
and both discharge into the same vessel, the coil 7, they in
effect operate in parallel even though they do not discharge
into coil 7 at exactly the same point. And with the capil-
laries so acting in parallel they are effective to allow a
maximum' predetermined amount of refrigerant to flow
through the system. - In fact the system will normally be
designed so that with both capillaries passing refrigerant
the coil 7 will be run full for maximum system perform-
ance. . The refrigerant boiled off in the coil 7 will of
course be returned through the line 5 to the suction 3 of
the compressor, i '
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However with the system thus designed for efficient
operation during the cooling cycle with both capillaries
passing refrigerant, an inefficient operation would result
if the same amount of refrigerant were passed during the
heating cycle. The outside air coil 8 would not be able
to boil off as much refrigerant as the indoor coil 7 dur-
ing the cooling cycle and therefore an inefficient “flood
through™ condition of the outdoor coil would likely re-
sult. As indicated by the dotted arrows however my
novel capillary tube arrangement operates so as to cause
a lessened flow during the heating cycle. To place the
system in the heating cycle the reversing valve 4 is oper-
ated to its other position wherein the discharge line 2
is connected to the line 5 leading to the indoor coil 7 and
the suction line 3 is connected to the line 6 leading from
the outside coil 8. With those connections made the
hot gas leaving the refrigerant is fed into the inside or
conditioned air coil 7. As it progresses through the coil
7 it cools off and as it reaches the lower end of the coil
it liquefies. This point or level of liquefication is how-
ever below the point 13 at which the capillary 9 taps the
coil. In other words the operation of the coil 7 when
acting as a condenser, is such that only gaseous refriger-
ant can enter the capillary tube 9. The refrigerant how-
ever does liquefy within the coil between the point or tap
13 and the lower end 12 of the coil to which the capillary
10 is joined, so that the capillary 10 is fed with liquid
refrigerant,

Since as is well known in the art a capillary cannot
pass as much gas as liquid, the result is that although the
capillary tube 10 still passes approximately the same
amount of refrigerant as during the heating cycle, the
capillary 9 passes materially less refrigerant. In fact the
action of capillary 9 when so fed with gaseous refrigerant
is such that substantially the flow characteristics of the
lower capillary 10 alone are obtained during the heating
cycle. In other words the flow through the capillary 9
is so small due to the fact that gaseous rather than liquid
refrigerant is fed thereto that the capillary 10 practically
acts alone in passing refrigerant to the outside coil 8
now acting as an evaporator. With only one capillary
acting effectively, the flow through the system is much
restricted resulting in the flow during the heating cycle
being very appreciably less than during the cooling cycle.
In fact this flow is preferably such that the outer coil is
run just full without either flooding through or super-
heating during the heating cycle. In other words due
to the lessened flow during the heating cycle effected by
my novel capillary tube arrangement the reduced pres-
sure liquid entering the outside coil 8 through the capil-
lary i0 flows at a rate that it is substantially boiled off
without superheating by the time it reaches the end of
the coil connected to the line 6 leading to the compressor.

As well as decreasing the system flow during the heat-
ing cycle my novel capillary tube arrangement also pro-
vides an additional advantageous result. Due to the
smaller flow caused by only one rather than two capil-
laries conducting liquid, the system must of course move
to a different steady state condition during the heating
cycle than during the cooling cycle, and this difference
in steady state conditions causes a different evaporator
pressure to exist during the two cycles. Specifically,
since less refrigerant is flowing during the steady state
condition of the heating cycle, the pressure in the evapo-
rator, outside coil 8, is lower than it is in the evaporator,
inside coil 7, during the cooling cycle when both capillar-
ies are conducting liquid. Because of the increased re-
sistance to flow between the condenser, indcor coil 7, and
the evaporator, outdoor coil 8, during the heating cycle
the refrigerant backs up for some distance in the con-
denser short of tap 13 until the steady state condition is
reached. Since the condenser thus holds more refriger-
ant than during the cooling cycle, the evaporator must
hold less, and the less refrigerant therein the lower is
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the evaporator pressure. This decrease in eévaporator
pressure is advantageous because as a direct corollary it
means a lower evaporator temperature; and the lower
the evaporator temperature the more heat may be picked
up by the evaporator for a given rate of flow. Thus not
only does my improved capillary tube arrangement pro-
vide for a decreased flow during the heating cycle than
occurs during the cooling cycle but also it results in a
lower cvaporator temperature during the heating cycle
for more effective heat transfer between the cold outside
air and coil 8. ‘

Thus it will be seen that through my invention I have
provided a new and improved reverse cycle refrigeration
system in which a novel capillary tube arrangement re-
sults in efficient operation during both the cooling and
the heating cycles. As a result of this capillary tube
arrangement a greater flow of refrigerant is obtained
during the ccoling cycle than during the heating cycle
whereby the system may be designed for efficient opera-
tion during the cooling cycle without causing “flood
through” of the evaporator and the attendant inefficient
compressor operation during the heating cycle. Since it
utilizes capillary tubes as the expansion and flow control-
ling means, this system is inexpensive to produce but yet
is practically fool-proof in operation.

While in accordance with the patent statutes I have
described what is at present considered to be the pre-
ferred embodiment of my invention, it will be understood
to those skilled in the art that various changes and modi-
fications may be made therein without departing from my
invention, and I, therefore, aim in the appended claims
to cover all such changes and modifications as fall with-
in the true spirit and scope of my invention.

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

1. A reverse cycle refrigerating system for heating and
cooling air for an enclosure comprising a compressor,
first and second heat exchangers, means including a re-
versing valve for selectively connecting the discharge and
the suction of said compressor to said first and second
heat exchangers respectively during the heating cycle and
to said second and first heat exchangers respectively dur-
ing the cooling cycle, and a plurality of capillary tubes
for expanding the refrigerant of said system from con-
densing pressure to evaporating pressure, at least one of
said capillary tubes being conmected between the ends
of said heat exchangers remote from said reversing valve
and at least a second of said capillary tubes being con-
nected between said remote end of said second heat ex-
changer and a point on said first heat exchanger inter-
mediate the ends thereof, said remote end of said second
heat exchanger being below the level of refrigerant lique-
fication in said second heat exchanger when said second
heat exchanger is acting as a condenser during said cool-

‘ing cycle thereby causing both said one tube and said

second tube to be fed with liquid refrigerant during said
cocling cycle, and said point being above the level of
refrigerant liquefication in said first heat exchanger when
said first heat exchanger is acting as a condenser during
said heating cycle thereby causing said one tube to be fed
with liquid refrigerant and said second tube to be fed with
gaseous refrigerant during said heating cycle, whereby
said second capillary tube is less effective to pass refriger-
ant during said heating cycle than during said cooling
cycle and a lower refrigerant flow rate is effected through-
out said system.

2. A reverse cycle refrigerating system for heating and
cooilng air for an enclosure comprising a compressor,
first and second heat exchangers, means including a re-
versing valve for selectively connecting the discharge
and the suction of said compressor to said first and sec-
ond heat exchangers respectively during the heating cycle
and to said second and first heat exchangers respectively
during the cooling cycle, and a pair of capillary tubes
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for expanding the refrigerant of said system from con-
densing pressure to evaporating pressure, one of said
capillary tubes being connected between the ends of
said heat exchangers remote from said reversing valve
and the other of said capillary tubes being connected
between said remote end of said second heat exchanger
and a-point on said first heat exchanger intermediate
the - ends thereof, said remote end of said second heat
exchanger being below the level of refrigerant liquefica-
tion in said second heat exchanger when said second
heat exchanger is actmg as a condenser during said cool-
ing cycle thereby causing both of said tubes to be fed
with liquid refrigerant during -said cooling cycle, and
said point being above the level of refrigerant liquefication
in said first heat exchanger when said-first heat exchanger
i$ acting as a condenser during said heating cycle there-
by causing said one tube to be fed with liquid refrigerant
and said other tube to be fed with gaseous refrigerant
during said heating cycle, whereby said other capillary
tube is less effective to pass refrigerant during said heat-
ing cycle than during said cooling cycle and a lower
refrigerant flow rate is effected throughout said system.

3. A reverse cycle refrigerating system for heating and
cooling air for an enclosure comprising a compressor,
an indoor coil and an outdoor coil, means including a
reversing valve for selectively connecting the discharge
and the suction of said compressor to said indoor and
outdoor coils respectively during the heating cycle and
to said outdoor and indoor coils respectively during the
cooling cycle, and a plurality of capillary tubes for ex-
panding the refrigerant of said system from condensing
pressure to evaporating pressure, at least one- of . said
" capillary tubes being connected between the ends of
said coil remote from said reversing valve and at least
a second of said capillary tubes being connected be-
tween said remote end of said outdoor coil and a point
on said indoor coil intermediate the.ends thereof, said
remote end of said outdoor coil being below the. level
of  refrigerant liquefication in said outdoor coil when
said outdoor coil is acting as a condenser during said
cooling cycle thereby causing both said one tube and
said second tube to be fed with liquid refrigerant during
said cooling cycle, and said point being above the level
of refrigerant liquefication in said indoor coil when said
indoor coil is- acting as a condenser during said heating
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cycle thereby causing said one tube to be fed with
liquid refrigerant and said second tube to be fed with
gaseous refrigerant during said heating cycle, whersby
said second capillary tube is less effective to pass re-
frigerant during said heating cycle than during - said
cooling -cycle and a lower refrigerant flow rate is ef-
fected throughout said system.

4. A reverse cycle refrigerating system for heating and
cooling air for an enclosure comprising a compressor, an
indoor coil and an outdoor coil, means including a re-
versing valve for selectively connecting the discharge and
the suction of said compressor to said indoor and out-
door coils respectively during the heating cycle and to
said. outdoor and indoor coils respectively during the
¢ooling cycle, and a pair of capillary tubes for expand-
ing the refrigerant of said system: from condensing pres-
sure to evaporating pressure, one of said capillary tubes
being connected between the ends of said coils remote
from said reversing valve and the other of said capillary
tubes being connected between said remote end of said
outdoor coil and a point on indoor coil intermediate the
ends thereof, said remote end of said outdoor coil being
below the level of refrigerant liquefication in said out-
door coil when said outdoor coil is acting as a condenser
during said cooling cycle thereby causing both of said
tubes to be fed with liquid refrigerant during said cooling
cycle, and said point being above the level of re-
frigerant liquefication in said indcor coil when said in-
door coil is acting as a condenser during said heating -
cycle thereby causing said one tube ot be fed with lignid
refrigerant and said other tube to be fed with gaseous
refrigerant during said heating cycle, whereby said other
capillary tube is less effective to pass refrigerant during
said heating ‘cycle than during said cooling cycle and
a lower refrigerant ﬁow rate is effected throughout said
system.
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