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3,041,845
DEFROSTING SYSTEM FOR HEAT PUMPS
Allen Trask, Utica, N.Y., assignor to International Heater
Cempany, Utica, IN.Y., 2 corporation of New York
Filed Feb. 25, 1960, Ser. No. 11,609
5 Claims., (CL 62—1490)

This invention relates to heat pumps, and more spe-
cifically to air-to-air heat pumps embodying components
of a compression type refrigeration system wherein the
refrigerant flow direction in its circuit between two heat
exchangers is automatically reversible through a -four
way reversing valve.

In heat pumps of this type frost and ice commonly
collect and freeze on the heat exchanger surface of the
outdoor coil when, in the heating cycle, the temperature
of that surface is cooled below 32 degrees. This heat
exchanger surface is usually of the fin-tube type. When
its temperature is reduced below freezing while absorb-
ing heat from humid air flowing through it, frost will
collect and build up between the coil fins to obstruct and
reduce the normal flow of outdoor air through the coil.
The heating capacity of the heat pump is thereby reduced.

To remove frost and/or ice from the outdoor heat ex-
changer operating in a heating cycle it is common prac-
tice to reverse the system temporarily causing it to op-
erate in a cooling cycle automatically by means responsive
to frost accumulation, or by an interval timer, thus trans-
ferring heat from the indoor heat exchanger and/or in-
door air to the outdoor heat exchanger to melt the frost
or ice collected on its surfaces. Means is provided to
restore the heat pump to a heating cycle when the frost
and/or ice is melted from the heat exchanger.

In conventional heat pump systems of this type the
defrosting cycle usually requires several minutes and it
is desirable to end this defrosting cycle as quickly as
possible in order to reduce the time the system is extract-
ing heat from the space to be heated. A major portion
of the time of the defrosting cycle is caused by the slow
build-up of refrigerant vapor pressure in the outdoor
heat exchanger sufficient to force the condensed cold
liquid refrigerant collected therein through the evap-
orative control device arranged to admit a normal cool-
ing flow of refrigerant into the indoor heat exchanger
when impelled by the relatively high compressor head
pressure of a cooling cycle. Pressure in the outdoor heat
exchanger must be substantially higher than the pressure
in the indoor heat exchanger to induce a normal flow
rate through the expansion device admitting refrigerant
into it.

Sufficient pressure in the outdoor heat exchanger to
accelerate refrigerant flow into the indoor coil cannot
be built up to speed the defrosting cycle until sufficient
refrigerant is circulated through the indoor heat ex-
changer to absorb heat therein and carry it to the out-
door exchanger to raise its temperature. Thus it is un-
derstood that the normal flow resistance of the refrig-
erant evaporative control device designed to admit the
refrigerant flow of the full compressor capacity into the
indoor heat exchanger under summer operating condi-
tions of the cooling cycle, when the pressure difference
between the two heat exchangers is comparatively high,
will in a defrosting cycle, wherein the said pressure dif-
ference is comparatively low, permit only a greatly re-
duced rate of refrigerant flow and thus a proportionately
long interval in defrosting cycle delivery of heat from
the indoor exchanger io the outdoor exchanger for the
purpose of melting frost and ice thereon.
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There is a further defrosting problem in heat pumps
which have a drain pan under the outdoor heat ex-
changer for collecting and disposing of the water melted
off the heat exchanger during defrosting cycles. When
the outdoor temperatures remain below freezing ice will
build up in the drain pan unless it is heated to a tempera-~
ture above freezing. During snow storms, or when loose
snow is blown into the outdoor heat exchanger, snow
will lodge between the fins of the exchanger to restrict
air flow . therethrough and will fill the drain pan. In
that event defrosting cycles will deposit water on the
snow in the drain pan and the mixture of snow and ice

_ will then often freeze into a mass bridging the drain pan
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and including the bottom rows of refrigerant tubes and
fins of the outdoor heat exchanger. In an extended pe-
riod of sub-freezing temperatures an ice accumulation
will grow higher and higher into the heat exchanger to
remove a substantial portion of its surface from effective
service in extracting heat from the outdoor air. This
result will occur even though the drain pan be heated.
The heating capacity of a heat pump is thereby reduced.

One object of this invention is to provide an arrange-
ment to enable the reduction of time intervals of the de-
frost cycles of heat pumps.

Another object of the invention is to provide a struc-
ture wherein the lower portion of an outdoor fin-tube
heat exchanger and its drain pan will be kept free from
an accumulation of ice by means of heat transferred from
warm liquid refrigerant returned from the indoor heat
exchanger during heating cycles in sub-freezing weather.

These and other objects are accomplished by my inven~
tion as will be apparent from the following description
and claims considered with reference to the accompanying
drawings forming a part of this application.

In the drawings FIG. 1 is a diagrammatic view of a
heat pump system embodying this invention;

FIG. 2 is an enlarged sectional view of the pressure
regulating valve of FIG. 1; and

FIG. 3 is a diagrammatic view of a heat pump em-
bodying a modification of this invention.

In FIG. 1 a refrigerant compressor I, is connected to
a four-way reversing valve 2, by a suction conduit 3,
and a discharge conduit 4. A three-way solenoid oper-
ated pilot valve 5, is connected by conduits 6 and 7, to
the reversing valve 2, and by a conduit 8 to the com-
pressor suction tube 3.

A three row single circuit fin tube type indoor heat
exchanger coil 9, has its top end in communication with
reversing valve 2, through a conduit 1. A blower 11,
is “arranged in ‘shroud 12, to recirculate indoor air
through the heat exchanger 9.. A three row single circuit
fin-tube type outdoor heat exchanger 13, has its top circuit
end in communication with reversing valve 2, through a
conduit 14. A fan motor assembly 15, is arranged in a
shroud 16, to recirculate outdoor air through the heat
exchanger 13.

The indoor heat exchanger 9, has the lower end of its
circuit in communication with the lower end of the cir-
cuit of outdoor heat exchanger 13, through a series of
elements including a cross fitting 17, a conduit 18, a
check-valve 19 which permits one-way flow of refrig-
erant toward the outdoor heat exchanger 13, a cross-fit-
ting 20, a conduit 21, a serpentine loop 22 in heat ex-
change relation with a drain pan 26, and a conduit 23
connecting the sepentine loop 22 with tube 24 in the
heat exchanger 13. The heat exchanger 13 has its tube
25 connected to tube 24 in its single series circuit. The
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next tube in the exchanger 13 circuit is tube 29. Be-
tween tubes 25 and 29 is a series branch circuit 30 in-
cluding a T 27, a check-valve 28 which permits one-way
flow of refrigerant through the branch circuit 30 to ex-
changer tube 25, and a T 31. A capillary tube 32 is
connected as a parallel branch circuit to branch circuit
30 for evaporative control of refrigerant flow into the
outdoor heat exchanger tube 29 and thence through its
circuit during heating cycles.

A capillary tube 33 is connected between cross fittings
17 and 29 to form a parallel circuit to conduit 18 and
check-valve 19 which are also connected in series be-
tween these fittings. Capillary tube 33 provides evapora-
tive control of refrigerant flow into indoor heat exchanger
9 during cooling or defrosting cycles. A pressure regu-
lating valve 35 is connected by conduits 34 and 36 to the
cross-fittings 17 and 29 to form a third parallel circuit
between them.

A diaphragm switch, 37, is in communication with the
inside of fan shroud 16, through conduit 38. It is ar-
ranged to close an electric circuit to energize the solenoid
39 of valve 5 upon the reduction of air pressure in
shroud 16 to a predetermined amount, and to open the
circuit upon an increase in air pressure to a predeter-
mined amount.

The pressure regulating valve 35 shown in cross-sec-
tion diagram in FIG. 2 comprises a valve bedy 45, a
diaphragm enclosure 46 suitably attached to the valve
body, and a diaphragm 47. An adjusting spring 48,
and an adjusting screw 49, are arranged in the diaphram
enclosure 46 to exert a selected pressure against one side
of diaphragm 47. The opposite side of diaphragm 47
engages a valve stem 50 having a valve 51 at its opposite
end. The valve 51 engages the valve seat 52 in valve
body 45. A pressure passage '53 in valve body 45 con-
ducts the vapor pressure within the conduit 34 to the
valve stem side of the diaphragm 47 where it tends to
move the valve 51 onto its seat 52 against the opposing
pressure of the spring 48.

When the heat pump system of FIGURE 1 is operat-
ing in a heating cycle, compressor 1 draws refrigerator
vapor from the outdoor heat exchanger 13, through con-
duit 14, reversing valve 2, and conduit 3. It discharges
the compressed and heated refrigerant vapor through
conduit 4, reversing valve 2, and conduit 10, into the in-
door heat exchanger 9, which transfers latent heat of
the refrigerant vapor into a recirculated indoor air
stream induced by the blower 11.

Liquid refrigerant condensed in the exchanger 9 flows
therefrom through cross-fitting 17, conduit 18, check-
valve 19, cross-fitting 26, and through conduit 21 to the
serpentine tube loop 22 in heat exchange relation with
the drain pan 26 under the outdoor heat exchanger 13.
Here the warm liquid refrigerant maintains the drain pan
temperature substantially higher than the outdoor air
temperature so that in freezing weather the drain pan will
be maintained at temperatures above freezing and ice
will not accumulate therein.

Frem serpentine loop 22 a short conduit 23 leads warm
liquid refrigerant into heat exchanger 13 through its
tubes 24 and 25, which are the boitom two tubes in the
first row on the down-stream side of the heat exchanger.
These two tubes likewise are maintained at temperatures
substantially higher than the outdoor air temperature.
The heat exchange fins surrounding these tubes and ad-
jacent to them are also heated with the warm refrigerant
in the tubes so that in freezing weather frost or ice will
not be collected on them.

From the exchanger tube 25 liguid refrigerant flows
through the T fitting 27 into the capillary tube 32. The
check valve 28 prevents flow into conduit 30. Capillary
tube 32 restricts the flow of liquid refrigerant to reduce
its pressure to the prevailing pressure in the outdoor heat
exchanger 13 where the refrigerant is evaporated in its
circuit by the heat of the outdoor air drawn through it
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by fan 15. This completes the circuit during a heating
cycle.

In normal weather temperatures from 20° F. and 40°
F,, frost and ice accumulate on the fins and tubes of the
outdoor heat exchanger 13 because the refrigerant tem-
perature within the exchanger is below 32° F. During
periods of rain or fog at temperatures around 35° F. this
accumulation of frost and ice on the exchanger surface is
rapid. At temperatures below 32° F. snow may be
blown into or drawn into the fin-tube heat. exchanger 13
to block the flow of air therethrough.

When the interstices between the fins .of exchanger 13
are partially closed with ice, frost, and/or snow there
is a corresponding air pressure reduction within the shroud
16 induced by the effort of the fan 15 to draw outdoor
air through the restricted heat exchanger. When this
pressure is reduced to a predetermined amount the dia-
phragm switch 37 closes to complete a circuit to the sole-
noid 39, which in turn actuates the solenoid valve 5 and
the reversing valve 2. This directs the refrigerant flow
in the direction required for a cooling cycle for the pur-
pose of melting any frozen moisture accumulation from
exchanger 13. Diaphragm switch 37 is arranged to open
and return the system to a heating cycle when the de-
frosting cycle is completed and the pressure in the shroud
16 has returned to normal.

In the defrosting cycle compresor 1 draws hot refrig-
erant vapor from the indoor heat exchanger 9, through
the conduit 19, the reversing valve 2, and the conduit 3.
It discharges the hot refrigerant vapor into the relatively
cold outdoor heat exchanger 13 where it warms the ex-
changer with its sensible heat, and its latent heat, im-
parted to the exchanger in the process of its condensing.
It is common practice to provide means to stop the
operation of the outdoor fan during defrosting cycles and
this may be effected in the conventional manner.

At the beginning of the defrosting cycle the refrig-
erant pressure within the indoor exchanger 9 is higher
than it is in the outdoor heat exchanger 13. Condensed
liquid refrigerant then accumulates in the exchanger 13.
When the refrigerant pressure in the exchanger 9 is
reduced below the pressure in the exchanger 13, then
the liquid refrigerant in exchanger 13 will flow from
tube 29, through the T fitting 31, the conduit 30, the
check-valve 28, the T fitting 27, tubes 25 and 24 of the
heat exchanger, and from the exchanger 13 through
conduit 23 into serpentine loop 22. The condensed
liquid refrigerant then flows through conduit 21 to the
T fitting 20 where it branches into two of three parallel
circuits. It is prevented from flowing through the check-
valve circuit by the closing of the check-valve 19 in the
defrosting and/or cooling cycles. The refrigerant is
free to flow from T fitting 20, through the capillary tube
33, and the T fitting 17 into the heat exchanger 9. Cap-
iHlary tube 33 is sized for restricting refrigerant flow to
cause a substantial pressure drop in the refrigerant pres-
sure as it passes therethrough during a summer cooling
cycle. When a refrigerant such as “Freon 227" is used
the pressure drop in a cooling cycle would be in the
range of 210-260 pounds per square inch.

During the first part of a defrosting cycle the refrig-
erant pressure difference available gradually increases
from zero pounds per square inch. At low pressure
difference the restriction of the capillary tube 33 permits
only a very slow flow of refrigerant. A retarded and
delayed flow of refrigerant through the full heat pump
circuit during deéfrosting cycles increases the time length
of the defrosting cycles. This is undesirable in a heat
pump system of this type because the time available for
heating is correspondingly reduced.

In this invention a second refrigerant circuit parallel
to the capillary tube 33 is provided and arranged to per-
mit substantially increased refrigerant flow into heat ex-
changer 9 during the first part of defrosting cycles.
This second circuit connects the T fittings 20 and 17,
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through the conduit 36, the pressure regulating valve
35, and the conduit 34. Pressure regulating valve 35
is arranged to open during the first part of defrosting
cycles to permit substantially increased volume of liquid
refrigerant flow from the conduit 21 into the indoor heat
exchanger 9.

When the pressure regulating valve 35 is connected
in the heat pump system as shown in FIG. 2 between
conduit 36 and 34, the pressure in the heat exchanger
9 is translated through the conduit 34, and the pressure
passage 53, to the underside of the valve diaphragm 47.
Adjusting screw 49, adjusting the regulating spring 48,
is set so that when the refrigerant pressure in the ex-
changer 9 falls below the normal range of the summer
cooling cycle then spring 48 will open the valve 51.
A pressure reduction in the exchanger 9 will always be
low enough to open the pressure regulating valve 35
during the first part of defrosting cycles. When this
valve is opened the flow of liguid refrigerant into the
indoor heat exchanger will be substantially increased and
the time length of the defrosting cycle will be corre-
spondingly reduced. In heat pump systems using a re-
frigerant, such as “Freon 22,” a pressure regulating
valve connected as shown in FIG. 2 may be set to open
in the pressure range of 30—40 pounds per square inch.

An alternative method of connecting pressure regulat-
ing valves may be used. The refrigerant flow through
the valve may be reversed in direction. The connections
of conduits 34 and 36 may be exchanged so that the
liquid refrigerant flow through the valve will be in op-
posite direction to that shown in FIGS. 1 and 2. When
this exchange is made the valve control through the dia-
phragm 47 will be affected by the pressure of outdoor
heat exchanger 13 tramslated through the series of con-
duits hereinbefore enumerated, and the pressure pas-
sage 53. When this arrangement is used with a refrig-
erant, such as “Freon 22,” the pressure regulating valve
35 may be adjusted to open in the pressure range of
100-150 pounds per square inch. At this setting the
valve will always be closed during summer cooling
cycles, and always open during the first part of defrost-
ing cycles for reducing their time length.

A modification of a heat pump system is shown in
FIG. 3 where similar parts and elements are identified
by the same reference numerals as employed in FIG. 1.
In this modified system the one refrigerant expansion
device functioning alternately for both heat exchangers
is employed. This type system is commonly used in
small self-contained heat pumps.

In the system of FIG. 3, the indoor heat exchanger
9, has the lower end of its circuit connected to the lower
end of the circuit of the outdoor heat exchanger 13,
through the conduit 21, and the capillary tube expan-
sion device 33. Capillary tube 33 provides evaporative
control of the refrigerant to the heat exchanger on its
downstream side of both directions of refrigerant flow.

Pressure regulating valve 35 is connected into the
refrigerant circuit between the two heat exchangers as
a bypass around capillary tube 33, by means of con-
necting conduits 34, and 36. In this embodiment of the
invention the pressure regulating valve 35 functions in
the same manner as it does in the heat pump system of
FIG. 2 described hereinbefore.

It will be obvious to those skilled in the art that the
present invention is not limited to the arrangements
shown and described but is susceptible of various changes
and modifications without departing from the spirit
thereof, and I desire, therefore, that only such limita-
tions shall be placed thereon as are specifically set forth
in the appended claims.

What is claimed is:

1. In a heat pump including a reversible refrigerant
circuit with an indoor heat exchanger and an outdoor
heat exchanger, compressor and valve means in said
circuit for effecting flow of refrigerant through said cir-
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cuit in either direction to enable said indoor heat ex-
changer to function either as an evaporator or a con-
denser, said circuit between said two heat-exchangers
including therein three parallel conduits, one of said
conduits including means for evaporative control of
refrigerant flow into said indoor heat exchanger during
cocling cycles, a second parallel conduit. including a
check-valve arranged to prevent refrigerant flow there-
through into said indoor heat exchanger during cooling
cycles, and a third parallel conduit including a pressure
regulating valve responsive to the pressure in said in-
door heat exchanger arranged to open at a pressure low-
er than the normal evaporating pressure in the indoor
heat exchanger during cooling cycles, and means for
automatically actuating said reversing valve means dur-
ing heating cycles for operating the system temporarily
in a cooling cycle for the purpose of melting frozen
moisture from said outdoor heat exchanger.

2. A heat pump having a reversible cycle refrigeration
circuit including an indoor heat exchanger and an outdoor
multiple circuit heat exchanger disposed in an upright
position, compressor and reversing valve means for effect-
ing refrigerant flow through said circuit in either direc-
tion, a drain pan under said outdoor heat exchanger, a
separate circuit within the bottom portion of said outdoor
heat exchanger, said separate circuit having a first part in
heat exchange relation with the other circuit of said heat
exchanger and a second part in heat exchange relation
with said drain pan and means for evaporative control of
refrigerant flow into said outdoor heat exchanger during
heating cycles, said control means being connected be-
tween said separate circuit and the other circuit in said
outdoor heat exchanger.

3. A heat pump including an indoor heat exchanger,
a refrigerant flow control means for said indoor heat ex-
changer, an outdoor heat exchanger, and a compressor
and reversing valve means serially connected in a refrig-
erant circuit for effecting flow of refrigerant through said
circuit in either direction whereby said heat exchangers
function alternately as an evaporator and a condenser, a
pressure control valve connected in said circuit parallel
with the said flow control means for said indoor heat ex-
changer, said pressure control valve being responsive to
pressure in said indoor heat exchanger and arranged to
open at pressures lower than the normal evaporating pres-
sures of said indoor heat exchanger during cooling cycles,
and means for automatically activating said reversing
valve means temporarily for purposes of defrosting said
outdoor heat exchanger during heating cycles.

4. A heat pump having a reversible cycle refrigeration
circuit including an indoor heat exchanger and an out-
door multiple circuit heat exchanger, a liquid refrigerant
conduit for transferring refrigerant between said heat
exchangers in its liquid phase, compressor and reversing
valve means for effecting refrigerant flow through said
circuit in either direction, a separate circuit within the
bottom portion of said outdoor heat exchanger, means
for evaporative control of refrigerant flow into said out-
door heat exchanger during heat cycles, said control means
being connected between said separate circuit and the
other circuits in said outdoor heat exchanger, a drain pan
under said outdoor heat for collecting melted frost and ice
removed from said outdoor heat exchanger during de-
frosting thereof, and means for warming said pan during
heating cycles comprising said liquid refrigerant conduit
in heat exchange relation with said pan.

5. A heat pump including an indoor heat exchanger,
an outdoor heat exchanger, a refrigerant conduit includ-
ing flow control means for controlling the flow of refrig-
erant from either of said heat exchangers to the other,
and a compressor and a reversing valve means, serially
connected in a refrigerant circuit for effecting flow of
refrigerant through said circuit in either direction whereby
said heat exchangers function alternately as an evaporator
and a condenser, and a pressure control valve connected
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