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3 Claims. (C. 62-151) 

The present invention relates to heat pump systems and 
more particularly to a defrosting arrangement for a heat 
pump System. 
AS is Well known, a heat pump system comprises both 

an indoor heat eXchanger and an outdoor heat exchanger 
which interchangeably function as an evaporator or a 
condenser depending upon the setting of a reversing valve 
to Selectively produce the desired heating or cooling func 
tion by the indoor exchanger. A single charge of refrig 
erant, which is usually a compromise selected to work 
most effectively for a particular function, either heating 
or cooling but usually cooling, is used, and some arrange 
ment for providing different refrigerant metering and ex 
pansion for heating and cooling functions must therefore 
be provided. One of the difficulties with heat pump sys 
tems when arranged to operate for heating the indoor 
eXchanger is that ice forms on the coils of the outdoor 
heat eXchanger greatly reducing the efficiency of the sys 
tem. It is therefore desirable to periodically reverse the 
System for a so-called defrost cycle time that is long 
enough to defrost the outdoor heat exchanger. 
When a conventional heat pump system is first reversed 

from an indoor heating function for example, to defrost 
the outdoor exchanger, the restriction is required to 
be used with the preset charge of refrigerant for cooling 
the indoor exchanger and heating the outdoor exchanger 
may be excessively restricting for the quality, i.e. the tem 
perature and pressure, liquid, and/or gas phase conditions 
of the refrigerant at that time and the result is an initial 
starving of the outdoor exchanger which slows down its 
heating and defrosting thus requiring an undesirable long 
defrost cycle time before refrigerant pressure builds up 
across the restriction and the outdoor exchanger is de 
frosted. 

It is a principal object of the present invention to pro 
vide an improved heat pump system having a novel de 
frost arrangement that will quickly heat the outdoor ex 
changer and will therefore reduce the defrost cycle time 
as may take place from time to time during the opera 
tion of the heat pump system generally as for heating the 
indoor exchanger. 
A feature of the invention is the provision in a novel 

manner of a differential pressure and flow responsive 
check valve connected in parallel with the restriction or 
metering device that is used for cooling the indoor ex 
changer and heating the outdoor exchanger. The valve 
as used by the system of the invention is provided with 
three automatically selected operative positions, i.e. open, 
partly closed, and fully closed, and is connected to be 
flow responsive to be open for bypassing the restriction 
when the refrigerant flow between the heat exchanger is 
in a direction to cool the outdoor heat exchanger and 
heat the indoor heat exchanger. Upon operation of the 
heat pump system reversing valve in a manner to reverse 
the refrigerant flow, such as for the defrost purposes to 
heat the outdoor heat exchanger, the aforementioned check 
valve is first both flow responsive and pressure respon 
Sive to be moved to the partly closed position in response 
to the then direction of refrigerant flow under relatively 
low pressure. Thus, the refrigerant restriction or meter 
ing device is at first partly bypassed so as to permit a 
more rapid loading and heating of the outdoor heat ex 
changer. As the temperature of the outdoor heat ex 
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changer and the pressure of the refrigerant is thereafter 
increased, the valve is moved in response to such increased 
pressure and direction of refrigerant flow to the fully 
closed position, thus removing any bypass for the restric 
tion which is then fully effective for continued heating 
of the outdoor heat exchanger. By using the aforemen 
tioned valve in the heat pump system of the invention, it 
is thus possible to quickly heat the outdoor exchanger and 
thereby provide a minimum defrost cycle time. 

Further objects, features and the attendant advantages 
of the invention will be apparent with reference to the 
following specification and drawing in which: 
FIGURE 1 is a block diagram of the heat pump Sys 

tem of the invention; 
FIG. 2 is a sectional view of the differential pressure 

responsive check valve as used in the system of the in 
vention with the valve shown in the fully open position; 

FIG. 3 is a view similar to FIG. 2 but showing the 
valve in the partly closed position; 

FIG. 4 is a view similar to FIGS. 2 and 3 but show 
ing the valve in the fully closed position; and 

FIG. 5 is a sectional view taken on the line V-V of 
FIG. 2. 

Referring now to FIG. 1 of the drawing the heat pump 
system of the invention is comprised of the conventional 
compressor 1 connected in circuit with the reversing valve 
2 to the outdoor heat exchanger 3 and the indoor heat 
eXchanger 4 in series with an outdoor restriction or 
capillary 5 and an indoor restriction or capillary 6. A 
conventional check valve 7 is connected in parallel with 
the restriction 5 while, in accordance with the invention, 
a differential pressure responsive check valve 10 is con 
nected in parallel with the restriction 6. When the re 
versing valve 2 is arranged to continuously direct refrig 
erant under pressure through the outdoor heat exchanger 
3 and to the indoor heat exchanger 4 for purposes of im 
parting heat to the outdoor heat eXchanger 3 and there 
by cooling the indoor heat exchanger 4 the check valve 
7 is normally open to bypass the restriction 5 and the by 
pass valve 10 is normally closed to place the restriction 
or metering device such as the capillary tube 6 fully in 
the circuit. On the other hand when the reversing valve 
2 is adjusted to reverse the system to flow refrigerant 
from the indoor heat exchanger 4 to the outdoor heat ex 
changer for purposes of cooling the outdoor heat ex 
changer 3 and heating the indoor heat exchanger 4 the 
bypass valve 10 is normally open and the check valve 7 is 
closed so as to place the restriction 5 effectively in the 
System and remove the restriction 6 from the system. In 
other words the restriction 5 is a metering device cali 
brated for controlling the flow conditions of the refrigerant 
when it is desired to heat the indoor heat exchanger 4 
and cool the outdoor heat exchanger 3. On the other 
hand the restriction 6 is a metering device or capillary 
tube that is intended to restrict the flow of refrigerant in 
the other direction for purposes of cooling the indoor 
heat exchanger 4 and heating the outdoor heat exchang 
er 3. 
Although separate metering devices 5 and 6 are shown, 

it should be understood that the invention is not limited 
to a system having separate metering devices as alter 
nate arrangements with one or more metering devices, 
are known to those skilled in the art. 
ASSuming now that the heat pump system of the 

invention has been operating in a manner to heat the 
indoor heat exchanger 4 and cool the outdoor heat ex 
changer 3 and the ambient conditions for the outdoor 
heat eXchanger 3 are such that ice has accumulated on 
the exchanger surface to the extent that the efficiency 
of the System is impaired it is necessary to temporarily 
reverse the heat pump cycle for purposes of defrosting the 
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outdoor heat exchanger 3 as is well known in the art. AS 
suming that any suitable cycle response mechanism (not 
shown) but well known to those skilled in the art has 
moved the reversing valve 2 to the position for pro 
viding the flow of refrigerant in the direction to heat 
and defrost the outdoor heat exchanger 3, it is found that 
at such time the quality of the refrigerant tending to flow 
through the restriction 6 is such that the flow of 
refrigerant through such restriction is excessively im 
peded thus effectively starving the heat pump System 
and preventing the rapid buildup of heat and pressure 
in the outdoor heat exchanger 3 as is desirable for a 
quick defrost operation. In accordance with the in 
vention, the differential pressure responsive check valve 
10 is at that time, i.e., when the reversing valve is first 
reversed as described above, moved from the open posi 
tion shown by FIG. 2 of the drawings to a partly closed 
position shown by FIG. 3 of the drawings so that the 
restriction 6 is only partially effective and partially by 
passed. Thus, a rapid buildup of heat and refrigerant 
under pressure in the outdoor heat eXchanger 3 is ob 
tained. As the temperature of the outdoor heat eXchanger 
3 rises and the pressure of refrigerant therein builds up, 
the refrigerant pressure differential across the bypass 
valve 10 increases to move the valve to the fully closed 
position shown by FIG. 4 of the drawings and the re 
striction 6 is then completely unbypassed and fully effec 
tive for the purpose of maintaining the heat pump System 
in the function of heating the outdoor heat eXchanger 
3 and cooling the indoor heat exchanger 4. After the 
ice on the outdoor heat exchanger 3 is melted by the 
heat imparted thereto, the defrost cycle may be termi 
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nated by reversing the reversing valve 2 to again flow the 
refrigerant between the two heat exchangers in a man 
ner to impart heat to the indoor heat exchanger 4 and 
cool the outdoor heat exchanger 3. Because of Such 
reversal of refrigerant flow therethrough at this time, 
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the bypass valve 10 assumes the fully open position 
shown by FIG. 2 of the drawing and the check valve 
7 is at the same time closed to place the outdoor heat 
exchanger restriction or capillary tube 5 fully in the cir 
cuit while at the same time bypassing the indoor heat 
exchanger metering device or capillary tube 6. 
An example of a preferred embodiment of differential 

pressure responsive check valve 10 as may be used in 
the defrost cycle of the heat pump system of the in 
vention is shown in detail in connection with FIGS. 2-5 
of the drawings. The check valve 10 may be provided 
with a tubular body portion 11 having a fixed valve seat 
12 secured to the body portion in any suitable manner, 
a movable valve seat 13, and a movable valve diaphragm 
14 supported on a movable supporting mesh or screen 
15. In the closed position of the valve as shown by 
FIG. 4 of the drawing, the movable diaphragm 14 is 
seated against the fixed seat 12 as determined by the 
relative spring pressures of the compression springs 16 
and 17, it being assumed that the direction of fluid flow 
is in the direction of the arrow shown by FIG. 4 of the 
drawings. However, it should be pointed out that the 
relative forces for the compression springs 16 and 17 
are so selected that only when the pressure difference 
of fluid flow in the direction of the arrow for FIG. 4 
of the drawing is relatively large, will the valve dia 
phragm 14 be seated against the fixed valve seat 12 to 
fully close the valve. If the differential pressure for 
fluid flow in the direction of the arrow shown by FIG. 
3 or FIG. 4 of the drawing is relatively low so that the 
combined pressure of the fluid flow and the force of the 
spring 16 is not great enough to overcome the force of 
the spring 17, the valve diaphragm 14 will be seated only 
against the movable valve seat 13 as shown by FIG. 3 
of the drawing. Under such conditions the bypass valve 
10 may be said to be partly open since the flow of fluid 
will be restricted through the many outer perforations 
such as the perforation 18 of the mesh Support member 
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15 and through the perforations such as shown at 19, 
20 or 21 of the movable valve seat 13. Thus until the 
pressure of fluid flow in the direction of the arrow for 
either FIG. 3 or FIG. 4 of the drawing increases to 
an amount sufficient to overcome the force of the spring 
17 bearing against the movable valve seat 13, the bypass 
valve 10 will remain in the partly open position. As 
previously mentioned after the pressure of fluid flow in 
the direction of the arrow of FIG. 4 of the drawing 
has increased sufficiently to overcome the force of the 
spring 17 then the movable valve seat 13 will be moved 
back until the valve diaphragm 14 is resting against the 
fixed valve seat 12 to completely close the valve. 
When the direction of the fluid flow is reversed such 

as shown by the arrow of FIG. 2 of the drawing, the 
fluid pressure moves the diaphragm 14 away from the 
fixed and movable valve seats 12 and 13 to the valve open 
position shown by FIG. 2 of the drawing. It will be 
understood that the force of the compression spring 16 
is sufficiently low relative to the area of the valve dia 
phragm 14 that any appreciable fluid flow in the direction 
of the arrow of FIG. 2 will cause the bypass valve 10 to 
assume the fully open position shown by FIG. 2 of the 
drawing. 

Considering the aforementioned description of the by 
pass valve 10, it will be understood that such valve is 
effectively a valve that will be automatically opened when 
the fluid flow therethrough is in one direction and that 
will be selectively and automatically moved to either 
a partly closed or fully closed position when the flow 
of fluid therethrough is in the opposite direction de 
pending upon the differential pressure of fluid flow across 
the valve in that direction. In other words a fluid flow 
of relatively low pressure in the direction of the arrow 
shown by FIG, 3 of the drawing will cause the valve 
to assume the partly closed position and a fluid flow in 
the same direction but under relatively high pressure 
differential will cause the valve to assume the fully 
closed position of FIG. 4 of the drawing. Although 
there has been described a preferred embodiment of 
differential pressure responsive check valve that may be 
Iused as the bypass valve 10 in the heat pump defrost 
ing system of the invention, it should be understood that 
the invention is not limited to the precise form of differ 
ential pressure operated check valve as described but any 
similar valve functioning in a similar manner may be 
used therefor. It is not believed necessary to tabulate 

is the refrigerant pressure conditions and accordingly the 

ditions of operation. 
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desired spring pressure calibrations for the bypass valve 
of the invention since obviously such parameters of the 
heat pump system may vary widely depending upon the 
choice of refrigerant used and the expected optimum con 

It is believed that anyone skilled 
in the art can readily determine the desired calibration 
characteristics for the bypass valve as may be required 
to cause it to automatically assume the desired modes 
of operation when the reversing valve 2 of the heat 
pump system is operated to change the heat pump sys 
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tem from a heating to a cooling function or to a de 
frosting function as may be required. No description 
has been made of a control system for operating the 
reversing valve 2 automatically at desired times for 

i changing the system to either defrost the outdoor heat 
exchanger or to reverse the operation of the system as 
the season changes since it is believed that such control 
systems are well known to those skilled in the art. 

Various modifications may be made within the spirit 
of the invention. 
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We claim as our invention: 
1. A heat pump system comprising, an indoor heat 

exchanger, an outdoor heat eXchanger, means for restrict 
ing the flow of refrigerant between said exchangers, and 
a differential pressure responsive bypass check valve con 
nected in parallel with said restriction means and having 
means adapted to have an open position together with 
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a partly closed position and a fully closed position to be 
responsive to the flow of refrigerant between said ex 
changers in a direction to cool said outdoor heat ex 
changer to move said check valve to the open position 
and responsive to the flow of refrigerant under relatively 
low pressure between said exchanger in a direction to 
heat said outdoor exchanger to move said check valve 
to the partly closed position thereby partially bypassing 
said restriction to accelerate the loading and heating of 
said outdoor heat exchanger for defrosting purposes and 
to be responsive to the flow of refrigerant under rela 
tively high pressure between said exchangers in the direc 
tion to heat said outdoor heat exchanger to thereby move 
Said check valve to the fully closed position for con 
tinued operation and heating of said outdoor heat ex 
changer. 

2. A heat pump system comprising, an indoor heat ex 
changer, an outdoor heat exchanger, means for restrict 
ing the flow of refrigerant between said exchangers in 
a direction to heat said outdoor heat exchanger and cool 
said indoor heat, exchanger, and a differential pressure 
responsive bypass check valve connected in parallel with 
said restriction means and having means adapted to have 
an open position together with a partly closed position 
and a fully closed position to be responsive to the flow 
of refrigerant between said exchangers in a direction to 
heat said indoor heat exchanger to move said check valve 
to the open position and responsive to the flow of re 
frigerant under relatively low pressure between said ex 
changers in a direction to heat said outdoor exchanger to 
move said check valve to the partly closed position there 
by partially bypassing said restriction to accelerate the 
loading and heating of said outdoor heat exchanger for 
defrost purposes and to be responsive to the flow of re 
frigerant under relatively high pressure between said ex 
changers in the direction to heat said outdoor heat ex 
changer to thereby move said check valve to the fully 
closed position for continued operation and heating of 
said outdoor heat exchanger. 
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3. A heat pump system comprising, an indoor heat 40 
eXchanger, an outdoor heat eXchanger, a compressor, a 

6 
reversing valve, an indoor exchanger refrigerant flow re 
striction, an outdoor exchanger refrigerant flow restric 
tion, a check valve connected in parallel with said out 
door exchanger restriction to be closed when said re 
versing valve is in the position to flow refrigerant to 
said indoor exchanger for heating said indoor exchanger, 
and a differential pressure responsive bypass check valve 
connected in parallel with said indoor restriction and 
having means adapted to have an open position together 
with a partly closed position and a fully closed posi 
tion to be responsive to the flow of refrigerant between 
said exchangers in a direction to heat said indoor heat 
eXchanger to move said differential pressure check valve 
to the open position and responsive to the flow of re 
frigerant under relatively low pressure when said re 
versing valve is in the position to flow refrigerant be 
tWeen said exchangers in a direction to heat said outdoor 
eXchanger to thereby move said differential pressure 
check valve to the partly closed position and thereby par 
tially bypass said restriction to accelerate the loading 
and heating of said outdoor heat exchanger for defrosting 
purposes and to be responsive to the continued flow of 
refrigerant under relatively high pressure under control 
of said reversing valve between said exchangers in the 
direction to heat said outdoor heat exchanger to thereby 
move said differential pressure check valve to the fully 
closed position for continued operation and heating of 
said outdoor heat exchanger. 
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