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HEAT PUMP WITH IMPROVED DEFROST 
CYCLE AND METHOD OF DEFROSTINGA 

HEAT EXCHANGER 

FIELD OF THE INVENTION 

0001. This invention relates to defrost cycles for heat 
pumps and methods of defrosting heat exchangers. Particular 
embodiments concernheat pumps, defrost cycles, and defrost 
methods for heat pumps with microchannel outdoor coils. 

BACKGROUND OF THE INVENTION 

0002 Heat pump HVAC units have been used for some 
time to heat and cool spaces that people occupy Such as the 
interior of buildings. Heat pumps have also been used for 
other purposes such as heating water and providing heat for 
industrial processes. Heat pumps are typically more efficient 
than alternative heat sources, such as electrical resistance 
heating, because heat pumps extract heat from another 
Source. Such as the environment, in addition to providing heat 
produced from the consumption of electrical power. As a 
result, heat pumps often reduce energy consumption in com 
parison with alternatives. 
0003 More broadly speaking, aheat pump is a machine or 
device that transfers thermal energy from one location, at a 
lower temperature, to another location, which is at a higher 
temperature. Accordingly, heat pumps move thermal energy 
in a direction opposite to the direction that it normally flows. 
Thus, air conditioners and freezers are also types of heat 
pumps, as used herein. Some, types of heat pumps are dedi 
cated to refrigeration only, some types are dedicated to heat 
only, and some types perform both functions, for instance, 
depending on whether heating or cooling is needed at the 
time. Further, in Some applications, the heating and the cool 
ing are both put to beneficial use at the same time. 
0004. In many applications, heat pumps extract heat from 

air, Such as outdoor air, when a heat pump is being used to 
provide heat. In other examples, heat pumps extract heat from 
air that is being cooled such as air in a freezer when the heat 
pump is being used to cool the freezer. When a heat pump is 
used to extract heat from outdoor air, if outdoor air tempera 
tures are close to or below freezing, moisture in the air can 
freeze or desublimate onto the outdoor air heat exchanger of 
the heat pump, forming frost on the heat exchanger. The same 
may occur on a heat exchanger used to cool a freezer or 
refrigerator, as other examples. Build up of frost on the heat 
exchanger can interfere with heat transfer from the air to the 
refrigerant in the heat pump. Specifically, frost can insulate 
the heat exchanger, or can even blockairflow through the heat 
exchanger. To address this problem, heat pumps have been 
operated in a defrost mode during a brief defrost cycle, during 
which the heat exchanger is warmed to melt the frost. 
0005 For example, heat pumps that are used in an HVAC 
application to heat and cool a building, when being used in a 
heating mode, may interrupt the heating mode periodically to 
run a defrost cycle. In the defrost cycle, the heat pump may be 
operated in the cooling mode, except without the outdoor air 
fan running. In this mode, hot refrigerant gas is delivered to 
the outdoor airheat exchangerheating the heat exchanger and 
melting frost that has accumulated on the heat exchanger. 
After the defrost cycle has been completed, the heat pump 
returns to the heating mode until another defrost cycle is 
initiated. 
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0006. In recent years, microchannel heat exchangers have 
replaced other types of heat exchangers in various applica 
tions including automobile air conditioning. Microchannel 
heat exchangers typically have a first header, a second header, 
and multiple cross tubes extending from the first header to the 
second header. See U.S. patent application Ser. No. 12/561, 
178, Publication 2010/007 1868, for example. Usually, each 
of the multiple cross tubes connects to the first header and 
each of the multiple cross tubes connects to the second 
header. Moreover, in microchannel heat exchangers, the first 
header is often parallel to the second header, the multiple 
cross tubes are often parallel to each other, the headers are 
often perpendicular to the cross tubes, and the multiple cross 
tubes typically each include multiple contiguous parallel 
refrigerant passageways therethrough (e.g., extending from 
the first header to the second header). These refrigerant pas 
sageways are typically smaller than refrigerant passageways 
in prior heat exchanger designs, which is the origin of the 
name “microchannel. Furthermore, most microchannel heat 
exchangers include multiple fins between the cross tubes, and 
the fins are typically bonded to the cross tubes. Microchannel 
heat exchangers generally offer a relatively high effectiveness 
relative to their cost and the restriction that they provide, in 
comparison with prior heat exchangers used for similar pur 
poses. 

0007 Microchannel heat exchangers have also been used 
in place of other types of heat exchangers in residential air 
conditioning units. In heat pump HVAC units, however, it has 
been found that microchannel heat exchangers do not defrost 
as well as certain prior heat exchangers. For example, if 
during a defrost cycle, hot refrigerant gas is introduced into 
the first header and travels though the cross tubes to the 
second header, the second header and the ends of the cross 
tubes that are connected to the second header often have not 
gotten warm enough to melt the frost there within a desired 
amount of time. As a result, frost or ice may remain on this 
portion of the heat exchanger after the defrost cycle is ended, 
or it may be necessary to extend the defrost cycle and remain 
in the defrost mode for a longer time. 
0008. In various applications, in the defrost mode, as hot 
refrigerant gas is delivered to the heat exchanger, a portion of 
this heat will be transferred to the environment surrounding 
the heat exchanger. In particular, heat may be transferred via 
convection to air around the heat exchanger. Heat that is 
transferred to the air is less available to defrost the heat 
exchanger, especially for portions of the heat exchanger that 
are physically below the location where the heat is transferred 
to the air. As mentioned, in prior heat pumps, the outdoor air 
fan was typically turned off during the defrost cycle, which 
avoids heat loss to the Surrounding air through forced con 
vection. Natural convection, has been found to occur, how 
ever, under Such circumstances, carrying the hot air and heat 
upward where the heat is lost to the environment. For 
example, air heated by the heat exchanger can travel upward 
through the fan, pushed up by buoyancy forces from denser 
colder air, and colder air tends to flow through the heat 
exchanger to replace the warm air that has risen. This colder 
air flowing through the heat exchanger continues to cool the 
heat exchanger, cooling the refrigerant and taking heat away 
from the intended purpose of melting the frost. As a result, 
frost may remain on the heat exchanger, particularly on the 
lower portion of the heat exchanger, after the defrost cycle is 
completed, or it may be necessary to extend the defrost cycle 
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and remain in the defrost mode for a longer time in order to 
defrost the heat exchanger completely or adequately. 
0009 Extending the defrost cycle in HVAC applications, 
for example, is undesirable because the heat pump delivers 
cold air to the space during the defrost cycle, which may 
lower the temperature in the space significantly below the 
thermostat set point temperature, may cause a cold draft and 
discomfort to the occupants of the space during the defrost 
mode, may cause the occupants of the space to believe that the 
heat pump is not working properly, or a combination thereof, 
for instance. Extension of defrost cycles and less effective 
defrost cycles may be undesirable in other applications (be 
sides HVAC) as well, among other things, because heat or 
cooling is unavailable during the defrost cycle and because 
energy used during the defrost cycle does not contribute to the 
heat or cooling that is intended to be produced by the heat 
pump. 
0010. As a result, needs or potential for benefit or 
improvement exist for defrost cycles for heat pumps, and 
methods of defrosting heat exchangers of heat pumps, that are 
more effective, that direct hot refrigerant gas to areas of the 
heat exchanger that otherwise would not get warm enough, 
that take less time to complete, that work effectively with 
microchannel heat exchangers, or a combination thereof, as 
examples. In addition, needs or potential for benefit or 
improvement exist for defrost cycles for heat pumps, and 
methods of defrosting heat exchangers, that reduce the 
amount of heat loss to the air from the heat exchanger during 
the defrost cycle, that reduce natural convection during the 
defrost cycle, or a combination thereof, as examples. Needs 
and potential for benefit or improvement also exist for heat 
pumps and methods of defrosting heat exchangers that that 
are inexpensive, that can be readily manufactured, that are 
easy to install, that are reliable, that have a long life, that are 
compact, that are efficient, that can withstand extreme envi 
ronmental conditions, or a combination thereof, as examples. 
0011 Further, needs or potential for benefit or improve 
ment exist for methods of controlling, manufacturing, and 
distributing Such heat pumps, HVAC units, buildings, sys 
tems, devices, and apparatuses. Other needs or potential for 
benefit or improvement may also be described herein or 
known in the HVAC or heat pump industries. Room for 
improvement exists over the prior art in these and other areas 
that may be apparent to a person of ordinary skill in the art 
having studied this document. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a block diagram illustrating an example of 
a heat pump having an improved defrost cycle; 
0013 FIG. 2 is a side view of an example of a heat 
exchanger, for instance, of the heat pump illustrated in FIG.1; 
0014 FIG. 3 is an isometric view showing part of a heat 
exchanger, Such as the heat exchanger shown in FIG. 2; 
0015 FIG. 4 is a side view of another example of a heat 
exchanger, for instance, of the heat pump illustrated in FIG.1. 
this example having an extension tube; 
0016 FIG.5 is an isometric view of an outdoor HVAC unit 
for a split HVAC system; and 
0017 FIG. 6 is a flow chart illustrating an example of a 
method of defrosting a first heat exchanger of a heat pump and 
a method of improving the effectiveness of a defrost cycle of 
a heat pump. 
0018. These drawings illustrate, among other things, 
examples of certain aspects of particular embodiments of the 
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invention. Other embodiments may differ. Various embodi 
ments may include aspects shown in the drawings, described 
in the specification, shown or described in other documents 
that are incorporated by reference, known in the art, or a 
combination thereof, as examples. 

SUMMARY OF PARTICULAREMBODIMENTS 
OF THE INVENTION 

0019. This invention provides, among other things, heat 
pumps with improved defrost cycles, methods of defrosting 
heat exchangers, and methods of improving the effectiveness 
of defrost cycles of heat pumps. Various embodiments 
include a defrost valve located in a refrigerant conduit that 
opens during a defrost cycle to deliver hot refrigerant gas to a 
portion of the heat exchanger that otherwise defrosts more 
slowly or less completely than other portions of the heat 
exchanger. Particular embodiments pass hot refrigerant gas 
through a header of the heat exchanger. In a number of 
embodiments, the defrost valve is open only during a portion 
of the defrost cycle. Further, in some embodiments, the fan 
that is used to blow air through the heat exchanger is operated 
in a reversed direction during the defrost cycle to counteract 
natural convection through the heat exchanger. 
0020 Various embodiments provide, for example, as an 
object or benefit, that they partially or fully address or satisfy 
one or more of the needs, potential areas for benefit, or oppor 
tunities for improvement described herein, or known in the 
art, as examples. Certain embodiments provide, for instance, 
heat pumps having improved defrost cycles, and methods of 
defrosting heat exchangers, that are more effective, that direct 
hot refrigerant gas to areas of the heat exchanger that other 
wise would not get warm enough, that take less time to com 
plete, that work satisfactorily with microchannel heat 
exchangers, or a combination thereof, as examples. In addi 
tion, a number of embodiments provide defrost cycles for 
heat pumps, and methods of defrosting heat exchangers, that 
reduce the amount of heat loss to the air from the heat 
exchanger during the defrost cycle, that reduce natural con 
vection during the defrost cycle, or a combination thereof, as 
examples. Various embodiments are reasonably inexpensive, 
can be readily manufactured, are easy to install, are reliable, 
have a long life, are compact, are efficient, can withstand 
extreme environmental conditions, or a combination thereof, 
as examples. 
0021 Specific embodiments of the invention provide vari 
ous heat pumps having improved defrost cycles. In a number 
of embodiments, for example, each heat pump includes a first 
heat exchanger, a compressor, at least one expansion device, 
a first refrigerant conduit, a second refrigerant conduit, a third 
refrigerant conduit, a defrost valve, and a control system that 
controls the defrost valve. In various embodiments, for 
instance, the first heat exchanger includes at least one first 
connection point, a second connection point, and a third con 
nection point. Further, in many of these embodiments, the 
first refrigerant conduit connects a discharge port on the com 
pressor to the at least one first connection point of the first heat 
exchanger, the second refrigerant conduit connects the sec 
ond connection point of the first heat exchanger to the at least 
one expansion device, and the third refrigerant conduit con 
nects the first refrigerant conduit to the third connection point 
of the first heat exchanger, for example. Moreover, in a num 
ber of embodiments, the defrost valve is located in the third 
refrigerant conduit, for instance, between the first refrigerant 
conduit and the third connection point of the first heat 
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exchanger. In various embodiments, when the defrost valve is 
closed, refrigerant flow through the third refrigerant conduit 
is blocked. Even further, in a number of embodiments, the 
control system opens the defrost valve during the defrost 
cycle, for example, allowing refrigerant to flow through the 
third refrigerant conduit to the third connection point to 
defrost the first heat exchanger between the third connection 
point and the second connection point, for instance, during at 
least part of the defrost cycle. 
0022. In some such embodiments, the first heat exchanger 
includes a first header, a second header, and multiple cross 
tubes extending from the first header to the second header. 
Further, in particularembodiments, each of the multiple cross 
tubes connects to the first header and each of the multiple 
cross tubes connects to the second header. Moreover, in cer 
tain embodiments, the first header is parallel to the second 
header, the multiple cross tubes are parallel to each other, the 
multiple cross tubes each include multiple contiguous paral 
lel refrigerant passageways therethrough, the first heat 
exchanger further includes multiple fins between the cross 
tubes, or a combination thereof, for example. The fins can be 
bonded to the cross tubes, for example. Further, in particular 
embodiments, the heat pump further includes an extension 
tube, for instance, located within the second header. In certain 
embodiments, the extension tube within the second header is 
substantially parallel to the second header, the at least one first 
connection point to the first heat exchanger is at the first 
header, the second connection point to the first heat exchanger 
is at the second header, the third connection point to the first 
heat exchanger is at the extension tube, or a combination 
thereof, as examples. 
0023. In a number of embodiments, the at least one first 
connection point to the first heat exchanger is at the first 
header, the second connection point to the first heat exchanger 
is at the second header, the third connection point to the first 
heat exchanger is at the second header, or a combination 
thereof, as examples. Moreover, in certain embodiments, the 
second header has a first end and a second end, each of the 
multiple cross tubes connects to the second header between 
the first end and the second end, the second connection point 
to the first heat exchanger is at the second end of the second 
header, the third connection point to the first heat exchanger is 
at the first end of the second header, or a combination thereof, 
for instance. Furthermore, in some embodiments, the first 
header has a third end and a fourth end, each of the multiple 
cross tubes connects to the first header between the third end 
and the fourth end, the at least one first connection point to the 
first heat exchanger consists of a single first connection point 
at the third end of the first header, or a combination thereof, as 
examples. In other embodiments, on the other hand, the at 
least one first connection point to the first heat exchanger 
includes a primary first connection point to the heat 
exchanger at the third end of the first header and a secondary 
first connection point to the heat exchanger at the fourth end 
of the first header, and the first refrigerant conduit connects 
the discharge port on the compressor to the primary first 
connection point and to the secondary first connection point, 
as another example. 
0024. In various embodiments, the control system 
includes a digital controller that includes programming 
instructions to open the defrost valve, for instance, during the 
defrost cycle. To defrost the first heat exchanger, for example, 
between the third connection point and the second connection 
point. Furthermore, in some such embodiments, the digital 

Nov. 28, 2013 

controller further includes programming instructions to keep 
the defrost valve closed when the heat pump is not in the 
defrost cycle. In addition, in Some embodiments, the digital 
controller further includes programming instructions to keep 
the defrost valve closed during part of the defrost cycle, for 
example, to defrost the first heat exchanger between the at 
least one first connection point and the second connection 
point. Furthermore, the heat pump, in many embodiments, 
further includes a first fan positioned and configured to move 
air through the first heat exchanger. In certain embodiments, 
the control system includes a digital controller that includes 
programming instructions to operate the first fan in a reversed 
direction during at least part of the defrost cycle to reduce 
natural convection through the first heat exchanger during the 
at least part of the defrost cycle. 
0025. In some embodiments, the heat pump further 
includes a reversing valve located, for example, in the first 
refrigerant conduit between the discharge port on the com 
pressor and the at least one first connection point of the first 
heat exchanger. In particular embodiments, for instance, the 
third refrigerant conduit connects to the first refrigerant con 
duit between the reversing valve and the at least one first 
connection point of the first heat exchanger. Moreover, in a 
number of such embodiments, the heat pump further includes 
a second heat exchanger, a fourth refrigerant conduit connect 
ing the at least one expansion device to the second heat 
exchanger, a fifth refrigerant conduit connecting the second 
heat exchanger to the reversing valve, and a sixth refrigerant 
conduit connecting the reversing valve to an inlet port on the 
compressor, as examples. 
0026. Other specific embodiments of the invention pro 
vide various methods, for example, of defrosting a first heat 
exchanger of a heat pump. Such a heat pump can include, for 
example, the first heat exchanger, a compressor, at least one 
expansion device, and a second heat exchanger, for instance. 
Moreover, in certain embodiments, the first heat exchanger 
includes a first header, a second header, and multiple cross 
tubes extending from the first header to the second header, for 
example, each of the cross tubes connecting to the first header 
and to the second header. In various embodiments, the first 
heat exchanger includes a first connection point, a second 
connection point, and a third connection point. Further, in 
particular embodiments, first connection point is to the first 
header, the second connection point is to the second header, 
and the third connection point is also to the second header. 
0027. In a number of embodiments, such a method 
includes (e.g., in any order except where a particular order is 
explicitly indicated), at least certain acts. Such acts may 
include, for example, an act of operating the heat pump in a 
defrost mode during a defrost cycle including delivering 
refrigerant from the compressor to the first connection point 
of the first heat exchanger. Such a method also includes, in 
various embodiments, acts of, during the defrost cycle, pass 
ing the refrigerant through the first heat exchanger from the 
first connection point, (e.g., through the multiple cross tubes) 
to the second connection point of the first heat exchanger, and 
(i.e., also during the defrost cycle), passing the refrigerant 
from the second connection point of the first heat exchanger, 
through the at least one expansion device, and then to the 
second heat exchanger. Such a method also includes, in a 
number of embodiments, acts of, during the defrost cycle, 
passing the refrigerant through the second heat exchanger, 
and thenback to the compressor, and during at least part of the 
defrost cycle, delivering refrigerant from the compressor to 
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the third connection point of the first heat exchanger and 
passing the refrigerant from the third connection point, (e.g., 
through the second header), to the second connection point. 
0028. In some such methods, the second header of the first 
heat exchanger includes a first end and a second end, each of 
the cross tubes connect to the second header between the first 
end and the second end, the second connection point of the 
first heat exchanger is at the second end of the second header, 
the third connection point of the first heat exchanger is at the 
first end of the second header, or a combination thereof. 
Moreover, in particular embodiments, the act of passing the 
refrigerant from the third connection point, through the sec 
ond header, for example, to the second connection point 
includes passing the refrigerant from the first end, through the 
second header, to the second end. Furthermore, in some 
embodiments, each cross tube includes multiple (e.g., con 
tiguous, parallel, or both) refrigerant passageways there 
through, the first heat exchanger further includes multiple fins 
(e.g., that are between the cross tubes, that are bonded to the 
cross tubes, or both), and the act of passing the refrigerant 
through the first heat exchanger (e.g., from the first connec 
tion point, through the multiple cross tubes, to the second 
connection point of the first heat exchanger) includes heating 
the multiple fins between the cross tubes. 
0029. In a number of embodiments, the act of delivering 
refrigerant from the compressor to the third connection point 
of the first heat exchanger includes opening a solenoid valve, 
for example, in a bypass refrigerant line, for instance, extend 
ing from a Supply refrigerant line connected to the first con 
nection point. In particular such embodiments, the bypass 
refrigerant line extends, for example, to the third connection 
point. Moreover, in certain embodiments, during a first por 
tion of the defrost cycle, the method includes not passing 
refrigerant through the third connection point, and during a 
second portion of the defrost cycle, passing refrigerant 
through the third connection point, for example. Furthermore, 
in particular embodiments, the heat pump further includes a 
first fan that moves air through the first heat exchanger, and 
the method further includes an act of operating the first fan in 
a reversed direction during at least part of the defrost cycle to 
reduce natural convection through the first heat exchanger. 
0030. In still another specific embodiment, the invention 
provides a method of improving the effectiveness of a defrost 
cycle of a heat pump, in particular, by operating the outdoor 
air fan in a reversed direction to reduce natural convection 
through the outdoor heat exchanger. In a number of Such 
embodiments, the heat pump includes an outdoor heat 
exchanger, a compressor, at least one expansion device, and 
an indoor heat exchanger, for example. Further, in various 
embodiments, the method includes (e.g., in any order except 
where a particular order is explicitly indicated), at least the 
acts of operating the heat pump in a defrost mode during a 
defrost cycle wherein refrigerant is delivered from the com 
pressor to the outdoor heat exchanger, and during the defrost 
cycle, passing the refrigerant through the outdoor heat 
exchanger. A number of such methods further include, during 
the defrost cycle, passing the refrigerant from the outdoor 
heat exchanger, through the at least one expansion device, and 
then to the indoor heat exchanger, and also during the defrost 
cycle, passing the refrigerant through the indoor heat 
exchanger, and then back to the compressor. Such methods 
further include, in various embodiments, during at least part 
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of the defrost cycle, the act of operating the outdoor air fan in 
a reversed direction to reduce natural convection through the 
outdoor heat exchanger. 
0031. In addition, various other embodiments of the inven 
tion are also described herein, and other benefits of certain 
embodiments may be apparent to a person of ordinary skill in 
the art. 

DETAILED DESCRIPTION OF EXAMPLES OF 
EMBODIMENTS 

0032. A number of embodiments of the subject matter 
described herein include heat pumps with improved defrost 
cycles, methods of defrosting heat exchangers, and methods 
of improving the effectiveness of defrost cycles of heat 
pumps, as examples. These systems and methods may be 
used, for instance, with heat pumps having a microchannel 
(e.g., outdoor) heat exchanger. Various embodiments include 
a defrost valve located in a refrigerant conduit that opens 
during a defrost cycle to deliver hot refrigerant gas to a por 
tion of the heat exchanger that otherwise defrosts more slowly 
or less completely than other portions of the heat exchanger. 
Particular embodiments pass hot refrigerant gas through a 
header of the heat exchanger. Further, in Some embodiments, 
the fan that is used to blow air (e.g., outdoor air) through the 
heat exchanger is operated in a reversed direction during at 
least part of the defrost cycle to counteract natural convection 
through the heat exchanger. 
0033. In various embodiments, in a defrost mode, during a 
defrost cycle, refrigerant is delivered from the compressor to 
a first connection point of a first heat exchanger. The refrig 
erant is passed through the first heat exchanger from the first 
connection point (e.g., through multiple cross tubes) to a 
second connection point of the first heat exchanger. Further, 
also during the defrost cycle, the refrigerant is passed from the 
second connection point of the first heat exchanger, through at 
least one expansion device, and then to a second heat 
exchanger. Even further, the refrigerant is passed, in a number 
of embodiments, through the second heat exchanger, and then 
back to the compressor. Moreover, in certain embodiments, 
during at least part of the defrost cycle, refrigerant is delivered 
from the compressor to a third connection point of the first 
heat exchanger and is passed from the third connection point, 
through the second header, to the second connection point. In 
a number of embodiments, the defrost valve is open only 
during a portion of the defrost cycle. 
0034 FIG. 1 illustrates an example of a heat pump having 
an improved defrost cycle. In this example, heat pump 10 
includes first heat exchanger 11, compressor 13, expansion 
devices 14 and 17, first refrigerant conduit 101, second refrig 
erant conduit 102, third refrigerant conduit 103, defrost valve 
15, and control system 16, for example, that controls defrost 
valve 15. Heat exchanger 11 can be a microchannel heat 
exchanger, for example, or in other embodiments, can be a 
different type of heat exchanger. In HVAC applications, for 
instance, heat exchanger 11 can be an outdoor heat exchanger. 
Further, in the embodiment shown, first heat exchanger 11 
includes first connection point 111, second connection point 
112, and third connection point 113. As used herein, “con 
nection points, are locations where a refrigerant conduit, 
Such as refrigerant tubing, connects to the heat exchanger to 
deliver refrigerant to or from the heat exchanger. Connection 
points are openings on the heat exchanger before the heat 
exchanger is connected to the refrigerant conduits. 
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0035 A refrigerant conduit, as used herein, is an enclosed 
passageway that refrigerant flows through during at least one 
mode of operation of the heat pump. Refrigerant conduit may 
include, as examples, tubing (e.g., copper), pipe, fittings, 
passageways through valve bodies, passageways through 
other components such as mufflers, dryers, accumulators, and 
compensators, as examples, or a combination thereof. In the 
embodiment depicted, first refrigerant conduit 101 connects 
discharge port 131 on compressor 13 to first connection point 
111 of first heat exchanger 11. As used herein, in this context, 
“connects” or “connecting means provides, or providing an 
enclosed passageway therebetween for refrigerant to flow 
through, at least during one mode of operation of the heat 
pump. Further still, in this embodiment, second refrigerant 
conduit 102 connects second connection point 112 of first 
heat exchanger 11 to expansion devices 14 and 17, and third 
refrigerant conduit 103 connects first refrigerant conduit 101 
to third connection point 113 of first heat exchanger 11. 
0036 Moreover, in this particular embodiment, defrost 
valve 15 is located in third refrigerant conduit 103, between 
first refrigerant conduit 101 and third connection point 113 of 
first heat exchanger 11. In this particular embodiment, when 
defrost valve 15 is closed, refrigerant flow through third 
refrigerant conduit 103 is blocked (i.e., completely blocked or 
Substantially blocked to the extent that any leakage has a 
negligible impact on the performance of the heat pump) at 
defrost valve 15. In the example of heat pump 10, control 
system 16 opens defrost valve 15 during the defrost cycle, for 
example, allowing refrigerant to flow through defrost valve 
15 and third refrigerant conduit 103. In this operation, refrig 
erant flows to third connection point 113 to defrost first heat 
exchanger 11 between third connection point 113 and second 
connection point 112, for instance, during at least part of the 
defrost cycle. 
0037 Various embodiments have at least one expansion 
device, for instance, one or two expansion devices. In the 
embodiment shown, heat pump 10 has two expansion devices 
14 and 17. In the embodiment illustrated, expansion device 14 
is used when the refrigerant flows in one direction, and expan 
sion device 17 is used when the refrigerant flows in the oppo 
site direction. In this embodiment, expansion device 14 is 
used when heat pump 10 is operated in a cooling mode (i.e., 
cooling second heat exchanger 12) or in a defrost mode (i.e., 
defrosting first heat exchanger 11) and expansion device 17 is 
used when heat pump 10 is being operated in a heating mode 
(i.e., heating second heat exchanger 12). In this context, an 
expansion device being “used’ means that the expansion 
device produces a Substantial restriction to flow or pressure 
differential (i.e., across the expansion device). When an 
expansion device is not being used, refrigerant passes through 
the expansion device or through a check valve arranged in 
parallel thereto, with little or no resistance to flow or pressure 
differential across the expansion device. 
0038 Although FIG. 1 is not drawn to scale, expansion 
device 17 would typically be close to first heat exchanger 11, 
and expansion device 14 would typically be close to second 
heat exchanger 12 (e.g., in a split HVAC system). Heat pumps 
that are used to provide heating only, and heat pumps that are 
used to provide cooling only, typically have just one expan 
sion device. Certain heat pumps that both heat and cool, 
however, may also have just one expansion device, in contrast 
with heat pump 10 illustrated (e.g., packaged units where one 
expansion device is adequate for flow in both directions in 
heating and cooling modes). Examples of expansion devices 
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include orifices, orifice tubes, and various types of expansion 
valves. In different embodiments, expansion devices may 
control Superheat (e.g., hold a constant Superheat) in the heat 
exchangeracting as the evaporator. Examples include thermal 
expansion valves and electronic expansion valves. 
0039 Still referring to FIG. 1, in a number of embodi 
ments, the portion of the heat exchanger (e.g., 11) that extends 
from the at least one first connection point (e.g., 111) to the 
second connection point (e.g., 112) includes at least half of 
the heat exchanger, for example, in terms of Volume of the 
heat exchanger, Surface area, or length of the flow passage 
through the heat exchanger. Further, in various embodiments, 
the portion of the heat exchanger (e.g., 11) that extends from 
the third connection point (e.g., 113) to the second connection 
point (e.g., 112) includes no more than half of the heat 
exchanger. Other embodiments, however, may differ. 
0040 FIG. 2 illustrates first heat exchanger 20. In certain 
embodiments, heat exchanger 20 can be substituted for heat 
exchanger 11 of heat pump 10 shown in FIG. 1. Heat 
exchanger 20, however, has two first connection points 2111 
and 2112, which correspond to first connection point 111 
shown in FIG. 1. As illustrated, first heat exchanger 20 
includes first header 21, second header 22, and multiple cross 
tubes 23 extending from first header 21 to second header 22. 
In this particular embodiment, each of multiple cross tubes 23 
connects to first header 21 and each of multiple cross tubes 23 
connects to second header 22. As used herein, in this context, 
“connects' means that a refrigerant passageway exists from 
the interior of the first header, through the (each) cross tube, 
to the interior of the second header. 

0041 Moreover, in this embodiment, first header 21 is 
parallel to second header 22, and multiple cross 23 tubes are 
parallel to each other and perpendicular to first header 21 and 
to second header 22. As used herein, “parallel, in this con 
text, means parallel to within 5 degrees, and "perpendicular. 
in this context, means perpendicular to within 5 degrees. 
Further, as used herein, “substantially parallel, means par 
allel to within 10 degrees, and “substantially perpendicular, 
means perpendicular to within 10 degrees. In some embodi 
ments, first header 21 is substantially parallel to second 
header 22, multiple cross 23 tubes are substantially parallel to 
each other, multiple cross tubes 23 are substantially perpen 
dicular to first header 21, multiple cross 23 tubes are substan 
tially perpendicular to second header 22, or a combination 
thereof, as other examples. 
0042 FIG. 3 is a detailed view showing part of heat 
exchanger 20. As can bee seen in FIG.3, multiple cross tubes 
23 each include multiple contiguous parallel refrigerant pas 
sageways 33 therethrough (i.e., extending from first header 21 
to second header 22 shown in FIG. 2). In this particular 
embodiment, passageways 33 are arranged in a row. In vari 
ous embodiments, refrigerant passageways may be arranged 
in one row, in at least one row, or in two rows, as examples. 
Although not visible from the angle of FIG. 3, passageways 
33 are open into second header 22 at the bottoms of cross 
tubes 23. Further, cross tubes 23 are sealed against slots in 
second header 22 where cross tubes 23 pass through the wall 
of second header 22 to prevent refrigerant from leaking out to 
the atmosphere. Further still, in this embodiment, first heat 
exchanger 20 further includes multiple fins 34 between cross 
tubes 23. The fins 34 can be bonded to the cross tubes 23, for 
example, by brazing. In a number of embodiments, brazing 
can also seal cross tubes 23 to second header 22 (and similarly 
to first header 21 shown in FIG. 2). In the embodiment illus 
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trated, fins 34 are Slanted, which may help to shed condensa 
tion, reduce airflow resistance through the heat pump, 
improve heat transfer, or a combination thereof, as examples. 
See U.S. patent application Ser. No. 12/561,178, Publication 
2010/0071868, for example. In other embodiments, however, 
the fins may be square (e.g., horizontal or perpendicular to 
headers 21 and 22 and perpendicular to cross tubes 23 or 
passageways 33) rather than being slanted. Although not 
shown in FIG. 3, in certain embodiments, fins may include 
enhancements, such as louvers, which may improve heat 
transfer characteristics. Again, see U.S. patent application 
Ser. No. 12/561,178, Publication 2010/007 1868, for 
example. 
0043 FIG. 4 illustrates that in particular embodiments, the 
heat pump (e.g., 10 shown in FIG. 1) can further include 
extension tube 44, for instance, located within second header 
42. Heat Exchanger 40 may be similar to heat exchanger 20 
shown in FIG. 2, or to heat exchanger 11 shown in FIG. 1, 
except for extension tube 44, and that heat exchanger 40 
discharges from second header 42 at both ends 472 and 471 
(i.e., at second connection points 4121 and 4122 respectively) 
rather than atjust one end (e.g., end 272 for heat exchanger 20 
shown in FIG. 2). In certain embodiments, heat exchanger 40 
can be substituted for heat exchanger 11 of heat pump 10 
shown in FIG. 1. In this embodiment, extension tube 44 
within second header 42 is substantially parallel to second 
header 42. As mentioned, as used herein, “substantially par 
allel' means parallel to within 10 degrees. In particular 
embodiments, extension tube 44 may be parallel or concen 
tric with second header 42, for example, or both. 
0044 Extension tube 44, in this embodiment, discharges 
hot refrigerant from the compressor (e.g., 13) Substantially at 
midpoint 425 of second header 42. As used herein, “substan 
tially at”, in this context, means within 20 percent of the 
length of second header 42 from the exact midpoint of header 
42. Further, as used herein, “at” a midpoint, in this context, 
means within 10 percent of the length of second header 42 
from the exact midpoint of header 42. In some embodiments, 
extension tube 44 discharges hot refrigerant from the com 
pressor (e.g., 13) at midpoint 425 of second header 42. The 
hot refrigerant then travels from midpoint 425 (approxi 
mately) to second connection points 4121 and 4122 heating 
and defrosting second header 42 and the portion of heat 
exchanger 40 near second header 42. In this embodiment, the 
at least one first connection point 411 (e.g., corresponding to 
first connection point 111 in FIG. 1) to first heat exchanger 40 
(e.g., corresponding to heat exchanger 11 in FIG. 1) is at first 
header 41, the second connection points 4121 and 4122 (e.g., 
corresponding to second connection point 112 in FIG. 1) to 
first heat exchanger 40 are at second header 42, and the third 
connection point 413 (e.g., corresponding to third connection 
point 113 in FIG. 1) to the first heat exchanger 40 is at 
extension tube 44. Other embodiments may deliver hot refrig 
erant to the midpoint of the (e.g., second) header in a manner 
other than through extension tube 44, for example, through a 
tee or other fitting or connection in the (e.g., second) header 
(e.g., at or Substantially at midpoint 425), as other examples. 
0045. Some embodiments include a distributor tube in the 
second header (e.g., second header 22 shown in FIG. 2). The 
distributor tube may connect to second end 272 of header 22, 
for example, and connection point 212 may be on or to the 
distributor tube such that refrigerant conduit 102 connects to 
the distributor tube. The distributor tube may extend into 
second header 22 over a majority of the length of header 22, 
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for example, and may include holes therethrough. The dis 
tributor tube may distribute refrigerant more evenly to the 
heat exchanger, for example, when the heat pump is being 
operated in a heating mode. The distributor tube does not 
necessarily provide any benefit during the cooling mode or 
the defrost cycle, but various embodiments of defrost cycle 
improvements may work satisfactorily with a distributor tube. 
Other embodiments, however, may lack a distributor tube 
(e.g., as shown in FIG. 2). 
0046. As mentioned, in the embodiment illustrated in FIG. 
1, heat pump 10 has just one first connection point 111. 
Various embodiments include at least one first connection 
point. Particular embodiments described herein include heat 
pump 10 with one connection point 111 (e.g., shown in FIG. 
1) or with two connection points (e.g., 2111 and 2112 shown 
in FIG. 2), as examples. FIG. 4 also illustrates an embodiment 
with one first connection point (e.g., 411). Other embodi 
ments may have 3, 4, 5, 6, or another number of first connec 
tion points, as other examples. Further, other embodiments 
may have 1, 2, 3, 4, 5, 6, or another number of third connec 
tion points (e.g., 113, 213, or 413), as further examples. 
0047. In a number of embodiments, the at least one first 
connection point (e.g., 111 shown in FIGS. 1, 2111 and 2112 
shown in FIG. 2, or 411 shown in FIG. 4) to the first heat 
exchanger (e.g., 11 shown in FIG. 1, 20 shown in FIG.2, or 40 
shown in FIG. 4) is at the first header (e.g., 21 shown in FIG. 
2 or 41 shown in FIG. 4). As used herein, a connection point 
being “at” a particular component (e.g., a particular header) 
means that the connection point is connected to the compo 
nent Such that refrigerant that passes through the connection 
point goes into or out of the component. Further, in various 
embodiments, the second connection point (e.g., 112 shown 
in FIG. 1, 212 shown in FIG. 2, or 4121 and 4122 shown in 
FIG. 4) to the first heat exchanger (e.g., 11, 20, or 40) is at the 
second header (e.g., 22 or 42). Even further, in a number of 
embodiments, the third connection point (e.g., 113 shown in 
FIG. 1, 213 shown in FIG. 2, or 413 shown in FIG. 4) to the 
first heat exchanger (e.g., 11, 20, or 40) is at the second header 
(e.g., 22 or 42). 
0048 Moreover, in the embodiments illustrated in FIGS.2 
and 4, the second header (e.g., 22 or 42) has a first end (e.g., 
271 or 471) and a second end (e.g., 272 or 472). As shown in 
FIG. 2, in this embodiment, each of the multiple cross tubes 
23 connects to the second header 22 between the first end 271 
and the second end 272. As used herein, cross tubes are only 
considered to be “cross tubes if they are connected to carry 
refrigerant therethrough. Some embodiments of heat 
exchangers may have the physical structure of a cross tube 
(e.g., bonded to the fins) that is not connected (e.g., to headers 
21 and 22) to carry refrigerant. Such a physical structure, not 
connected to carry refrigerant, is not considered to be a "cross 
tube' as used herein. In the embodiment shown in FIG. 2, 
second connection point 212 to first heat exchanger 20 is at 
second end 272 of second header 22. In addition, in this 
embodiment, third connection point 213 to first heat 
exchanger 20 is at first end 271 of second header 22. More 
over, heat exchanger 20 can be substituted for first heat 
exchanger 11 in FIG. 1. In a number of such embodiments, 
when defrost valve 15 is open during a defrost cycle, hot 
refrigerant gas flows through second header 22 defrosting 
heat exchanger 20 at and near second header 22. 
0049 Other embodiments can have connection points that 
are not at headers or that are at headers but are not at the ends 
of the headers. In some embodiments, for example, one or 
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more connections may tee into the header at the midpoint 
(e.g., 425) or spaced along the header, as examples. In certain 
embodiments, one or more headers may extend all the way 
around the unit and may lack an “end”, but may include a tee 
or other fitting forming a connection point to the headeratone 
or more locations around the unit. Further, other embodi 
ments of heat exchangers do not have a header or headers with 
cross tubes extending between the headers, but rather, have a 
continuous refrigerant pathway that may be larger in cross 
section than the passageways of the cross tubes described 
herein and longer, in order to provide the necessary or desired 
heat transfer performance. 
0050. Furthermore, in the embodiment shown in FIG. 2, 

first header 21 has third end 273 and fourth end 274. In this 
embodiment, each of the multiple cross tubes 23 connects to 
first header 21 between third end 273 and fourth end 274. In 
addition, in this particular embodiment, the at least one first 
connection point (e.g., corresponding to first connection 
point 111 shown in FIG. 1) to the first heat exchanger (e.g., 11 
shown in FIG. 1 or 20 shown in FIG. 2) comprises or includes 
primary first connection point 2111 to heat exchanger 20 at 
third end 273 of first header 21 and secondary first connection 
point 2112 to heat exchanger 20 at fourth end 274 of first 
header 21. In certain embodiments, for instance, primary first 
connection point 2111 and secondary first connection point 
2112 may be of equal size, identical but opposite hand, or 
both, as examples. In other embodiments, however, primary 
first connection point 2111 and secondary first connection 
point 2112 may differ in terms of size, configuration, or both. 
0051 Moreover, in the embodiment shown, if heat 
exchanger 20 is substituted for first heat exchanger 11 shown 
in FIG. 1, first refrigerant conduit 201 shown in FIG. 2, which 
is analogous to first refrigerant conduit 101 shown in FIG. 1, 
connects the discharge port (e.g., 131 shown in FIG. 1) on the 
compressor (13 shown in FIG. 1) to primary first connection 
point 2111 and to secondary first connection point 2112. In 
other embodiments, the at least one first connection point 
(e.g., corresponding to 111 shown in FIG. 1) to the first heat 
exchanger (e.g., 11 shown in FIG. 1 or 21 shown in FIG. 2) 
consists of a single first connection point (e.g., 2111) at the 
third end (e.g., 273) of the first header (e.g., 21), as another 
example. As used herein, a particular connection point “con 
sisting of a single connection point' (or that "consists of a 
single connection point’) means that the particular connec 
tion point includes only one connection point (i.e., rather than 
two or more connection points). FIG. 4 illustrates an example 
wherein the at least one first connection point (e.g., corre 
sponding to 111 shown in FIG. 1) to the first heat exchanger 
(e.g., 40) consists of single first connection point 411 at third 
end 473 of first header 41. In this particular embodiment of 
heat exchanger 40, fourth end 474 may be plugged or capped, 
for example, and may not be used (i.e., as a connection point). 
0052 Further, in yet another embodiment, the first refrig 
erant conduit (e.g., 101 shown in FIG. 1) can connect the 
discharge port (e.g., 131) on the compressor (e.g., 13 shown 
in FIG. 1) to the fourth end (e.g., 274 or 474) of the first heat 
exchanger (e.g., 20 or 40) and a further refrigerant conduit or 
portion of a refrigerant conduit, may connect the third end 
(e.g., 273 or 473) of the first header (e.g., 21 or 41) to the first 
end (e.g., 271 or 471) of the second header (e.g., 22 or 42). In 
this particular embodiment, the defrost valve (e.g., 15) can be 
located in this further refrigerant conduit or portion of a 
refrigerant conduit between the third end (e.g., 273 or 473) of 
the first header (e.g., 21 or 41) and the first end (e.g., 271 or 
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471) of the second header (e.g., 22 or 42). Referring to FIG. 1, 
in this embodiment, as used herein, the first header (21 or 41) 
can be considered part of the first refrigerant conduit (e.g., 
101) or part of the third refrigerant conduit (e.g., 103). 
0053 Invarious embodiments, the control system (e.g., 16 
shown in FIG. 1) includes a digital controller (e.g., 160) that 
includes programming instructions (e.g., 161) to open the 
defrost valve (e.g., 15), for instance, during the defrost cycle, 
to defrost the first heat exchanger (e.g., 11, 20, or 40), for 
example, between the third connection point (e.g., 113, 213, 
or 413) and the second connection point (e.g., 112, 212, or 
4121 and 4122). Digital controller 160 may include, for 
instance, a microprocessor, memory, Software, a display, a 
keyboard, a touch screen, electrical connectors, or a combi 
nation thereof, as examples. In some embodiments, digital 
controller 160 can be part of a defrost control board, for 
example, that may be located in an outdoor unit or in a 
packaged system, as examples. Digital controller 160 may 
open a valve, for example, (e.g., defrost valve 15) by sending 
a signal to the valve, by directing power to the valve, or by 
sending a signal to a relay to send power to the valve, as 
examples. Control system 16 or digital controller 160 may 
control various components of the heat pump (e.g., 10). Cer 
tain control pathways are illustrated with broken lines in FIG. 
1. The illustrated control pathways, however, are not neces 
sarily exhaustive. Other components of the heat pump may be 
controlled by control system 16 or digital controller 160 as 
well. Control pathways may include power wires, 24 V AC 
control wiring, digital signals, or a combination thereof, as 
examples. In some embodiments, control signals may be sent 
through wireless communications or via signals sent over 
power wires, as other examples. Control system 16 or digital 
controller 160 may turn various electrical components on and 
off, may control speeds of various motors (e.g., fan motors, 
the compressor motor, or a combination thereof), may control 
temperature (e.g., space temperature), may control defrost 
cycles, or a combination thereof, as examples. 
0054 Furthermore, in some embodiments, the digital con 
troller (e.g., 160) further includes programming instructions 
(e.g., 162) to keep the defrost valve (e.g., 15) closed when the 
heat pump (e.g., 10) is not in the defrost cycle. Keeping the 
defrost valve closed, as used herein, means while the heat 
pump (e.g., compressor 13) is operating. When the heat pump 
is not operating (e.g., when compressor 13 is stopped or off), 
the defrost valve (e.g., 15) can be closed or open. In a number 
of embodiments, however, defrost valve 15 is normally 
closed, is closed when not powered, or is closed when the heat 
pump (e.g., compressor 13) is stopped or off, for instance. In 
addition, in some embodiments, the digital controller (e.g., 
160) further includes programming instructions (e.g., 163) to 
keep the defrost valve (e.g., 15) closed during part of the 
defrost cycle, for example, to direct more of the hot refriger 
ant through the at least one first connection point (e.g., 111, 
2111 and 2112, or 411) to defrost, or to better defrost, the first 
heat exchanger (e.g., 11, 20, or 40) between the at least one 
first connection point (e.g., 111, 2111 and 2112, or 411) and 
the second connection point (e.g., 112, 212, or 4121 and 
4122). 
0055. Furthermore, heat pump 10, in the embodiment 
shown in FIG. 1, further includes first fan 18 positioned and 
configured, for example, as shown, to move air (e.g., outdoor 
air or outside air) through first heat exchanger 11. In certain 
embodiments, the control system (e.g., 16) or digital control 
ler (e.g., 160) includes programming instructions (e.g., 164) 
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to operate the first fan (e.g., 18) in a reversed direction during 
at least part of the defrost cycle, for example, to reduce natural 
convection through the first heat exchanger (e.g., 11) during 
the at least part of the defrost cycle. As used herein, in this 
context, “reversed direction” means rotating in the opposite 
direction from fan operation in the heating or cooling mode. 
In various embodiments, the fan may be operated, in the 
defrost cycle or in part of the defrost cycle, in a direction that 
blows air downward, to counteract natural convection that 
tends to move the warm air upward. Reversed operation of the 
first fan or outdoor fan can benefit heat pumps with a micro 
channel heat exchanger (e.g., as shown in FIGS. 2 and 3), for 
example, but in different embodiments, can also benefit heat 
pumps with other types of heat exchangers. 
0056. In a number of embodiments, the first fan (e.g., 18) 
may be operated at a reduced or substantially reduced rate of 
speed (e.g., in the reversed direction) during the defrost cycle, 
in comparison with operation in the heating or cooling mode. 
As used herein, a “substantially reduced rate of speed' is less 
than or equal to 25 percent of the rated or maximum rate of 
speed. In particular embodiments, however, the “substan 
tially reduced rate of speed' can be 25, 20, 15, 12, 10, 8, 7, 6, 
5, 4, 3, 2, 1, or /2 percent of the rated or maximum rate of 
speed (e.g., of fan 18, fan motor 180, or a drive system 
therefor), as examples. Moreover, in certain embodiments, 
the “substantially reduced rate of speed” can be accomplished 
by intermittent operation (e.g., intermittent powering) or 
pulsing of the electrical power to the fan motor (e.g., 180). In 
particular embodiments, this intermittent operation or puls 
ing of the fan motor (e.g., 180) can be controlled by control 
system 16 or digital controller 160, for example, in the defrost 
board. 

0057. In a number of embodiments, motor 180 is a vari 
able-speed motor and is capable of running in the reversed 
direction at a low speed. In various embodiments, a variable 
speed drive unit may be included, such as a variable-fre 
quency AC drive unit or a variable-voltage DC drive unit, as 
examples. In some embodiments, the minimum speed pro 
vided by the variable-speed drive unit may be sufficiently low 
with steady electrical power being provided to the motor (e.g., 
180). In certain embodiments, however, the speed can be 
lowered further by providing power to the motor (e.g., 180) 
intermittently. In particular embodiments, this intermittent 
operation or pulsing of the fan motor (e.g., 180) can be con 
trolled by control system 16 or digital controller 160, for 
example, by controlling the variable-speed drive unit. 
0058. Further, in some embodiments, the fan motor (e.g., 
180) may be a single-speed motor or a two-speed motor, as 
examples, a variable-speed drive unit may not be provided, or 
a combination thereof, and the “substantially reduced rate of 
speed may be accomplished by intermittent operation (e.g., 
intermittent powering) or pulsing of the electrical power to 
the fan motor (e.g., 180). In particular embodiments, this 
intermittent operation or pulsing of the fan motor (e.g., 180) 
can be controlled by control system 16 or digital controller 
160, for example, by actuating a relay that turns electrical 
power to the fan motor (e.g., 180) on and off. Further, reversed 
operation of the first fan or outdoor fan can be used in com 
bination with a defrost valve, or on units that do not have a 
defrost valve. 

0059. As further illustrated in FIG. 1, in some embodi 
ments, the heat pump (e.g., 10) further includes a reversing 
valve (e.g., 150) located, for example, in the first refrigerant 
conduit (e.g., 101) between the discharge port (e.g., 131) on 
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the compressor (e.g., 13) and the at least one first connection 
point (e.g., 111) of the first heat exchanger (e.g., 11). The 
reversing valve (e.g., 150) can be used to switch the heat 
pump between heating and cooling modes or between heating 
and defrost modes, for example. In the particular embodiment 
shown, for instance, third refrigerant conduit 103 connects to 
first refrigerant conduit 101 between reversing valve 150 and 
(e.g., the at least one) first connection point 111 of first heat 
exchanger 11. Moreover, in the embodiment show, heat pump 
10 further includes second heat exchanger 12, a fourth refrig 
erant conduit 104 connecting (e.g., the at least one) expansion 
device 14 to second heat exchanger 12. Moreover, heat pump 
10 further includes fifth refrigerant conduit 105 connecting 
second heat exchanger 12 to reversing valve 150, and sixth 
refrigerant conduit 106 connecting reversing valve 150 to 
inlet port 132 on compressor 13. In this particular embodi 
ment, accumulator 170 is provided in, or connected to, sixth 
refrigerant conduit 106. Reversing valve 150 can be con 
trolled by control system 16 or digital controller 160, for 
example. 
0060. In the embodiment illustrated, defrost valve 15 is a 
separate valve. Defrost valve 15 can be a solenoid valve, for 
example, that is either fully open or fully closed. Defrost 
valve 15 can be electrically operated, pilot operated, or both, 
as examples. In some embodiments, a check valve can be 
provided in series with defrost valve 15 to allow flow only in 
one direction, while in other embodiments, defrost valve 15 
can be kept closed when flow through defrost valve 15, in 
either direction, is undesirable. Further, in the embodiment 
illustrated, when defrost valve 15 is open, refrigerant from 
compressor 13 can flow through defrost valve 15 to third 
connection 113, 213, or 413, and through first connection 
111, 2111 and 2112, or 411. In other embodiments, however, 
a three way valve can be used, or two of the two-way valves 
can be used, so that when refrigerant from the compressor is 
directed to the third connection point, the refrigerant is pre 
vented from also flowing to the first connection point. 
0061. In the embodiment shown, defrost valve 15, refrig 
erant conduit 103, or both, can be sized to deliver an appro 
priate amount of hot refrigerant to third connection 113, 213, 
or 413, for instance. Further, in some embodiments, defrost 
valve 15, refrigerant conduit 103, or both, can be sized so that 
less than half of the refrigerant from compressor 13 passes 
through third connection 113, 213, or 413, for instance, while 
more than half of the refrigerant from compressor 13 passes 
through first connection 111, 411, or 2111 and 2112. In other 
embodiments, defrost valve 15 can be of a type suitable to 
modulate and throttle refrigerant therethrough and can deliver 
a regulated or measured amount of refrigerant to third con 
nection 113, 213, or 413, as another example. In some 
embodiments, defrost valve 15 can be part of an integrated 
valve module that performs other functions as well, or can be 
part of another component. In particular embodiments, for 
example, the defrost valve can be part of the reversing valve 
(e.g., 150), for example. 
0062. In many of the embodiments described herein, dur 
ing a defrost cycle, refrigerant is delivered to the (e.g., first) 
heat exchanger (e.g., 11) at two different connection points 
(e.g., 111 and 113) and is removed from the heat exchanger at 
one connection point (e.g., 112). Delivery of refrigerant to 
one of the two connection points (e.g., 113) is turned on and 
off, and is off in the typical heating or cooling modes (e.g., 
using defrost valve 15). In other embodiments, during a 
defrost cycle, refrigerant is delivered to the heat exchanger at 
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one connection point and is removed from the heat exchanger 
at two different connection points. In still other embodiments, 
during a defrost cycle, refrigerant is delivered to the heat 
exchanger at three different connection points (e.g., 2111, 
2112, and 213) and is removed from the heat exchanger at one 
connection point (e.g., 212). Delivery of refrigerant to one of 
the three connection points (e.g., 213) is turned on and off. 
and is offin the typical heating or cooling modes (e.g., using 
defrost valve 15). In further embodiments, during a defrost 
cycle, refrigerant is delivered to the heat exchanger at two 
different connection points (e.g., 411 and 413) and is removed 
from the heat exchanger at two different connection points 
(e.g., 4121 and 4122). Delivery of refrigerant to one of the two 
connection points (e.g., 413) is turned on and off, and is offin 
the typical heating or cooling modes (e.g., using defrost valve 
15). In still other embodiments, refrigerant may be passed 
through a heat exchanger first in one direction, and then in an 
opposite direction, to promote more-even defrosting of the 
heat exchanger, as another example. 
0063 FIG. 5 illustrates outdoor unit 50 for a split system 
HVAC system, with a corner access panel removed and a 
louvered cover removed from over the (first) heat exchanger. 
As used herein, an HVAC system is a system that provides air 
conditioning, heating, or bothair conditioning and heating, as 
well as providing air movement (ventilation). Further, as used 
herein, an HVAC heat pump provides heating to the space 
(e.g., within the building), for example, using the compressor. 
Unit 50 includes a first heat exchanger, which may be similar 
to heat exchanger 20 shown in FIG. 2. Unit 50 also includes, 
in this particular embodiment, components of heat pump 10 
shown in FIG. 1, except that second heat exchanger 12, sec 
ond fan 19, expansion device 14, refrigerant conduit 104, and 
part of refrigerant conduits 102 and 105 are located in a 
separate indoor unit or air handler, which may also include an 
air filter, among other things. Control system 16, digital con 
troller 160, or both, may be located in unit 50, in the indoor 
unit, elsewhere, or a combination thereof. 
0064 Unit 50 has two first connection points 2111 and 
2112 to first heat exchanger 20, as shown in FIG.2, rather than 
a single first connection point 111 shown in FIG. 1. Not 
shown in FIG. 2, the first heat exchanger in unit 50 includes 
three 90-degree radiused bends, in this embodiment, and 
extends around unit 50 from first connection point 2111 to 
second connection point 2112. In other embodiments, heat 
pump 10, for example, may be a packaged HVAC unit, or may 
be another type of heat pump, as examples. As shown in 
FIGS. 2 and 4, in a number of embodiments, the first header 
is at the top of the first heat exchanger and the second header 
is at the bottom of the first heat exchanger, and the cross tubes 
are vertical. In other embodiments, however, the headers may 
be in opposite locations, or may be on opposite sides with the 
cross tubes horizontal, as other examples. 
0065 FIG. 6 illustrates an example of various methods, 
method 600. Method 600 may be, for example, a method of 
defrosting a first heat exchanger (e.g., 11 shown in FIG. 1, 20 
shown in FIG. 2, or 40 shown in FIG. 4) of a heat pump (e.g., 
10 or 50 shown in FIGS. 1 and 5, respectively). Such a heat 
pump (e.g., 10 or 50) can include, for example, the first heat 
exchanger (e.g., 11, 20, or 40), a compressor (e.g., 13), at least 
one expansion device (e.g., 14), and a second heat exchanger 
(e.g., 12), for instance. Moreover, in certain embodiments, the 
first heat exchanger (e.g., 11, 20, or 40) includes (e.g., as 
shown in FIG. 2) a first header (e.g., 21), a second header 
(e.g., 22), and multiple cross tubes (e.g., 23) extending from 
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the first header (e.g., 21) to the second header (e.g., 22). In a 
number of embodiments, for example, each of the cross tubes 
(e.g. 23) connects to the first header (e.g., 21) and to the 
second header (e.g., 22). In various embodiments, the first 
heat exchanger (e.g., 11, 20, or 40) includes a first connection 
point (e.g., 111, 2111, 2112, or 411), a second connection 
point (e.g., 112, 212, 4121, or 4122), and a third connection 
point (e.g., 113, 213, or 413). Further, in particular embodi 
ments, the first connection point (e.g., 111, 2111, 2112, or 
411) is to the first header (e.g., 21 or 41), the second connec 
tion point (e.g., 112, 212, 4121, or 4122), is to the second 
header (e.g., 22 or 42), and the third connection point (e.g., 
113, 213, or 413) is also to the second header (e.g., 22 or 42). 
0066. In a number of embodiments, various methods 
include (e.g., in any order except where a particular order is 
explicitly indicated), at least certain acts. As used herein, “any 
order” includes acts being performed at the same time. The 
example of method 600, shown in FIG. 6, starts with act 601 
of starting the defrost cycle. In a number of embodiments, the 
defrost cycle may be started by the control system (e.g., 16 
shown in FIG. 1) or, in particular, by digital controller 160. In 
different embodiments, controller 160, for instance, may start 
the defrost cycle (e.g., act 601) based on one or more mea 
Sured parameters, such as how long the heat pump (e.g., 10) 
has been operating, the outdoor air temperature, temperature 
of air at the first heat exchanger (e.g., 11, 20, or 40), the 
temperature of the first heat exchanger itself (e.g., 11, 20, or 
40), System refrigerant pressure, a reading from a defrost 
sensor (e.g., 25 shown in FIG.2), air low through the first heat 
exchanger (e.g., from sensor 185 shown in FIG. 1), whether 
(or the rate at which) the indoor air temperature has been 
changing (e.g., increasing), the temperature of second heat 
exchanger 12, or a combination thereof, as examples. Heat 
pump 10 or 50, or control system 16, as examples, may start 
the defrost cycle (e.g., act 601), for example, by Switching 
reversing valve 150 from a heating mode to a defrost mode. In 
a number of embodiments, fan 18 may also be turned off or 
reversed, which is described in more detail below. The indoor 
airfan or second fan (e.g., 19) may stay on and the compressor 
(e.g., 13) may stay on as well. If not already on, indoor airfan 
or second fan (e.g., 19) and the compressor (e.g., 13) may 
start. Method 600, for example, in act 601, can include oper 
ating the heat pump (e.g., 10 or 50) in a defrost mode during 
a defrost cycle. 
0067. In the embodiment illustrated, method 600 also 
includes act 602 of delivering refrigerant from the compres 
Sor (e.g., 13) to the first connection point (e.g., 111 shown in 
FIGS. 1, 2111 and 2112 shown in FIG. 2 and FIG. 5, or 411 
shown in FIG. 4) of the first heat exchanger (e.g., 11, 20, or 
40). Refrigerant may be delivered (e.g., in act 602), through 
refrigerant conduit 101 or 201, for example, by operating 
compressor 13. Method 600 also includes, in the embodiment 
shown, act 603 of (e.g., during the defrost cycle started in act 
601) passing the refrigerant, for instance, through the first 
heat exchanger (e.g., 11, 20, or 40), from the first connection 
point (e.g., 111, 2111 and 2112, or 411), to the second con 
nection point (e.g., 112, 212, or 4121 and 4122) of the first 
heat exchanger, (e.g., 11, 20, or 40). Referring to FIG. 2, inact 
603, the refrigerant may pass through the multiple cross tubes 
(e.g. 23), the first header (e.g., 21), the second header (e.g., 
22), or a combination thereof, for example. 
0068. In this particular embodiment, method 600 also 
includes act 604 of (e.g., during the defrost cycle), passing the 
refrigerant from the second connection point (e.g., 112 shown 
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in FIG. 1, 212 shown in FIG. 2 and FIG. 5, or 4121 and 4122 
shown in FIG. 4) of the first heat exchanger (e.g., 11, 20, or 
40) to the second heat exchanger (e.g., 12). Referring to FIG. 
1, refrigerant may be passed (e.g., in act 604), through refrig 
erant conduits 102 and 104, for example. In a number of 
embodiments, the refrigerant may pass from the second con 
nection point (e.g., 112 shown in FIG. 1) of the first heat 
exchanger (e.g., 11), through the at least one expansion 
device (e.g., 17, 14, or both), and then to the second heat 
exchanger (e.g., 12). Furthermore, in the embodiment shown, 
method 600 includes (e.g., during the defrost cycle started in 
act 601) act 605 of passing the refrigerant from the second 
heat exchanger (e.g., 12) to the compressor (e.g., 13). Refer 
ring to FIG. 1, refrigerant may be passed (e.g., in act 605), 
through refrigerant conduits 105 and 106, for example. In the 
embodiment shown in FIG. 1, in act 605, the refrigerant also 
passes through reversing valve 150 and accumulator 170 
between second heat exchanger 12 and inlet port 132 on 
compressor 13. In various embodiments, the refrigerant may 
pass through the second heat exchanger (e.g., 12), and then 
back to the compressor (e.g., 13). 
0069. In a number of embodiments, acts 602 to 605 may 
take place at the same time. Further, acts 602 to 605 may take 
place, in Some embodiments, starting during act 601, for 
example, when act 601 begins. Moreover, where refrigerant is 
described as passing through one component and then 
another component, refrigerant may be passing through both 
components at the same time, but the word “then indicates 
that the one component is located upstream from the other 
component. In the embodiment illustrated, method 600, 
shown in FIG. 6, also includes act 606 of (e.g., during at least 
part of the defrost cycle), delivering refrigerant from the 
compressor (e.g., 13) to the third connection point (e.g., 113, 
213, or 413) of the first heat exchanger (e.g., 11, 20, or 40), 
and passing the refrigerant from the third connection point 
(e.g., 113, 213, or 413), to the second connection point (e.g., 
112, 212, or 4121 and 4122). In some embodiments, the 
refrigerant may pass, in act 606, through the second header 
(e.g., 22 or 42), for example. Act 606 can include, or can be 
performed by, in the embodiment illustrated, opening defrost 
valve 15 shown in FIGS. 1, 2, 4, and 5. In the embodiment 
shown, part of the refrigerant from compressor 13 goes 
through defrost valve 15 and third connection 113, 213, or 
413, (and then through part of the first heat exchanger) and 
part of the refrigerant from compressor 13 goes through first 
connection 111, 2111 and 2112, or 411, and then though the 
first heat exchanger (e.g., during act 606). Thus, in the 
embodiment illustrated, act 606 is performed during part (or, 
in certain embodiments, all) of act 602. 
0070 Concerning acts 602 and 606, for example, as used 
herein, operating in a defrost mode or in a defrost cycle, to 
defrost the first heat exchanger, requires that the refrigerant be 
delivered from the compressor (e.g., 13) to the first heat 
exchanger (e.g., 11, 20, or 40) without the refrigerant passing 
through the second heat exchanger (e.g., 12) between the 
compressor and the first heat exchanger. Consequently, the 
refrigerant is hot when it reaches the first heat exchanger to 
defrost the first heat exchanger. The refrigerant can pass 
through other components, however, between the compressor 
and the first heat exchanger, such as reversing valve 150 
shown in FIG. 1, where some incidental heat transfer and 
cooling of the hot refrigerant may take place. The refrigerant 
delivered in acts 602 and 606 may be hot, high-pressure gas, 
in a number of embodiments. Further, in various embodi 
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ments, at least some of the refrigerant gas may give up heat 
and condense in the first heat exchanger in act 603 act 606, or 
both. The refrigerant then drops from high pressure to low 
pressure at expansion device 14, in the embodiment illus 
trated, in act 604. This drop from high pressure to low pres 
Sure at expansion device 14 in act 604 causes at least some of 
the refrigerant to change from liquid to vapor (to boil) and 
become significantly cooler. More of the refrigerant may 
change from liquid to vapor (boil) as the refrigerant passes 
through the second heat exchanger 12, for example, absorb 
ing heat from the space, before returning to compressor 13 in 
act 605. 

0071. In various embodiments, the heat pump can include 
a first fan (e.g., 18 shown in FIG. 1) that moves air (e.g., 
outdoor air) through the first heat exchanger (e.g., 11, 20, or 
40). In the particular embodiment shown, method 600, shown 
in FIG. 6, also includes act 607 of operating the first fan (e.g., 
18) in a reversed direction during at least part of the defrost 
cycle, for example, to reduce natural convection through the 
first heat exchanger (e.g., 11, 20, or 40). In various embodi 
ments, the first fan can be operated, in the defrost cycle or in 
part of the defrost cycle, in a direction that blows air down 
ward, to counteract natural convection that tends to move the 
warm air upward. In many embodiments, this is the reversed 
direction of rotation, but in other embodiments, it can be the 
forward direction of rotation, as another example. 
0072. In a number of embodiments, act 607 includes oper 
ating the first fan (e.g., 18) at a reduced or Substantially 
reduced rate of speed (e.g., in the reversed direction) during 
the defrost cycle, in comparison with operation in the heating 
or cooling mode, for example. Moreover, in particular 
embodiments, the reduced or substantially reduced rate of 
speed can be accomplished in act 607 by intermittent opera 
tion (e.g., intermittent powering) or pulsing of power to the 
fan motor (e.g., 180), for instance, under the control of control 
system 16 or digital controller 160 (e.g., including program 
ming instructions or Software operating thereon). Reducing 
natural convection through the heat exchanger can result in 
the heat exchanger defrosting more effectively, more quickly, 
or both, for instance, at least under particular circumstances. 
Further, in certain embodiments, the fan (e.g., 18) may be 
operated, for instance, briefly, at a high speed in a forward or 
reversed direction (or both, alternately), for instance, at the 
end of the defrost cycle, to blow moisture, debris, or both 
from the heat exchanger or to dry the heat exchanger. Other 
embodiments, however, may omit this act of high-speed fan 
operation in the defrost cycle. 
0073. In different embodiments, acts 606, 607, or both, 
can be performed during all or part of the defrost cycle. For 
example, in certain embodiments, during a first portion of the 
defrost cycle, the refrigerant is not delivered to or passed 
through the third connection point (e.g., 113, 213, or 413). In 
other words, in this first portion of the defrost cycle, act 606 is 
not performed. The defrost valve (e.g., 15), for example, may 
remain closed during this first portion of the defrost cycle. 
Then during a second portion of the defrost cycle, this 
example of the method includes delivering and passing refrig 
erant through the third connection point (e.g., 113, 213, or 
413), for instance, by opening the defrost valve (e.g., 15). 
Thus, act 606 is performed during the second portion of the 
defrost cycle, in this embodiment. During these different 
portions of the defrost cycle, different portions of the heat 
exchanger (e.g., 11, 20, or 40) are defrosted or defrosting is 
focused in those portions of the heat exchanger during these 
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portions of the defrost cycle. In particular, in this example, in 
the case of heat exchanger 20 shown in FIG. 2, during the first 
portion of the defrost cycle, first header 21 and most of the 
length of cross tubes 23 are defrosted. Then during the second 
portion of the defrost cycle, second header 22 and the bottom 
ends of cross tubes 22 are defrosted or are defrosted more 
effectively. In other embodiments, the different portions of 
the heat exchanger may be defrosted in a different order, at the 
same time, or by alternating between a greater number of 
portions of the defrost cycle, as examples. 
0.074. Furthermore, in different embodiments, the fan 
(e.g., 18) can be operated in the reversed direction (i.e., 
reversed in comparison with fan operation in the heating 
mode or the cooling mode) during all or part of the first 
portion of the defrost cycle, during all or part of the second 
portion of the defrost cycle, or both. In other words, in some 
embodiments, act 607 is performed during just part of the 
defrost cycle (e.g., started in act 601). In a number of embodi 
ments, when the fan (e.g., 18) is not being operated in the 
reversed direction, the fan can be turned off. The speed of the 
fan (e.g., 18) in the reversed direction and the extent to which 
it is operated in the reversed direction, as opposed to being 
turned off, can be experimentally determined. In addition, the 
amount of time and sequence that the defrost valve is open or 
that hot refrigerant is delivered to the third connection point 
(e.g., 113, 213, or 413) can be experimentally determined. In 
other embodiments, however, feedback can be utilized to 
control one or more aspects of the defrost cycle. For example, 
in some embodiments, feedback from defrost sensor 25 
shown in FIG. 2 can be used (e.g., by control system 16) to 
determine when to end (e.g., inact 608) a defrost cycle, when 
to open defrost valve 15, or both. In some embodiments, 
multiple defrost sensors may be provided at different loca 
tions in the first heat exchanger for Such purposes. As another 
example, in some embodiments, feedback from a flow sensor 
(e.g., 185 shown in FIG. 1) can be used (e.g., by control 
system 16) to determine when (i.e., in the defrost cycle) or 
whether to operate fan 18 in the reversed direction, the speed 
to operate fan 18 (i.e., in the reversed direction) or both. For 
instance, in Some embodiments, control system 16 adjusts the 
speed of first fan 18 to obtain a Zero or near Zero airflow rate 
at flow sensor 185 during all or part of the defrost cycle. 
0075 Referring to FIGS. 1, 2, and 5, as well as FIG. 6, in 
various embodiments, the second header (e.g., 22) of the first 
heat exchanger (e.g., 20) includes a first end (e.g., 271) and a 
second end (e.g., 272), each of the cross tubes (e.g. 23) 
connect to the second header (e.g., 22) between the first end 
(e.g., 271) and the second end (e.g., 272), the second connec 
tion point (e.g., 112 or 212) of the first heat exchanger (e.g., 11 
or 20) is at the second end (e.g., 272) of the second header 
(e.g., 22), and the third connection point (e.g., 113 or 213) of 
the first heat exchanger (e.g., 11 or 20) is at the first end (e.g., 
271) of the second header (e.g., 22). Moreover, in particular 
embodiments, act 603, which includes passing the refrigerant 
from the third connection point (e.g., 113 or 213), through the 
second header (e.g., 22), to the second connection point (e.g., 
112 or 212), further includes passing the refrigerant from the 
first end (e.g., 271), through the second header (e.g., 22), to 
the second end (e.g., 272). 
0076 Referring to FIGS. 2, 3 and 5, in various methods, 
each cross tube (e.g. 23) includes multiple (e.g., contiguous, 
parallel, or both) refrigerant passageways (e.g., 33) there 
through. Moreover, in a number of embodiments, the first 
heat exchanger (e.g. 20) further includes multiple fins (e.g., 
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34) that can be located between the cross tubes (e.g. 23), that 
can be bonded to the cross tubes (e.g. 23), or both. Further 
more, in a number of embodiments, act 603 of passing the 
refrigerant through the first heat exchanger (e.g., 20) from the 
first connection point (e.g., 111 shown in FIG. 1 or 2111 and 
2112 shown in FIG. 2), to the second connection point (e.g., 
112 or 212) of the first heat exchanger (e.g., 11 or 20) includes 
heating the multiple fins (e.g., 34), for instance, between the 
cross tubes (e.g. 23). The fins may be heated, for example, to 
a temperature above freezing (i.e., above 32 degrees F. or 0 
degrees C.), or to a higher temperature. In different embodi 
ments, the fins may be heated to a temperature of 35, 40, 45, 
50, 55, 60, 65,70, 75, 80, 85,90, 95, 100, 110, 120, 130, 140, 
or 150 degrees F., as examples, in act 603. In a number of 
embodiments, the temperature of different fins, or different 
parts of the same fin, may vary, and in various embodiments, 
the temperature that the fins reach may depend on ambient 
temperature, wind conditions, space temperature, the amount 
offrost present, other factors, or a combination thereof. In the 
embodiment illustrated, hot refrigerant from the compressor 
(e.g., 13) is passed (e.g., inact 603) through the multiple cross 
tubes (e.g. 23). Heat transfers from the refrigerant to the cross 
tubes (e.g. 23), and then by conduction to the fins (e.g., 34) to 
melt frost and ice from the fins. 

0077. In a number of embodiments, act 606, shown in FIG. 
6, of delivering refrigerant from the compressor (e.g., 13 
shown in FIGS. 1 and 5) to the third connection point (e.g., 
113,213, or 413 shown in FIGS. 1, 2, 4, and 5) of the first heat 
exchanger (e.g., 11, 20, or 40) includes opening a solenoid 
valve (e.g., defrost valve 15), for example, in a bypass refrig 
erant line (e.g., conduit 103), for instance, extending from a 
supply refrigerant line (e.g., conduit 101 or 201) connected to 
the first connection point (e.g., 111, 2111 and 2112, or 411). 
In particular such embodiments, the bypass refrigerant line 
(e.g., 103) extends, for example, to the third connection point 
(e.g., 113, 213, or 413). In different embodiments, the second 
header (e.g., 22 or 42) may be heated to a temperature of 35, 
40, 45, 50, 55, 60, 65, 70, 75, 80, 85,90, 95, 100, 110, 120, 
130, 140, or 150 degrees F., as examples, in act 606. In a 
number of embodiments, the temperature may depend on 
ambient temperature, wind conditions, space temperature, 
the amount of frost present, other factors, or a combination 
thereof. In various embodiments, hot refrigerant from the 
compressor (e.g., 13) is passed (e.g., in act 606) through the 
second header (e.g., 22 or 42). Heat transfers from the refrig 
erant to the second header (e.g., 22 or 42), and then by con 
duction to the adjacent (e.g., lower) part of cross tubes 23 and 
to the fins (e.g., 34) bonded thereto to melt frost and ice from 
the second header, adjacent part of the cross tubes, and adja 
cent fins, for example. 
0078 Some methods include just a portion of the acts 
illustrated in method 600 in FIG. 6. Further, some embodi 
ments may include additional acts not shown in FIG. 6. As 
examples, some methods include acts 601 to 606, but not act 
607, and other methods include acts 601 to 605 and 607, but 
not act 606 (e.g., methods of improving the effectiveness of a 
defrost cycle of a heat pump by operating the outdoor air fan 
in a reversed direction to reduce natural convection through 
the outdoor heat exchanger). Other embodiments include all 
of acts 601 to 607, as another example. Other combinations 
and Sub-combinations may be apparent to a person of ordi 
nary skill in the art. 
0079. Further, various methods include act 608, shown in 
FIG. 6, of returning to the heating mode. Referring to FIG. 1, 
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as used herein, Such a heating mode (e.g., of act 608) means 
that the second heat exchanger (e.g., 12) is being heated by the 
refrigerant. In Such a heating mode, as used herein, the first 
heat exchanger (e.g., 11) is being cooled by the refrigerant. In 
a number of HVAC applications, the first heat exchanger (e.g., 
11) is located outdoors, or in outdoor air, and in the heating 
mode (e.g., returned to in act 608) the first heat exchanger is 
cooled by the refrigerant to a temperature below that of the 
outdoor air, and heat is transferred at the first heat exchanger 
(e.g., 11) from the outdoor air to the refrigerant. In freezers, 
however, the first heat exchanger (e.g., 11) can be located in 
the freezer, or air from the freezer can be blown through the 
first heat exchanger (e.g., 11) and returned to the freezer, and 
heat can be transferred from the freezer to the refrigerant, as 
another example. The heat pump (e.g., 10) may return to the 
heating mode (e.g., in act 608) after the defrost cycle is 
completed, for example, after the first heat exchanger (e.g., 
11, 20, or 40) has been defrosted. In a number of embodi 
ments, method 600 may be repeated when another defrost 
cycle is needed (e.g., when frost forms on the first heat 
exchanger, for example, 11, 20, or 40, for instance, as 
detected by frost sensor 25 shown in FIG. 2, or based on a 
decrease in air flow as determined by airflow sensor 185 
shown in FIG. 1) or when frost has been deemed to have 
formed thereon (e.g., based on time of operation, one or more 
temperatures) or a combination thereof. 
0080. In a number of embodiments, act 608, of returning 
to the heating mode, may include, for example, Switching 
reversing valve 150 (i.e., to the heating mode), and operating 
fan 18 in the normal forward direction. There can be a delay, 
in some embodiments, before fan 18 is started in the forward 
direction, for instance, until heat exchanger 11 becomes cold. 
Compressor 13 and indoor air fan or second fan 19 can con 
tinue to operate (e.g., through act 608), in a number of 
embodiments. On the other hand, if the thermostat does not 
call for heating, act 608 of returning to the heating mode may 
include turning off the unit until heating is demanded by the 
thermostat. Act 608 may be initiated by control system 16 or 
digital controller 160, for example. 
0081 Various embodiments of the subject matter 
described herein include various combinations of the acts, 
structure, components, and features described herein, shown 
in the drawings, or known in the art. Moreover, certain pro 
cedures may include acts such as obtaining or providing 
various structural components described herein, obtaining or 
providing components that perform functions described 
herein. Furthermore, various embodiments include advertis 
ing and selling products that perform functions described 
herein, that containstructure described herein, or that include 
instructions to perform functions described herein, as 
examples. Such products may be obtained or provided 
through distributors, dealers, or over the Internet, for 
instance. The subject matter described herein also includes 
various means for accomplishing the various functions or acts 
described herein or apparent from the structure and acts 
described. 

1. A heat pump having an improved defrost cycle, the heat 
pump compr1S1ng: 

a compressor, 
at least one expansion device; 
a first heat exchanger comprising: 

a first header; 
a second header; and 
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multiple cross tubes extending from the first header to 
the second header, wherein: 
each of the multiple cross tubes connects to the first 

header; 
each of the multiple cross tubes connects to the sec 

ond header; 
the first header is parallel to the second header; 
the multiple cross tubes are parallel to each other; and 
the multiple cross tubes each include multiple con 

tiguous parallel refrigerant passageways there 
through; 

multiple fins between the cross tubes wherein the fins are 
bonded to the cross tubes; 

at least one first connection point to the first heat 
exchanger where refrigerant is delivered to the first 
heat exchanger from the compressor during the 
defrost cycle: 

a second connection point to the first heat exchanger 
where refrigerant exits the first heat exchanger during 
the defrost cycle; and 

a third connection point to the first heat exchanger where 
refrigerant is delivered from the compressor to the 
first heat exchanger during at least part of the defrost 
cycle; 

a first refrigerant conduit connecting a discharge port on 
the compressor to the at least one first connection point 
of the first heat exchanger; 

a second refrigerant conduit connecting the second con 
nection point of the first heat exchanger to the at least 
one expansion device; 

a third refrigerant conduit connecting the first refrigerant 
conduit to the third connection point of the first heat 
exchanger, 

a defrost valve located in the third refrigerant conduit 
between the first refrigerant conduit and the third con 
nection point of the first heat exchanger, wherein, when 
the defrost valve is closed, refrigerant flow through the 
third refrigerant conduit is blocked; and 

a control system that controls the defrost valve and opens 
the defrost valve during the defrost cycle allowing 
refrigerant to flow through the third refrigerant conduit 
to the third connection point to defrost the first heat 
exchanger, 

wherein: 
the first connection point to the first heat exchanger is at 

the first header; 
the second connection point to the first heat exchanger is 

at the second header; 
the third connection point to the first heat exchanger is at 

the second header, and 
refrigerant that, during at least part of the defrost cycle, 

passes through the third refrigerant conduit, through 
the defrost valve, and through the third connection 
point to the first heat exchanger, passes through the 
second header, heating the second header between the 
third connection point to the first heat exchanger and 
the second connection point to the first heat exchanger 
without passing through any cross tubes of the first 
heat exchanger. 

2. The heat pump of claim 1 wherein the first heat 
exchanger comprises: a top and a bottom; and wherein the 
first header extends across the top of the first heat exchanger; 
the second header extends across the bottom of the first heat 
exchanger, the first header is horizontal; the second header is 
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horizontal; and each of the multiple cross tubes directly con 
nects to the first header, and directly connects to the second 
header. 

3. The heat pump of claim 1 wherein the first heat 
exchanger consists essentially of 

the first header; 
the second header; 
the multiple cross tubes; 
the multiple fins between the cross tubes, 
wherein the fins are bonded to the cross tubes; 
the at least one first connection point to the first heat 

exchanger, 
the second connection point to the first heat exchanger, and 
the third connection point to the first heat exchanger. 
4. The heat pump of claim 1 further comprising an exten 

sion tube located within the second header, wherein: 
the extension tube within the second header is substantially 

parallel to the second header; 
and 
the third connection point to the first heat exchanger is at 

the extension tube. 
5. The heat pump of claim 1 wherein: the first heat 

exchanger has only two headers, the first header and the 
second header. 

6. The heat pump of claim 1 wherein: 
the second header has a first end and a second end; 
each of the multiple cross tubes connects to the second 

header between the first end and the second end; 
the second connection point to the first heat exchanger is at 

the second end of the second header, and 
the third connection point to the first heat exchanger is at 

the first end of the second header. 
7. The heat pump of claim 6 wherein: 
the first header has a third end and a fourth end; 
each of the multiple cross tubes connects to the first header 

between the third end and the fourth end; and 
the at least one first connection point to the first heat 

exchanger consists of a single first connection point at 
the third end of the first header. 

8. The heat pump of claim 6 wherein: 
the first header has a third end and a fourth end; 
each of the multiple cross tubes connects to the first header 

between the third end and the fourth end; 
the at least one first connection point to the first heat 

exchanger comprises a primary first connection point to 
the heat exchanger at the third end of the first header and 
a secondary first connection point to the heat exchanger 
at the fourth end of the first header; and 

the first refrigerant conduit connects the discharge port on 
the compressor to the primary first connection point and 
to the secondary first connection point. 

9. The heat pump of claim 1 wherein the control system 
comprises a digital controller comprising programming 
instructions to open the defrost valve during the defrost cycle 
to defrost the first heat exchanger between the third connec 
tion point and the second connection point, and wherein the 
digital controller further comprises programming instruc 
tions to keep the defrost valve closed when the heat pump is 
not in the defrost cycle. 

10. The heat pump of claim 9 wherein the digital controller 
further comprises programming instructions to keep the 
defrost valve closed during part of the defrost cycle to defrost 
the first heat exchanger between the at least one first connec 
tion point and the second connection point. 
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11. The heat pump of claim 1 further comprising a first fan 
positioned and configured to move air through the first heat 
exchanger, wherein the control system comprises a digital 
controller comprising programming instructions to operate 
the first fan in a reversed direction during at least part of the 
defrost cycle to reduce natural convection through the first 
heat exchanger during the at least part of the defrost cycle. 

12. The heat pump of claim 1 further comprising a revers 
ing valve located in the first refrigerant conduit between the 
discharge port on the compressor and the at least one first 
connection point of the first heat exchanger, wherein the third 
refrigerant conduit connects to the first refrigerant conduit 
between the reversing valve and the at least one first connec 
tion point of the first heat exchanger, the heat pump further 
comprising a second heat exchanger, a fourth refrigerant con 
duit connecting the at least one expansion device to the sec 
ond heat exchanger, a fifth refrigerant conduit connecting the 
second heat exchanger to the reversing valve, and a sixth 
refrigerant conduit connecting the reversing valve to an inlet 
port on the compressor. 

13. A method of defrosting a first heat exchanger of a heat 
pump, the heat pump comprising the first heat exchanger, a 
compressor, at least one expansion device, and a second heat 
exchanger, the first heat exchanger comprising headers, mul 
tiple cross tubes, a first connection point to the first heat 
exchanger, a second connection point to the first heat 
exchanger, and a third connection point to the first heat 
exchanger, 

the method comprising, in any order except where a par 
ticular order is explicitly indicated, at least the acts of: 
operating the heat pump in a defrost mode during a 

defrost cycle including delivering refrigerant from the 
compressor to the first connection point of the first 
heat exchanger, 

during the defrost cycle, passing the refrigerant through 
the first heat exchanger from the first connection point 
to the first heat exchanger, through the multiple cross 
tubes, to the second connection point of the first heat 
exchanger, 

during the defrost cycle, passing the refrigerant from the 
second connection point of the first heat exchanger, 
through the at least one expansion device, and then to 
the second heat exchanger, 

during the defrost cycle, passing the refrigerant through 
the second heat exchanger, and then back to the com 
pressor, and 

during at least part of the defrost cycle, delivering at least 
part of the refrigerant from the compressor to the third 
connection point of the first heat exchanger, and 

passing the at least part of the refrigerant from the third 
connection point, through one of the headers, to the 
second connection point without passing the at least 
part of the refrigerant through any of the cross tubes of 
the first heat exchanger. 

14. The method of claim 13 wherein: 

the one of the headers of the first heat exchanger comprises 
a first end and a second end; 

each of the cross tubes connect to the one of the headers 
between the first end and the second end; 

the second connection point of the first heat exchanger is at 
the second end of the one of the headers; 

the third connection point of the first heat exchanger is at 
the first end of the one of the headers; and 
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the act of passing the refrigerant from the third connection 
point, through the one of the headers, to the second 
connection point comprises passing the refrigerant from 
the first end, through the one of the headers, to the 
second end. 

15. The method of claim 13 wherein: 
each cross tube comprises multiple contiguous parallel 

refrigerant passageways therethrough; 
the first heat exchanger further comprises multiple fins 

between the cross tubes that are bonded to the cross 
tubes; and 

the act of passing the refrigerant through the first heat 
exchanger from the first connection point, through the 
multiple cross tubes, to the second connection point of 
the first heat exchanger comprises heating the multiple 
fins between the cross tubes. 

16. The method of claim 13 wherein the act of delivering 
refrigerant from the compressor to the third connection point 
of the first heat exchanger comprises opening a Solenoid valve 
in a bypass refrigerant line extending from a Supply refriger 
ant line connected to the first connection point, the bypass 
refrigerant line extending to the third connection point. 

17. The method of claim 13 comprising, during a first 
portion of the defrost cycle, not passing refrigerant through 
the third connection point, and during a second portion of the 
defrost cycle, passing refrigerantthrough the third connection 
point. 

18. (canceled) 
19. (canceled) 
20. The method of claim 13 wherein: 
the headers consist of a first header and a second header, 
the first connection point to the first heat exchanger is at the 

first header; 
the second connection point to the first heat exchanger is at 

the second header; 
the third connection point to the first heat exchanger is at 

the second header, and 
the act of passing the at least part of the refrigerant from the 

third connection point, through one of the headers, to the 
second connection point comprises passing the at least 
part of the refrigerant through the second header without 
passing the at least part of the refrigerant through any of 
the cross tubes of the first heat exchanger. 

21. The method of claim 20 wherein: 
the first heat exchanger is an outdoor air heat exchanger; 
the second heat exchanger is an indoor air heat exchanger; 
the first heat exchanger comprises a top and a bottom; 
the first header extends across the top of the first heat 

exchanger, 
the second header extends across the bottom of the first 

heat exchanger; 
each cross tube of the first heat exchanger comprises mul 

tiple contiguous parallel refrigerant passageways there 
through; 

each of the multiple cross tubes directly connects to the first 
header; 

each of the multiple cross tubes directly connects to the 
second header; 

the first heat exchanger further comprises multiple fins 
between the cross tubes that are bonded to the cross 
tubes; and 

the act of passing the refrigerant through the first heat 
exchanger from the first connection point, through the 
multiple cross tubes, to the second connection point of 
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the first heat exchanger comprises heating the multiple 
fins between the cross tubes; 

the act of delivering refrigerant from the compressor to the 
third connection point of the first heat exchanger com 
prises opening a Solenoid valve in a bypass refrigerant 
line extending from a Supply refrigerant line connected 
to the first connection point, the bypass refrigerant line 
extending to the third connection point. 

22. A heat pump comprising: 
a compressor; 
at least one expansion device; 
a first heat exchanger comprising a top and a bottom and 

consisting essentially of 
a first header extending across the top of the first heat 

exchanger, 
a second header extending across the bottom of the first 

heat exchanger, and 
multiple cross tubes extending from the first header to 

the second header, wherein: 
each of the multiple cross tubes is directly connected 

to the first header; 
each of the multiple cross tubes is directly connected 

to the second header, and 
the multiple cross tubes each include multiple con 

tiguous parallel refrigerant passageways there 
through; 

multiple fins between the cross tubes wherein the fins are 
bonded to the cross tubes; 

at least one first connection point where refrigerant is 
delivered to the first heat exchanger from the com 
pressor during the defrost cycle; 

a second connection point where refrigerant exits the 
first heat exchanger during the defrost cycle; and 

a third connection point where refrigerant is delivered 
from the compressor to the first heat exchanger during 
at least part of the defrost cycle; 

a first fan positioned and configured to move air through 
the first heat exchanger, 

a second heat exchanger, 
a first refrigerant conduit connecting a discharge port on 

the compressor to the at least one first connection point 
of the first heat exchanger, wherein the first refrigerant 
conduit does not include any part of the first heat 
exchanger, 

a reversing valve located in the first refrigerant conduit 
between the discharge port on the compressor and the at 
least one first connection point of the first heat 
exchanger, 

a second refrigerant conduit connecting the second con 
nection point of the first heat exchanger to the at least 
one expansion device, wherein the second refrigerant 
conduit does not include any part of the first heat 
exchanger, 

a third refrigerant conduit connecting the first refrigerant 
conduit to the third connection point of the first heat 
exchanger, 

a defrost valve located in the third refrigerant conduit 
between the first refrigerant conduit and the third con 
nection point of the first heat exchanger, wherein, when 
the defrost valve is closed, refrigerant flow through the 
third refrigerant conduit is blocked; and 

a fourth refrigerant conduit connecting the at least one 
expansion device to the second heat exchanger, 
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a fifth refrigerant conduit connecting the second heat 
exchanger to the reversing valve; 

a sixth refrigerant conduit connecting the reversing valve to 
an inlet port on the compressor, 

a control system that controls the defrost valve and opens 
the defrost valve during the defrost cycle allowing 
refrigerant to flow through the third refrigerant conduit 
to the third connection point; 

wherein: 
the control system comprises a digital controller com 

prising programming instructions to open the defrost 
valve during the defrost cycle to defrost the first heat 
exchanger between the third connection point and the 
second connection point; 

the digital controller further comprises programming 
instructions to keep the defrost valve closed when the 
heat pump is not in the defrost cycle; 

the third refrigerant conduit connects to the first refrig 
erant conduit between the reversing valve and the at 
least one first connection point of the first heat 
exchanger; 
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the first connection point is at the first header; 
the second connection point is at the second header; 
the third connection point is at the second header, and 
refrigerant that, during at least part of the defrost cycle, 

passes through the third refrigerant conduit, through 
the defrost valve, and through the third connection 
point, passes through the second header, heating the 
second header between the third connection point and 
the second connection point without passing through 
any cross tubes of the first heat exchanger. 

23. The heat pump of claim 22 wherein: 
the second header has a first end and a second end; 
each of the multiple cross tubes connects to the second 

header between the first end and the second end; 
the second connection point to the first heat exchanger is at 

the second end of the second header, and 
the third connection point to the first heat exchanger is at 

the first end of the second header. 
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