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REFRIGERANT DISTRIBUTOR OF MICRO-CHANNEL HEAT EXCHANGER

FIELD OF TECHNOLOGY

Embodiments disclosed herein relate generally to a heat exchanger of a heating,
ventilation and air conditioning (HVAC) system. More specifically, embodiments
disclosed herein relate generally to distribution of a refrigerant in a micro-channel heat

exchanger of a HVAC system.

BACKGROUND

A HVAC system commonly utilizes heat exchangers to help exchange heat
between refrigerant and another fluid (such as air or water) moving through the heat
exchangers. For example, during a cooling cycle, compressed refrigerant vapor is
typically directed to a condenser. The condenser may be configured to facilitate heat
exchange between the compressed refrigerant and the environment and condense the
compressed refrigerant vapor into liquid refrigerant. The liquid refrigerant is then
typically directed through an expansion valve to become a refrigerant vapor/liquid
refrigerant mixture (two-phase refrigerant). The two-phase refrigerant is then typically
directed into an evaporator, where the two-phase refrigerant exchanges heat with air in a
room to be cooled. During the heat exchanging process, the two-phase refrigerant
usually absorbs heat and is vaporized in the evaporator. The vaporized refrigerant is then
directed back to the compressor.

Some HVAC systems are also configured to have a heating cycle. During a
heating cycle, the process is usually reversed from the process in the cooling cycle. The
evaporator functionally works as a condenser, and the condenser functionally works as an
evaporator. After being compressed by the compressor, the compressed refrigerant vapor
is typically directed to the evaporator first so as to release heat to the indoor air, which
also condenses the refrigerant vapor to liquid refrigerant. The liquid refrigerant is then

typically directed to the condenser to absorb heat from the environment and is vaporized.
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In the heating cycle, a direction of the refrigerant flow is typically reversed from a
direction of the refrigerant flow in the cooling cycle.

Various types of heat exchangers have been developed to work as a condenser
and/or an evaporator. One type of heat exchanger is a micro-channel heat exchanger
(MCHEX). A typical MCHEX may include micro-channel tubes running in parallel
between two headers. The adjacent tubes generally have fan-fold fins brazed in between.
Refrigerant can be distributed into the micro-channel tubes from one of the headers.
Outer surfaces of the micro-channel tubes and the fins may help heat exchange between

the refrigerant in the micro-channel tubes and the environment.

SUMMARY

In a heat exchanger of a HVAC system, for example, a MCHEX, it may be
difficult to optimally distribute refrigerant, for example in some cases evenly distribute
the refrigerant to the tubes of the MCHEX. Embodiments described herein are directed
to a refrigerant distribution structure that has an internal structure configured to extend
inside a header of a MCHEX. The internal structure may include at least one orifice.

The refrigerant distribution structure may be configured to receive refrigerant in a liquid
state and deliver the liquid refrigerant to the orifice to distribute into the header of the
MCHEX. This may help improve distribution of refrigerant to tubes of the MCHEX.

In some embodiments, a refrigerant distributor may have at least one orifice and
at least one flow valve. At least a portion of the refrigerant distributor is configured to be
positioned inside the header of the MCHEX. The orifice may be configured to allow
refrigerant to flow through the orifice. The flow valve may have an open state and a
closed state, where the open state may be configured to generally allow refrigerant to
flow through the flow valve and the closed state may be configured to generally prevent a
refrigerant flow through the flow valve.

The refrigerant distributor has a first end that may be configured to be connected
to a refrigerant line. In some embodiments, the orifice(s) may be positioned on a
sidewall of the refrigerant distributor. In some embodiments, a total number of orifices, a
distance between two neighboring orifices and a diameter of each of the orifices may

vary. In some embodiments, the distance between two neighboring orifices may be
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shorter as the locations of the orifices move away from the first end along the length of
the refrigerant distributor. In some embodiments, the diameter of the orifices may
become bigger as the locations of the orifices move away from the first end of the
refrigerant distributor.

In some embodiments, the flow valve(s) may be positioned in the sidewall of the
refrigerant distributor. In some embodiments, the flow valve(s) may be positioned closer
to the first end than the orifice(s). In some embodiments, the flow valve(s) may be
positioned at a second end of the refrigerant distributor, where the second end of the
refrigerant distributor is generally at an opposite side in relation to the first end of the
refrigerant distributor along a length of the refrigerant distributor.

In some embodiments, more than one flow valve may be positioned close to the
first end of the refrigerant distributor. In some embodiments, the flow valves may be
angularly staggered along a circumferential profile of the sidewall of the refrigerant
distributor.

In some embodiments, the refrigerant distributor may include a tube-like structure
extending inside the header of the MCHEX. A longitudinal end of the refrigerant
distributor may be equipped with an orifice. In some embodiments, the header of the
MCHEX may include a separate refrigerant outflow pipe that allows refrigerant to flow
out of the header. In some embodiments, the outflow pipe may be equipped with a check
valve.

In some embodiments, a portion of the header may be utilized to form the
distribution structure. In some embodiments, the distribution structure may include an
internal divider that divides the header into a first compartment and a second
compartment. The internal divider may have one or more orifices so that refrigerant can
be distributed from one compartment to the other compartment.

In use, a portion of the refrigerant distributor may be disposed inside a header of
the heat exchanger so that the flow valve(s) and/or the orifice(s) may be positioned inside
the header of the heat exchanger. In some embodiments, the heat exchanger may be used
as an evaporator of a HVAC system. In a cooling mode, the flow valve(s) may be in the
closed state. The refrigerant may be directed into the refrigerant distributor and exit the

refrigerant distributor through the orifices(s) into the header. In some embodiments, the
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refrigerant directed into the refrigerant distributor may be in a liquid state. In a heating
mode, the flow valve(s) may be configured in the open state to allow refrigerant to enter
the refrigerant distributor through the flow valve(s) and be directed out of the refrigerant

distributor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 illustrates a front view of an embodiment of a micro-channel heat
exchanger.

FIG. 2 illustrates a schematic view of a portion of a micro-channel heat exchanger
that is equipped with an embodiment of a refrigerant distributor inside a header of the
micro-channel heat exchanger.

FIGS. 3A and 3B illustrate an embodiment of a refrigerant distributor that can be
configured to extend inside a header of a micro-channel heat exchanger. Fig. 3Ais a
perspective view of the refrigerant distributor and Fig. 3B is a schematic side sectional
view of the micro-channel heat exchanger.

FIG. 4 illustrates a side sectional view of another embodiment of a micro-channel
heat exchanger equipped with a refrigerant distributor inside a header of the micro-
channel heat exchanger.

FIG. 5 illustrates an end view of another embodiment of a refrigerant distributor.

FIG. 6 illustrates yet another embodiment of a micro-channel heat exchanger.

FIGS. 7A and 7B illustrate different views of a micro-channel heat exchanger,
according to another embodiment. FIG. 7A is a schematic view. FIG. 7B is an end

cross-section view along the line 7B-7B in FIG. 7A.

DETAILED DESCRIPTION

Heat exchangers are used in a HVAC system to facilitate heat exchange between
refrigerant and the environment. In a MCHEX, the refrigerant is typically distributed
into tubes extending between two headers of the MCHEX, outer surfaces of the tubes
and/or fins brazed between two neighboring tubes can help heat exchange between the

refrigerant in the tubes and air moving through the outer surfaces of the tubes and/or the
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fins. In some cases, evenly distributing the refrigerant into the tubes of the MCHEX may
help improve heat exchange efficiency of the MCHEX.

In a typical HVAC system, liquid refrigerant coming out of a condenser is
generally directed through an expansion device (e.g. expansion valve) to become a two-
phase refrigerant mixture. The two-phase refrigerant mixture may be then directed into
an evaporator. When a MCHEX is used as an evaporator, it may be difficult to distribute
the two-phase refrigerant mixture into tubes extending between headers of the MCHEX.
The distribution of the two-phase refrigerant mixture in the MCHEX is a complex
refrigerant flow regime. Poor distribution of the two-phase refrigerant mixture to the
MCHEX header and/or subsequently into the tubes may reduce the overall thermal
performance of the MCHEX and may also increase a pressure drop. The pressure drop
may also contribute to uneven or less than desired or optimal distribution of the
refrigerant liquid/vapor mixture. This issue may be more prominent when the tubes are
relatively long. Improvements can be made to help distribute refrigerant in the MCHEX,
for example, in some cases distribute refrigerant more evenly in the MCHEX.

In the following description of the illustrated embodiments, embodiments of a
refrigerant distribution structure for a MCHEX are described. The refrigerant distribution
structure generally may include a structure that is configured to be disposed inside a
header of the MCHEX. The internal structure of the distribution structure may include
one or more orifices that can be used to distribute the refrigerant inside the header. In
some embodiments, the MCHEX may also be configured to have a flow valve disposed
inside the header of the MCHEX on the internal structure. The flow valve may be
configured to allow refrigerant to flow out of the header. In some embodiments, the flow
valve can be positioned outside of the header on a separate refrigerant outflow pipe
connecting the header. In some embodiments, when the MCHEX is used, for example, as
an evaporator in a cooling cycle, refrigerant is distributed into the header(s) through the
orifices. In the cooling cycle, the flow valve may be generally in a closed state that
generally prevents a refrigerant flow through the flow valve. In some embodiments,
when the MCHEX is in, for example, a heating cycle, the flow valve of the refrigerant
distribution structure may be configured to be in an open state that allows the refrigerant

to flow into the refrigerant distribution structure (or the refrigerant outflow pipe) and to
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be directed out of the MCHEX through the refrigerant distribution structure. In some
embodiments, the flow valve may be a check valve. In some embodiments, the
refrigerant distributor may be configured to receive liquid refrigerant, so as to eliminate
the need of a refrigerant expansion valve in the HVAC system.

References are made to the accompanying drawings that form a part hereof, and
in which is shown by way of illustration of the embodiments may be practiced. It is to be
understood that the terms used herein are for the purpose of describing the figures and
embodiments and should not be regarded as limiting the scope of the present application.
The term “refrigerant” generally refers to refrigerant in any state, for example refrigerant
in vapor state (or refrigerant vapor) or in liquid state (or liquid refrigerant). It is to be

noted that the states of the refrigerant is dynamic. The terms “liquid refrigerant,”

2% ¢ EE Y

“refrigerant vapor,” “refrigerant in a liquid state,” “refrigerant in a vapor state” are not
absolute terms. The refrigerant can change between the vapor state and the liquid state
constantly. Therefore, the liquid refrigerant may include some refrigerant vapor and the
refrigerant vapor may include some liquid refrigerant. The terms “two-phase refrigerant
mixture” generally refers to a state after the liquid refrigerant is expanded by an orifice or
an expansion valve. The “two-phase refrigerant mixture” generally has a lower
temperature compared to refrigerant vapor or liquid refrigerant in the HVAC system.
These terms are generally well known in the art.

Fig. 1 illustrates a MCHEX 100, with which embodiments as described herein can
be practiced. The MCHEX 100 includes two opposing headers 110. The headers 110
have refrigerant ports 112 that are generally configured to allow refrigerant to enter
and/or exit the headers. The refrigerant ports 112 may be generally configured to be
connected to refrigerant lines of a HVAC system (not shown). Tubes 115 are configured
to extend between the two opposing headers 110. Areas between neighboring tubes 115
may be configured to include fins 120, for example, fan-fold fins.

In operation, refrigerant can enter one of the headers 110 through one of the
refrigerant ports 112. The refrigerant can then be distributed from the header 110 into the
tubes 115. The refrigerant may be then directed toward the other header 110 and exit
from the other refrigerant port 112. Surfaces of the tubes 115 and the fins 120 may be

configured to be capable of conducting heat. The refrigerant in the tubes 115 can
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exchange heat with air passing through the surfaces of the tubes 115 and/or the fins
between the neighboring tubes 115.

It is to be appreciated that the MCHEX 100 as illustrated in Fig. 1 is one example
of a heat exchanger that can be used with the embodiments of the refrigerant distributor
as described herein. Embodiments of the refrigerant distributor as described herein may
also be used with other heat exchangers to help, for example, distribute refrigerant into
the heat exchange tubes.

Fig. 2 illustrates a portion of a MCHEX 200, where a header 210 of the MCHEX
200 is equipped with an embodiment of a refrigerant distributor 220 as described herein.
The refrigerant distributor 220 may be a tube-like structure. The header 210 is coupled
with tubes 215 that extend between the header 210 and an opposing header (not shown in
this figure).

A portion of the refrigerant distributor 220 extends into the header 210 in a
longitudinal direction that is defined by a length L2 of the header 210. In some
embodiments, the refrigerant distributor 220 may extend the full length L2 of the header
210. In some embodiment, the refrigerant distributor 220 may not extend the full length
L2 of the header 210. The refrigerant distributor 220 may be generally configured to be
hollow internally and allow refrigerant to flow along the refrigerant distributor 220
internally. An end 222 of the refrigerant distributor 220 may be configured to be
connected or in fluid communication with a refrigerant line of a HVAC system (not
shown). The refrigerant distributor 220 may also include one or more orifices 225 that
are generally configured to allow refrigerant to exit and/or enter the refrigerant distributor
220 along the internal portion of the refrigerant distributor 220 that extends into the
header 210. In the embodiment as shown in Fig. 2, the orifices 225 are configured to be
located on a portion of a sidewall 230 of the refrigerant distributor 220 that generally
faces openings of the tubes 215 inside the header 210.

In the illustrated embodiment, the refrigerant distributor 220 also includes a flow
valve 227. The flow valve 227 may be configured to have an open state and a closed
state, where the open state generally allows refrigerant to flow into or out of the
refrigerant distributor 220 through the flow valve 227 and the closed state generally

prevents a refrigerant flow through the flow valve 227. In some embodiments, the flow
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valve 227 and the orifices 225 are generally configured to be disposed within the header
210.

Black arrows and block white arrows generally illustrate directions of refrigerant
flows in the MCHEX 200, when the MCHEX 200 is used in a HVAC system in operation.
The black arrows generally indicate the refrigerant flow directions in the MCHEX 200 in
a cooling cycle; and the block white arrows generally indicated the refrigerant flow
directions in the MCHEX 200 in a heating cycle.

As illustrated by the black arrows, in a cooling cycle, refrigerant is directed into
the refrigerant distributor 220 through the end 222. In some embodiments, the end 222
may be configured to receive liquid refrigerant produced by a condenser upstream of the
MCHEX 200 without going through an expansion valve. When the refrigerant passes
through the orifices 225 into the header 210 en route to the tubes 215, the refrigerant can
be expanded to a lower pressure two-phase refrigerant. The orifices 225 function to
provide refrigerant expansion, which may eliminate the need for an external refrigerant
expansion valve.

Since the orifices 225 are positioned inside the header 210 and spaced out along
the longitudinal direction defined by the length L2, refrigerant (such as the liquid
refrigerant from a condenser) can be distributed along the sidewall 230 in the longitudinal
direction that is defined by the length L2, and pass through the orifices 225 to be
distributed to the tubes 215. Directing refrigerant in a liquid state to the refrigerant
distributor 220 in the longitudinal direction defined by the length L and into the tubes 215
through the orifices 225 may help provide optimal and in some cases even distribution of
the refrigerant to the tubes 215.

In the cooling mode, the flow valve 227 is generally in a closed state that
generally prevents refrigerant from flowing back into the refrigerant distributor 220
through the flow valve 227. In some embodiments, the flow valve 227 can be a check
valve. In the cooling mode, a pressure of the refrigerant in the refrigerant distributor 220
may be higher than a pressure of the refrigerant in the header 210. The pressure
difference can press the check valve type flow valve 227 so that the flow valve 227 is

maintained in the closed state.
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In the heating mode, the refrigerant flow directions are generally reversed from
the refrigerant flow directions in the cooling mode. As shown by the block white arrows,
in the heating mode, the refrigerant is generally directed into the tubes 215 from the
header that is on the opposite side of the header 210. The refrigerant is then generally
directed out of the MCHEX 200 through the refrigerant distributor 220.

In some embodiments, the orifices 225 may be configured to allow at least some
of the refrigerant to enter the refrigerant distributor 220 in the heating mode. The flow
valve 227 can also be configured to be in the open state to allow refrigerant to enter the
refrigerant distributor 220. The refrigerant can exit the refrigerant distributor 220
through the end 222. In the heating mode, the refrigerant pressure in the header 210 is
generally higher than the refrigerant pressure in the refrigerant distributor 220. When a
check valve is used as the flow valve 227, the check valve can be configured to be
opened by the relative pressure difference. The open state of the flow valve 227 can
allow the refrigerant to exit the header 210 and the refrigerant distributor 220 relatively
quickly.

It is to be noted that the orifices 225 may allow refrigerant to flow in and out of
the refrigerant distributor 220. Therefore, in some embodiments, the refrigerant
distributor 220 may not have the flow valve 227. For example, in some embodiments,
when the orifices can allow enough refrigerant flow into the refrigerant distributor in a
heating mode (such as illustrated by the block white arrow above), a flow valve(s), such
as the flow valve 227, may not be required.

Figs. 3A and 3B illustrate another embodiment of a tube-like refrigerant
distributor 320 of a MCHEX 300. Fig. 3A is a perspective view of the refrigerant
distributor 320. Fig. 3A illustrates that the refrigerant distributor 320 has a plurality of
orifices 325 along a portion of the refrigerant distributor 320 that is typically configured
to be disposed inside a header 310 (as shown in Fig. 3B). The portion that is configured
to be disposed inside the header 310 has a length L3. The refrigerant distributor 320 also
has a flow valve 327.

Fig. 3B is a schematic sectional view of the header 310 of a MCHEX 300, in
which the header 310 is equipped with the refrigerant distributor 320 as shown in Fig. 3A.
Fig. 3B illustrates that the flow valve 327 and orifices 325 are both positioned inside the
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header 310 of the MCHEX 300, and on a sidewall 330 of the refrigerant distributor 320.
Refrigerant can flow in and/or out of the refrigerant distributor 320 from a distributor end
322. Fig. 3B also illustrates portions of tubes 315.

In operation, when the MCHEX 300 is used as, for example, an evaporator for a
HVAC system, black arrows and block white arrows generally indicate refrigerant flow
direction in a cooling mode and a heating mode respectively. As illustrated, in the
cooling mode, the refrigerant can exit from the refrigerant distributor 320 through the
orifices 325. Generally in the cooling mode, the flow valve 327 is in a closed state that
generally does not allow refrigerant to flow through the flow valve 327. In a heating
mode, the flow valve 327 is in an open state that generally allows refrigerant flow
through the flow valve 327. The refrigerant can enter the refrigerant distributor 320
through the flow valve 327 and flow out of the MCHEX 300.

The orifices 325 can be holes drilled on the refrigerant distributor 320, thick wall
tubing or pipes, caterpillar pipes, or other suitable configurations that allow refrigerant to
flow out of the refrigerant distributor 320. The orifices 325 are configured to be spaced
out along the length L3. In the illustrated embodiment in Fig. 3B, the orifices 325 are
generally located on a portion of the sidewall 330 that generally faces openings of the
tubes 315 inside the header 310. The shapes of the orifices 325 can be varied. The
locations of the orifices 325 can be varied along the length L3, and/or along a
circumferential profile of the sidewall 330. (See, for example, in Fig. 5 the sidewall 530
has a circumferential profile.) Generally, the locations, numbers and shapes of the
orifices 325 can be varied to achieve a desired refrigerant distribution in the header 310.

The number of the orifices 325 on the refrigerant distributor 320 may vary. If
more refrigerant is required, the number of orifices 325 can be increased. In addition, the
positions of the orifices 325 can vary. In some embodiments, each of the tubes 315 may
be configured to correspond to one orifice 325 that is configured to be positioned in an
area that is directly underneath the tube 315, with the understanding that the positions of
the orifices 325 can also be positioned offset the tubes 315. Further, a distance between
neighboring orifices 325 can vary. In some embodiments, neighboring orifices 325 can
be configured to be closer when the locations of the orifices 325 are further away from

the end 322 of the refrigerant distributor 320 along the length L3. This may help
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refrigerant distributing in the header 310, as more refrigerant may come out of the
orifices 325 that are closer to the end of the refrigerant distributor 320 configured to
receive the refrigerant (e.g. the end 322).

Each of the orifices 325 has a diameter D3. The diameter D3 of the orifices 325
can affect an amount of refrigerant coming out of the orifices 325. Particularly in a
cooling cycle, it may be desirable to control the amount of refrigerant coming out of the
orifices 325. One way to control the amount of refrigerant coming out of the orifices 325
is to control the diameter D3 of each of the orifices 325 and/or change a length L of the
orifice 325. In general, the amount of the refrigerant coming out of an orifice is affected
by length-to-diameter (L/D) ratio. Changing the diameter D3 of the orifices 325 can
change the L/D ratio of the orifices 325, causing changes to the amount of the refrigerant
coming out of the orifices 325. Generally, the bigger the diameter (the less the L/D ratio)
is, the more refrigerant comes out of the orifices 325. The diameter D3 of the orifices
325 can vary. In some embodiments, all of the orifices 325 can have the same diameter
D3. In some embodiments, the diameter D3 of each of the orifices can be different. In
some embodiments, the diameter D3 of the orifices 325 becomes larger when the
locations of the orifices 325 move away from the end 322 of the refrigerant distributor
320 along the length L.3. The length L of the orifices 325 can be changed, for example,
by changing the thickness of the refrigerant distributor 320. In some embodiments, the
length L of the orifices is about % inch. The L/D ratio, and/or the total number of the
orifices 325 can be determined, for example, by total maximum and minimum flow rates
of the refrigerant used by the MCHEX.

Fig. 4 illustrates another embodiment of a refrigerant distributor 420 that can be
used with a MCHEX 400. The refrigerant distributor 420 extends into a header 410. A
portion of the refrigerant distributor 420 that extends inside the header 410, which has a
length of L4, can have a plurality of orifices 425 and a plurality of flow valves 427a,
427b and 427¢ along the length L4. The refrigerant distributor 420 has a first end 422a
that can be configured to be connected to a refrigerant line of a HVAC system, and a
second end 422b that can be equipped with the flow valve 427¢. The second end 422b is
generally on an opposite side in relation to the first end 422a of the length L4.

11
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In the embodiment shown, the flow valves 427a and 427b can be positioned in an
arca that is close to the first end 422a within the header 410. The flow valve 427¢ can be
positioned close to (or at) the second end 422b. In some embodiments, each end may
include only one flow valve. Positioning the valves (such as the flow valves 427a, 427b
and 427c¢) at both ends of the distributor can help reduce a pressure drop when the
refrigerant flows into the distributor, for example, in a heating mode.

It is to be understood that the configuration as illustrated in Fig. 4 is exemplary.
The refrigerant distributor 420 can be configured to have only one flow valve. The
locations of the flow valves can be located near either the first ends 422a, or the second
end 4220 of the refrigerant distributor 420. It may be preferred include a flow valve(s) at
both of the first end 422a and second end 422b with the flow valves (e.g. the flow valves
427a, 4277b and 427¢), because equipping both ends 422a and 422b may help reduce a
pressure drop when the refrigerant flowing into the refrigerant distributor 420 through the
flow valves.

As illustrated in Fig. 4, two or more flow valves 427a and 427b can be positioned
on a shell 430 of the refrigerant distributor 420 at a place that is close to the first end
422a of the refrigerant distributor 420. The flow valves 427a and 427b are roughly
arranged to face each other from opposite sides of a shell 430 of the refrigerant
distributor 420 in relation to openings of the tubes 415. Positioning two or more flow
valves (such as, for example, the flow valves 427a or 427b and 427¢) on opposite (or
different) sides of the shell 430 may help reduce a pressure drop when the refrigerant
flowing into the refrigerant distributor 420 through the valves.

It is to be noted that in some embodiments, the flow valve may be positioned
between orifices. Generally, the flow valves may be configured to provide a refrigerant
flow path that allows relatively fast refrigerant flow and/or minimal pressure drops in the
refrigerant flow. In some embodiments, the flow valve may be configured so that the
refrigerant flowing through the flow valve does not generally change from one state to
another (e.g. from liquid state to two-phase state).

As illustrated in Fig. 5, which shows an end view of a refrigerant distributor 520,
flow valves 527a and 527b can be staggered at an angle o on a circumferential profile of

the sidewall 530 of the refrigerant distributor 520 relative to a center C of the
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circumferential profile. In the illustrated embodiment, the angle a is about 45 degrees. It
is to be understood that the angle can be in a range of 0 to 180 degrees.

Fig. 6 illustrates another embodiment of MCHEX 600. The MCHEX 600
includes a header 610 that has a length L6, which defines a longitudinal direction. The
MCHEX 600 includes a tube-like refrigerant distributor 620 extending inside the header
610 in the longitudinal direction that is defined by the length L6. The refrigerant
distributor 620 can be configured so that a longitudinal end 620a of refrigerant distributor
620 is equipped with one orifice 625, while a sidewall 630 of the refrigerant distributor
620 does not have orifices.

Positioning the orifice 625 inside the header 610 can improve refrigerant
distribution in the header 610. Particularly, if the MCHEX 600 has a relatively small
capacity or size, using one orifice 625 and positioning the orifice 625 inside the header
610 may be sufficient to provide a desired refrigerant distribution in the MCHEX 600. It
is appreciated that a position of the longitudinal end 620a along the longitudinal direction
defined by the length L6 may be varied to achieve a desired refrigerant distribution. It is
appreciated that the sidewall 630 can be configured to have orifices.

The header 610 of the MCHEX 600 also includes a refrigerant outflow pipe 621,
which is configured to direct refrigerant out of the header 610 of the MCHEX 600. The
outflow pipe 621 can be configured to include a check valve 627. In the embodiment as
disclosed in Fig. 6, the refrigerant outflow pipe 621 is separate from the refrigerant
distributor 620. The refrigerant outflow pipe 621 can be configured to direct refrigerant
out of the header 610, for example, in a heating mode.

It is appreciated that the refrigerant distributor 620 can also be equipped with a
check valve, so that a separate refrigerant outflow pipe 621 may not be necessary. Itis
also appreciated that the other embodiments as disclosed herein can also be equipped
with a separate refrigerant outflow pipe, such as the refrigerant outflow pipe 621, that is
equipped with at least one check valve (such as the check valve 627) to direct refrigerant
out of the header, for example, in a heating mode. A check valve(s) on the refrigerant
distributor may not be necessary in an embodiment with a separate refrigerant outflow

pipe equipped with a check valve(s).
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Figs. 7A and 7B illustrate another embodiment of MCHEX 700. The MCHEX
700 includes a header 710 that is divided into a first compartment 710a and a second
compartment 710b by a divider 720. The divider 720 can act as the refrigerant distributor,
where a portion of the wall of the header may be used as part of the structure. As
illustrated, portions of the header 710 are used with the divider 720 to form the first
compartment 710a and the second compartment 710b (see also Fig. 7B). Open ends 715a
of tubes 715 are configured to open into the first compartment 710a. The first
compartment 710a is configured to receive refrigerant, for example in a heating mode,
and direct the refrigerant out of the header 710 into a refrigerant pipe 750. The
refrigerant pipe 750 can include a check valve 727.

In some embodiments, the divider 720 has one or more orifices 725. The second
compartment 710b is configured to receive refrigerant, for example, in a cooling mode,
from the refrigerant pipe 750. The refrigerant can be distributed into the first
compartment 710a and the tubes 715 through the orifices 725. Functionally, the second
compartment 710b, which includes a portion of the header 710 and the divider 720,
works similarly to the refrigerant distributor as disclosed, for example, in Fig. 2.

The refrigerant pipe 750 can be configured to direct refrigerant toward the header
710, for example, in a cooling mode; and can be configured to direct refrigerant away
from the header 710, for example, in a heating mode. The check valve 727 can be
configured to close, for example, in the cooling mode, so that the refrigerant is directed
into the second compartment 720b in the heating mode. The check valve 727 can be
configured to open, for example, in the heating mode, so that the refrigerant can be
directed out of the first compartment 710a.

Fig. 7B illustrates a cross-section view of the MCHEX 700 along the line 7B-7B.
The header 710 typically has a circular profile in the cross-section view. In the
orientation as shown in Fig. 7B, a top portion 710t of the circular profile of the header
710 is connected to the tube 715. A bottom portion 710d of the circular profile of the
header 710 is opposite to the top portion 710t along the circular profile of the header 710.

In some embodiments, the divider 720 is positioned so that a bottom 720a is

closer to the bottom portion 710d than to the top portion 710t. As illustrated in Fig. 7B, a
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distance D1 between the bottom 720a to the top portion 710t is larger than a distance D2
between the bottom 720a to the bottom portion 710d.

In some embodiments, from the cross-section view, the divider 720 has raised
edges 720b and 720c. The edges 720b and 720c are configured to engage and conform to
an arc of the circular profile of the header 710. Lengths of the edges 720b and 720c are
configured so that the engagement of the edges 720b and 720c and the arc of the circular
profile of the header 710 can provide a support to the divider 720 so as to resist pressure
in the first compartment 710a and/or in the second compartment 710b. Generally, the
lengths of the edges 720b and 720c are configured so that the edges 720b and 720c
traverse a midline m8 of the circular profile of the header 710 in the orientation as shown
in Fig. 7B. The midline m8 is generally situated in the middle between the top portion
710t and the bottom portion 710d of the header 710 in the cross-section view.

In some embodiments, the lengths of the edges 720b and 720c¢ correspond to
about £10° of the arc of the circular profile of the header 710 relative to the midline m8.

The embodiments as disclosed herein are exemplary. Generally, a refrigerant
distribution structure can be configured to include an internal structure, which is
configured to extend inside a header of the MCHEX. In some embodiments, the internal
structure may be a tube-like structure. The internal structure can include at least one
orifice. Positioning the orifice inside the header of the MCHEX can help distributing of
the refrigerant inside the header of the MCHEX. The internal structure can be configured
to include a plurality of orifices. The refrigerant distribution structure may also include a
check valve. The check valve is configured to allow refrigerant to flow out of the header,
such as, for example, in a heating mode. The check valve can be positioned on the
internal structure. In some embodiments, the check valve can be positioned in a
refrigerant outflow pipe that is separate from the internal structure. In some
embodiments, the internal structure may be a divider that divides the header into a first
compartment and a second compartment. The distribution structure may utilize a portion
of the header to distribute and/or collect refrigerant. In operation, for example, in a
cooling mode, the orifice is generally configured to distribute the refrigerant internally
into tubes of the MCHEX while the check valve is in a closed state. In a heating mode,

for example, the check valve is generally in an open state that is configured to allow
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refrigerant to flow out of the header of the MCHEX. In operation, liquid refrigerant can
be directed into the internally positioned orifice(s) through the internal structure. Liquid
refrigerant can then go through the orifice(s) to be distributed into tubes of the MCHEX.
This may help evenly distribute the refrigerant and eliminate the need for an additional
expansion valve.

It is to be appreciated that the embodiments of the refrigerant distributors as
described herein can be used in a condenser and/or other heat exchange applications. It is
also appreciated that the refrigerant distributor as described herein can be used in
applications other than a HVAC system, such as a transport refrigeration system or other
heat exchanging applications that may benefit from evenly distributed two-phase
refrigerant mixture.

The embodiments as disclosed herein are generally described to evenly distribute
refrigerant into the tubes of the MCHEX. 1t is to be understood that this is exemplary.
The embodiments as disclosed can also be adapted to help distribute the refrigerant into
the tubes of the MCHEX in other desired patterns. In some embodiments, an optimal or
desired distribution of refrigerant into the tubes of the MCHEX may not be even
distribution. For example, when airflow moving through the MCHEX is not uniform,
tubes in one portion of the MCHEX receiving a relatively high amount of airflow may be
configured to receive more refrigerant than the tubes in another portion of the MCHEX

receiving a relatively low amount of airflow.

ASPECTS

Any of aspects 1-5 can be combined with any of aspects 6-25. Any of aspects 6-
12 can be combined with any of aspects 13-25. Any of aspects 13-18 can be combined
with any of aspects 19-25. Any of aspects 19-21 can be combined with any of aspects
22-25.
Aspect 1. A HVAC system comprising:

a first heat exchanger configured to condense gaseous refrigerant to liquid
refrigerant; and

a second heat exchanger, the second heat exchanger having a header; and
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a refrigerant distributor extending inside the header, the refrigerant distributor
having a first end and a second end;

wherein the refrigerant distributor is configured to receive liquid refrigerant from
the first end in a cooling mode;

the refrigerant distributor has a plurality of orifices between the first end and the
second end;

the refrigerant distributor has a flow valve at the second end of the refrigerant
distributor;

the flow valve is configured to be in a closed state that prevents refrigerant flow
through the first flow valve in a cooling mode, and in an open state that allows refrigerant
to flow though the flow valve in a heating mode.
Aspect 2. The HVAC system of aspect 1, further comprising:

a second flow valve;

wherein the second flow valve is positioned at the first end of the refrigerant
distributor;

the second flow valve is configured to be in a closed state that prevents refrigerant
flow through the first flow valve in a cooling mode, and in an open state that allows
refrigerant to flow though the flow valve in a heating mode.
Aspect 3. The HVAC system of aspect 2, wherein the second flow valve is positioned on
a side wall of the refrigerant distributor.
Aspect 4. The HVAC system of aspects 1-3, wherein the flow valve is a check valve.
Aspect 5. The HVAC system of aspects 1-4, wherein a distance between two
neighboring orifices decreases as the orifices are further away from the first end.
Aspect 6. A refrigerant distributor of a heat exchanger comprising:

a tube having plurality of orifices; and

a flow valve having an open state and a closed state;

wherein the closed state of the flow valve is configured to generally prevent
refrigerant flow through the flow valve into the tube, and the open state of the first flow
valve is configured to generally allow refrigerant to flow through the first flow valve into

the tube.
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Aspect 7. The refrigerant distributor of aspect 6, wherein a first end of the tube of the
refrigerant distributor is configured to receive refrigerant, and the first flow valve is
closer to the first end than the plurality of orifices.
Aspect 8. The refrigerant distributor of aspects 6-7, wherein the flow valve is positioned
on a sidewall of the tube.
Aspect 9. The refrigerant distributor of aspects 6-8, further comprising:

a second flow valve;

wherein a first end of the tube of the refrigerant distributor is configured to
receive refrigerant, and the flow valve and the second flow valves are positioned closer to
the first end than the plurality orifices;

the flow valve and second flow valves are staggered at an angle around a
circumferential profile of the sidewall of the tube of the refrigerant distributor.
Aspect 10. The refrigerant distributor of aspects 6-9, wherein a first end of the tube of
the refrigerant distributor is configured to receive refrigerant, and the flow valve is
positioned further away from the first end of the tube of the refrigerant distributor than
the orifices.
Aspect 11. The refrigerant distributor of aspect 10, further comprising:

a second flow valve, wherein the second flow valve is positioned closer to the
first end of the tube of the refrigerant distributor than the orifices.
Aspect 12. The refrigerant distributor of aspects 6-11, wherein the tube of the refrigerant
distributor has a first end and a second end, the first end is configured to receive
refrigerant, and the first flow valve is positioned at the second end of tube of the
refrigerant distributor.
Aspect 13. A heat exchanger, comprising:

a header;

a refrigerant distributor, a portion of the refrigerant distributor extending inside
the header; and

a flow valve, the flow valve is positioned on the portion of the refrigerant
distributor extending inside the header;

wherein the portion of the refrigerant distributor extending inside the header has

at least one orifice;
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the flow valve has a closed state and an open state, the closed state of the flow
valve is configured to generally prevent a refrigerant flow through the first flow valve,
and the open state of the flow valve is configured to generally allow refrigerant to flow
through the first flow valve.
Aspect 14. The heat exchanger of aspect 13, wherein the refrigerant distributor has a first
end that is configured to receive refrigerant, and the flow valve is positioned closer to the
first end of the refrigerant distributor than the at least one orifice.
Aspect 15. The heat exchanger of aspects 13-14, wherein the refrigerant distributor has a
first end that is configured to receive refrigerant, and the flow valve is positioned further
away from the first end of the refrigerant distributor than the at least one orifices.
Aspect 16. The heat exchanger of aspects 14-15, further comprising a second flow valve,
wherein the second flow valve is positioned closer to the first end of the refrigerant
distributor than the at least one orifice.
Aspect 17. The heat exchanger of aspects 15-16, further comprising a second flow valve,
wherein the second flow valve is positioned closer to the first end of the refrigerant
distributor than the at least one orifices.
Aspect 18. The heat exchanger of aspects 13-17, wherein the heat exchanger is a micro-
channel heat exchanger.
Aspect 19. A heat exchanger, comprising:

a header; and

a refrigerant distributor, a portion of the refrigerant distributor extending inside
the header;

wherein the refrigerant distributor has a longitudinal end positioned inside the
header, the longitudinal end has an orifice.
Aspect 20. The heat exchanger of aspect 19, further comprising:

a refrigerant outflow pipe connected to the header, wherein the refrigerant
outflow pipe is configured to direct fluid out of the heat exchanger.
Aspect 21. The heat exchanger of aspect 20, wherein the refrigerant outflow pipe is
equipped with a check valve; wherein the check valve is configured to have an open state

and a closed state, the open state is configured to allow refrigerant to flow from the
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header to the refrigerant outflow pipe, and the closed state is configured to prevent
refrigerant from flowing from the header to the refrigerant outflow pipe.
Aspect 22. A heat exchanger, comprising:

a header;

a plurality of tubes;

a divider positioned inside the header, the divider dividing the header into a first
compartment and a second compartment;

wherein the divider has one or more orifices, the orifices is configured to allow
refrigerant to flow from the second compartment to the first compartment; and

the first compartment is configured to distribute refrigerant into the plurality of
tubes.
Aspect 23. The heat exchanger of aspect 22, wherein the first compartment is equipped
with a check valve, the check valve has an open state and a closed state, and when the
check valve is in the open state, refrigerant is allowed to flow out of the first
compartment, and when the check valve is in the closed state, refrigerant is prevented
from flowing out of the first compartment.
Aspect 24. The heat exchanger of aspects 22-23, wherein the divider is positioned
relatively closer to a bottom portion than to a top portion of the header.
Aspect 25. The heat exchanger of aspects 24, wherein the divider has raised edges that

conform to a cross-section profile of the header.

With regard to the foregoing description, it is to be understood that changes may
be made in detail, especially in matters of the construction materials employed and the
shape, size and arrangement of the parts without departing from the scope of the present
invention. It is intended that the specification and depicted embodiment to be considered
exemplary only, with a true scope and spirit of the invention being indicated by the broad

meaning of the claims.
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CLAIMS

What claimed is:
1. A HVAC system comprising:

a first heat exchanger configured to condense gaseous refrigerant to liquid
refrigerant; and

a second heat exchanger, the second heat exchanger having a header; and

a refrigerant distributor extending inside the header, the refrigerant distributor
having a first end and a second end;

wherein the refrigerant distributor is configured to receive liquid refrigerant from
the first end in a cooling mode;

the refrigerant distributor has a plurality of orifices between the first end and the
second end;

the refrigerant distributor has a flow valve at the second end of the refrigerant
distributor;

the flow valve is configured to be in a closed state that prevents refrigerant flow
through the first flow valve in a cooling mode, and in an open state that allows refrigerant

to flow though the flow valve in a heating mode.

2. The HVAC system of claim 1, further comprising:

a second flow valve;

wherein the second flow valve is positioned at the first end of the refrigerant
distributor;

the second flow valve is configured to be in a closed state that prevents refrigerant
flow through the first flow valve in a cooling mode, and in an open state that allows

refrigerant to flow though the flow valve in a heating mode.

3. The HVAC system of claim 2, wherein the second flow valve is positioned on a side

wall of the refrigerant distributor.

4. The HVAC system of claim 1, wherein the flow valve is a check valve.
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5. The HVAC system of claim 1, wherein a distance between two neighboring orifices

decreases as the orifices are further away from the first end.

6. A refrigerant distributor of a heat exchanger comprising:

a tube having plurality of orifices; and

a flow valve having an open state and a closed state;

wherein the closed state of the flow valve is configured to generally prevent
refrigerant flow through the flow valve into the tube, and the open state of the first flow
valve is configured to generally allow refrigerant to flow through the first flow valve into

the tube.

7. The refrigerant distributor of claim 6, wherein a first end of the tube of the refrigerant
distributor is configured to receive refrigerant, and the first flow valve is closer to the first

end than the plurality of orifices.

8. The refrigerant distributor of claim 6, wherein the flow valve is positioned on a

sidewall of the tube.

9. The refrigerant distributor of claim 6, further comprising:

a second flow valve;

wherein a first end of the tube of the refrigerant distributor is configured to
receive refrigerant, and the flow valve and the second flow valves are positioned closer to
the first end than the plurality orifices;

the flow valve and second flow valves are staggered at an angle around a

circumferential profile of the sidewall of the tube of the refrigerant distributor.

10. The refrigerant distributor of claim 6, wherein a first end of the tube of the
refrigerant distributor is configured to receive refrigerant, and the flow valve is
positioned further away from the first end of the tube of the refrigerant distributor than

the orifices.
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11. The refrigerant distributor of claim 10, further comprising:
a second flow valve, wherein the second flow valve is positioned closer to the

first end of the tube of the refrigerant distributor than the orifices.

12. The refrigerant distributor of claim 6, wherein the tube of the refrigerant distributor
has a first end and a second end, the first end is configured to receive refrigerant, and the

first flow valve is positioned at the second end of tube of the refrigerant distributor.

13. A heat exchanger, comprising;:

a header;

a refrigerant distributor, a portion of the refrigerant distributor extending inside
the header; and

a flow valve, the flow valve is positioned on the portion of the refrigerant
distributor extending inside the header;

wherein the portion of the refrigerant distributor extending inside the header has
at least one orifice;

the flow valve has a closed state and an open state, the closed state of the flow
valve is configured to generally prevent a refrigerant flow through the first flow valve,
and the open state of the flow valve is configured to generally allow refrigerant to flow

through the first flow valve.

14. The heat exchanger of claim 13, wherein the refrigerant distributor has a first end
that is configured to receive refrigerant, and the flow valve is positioned closer to the first

end of the refrigerant distributor than the at least one orifice.
15. The heat exchanger of claim 13, wherein the refrigerant distributor has a first end

that is configured to receive refrigerant, and the flow valve is positioned further away

from the first end of the refrigerant distributor than the at least one orifices.
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16. The heat exchanger of claim 14, further comprising a second flow valve, wherein the
second flow valve is positioned closer to the first end of the refrigerant distributor than

the at least one orifice.

17. The heat exchanger of claim 15, further comprising a second flow valve, wherein the
second flow valve is positioned closer to the first end of the refrigerant distributor than

the at least one orifices.

18. The heat exchanger of claim 13, wherein the heat exchanger is a micro-channel heat

exchanger.

19. A heat exchanger, comprising;:

a header; and

a refrigerant distributor, a portion of the refrigerant distributor extending inside
the header;

wherein the refrigerant distributor has a longitudinal end positioned inside the

header, the longitudinal end has an orifice.

20. The heat exchanger of claim 19, further comprising:
a refrigerant outflow pipe connected to the header, wherein the refrigerant

outflow pipe is configured to direct fluid out of the heat exchanger.

21. The heat exchanger of claim 20, wherein the refrigerant outflow pipe is equipped
with a check valve; wherein the check valve is configured to have an open state and a
closed state, the open state is configured to allow refrigerant to flow from the header to
the refrigerant outflow pipe, and the closed state is configured to prevent refrigerant from

flowing from the header to the refrigerant outflow pipe.

22. A heat exchanger, comprising;:
a header;

a plurality of tubes;
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a divider positioned inside the header, the divider dividing the header into a first
compartment and a second compartment;

wherein the divider has one or more orifices, the orifices is configured to allow
refrigerant to flow from the second compartment to the first compartment; and

the first compartment is configured to distribute refrigerant into the plurality of

tubes.

23. The heat exchanger of claim 22, wherein the first compartment is equipped with a
check valve, the check valve has an open state and a closed state, and when the check
valve is in the open state, refrigerant is allowed to flow out of the first compartment, and
when the check valve is in the closed state, refrigerant is prevented from flowing out of

the first compartment.

24. The heat exchanger of claim 22, wherein the divider is positioned relatively closer to

a bottom portion than to a top portion of the header.

25. The heat exchanger of claim 24, wherein the divider has raised edges that conform to

a cross-section profile of the header.
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