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DESCRIPTION

FIELD OF THE INVENTION

[0001] The application generally relates to heat exchangers In refrigeration, air conditioning
and chilled water systems.

BACKGROUND OF THE INVENTION

[0002] There are numerous heat exchangers designed and manufactured using folded fins,
and thin, non-round tubes which are then arranged or "stacked"” and connected to manifolds
(also called headers). These designs have been predominantly used for automotive water-to-
air radiators, automotive condensers, truck air charge heat exchangers, automotive heater
cores, Industrial and truck air-to-oil coolers and more recently, automotive air- conditioning
evaporators.

[0003] One such condenser is shown In U.S. Patent No. 4,998,580. A pair of spaced headers
has a plurality of tubes extending in hydraulic parallel communication between them and each
tube defines a plurality of hydraulically parallel, fluid flow paths between the headers. Each of
the fluid flow paths has a hydraulic diameter in the range of about 0.015 to about 0.04 inches
(0.38 to about 1Tmm). Preferably, each fluid flow path has an elongated crevice extending along
its length to accumulate condensate and to assist in minimizing film thickness on heat

exchange surfaces through the action of surface tension.

[0004] Another such condenser Is disclosed In U.S. Patent No. 6,223,556. The condenser
Includes two nonhorizontal headers, a plurality of tubes extending between the headers to
establish a plurality of hydraulically parallel flow pads between the headers, and at least one
partition in each of the headers for causing refrigerant to make at least two passes. An external
recelver is also provided to hold refrigerant.

[0005] U.S. Patent No. 5,193,613 discloses a heat exchanger having opposed parallel header
tubes having circumferentially spaced grooves formed along the length thereof with inclined
sides and a base on the external surface of the groove and spaced annular ribs on the inner
surface opposite the grooves. Each groove has a transverse slot therein for receiving open
ends of an elongated flat tube. The flat tubes are inserted into the header tubes in a manner
which partially blocks the flow path inside the header tubes.

[0006] U.S. Patent No. 5,372,188 discloses a heat exchanger for exchanging heat between an
ambient heat exchange medium and a refrigerant that may be In a liquid or vapor phase. The
same Includes a pair of spaced headers with one of the headers having a refrigerant inlet and
the other of the headers having a refrigerant outlet. A heat exchanger tube extends between
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the headers and is In fluld communication with each of the headers. The tube defines a
plurality of hydraulically parallel refrigerant flow paths between the headers and each of the
refrigerant flow paths has a hydraulic diameter in the range of about 0.015 to about 0.07
Inches (0.38 to about 1.8mm). The flow paths may be of varied configurations.

[0007] U.S. Patent No. 4,998,580 discloses a condenser which transfers heat through small
hydraulic flow paths. The condenser Is for use Iin automotive applications in which horizontal
tubes and small manifolds are used.

[0008] JP-H 4 - 139364 reveals a heat exchanger comprising first and second manifolds
fluidically connected by vertical tubes. A liquid baffle is provided in the second manifold and
creates a first and second chamber. An orifice in the liquid baffle at the bottom of the second
manifold i1s provided and allows only refrigerant liquid to pass through the orifice.

[0009] Attempts to apply the technology in HVAC&R (Heating, Ventilation, Air-Conditioning and
Refrigeration) applications have achieved Iimited success. Success has been limited because
many of the product features, design objectives,

and operating i1ssues of HVAC&R applications/equipment are significantly different and more
diverse than automotive applications. For example, significant differences may exist in the
operating conditions and environments, such as, but not limited to, cooling capacities,
operating pressures, air flow rates, energy efficiency, mass flow rates, size of heat exchanger,
height to width ratios, oil and refrigerant return, various refrigerants used, operating pressures
and temperatures, etc.

[0010] Prior conventional heat exchangers, such as those configured for automotive
applications which use thin flat tubes (for example, micro-channel tubes) and a brazed
manifold structure exhibit deficiencies when provided for use in most HVAC&R applications.

[0011] Typical single and multi-pass heat exchanger designs exhibit high refrigerant pressure
drops during operation, typically 5 psig or greater. These pressure drops are required to
compensate for pressure drop losses In the manifolds or headers. While not an issue In
compact automotive designs, where manifold pressure drop can be low, ignored or factored
Into the single operating design, this pressure drop Is not acceptable in HVAC&R applications
and can cause other system operating issues. These deficiencies are not apparent until actual
fleld operation experience or test data Is taken, and the dynamics and interaction of key
operating conditions are better known.

[0012] Conventional construction of the manifold header i1s to use the smallest round material
stock size possible (to form the manifolds) to match the tube width, for reasons of lower
material cost and for manufacturing reasons associated with integral brazing of the tubes to
the manifold. Thus, for a tube that 1Is 1 inch (25.4 mm) wide, a 1 Inch (25.4 mm) Inside
diameter manifold or header i1s typically used. While this particular size combination may
generally be usable for automotive applications, allowing for good automated insertion of the
tube Into the header and stopping point for the tube, it iIs generally not suitable, and many
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times not appropriate, for most HVAC&R applications. That is, for broad-based use in HVAC&R
applications, this or similarly sized manifold diameters, and more specifically, "useable cross
sectional internal area” imposes significant operational Iimitations regarding the capacity and
capacity range of the heat exchanger, and also induces major performance issues and losses
due to pressure drop In the manifold or header, as well as refrigerant and oil entrapment in the
manifold area. In condensers, this tube/manifold size combination corresponds to about a 5
percent to about a 20 percent operating capacity loss at various refrigerant flow conditions. In
evaporators, this tube/manifold size combination results in a loss of operating capacity that can
easlly exceed 30 percent.

[0013] The pressure drop of refrigerant and fluids in the conventional manifolds or headers is
one of several phenomena that can induce maldistribution of refrigerant vapor entering the
tubes. Mal-distribution may occur In heat exchangers functioning as condensers or
evaporators. In condensers, an increase Iin the manifold pressure (or pressure drop) results In
less refrigerant being provided to tubes positioned further from the inlet of the manifold or
header. The effect can be worsened for multi-pass arrangements, depending upon the number
of tubes, mass flow rate of refrigerant, or for other reasons. Imposing additional increase In
pressure (or pressure drop) through the use of multi-passes can help compensate or partially
correct the mal-distribution In condensers, but results in a significant additional refrigerant
pressure drop and loss of heat transfer capacity of the heat exchanger. In evaporators, multi-
pass arrangements can induce mal-distribution that increasingly occurs in each fluid flow pass
through the tubes. In single pass evaporators, mal-distribution of refrigerant can be induced
both In the entrance manifold or header and exiting manifold or header.

[0014] One way to avoid mal-distribution in condensers (and evaporators) has been to provide
extremely low manifold header pressure losses as a ratio of tube pressure drop losses. In
evaporators, the ratio of exit pressure drop due to the exiting manifold versus the pressure
drop due to the tubes can be an important consideration. That i1s, the tubes near the
connection may be subjected to a reduced pressure drop when compared to the pressure drop
of the tubes positioned further away from the connection. For example, If the manifold has a
one psi pressure drop over its length, and the tubes have a two psi pressure drop, the tubes
closest to the exit connection will have more refrigerant flow than the tubes positioned further
from the connection. Since the mass fluid flow rate I1s exponentially related to the induced
pressure drop, the pressure drop over the length of the manifold may cause an imbalance of
the amount of fluid being evaporated in each tube.

[0015] Conventional micro-channel tube heat exchangers have unpredictable performance
due to internal manifold baffling. Tube pressure drop losses combined with manifold pressure
drop losses In multi-pass designs require extremely complex calculations and analysis in order
to predict both full load and part load performance of the heat exchanger. In addition,
variations in the overall refrigerant charge Iin the refrigeration system, or "back up" of
refrigerant in the condenser at full and/or partial load, can render all analysis and prediction,
tenuous, If not unreliable. Thus, the refrigerant charge level can significantly affect the
avallable condenser heat transfer (internal tube) surface and thus, refrigeration system
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capacity and energy use. In other words, the provision of a predetermined amount of
refrigerant (versus "over-charging” or "under-charging” or loss of refrigerant over time) can
adversely affect efficient operation of the heat exchanger, and the refrigerant system.

[0016] Because of the relatively small ratio of manifold or header cross sectional area to tube
cross sectional area and manifold header to overall system capacity in the current state of the
art heat exchangers, there is typically insufficient refrigerant holding charge in a conventional
condenser having "micro- channel” tubes. Without the use of an additional component called a
refrigerant receiver, the refrigeration system is thus said to be “critically charged”. That Is, a
very small addition of refrigerant to the system may cause the condenser to "back up” with
refrigerant inside the "micro-channel” tubes, thus reducing the amount of heat transfer surface,
thereby Increasing the condensing pressure (causing loss of system capacity and/or higher
energy consumption). On the other hand, a loss of refrigerant or under-charge in a critically
charged system can cause the evaporator to have insufficient refrigerant, resulting in reduced
evaporator temperatures, which in turn results in loss of refrigeration capacity, and/or higher
energy use, and/or potential freezing of water condensate on the air coil, (or water being
cooled Inside a refrigerant-to-water type evaporator). In some cases, the low evaporator
temperatures result in system safety shut-down or possible evaporator rupture/failure. Thus, In
the state of the art heat exchanger constructions or designs having "micro-channel” tubes, also
referred to as "micro-channel” heat exchangers, users have discovered, when applied to
typical HVAC&R equipment and system designs, there exists a narrow range of refrigerant
volume (refrigerant charge) for a particular refrigerant system, in which If the refrigerant
volume Is outside of the range of refrigerant volume, that is, too much or too little refrigerant
charge, can result in unexpected or adverse operations of the system, or possibly system
failure.

The invention provides a heat exchanger as defined in the appended claims.

[0017] The heat exchanger has an inlet provided In the first manifold and an outlet provided In
the second manifold. The second manifold has a liquid baffle to create a first chamber and a
second chamber. An opening Is provided proximate the liquid baffle, with the opening
extending from the first chamber to the second chamber. The baffle and opening are
dimensioned to allow only refrigerant liquid to pass through the opening, whereby any gas
accumulation in the second chamber is trapped and eventually condensed, and not allowed to
pass through the opening. The baffle allows the second manifold to behave as a miniature
receiver, allowing excess refrigerant to continually accumulate in the second manifold. This
accumulation of refrigerant provides additional heat transfer surface for condensing, whereby a
refrigeration system to which the heat exchanger is attached attains higher energy efficiency at
partially loaded conditions. The baffle also blocks most of the second manifold except the
narrow opening at the bottom of the second manifold, thereby creating two chambers In the
second manifold, the first chamber serves as a refrigerant receiver and the second chamber
serves as a transition chamber and passage to and from a refrigerant connection. The baffle
opening can be sized to induce a small pressure drop (1.e..25 psig), up to a high pressure drop
(15 psig), to counteract any effects of external refrigerant piping, to assure residual gas
condensing In the receiver, and In evaporators, serve as an entrance orifice for better
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refrigerant acceleration and liquid/gas mixing.

[0018] Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction with the
accompanying drawings which illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 1s a diagrammatic view of an exemplary vapor compression system in which a heat
exchanger of the present invention Is used.

FIG. 2 Is a perspective view of an exemplary heat exchanger of FIG. 1.

FIG. 3 Is a cross-sectional view of a manifold with a tube positioned therein of an exemplary
heat exchanger of FIG. 2.

FIG. 4 1s a cross-sectional view of a tube of the heat exchanger showing openings which
extend through the length of the tube.

FIG. 5 Is a cross-sectional view of a manifold showing a liquid baffle and opening provided
therein.

FIG. 6 1s a cross-sectional view of the manifold, taken along line 6-6 of FIG. 2, showing a first
chamber and a second chamber.

DETAILED DESCRIPTION OF THE EMBODIMENT SHOWN

[0020] Referring to FIGS. 1 and 2, a vapor compression system 2, such as a refrigeration
system, Is Illustrated in which compressed refrigerant vapor is conveyed to an inlet 12 of a heat
exchanger 8, such as an aluminum heat exchanger of brazed construction, also referred to as
an air cooled condenser. Other suitable materials may be used to construct the heat
exchanger. The inlet 12 Is also known as the "hot side"” or "pressure side"” of the refrigeration
system. The condenser typically uses air (provided at a temperature that is less than the
refrigerant condensing temperature) flowing between and/or across fins 16 positioned between
tubes 14 to cool and condense the refrigerant contained inside the tubes to a liquid state. The
liquid Is then conveyed to a control valve 18 which regulates the flow of refrigerant to an
evaporator (also known as the "cold side"” or "low pressure side"”) of the refrigeration system,
whereby the refrigerant pressure Is reduced across the control valve 18 and conveyed to the
evaporator to provide a reduced temperature for cooling air or fluid, also referred to as a
working fluid. In an evaporator version of a brazed heat exchanger 8, the refrigerant enters the



DK/EP 2399089 13

evaporator in a predominantly liquid state and is evaporated inside the heat exchanger 8 as
heat Is transferred from the working fluid to the refrigerant. The vapor refrigerant exits the
evaporator and Is delivered to a compressor 22 which then compresses the vapor to an
Increased pressure level to be conveyed to the condenser, thus completing the refrigeration
cycle.

[0021] In one embodiment of the present disclosure, such as shown In FIGS. 2 - 6, the heat
exchanger 8 may have tubes 14, sometimes referred to as "micro-channel” tubes, and
manifolds or headers 24 connected to the tubes 14, such as by brazing. This type of heat
exchanger 8 is sometime referred to as a "micro-channel” heat exchanger. In an exemplary
embodiment, such as shown in FIG. 4, each tube 14 may have a plurality of ports or openings
26 formed therein to convey fluid between opposed manifolds or headers 24. As further shown
N FIG. 4, the openings 26 may be substantially evenly spaced in a single row and may be of
uniform size, and the tube 14 that contains the openings may be substantially flat.

[0022] As shown In FIG. 4, for example, the tubes 14 may have exterior transverse dimensions
of about 0.020 inch In thickness by about 4 inch in width (about 0.51 mm In thickness by about
100 mm In width). Referring again to FIGS. 2-6, fins 16, such as folded fins (for example,
rippled or louvered) may be provided which extend between the tubes 14. In one embodiment
the fins 16 may be integrally brazed between the tubes 14, and in a further embodiment, the
tube ends may be brazed into a manifold or header 24, at each end of the arrangement of
tubes 14. The manifolds or headers 24 maybe configured to allow refrigerant or fluid to flow
INto one or more tubes 14 positioned In parallel between the manifolds 24. In an alternate
embodiment, baffles or partitions (not shown) may be positioned In at least one of the
manifolds 24, defining multi-pass configurations whereby fluid entering a first header 24a may
be directed to selectably flow from the first header through a predetermined number of tubes
14 to a second header 24b, returning through yet another predetermined number of tubes 14
to the first header 24a, the flow pattern between the headers 24 repeating, until the fluid has
been directed through all of the tubes 14 between the first and second manifolds 24a, 24b
prior to exiting the heat exchanger 8. Multi-pass systems may include any of 2, 3, 4, 5, 6 or
more refrigerant/fluid passes through the arrangement of tubes 14. For example, In an
exemplary embodiment of a heat exchanger 8 having a grouping or arrangement of 30 tubes
14 and situated partitions in the manifolds, the first ten of the grouping of tubes could define a
first fluid pass, the second ten of the grouping of tubes could define a second pass and the
remaining ten of the grouping of tubes could define a third pass.

[0023] In other embodiments, the openings 26 may be unevenly spaced in one or more rows,
Including a random arrangement of openings, with the openings 26 being circular or non-
circular and with openings 26 that may vary in size and/or shape along the length of the tube
14. In a further embodiment, the openings 26 may be formed in different sizes and shapes
within the same tube 14. In yet further embodiments, the cross sectional area of one or more
of the tubes 14 and/or openings 26 may vary along the length of the tubes 14. Further, the
tube 14 1s not constrained to a substantially flat construction. Finally, the relative size of the
openings 26 are not Iimited as shown In FIG. 4, that I1s, the cross-sectional area of the
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openings 26 may range from less than the equivalent cross-sectional area of a circular
opening having a diameter of 0.001 inches to greater than the equivalent cross-sectional area
of a circular opening having a diameter of at least .090 inches or more, depending upon
application and the desired pressures, fluid flow rates, working fluids and other operating
parameters or conditions.

[0024] Referring to FIGS. 1 through 6, the heat exchanger 8 Is configured for use with a
refrigeration system. As discussed, the heat exchanger 8 has an iInlet 12, upper manifold
header 24a, tubes 14, such as "micro-channel tubes” fins 16, a lower manifold or
header/receiver 24b, an outlet 29, liquid baffle 30, and an opening or orifice 32 created by the
baffle between the liquid baffle 30 and the lower manifold or header/receiver 24b.

[0025] The heat exchanger 8 can be configured to operate properly at low refrigerant pressure
drops or high pressure drops, depending upon the tube opening 26 sizes selected in the tubes
14. The heat exchanger 8 causes only a low pressure drop In the upper header 24a. The
amount of pressure drop can be modified to optimize performance. Pressure drop selection
may be accomplished by selecting one of several micro-channel tubes 14 with different
opening 26 sizes and configurations. These tube options and selections can take Iin account
the device response to gravity, or non-response to gravity, or response due to capillary effects,
depending upon the refrigerant type used and its surface tension which holds refrigerant inside
the tube ports.

[0026] The manifold headers 24 are enlarged to a ratio of manifold 24 to tube 14 size and/or
manifold 24 to tube opening 26 cross sectional area, greater than current state of the art, a
larger ratio demonstrated to yield extremely low pressure drops and effects of pressure drop In
the manifold and tube combination.

[0027] VWWhen used as a condenser and/or evaporator, the manifold headers 24 are enlarged
and applied to a ratio related to mass flow capacity of header 24 to the tube 14 flow capacity,
and ratio of manifold or header 24 to tube pressure drop, such that the manifold or header 24
has minimal or negligible maldistribution effect in feeding refrigerant to the tubes 14, and thus
Improving overall heat exchanger performance. Further, the tubes 14 are configured as single
pass, vertical, such that refrigerant flow is influenced (or not) by gravity and/or caplillary effects
within the tubes, as previously stated. Thus, when used as a condenser, condensed refrigerant
liguid can accumulate in the lower manifold header 24b, and not back up into the tubes 14.

[0028] There i1s no Internal baffing to redirect refrigerant into multi-passes, and thus
unpredictability 1s generally eliminated or minimized, regardless of heat exchanger size or
configuration, as was a major issue with the prior art. The Iimits or effects of the upper manifold
header 24a, tubes 14 and lower manifold header 24b govern the predictability of the device
and provides for improved ability to control and thermodynamically model the end result.
Furthermore, substantial non-blockage of the manifold and positioning of the tubes away from

the center of the manifold reduced compressor oill entrapment and oil return back to the
compressor.
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[0029] VWhen used as a condenser, with the tubes 14 oriented substantially vertically, and the
upper manifold header 24a sized to a ratio larger than previous industry practice, and/or to a
ratio capacity of the tubes 14 to upper manifold header 24a larger than previous industry
practice, the lower manifold header 24b can be configured to behave as a miniature receiver
by Insertion of a baffle 34, into the lower manifold header 24b at a specific location and
method. The use of the lower manifold header 24b as a miniature receiver adds significant
refrigerant charge holding capacity and allows the refrigerant charge level to fluctuate inside
the lower manifold header 24b due to the baffle at the liquid exit area, thereby increasing the
range or breadth of critical charge, whereby refrigerant charge level (excess charge or loss of
charge within a range) would have virtually no effect on system performance. Further, by
allowing excess refrigerant to continually accumulate in the lower manifold header 24b,
additional heat transfer surface iIs available for condensing and the refrigeration system 2
attains higher energy efficiency at part-load conditions.

[0030] Referring to FIG. 6, the liquid baffle 30 Iin the lower manifold 24b is typically located In
close proximity (but not necessarily), to the refrigeration connection such that two chambers
36, 38 are created, the first chamber 36 to serve as a refrigerant receiver (on left) and the
second chamber 38 (on right) to serve as a transition chamber and passage to and from the
refrigerant connection. The liquid baffle 30 i1s typically located either before the first vertical
tube or after the first tube, depending upon the mass flow rate and minimal pressure drop
effect of the transition chamber. The function of the liquid baffle 30 Is to provide almost
complete blockage of the lower manifold 24b, such that the baffle 30 blocks most of the
manifold 24b except a narrow location at the bottom of the manifold. This narrow opening Is
referred to as the orifice 32.

[0031] When the heat exchanger i1s used as a condenser, the liquid baffle 30 functions such
that liquid refrigerant, having been condensed In the vertical tubes 14 and upon exiting the
tubes accumulates in the receiver chamber section 36 of the manifold 24b. The liquid level In
this receiver chamber 36 will fluctuate, based on refrigerant use rate, due to overall
refrigeration load. The liquid levels will iIncrease when the refrigeration system load is less than
maximum and not requiring as much refrigerant, and will decrease with increased refrigeration
load. The liquid levels will also vary based on overall refrigerant charge level for the system.
Thus, the receiver chamber 36 acts as a receiver or holding tank to hold excess refrigerant
when not in use by the system 2 at various times.

[0032] Refrigerant in the receiver chamber 36 1s also flowing continuously out of chamber 36,
through the orifice 32, and into the second transition chamber 38. Due to the location of the
orifice 32 In the lower portion of the baffle 30 in the manifold 24b, only refrigerant liquid may
pass through the orifice 32, and any gas accumulation in the receiver chamber 36 Is trapped
and not allowed to pass. The fluid trap serves to prevent gas from leaving the condenser,
which Is undesirable and could cause system operating problems.

[0033] A second feature of the orifice 32 Is that its cross sectional area (orifice size) iIs
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determined based the maximum mass flow rate of the system. The orifice size Is also selected
based on a desired pressure drop across the orifice 32. The orifice size can be selected to
have negligible or small pressure drop (1.e..25 psig), up to a high pressure drop (15 psig), to
counteract any effects of external refrigerant piping and to assure residual gas condensing In
the receiver. In evaporators, the opening can be sized serve as an entrance orifice for better
refrigerant acceleration and liquid/gas mixing.

[0034] VWhen the heat exchanger 8 I1s used as an evaporator, where liquid/gas refrigerant
mixture enters the heat exchanger 8 via the lower connection and manifold 24b, prior to
entering the vertical tubes 14. In an exemplary embodiment, the liquid baffle 30 and orifice 32
has little or no effect on the system 2 operation, based on proper orifice sizing and pressure
drop effects. In such an embodiment, the heat exchanger allows controlled refrigerant flow In
both directions such that the liquid baffle 30 and its orifice 32 can work in both condensing and
evaporator modes required for heat pump systems.

[0035] In a further embodiment, by specific insertion of the liquid baffle 30 into the outlet area
of the lower manifold 24b, only refrigerant liquid located near the at lowest point in the lower
header 24b i1s allowed to flow under the baffle 30, creating a continuous liquid seal, thereby
blocking any unwanted gas which might otherwise flow into the liquid return line to the system
2. This combination baffle 30 and resulting orifice 32 essentially forms the function of a "P" trap
to assure only liquid flow, and no gas flow Iinto the liquid line. The baffle/orifice 30, 32
combination also allows the refrigerant level in the lower manifold header 24b to fluctuate, rise
and fall, with system operation or refrigerant charge level. This feature accommodates typical
changes in mass flow rate during system operation and changing refrigeration load, or, loss of
refrigerant, or, over-charge of refrigerant in the system. The baffle/orifice 30, 32 or tube 24
arrangement also eliminates an alternative use of "P" traps In the refrigeration piping, and
reduces or eliminates the use or need of an external receiver tank on or below the heat
exchanger 8, or eliminates or reduces the size of a receiver (refrigerant storage tank) that
might be employed in some systems. Thus, the baffle 30 converts the lower manifold header
24b Into a miniature receiver, while allowing refrigerant condensing and subsequent refrigerant
sub-cooling to occur at lower pressures and temperatures within the tubes 14 and lower
header 24b. This multi-benefit, multi-feature aspect of the lower manifold header 24b,
combined with the low pressure drop characteristics of the upper manifold header 24a is
believed to be novel and unique.

[0036] Industry practices In conventional automotive type systems have a typical 1:1 to 1:1.15
ratio of tube width to manifold internal diameter. This allows the tube insertion into the manifold
and use of the interior of the manifold as a tube stop. In addition, there i1s typically a blockage
of 40 percent to 50 percent of the functional cross section area of the manifold, thereby making
the "effective cross sectional ratio” (tube width to effective manifold cross sectional diameter) to
be In a typical range of 1.298 to 1.82 ratio of tube width with respect to the effective manifold
diameter.

[0037] In this disclosure, the effective cross sectional ratio i1s less than 1:1.20 and typically
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somewhere between about 1:0.90 to about 1.18, but could be applied effectively below 1.18
effective cross sectional ratio, and effectively applied below 1:0.90 effective cross sectional
ratio. (Generally, the lower the ratio, the better the positive effects). Stated in another way for
comparison, the effective cross sectional area of the manifold header In this disclosure is
somewhere between about 1.66 to about 3.05 times larger than typical prior industry practice.
The significance of these ratios Is not apparent until various heat exchanger sizes and typical
application of HVAC heat exchangers are tested and modeled. Depending upon the application
and mass flow rate in the manifold headers, the heat exchanger of the present disclosure has
a significantly lower pressure drop in the manifold and the port size or port geometries and
pressure drops of the tubes have less effect on mal-distribution, and thus, reduces the effect of
the manifold on the overall performance of the heat exchanger, and allows for a wider variety
of tube port diameters and designs. Furthermore, as the manifold length is increased, the
Importance of this inter-relation with the tubes increases, and in thus, the heat exchanger size,
efficiency and capacity can be increased.

[0038] Depending upon the geometries and (smooth or non-smooth, I.e., intermittent tube
Interruptions or protrusions) interior of the manifold, for a prior art condenser, a typical rule of
range for refrigerant gas flow in a manifold is a maximum 12 to 22 tons per square inch (165 to
303 mPA) (36 to 66 Ibs per minute mass flow per square inch) (2.53 to 4.64 kg per minute
mass flow rate per square cm) of cross section area for R22 at 110 degrees F (43°C)
condensing temperature. For a prior art evaporator, this typical range for refrigerant flow in a
manifold 1s a maximum of 10 to 15 tons per square inch (138 - 207 mPA) (30 to 45 Ibs per
minute mass flow rate per square inch) (2.11 to 3.16 kg per minute mass flow rate per square
cm) of cross sectional area for R22 at 35 degrees F (1.7°C) evaporating temperature. This
maximum mass flow rate range(s) Is higher for high pressure refrigerants such as R410a and
much lower for low pressure which would involve operating refrigerants such as R134a, and
directly related to gas density at the operating pressures of any refrigerant. Typical industry
practice, within the above-referenced guidelines, a 1.15 inch (2.92 mm) internal diameter
manifold with 50 percent typical blockage would have a maximum effective capacity of 6 to 10
tons using R22 as a condenser, and 5 to 7.5 tons using R22 as an evaporator. In contrast, the
heat exchanger of the present disclosure would have a maximum effective capacity of
somewhere between about 16 to about 28 tons when using R22 as a condenser and
somewhere between about 10 to about 20 tons when using R22 as an evaporator, depending
upon manifold length and operating design conditions. Since pressure drop is exponential with
regards to mass flow rate, this mass flow ratio of somewhere between about 1.66 to about 2.0
IS somewhere between about 2.0 to about 2.66 times higher than previous designs. The heat
exchanger of the present disclosure translates into 2.7 times to 7.1 times lower manifold
pressure drop, depending upon the internal manifold geometries and desired mass flow rates.
This lower pressure drop affects how tubes 14 are evenly fed refrigerant sequentially, in line,
as the refrigerant flows through the manifold 24 (between 24a and 24b)and reduces the need
to Insert tubes having higher pressure drops to counteract the effects of the manifold 24a
pressure drop. Thus, the upper manifold pressure drop of the heat exchanger of the present
disclosure, as related to the tubes, mass flow rates, operating conditions and design
conditions, yields new performance characteristics for this type of heat exchanger and allows
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for a much broader range of HVAC&R applications.

[0039] Although other ratios can be used to define the novelty of the heat exchanger 8 of the
present disclosure, the one(s) chosen are believed to best reflect the overall mechanical
structures, and defined differences with industry practices, without integrating the complex
effects of variables such as mass flow rate, refrigerant CFM, tube protrusion effects into the
manifold, gas distribution, capillary effects within tubes, heat exchanger tube orientation and
other system operating variables.

[0040] The effects of refrigerant mal-distribution in a condenser, induced by the upper header
24a or multi-pass configuration, can reduce the heat exchanger capacity and reduce the
overall system energy efficiency. By reducing the amount of lower manifold pressure drop, as
well as associated lower pressure drop ratios in regards to the mass flow rate capacity of the
tubes 14 and number of tubes 14 required, the heat exchanger 8 of the present disclosure
minimizes the effect of the manifold header 24 on system 2 associated with reductions of heat
exchanger 8 performance.

[0041] In an evaporator configuration, whereby the refrigerant enters the lower manifold 24b of
the heat exchanger 8, flows and evaporate up the tubes 14 prior to entering the upper
manifold header 24a (opposite flow direction of the refrigerant as compared to the condenser),
the pressure drops induced by the tubes 14 and upper manifold 24a are more significant In
causing mal-distribution of refrigerant entering the tubes 14 and effecting the evaporating
temperature in the tubes 14, thus creating greater problems and loss of heat exchanger
capacity In several ways. System capacity loss and/or proper evaporator operating
temperature I1s a critical design issue(s), and the tubes 14 must also have relatively low
pressure drop of typically somewhere between about 0.1 psi to about 5 psi, depending upon
the refrigerant and operating conditions. Thus the upper manifold header 24a affects mal-
distribution In the tubes 14 and evaporation temperatures and the heat exchanger 8 of the
present invention, related to the tube to manifold ratios widens the application range for
evaporators.

[0042] In addition, In an evaporator configuration, the lower manifold 24b has an even greater
effect of mal-distribution or overfeed of refrigerant in one tube 14 or groups of tubes 14. An
overfeed factor of somewhere between about 1.05 to about 1.10 In one or multiple tubes can
have a devastating loss of heat exchanger capacity due to incomplete boiling of the refrigerant
In those tubes and the limited heat transfer capacity of each tube. Since an evaporator Is
typically controlled by a thermal expansion valve that adjusts refrigerant flow to the heat
exchanger based on outlet superheated gas temperature, when maldistribution occurs (and
overfeed of one or more tubes occurs), the thermal expansion valve will measure a lower
superheated gas temperature (due to overfed refrigerant evaporating in the upper manifold
header, thereby reducing superheat temperatures leaving the heat exchanger). VWhen a lower
than set point superheat temperature i1s measured by the thermal expansion valve, the device
controls are configured to close the valve until the superheat temperature iIs achieved. This
valve closure essentially reduces the heat transfer rate (capacity) of the evaporator heat
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exchanger. Thus, mal-distribution (overfeed) of refrigerant to one or more tubes will induce the
valve to close, thereby reducing the heat exchanger performance. The lower manifold (5) and
its ratios can play a significant role in reducing or eliminating the refrigerant mal-distribution.

[0043] When used In a heat pump application, whereby the heat exchanger 8 operates In
condenser mode, and at other times In evaporator mode, this invention accommodates all the
above Issues, except for mal-distribution of refrigerant in the lower header in evaporator mode.
In addition, the lower manifold's liquid baffle 30 and receiver feature, which functions in the
condenser mode, can be operated in the evaporator mode as well. This Is a very unique and
novel feature; that is, for a built-in receiver to be capable of reverse cycling with virtually no
adverse effect on system performance, while simultaneously not requiring bypass valves
(formerly need to circumvent or to "pipe"” around the receiver).

[0044] This invention described herein and shown In FIGS. 1-6, reveals new and existing
components, in combination, working in conjunction with refrigeration systems to solve issues
InN the use of brazed micro-channel heat exchangers In HVAC&R applications. One
embodiment Is directed to a brazed heat exchanger configuration for air (or vapor) to
refrigerant applications such that 1) the refrigerant tubes are configured for a single pass,
substantially vertical orientation; 1) the refrigerant tubes can have various internal port sizes; i)
refrigerant manifold headers are enlarged and unrestricted to obtain low entrance pressure
drop and other characteristics Iin relation to the tubes, Iv) the enlarged manifold headers
providing refrigerant holding capacity, and v) a baffle/orifice (or tube) can be located near the
refrigerant outlet to retain a sufficient amount of liquid refrigerant so as to provide a "back up”
preventing gas from entering the leaving refrigerant connection and to induce other desirable
operating characteristics. In alternate embodiments, different combinations of the features i)
through v) may be employed. Regardless of the particular embodiment, the invention iIs
Intended to achieve new results as a refrigeration condenser and/or evaporator, and/or heat
pump heat exchanger.

[0045] It may be desirable to provide a lower pressure drop manifold header in relationship to
mass flow rate of the application, in conjunction with nominal pressure drops induced by the
tubes, In conjunction with liquid refrigerant holding capacity, combined with a baffle/orifice (or
tube) to provide substantially only liquid flow from the condenser, and optional back-pressure
at the condenser outlet. This overall device characteristic may be applied to a broad range
application of heat exchangers In HVAC&R systems, such as brazed aluminum heat
exchangers, and can be used over an extremely wide range of design and real world operating
conditions and capable of being used with various refrigerants, such as previously mentioned,
Including applications as a condenser and/or evaporator, with heat pump applications where
the heat exchanger operates in condenser mode (for heating), and then in evaporator mode
(for cooling).

[0046] The prior art focused on smaller automotive designs, where pressure drops In
manifolds were tolerated and tube pressure drops were compensated by multi-passing thru the
heat exchanger. These automotive designs would not have discovered nor needed a more
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significant relationship with the manifold and tube pressure drop interactions, until larger heat
exchangers 2X to SOX larger in both physical size and refrigerant mass flow rate, were needed
for HVAC/R applications.

[0047] While the Invention has been described with reference to a preferred embodiment, it will
be understood by those skilled in the art that various changes may be made within the scope
of the appended independent claim.
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PATENTKRAV

1. Varmeveksler (8), der optimerer varmevekslerkapaciteten, hvilken

varmeveksler (8) omfatter:

en forste fordeler (24a), der er en gvre fordeler (24a);

en anden fordeler (24b), der er en nedre fordeler (24b);

en vaeskebaffel (30) tilvejebragt i den anden fordeler (24b), hvilken baffel (30)
blokerer det meste af den anden fordeler (24b) bortset fra en snasver abning (32)

ved bunden af den anden fordeler (24b), hvorved der frembringes et f@rste kammer
(36) og et andet kammer (38) | den anden fordeler (24b),

hvor abningen (32) straekker sig fra det farste kammer (36) til det andet
kammer (38), hvor vaeskebaflen gar det muligt for den anden fordeler (24b) at
fungere som en miniaturemodtager, der ger det muligt for overskydende kalevaeske

kontinuerligt at akkumuleres | den anden fordeler (24b); og

vertikalt orienterede rar (14), der straekker sig | fluidforbindelse mellem den

ferste fordeler (24a) og den anden fordeler (24b);

hvor et effektivt tvaersnitsforhold, dvs. et forhold mellem rarbredden og den

effektive tvaersnitsdiameter af den farste fordeler (24b) er mindre end 1,20;

hvor varmeveksleren (8) kan fungere | enten en kondensatorfunktion eller en

fordamperfunktion;

hvor varmeveksleren (8) har et indlab (12) tilvejebragt | den ferste fordeler
(24a) og et udlab (29) tilvejebragt | den anden fordeler (24b);

hvor vaeskebaflen (30) og abningen (32) er konfigureret og placeret til kun at

lade kalevaeske passere gennem abningen (32),

hvorved en hvilken som helst gasakkumulering 1 det andet kammer (33) er
fanget og ikke far lov til at passere gennem abningen (32); kendetegnet ved, at de
vertikalt orienterede rar (14) er anbragt | en enkeltpassagekonfiguration; og ved, at

indlabet (12) og udlagbet (29) er pa den samme side af varmeveksleren.

2. Varmeveksler (8) ifalge krav 1, hvor talrige abninger (26) er tilvejebragt |

hvert rar (14), abningerne (26) forleenger laengden af rarene (14) og er enten:
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| alt vaesentligt placeret med ens afstand | en enkelt raekke og er af ensartet

starrelse; eller

placeret med uens afstand | en eller flere raekker af forskellig starrelse eller

form.

3. Varmeveksler (8) ifelge krav 1, hvor k@lemidlet traekkes Ind | rarene (14)

fra en lavest vertikal del af den anden fordeler (24Db).

4. Varmeveksler ifglge krav 1, hvor varmeveksleren (8) er | stand til fungere
| enten kondensatorfunktionen eller fordamperfunktionen, mens der samtidigt ikke

er kreevet omledningsventiler for at omga modtageren.

5. Varmeveksler (8) Ifelge krav 1, hvor det effektive tvaersnitsforhold er

mellem ca. 0,90 til ca. 1,18.

6. Varmeveksler (8) Ifalge krav 1, hvor det effektive tvaersnitsforhold er

mindre end 1,18.

7. Varmeveksler (8) Ifelge krav 1, hvor det effektive tvaersnitsforhold er
mindre end 0,90.
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