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(57) Abstract: A device and method for enhancing the flow of coolant through an EGR cooler, are described. The device includes a
housing or tank having an interior space with a fluid inlet for receiving coolant and a fluid outlet for releasing coolant from the in-
terior space. A series of angled battles in a parallel arrangement are positioned within the interior of the housing from the fluid inlet
to the fluid outlet. The batfles extend into a flow path of the coolant redirecting a portion of the flow path above and below the
baffles as the coolant passes through the housing. A plurality of tubes or conduit are positioned adjacent the baffles, detining an ex-
haust gas flow pathway through the housing.
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EGR COOLER AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Patent Application Serial No.
61/444,818 filed on February 21, 2011.

TECHNICAL FIELD

[0002] The present device and method relates to a heat exchanger for use in internal
combustion engines. Particularly, the present device and method relates to an exhaust gas
recirculation (EGR) cooler having a fluid flow baffle arrangement for use in enhancing the
coolant flow through the EGR cooler for more effective reduction of the exhaust gas temperature

and reducing the production of NOy in the exhaust stream.

BACKGROUND

[0003] Diesel engines are efficient, durable and economical. Diesel exhaust, however, can
harm both the environment and people. To reduce this harm, governments, such as the United
States and the European Union, have proposed stricter diesel exhaust emission regulations.

These environmental regulations require diesel engines to meet the same pollution emission
standards as gasoline engines. Typically, to meet such regulations and standards, diesel engine
systems require equipment additions and modifications.

[0004] For example, a lean burning engine provides improved fuel efficiency by operating
with an amount of oxygen in excess of the amount necessary for complete combustion of the
fuel. Such engines are said to run “lean” or on a “lean mixture.” However, the increase in fuel
efficiency is offset by the creation of undesirable pollution emissions in the form of nitrogen
oxides (NOy). Nitrogen oxide emissions are regulated through regular emission testing
requirements.

[0005] Many internal combustion engines use an exhaust gas recirculation (EGR) system to
reduce the production of NOy during the combustion process in the cylinders. EGR systems
typically divert a portion of the exhaust gases exiting the cylinders for mixing with

intake air. The exhaust gas generally lowers the combustion temperature of the fuel below the

temperature where nitrogen combines with oxygen to form NOx. EGR systems have an EGR
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cooler or heat exchanger that reduces the temperature of the exhaust gases. Generally, more
exhaust gas can be mixed with the intake air when the exhaust gas temperature is lower.
Additional exhaust gases in the intake air may further reduce the amount of NOy produced by the
engine.

[0006] EGR coolers typically use coolant from the engine’s cooling system to reduce the
temperature of the exhaust gases. The coolant may be water, an antifreeze fluid such as ethylene
glycol, a combination thereof, or the like. The EGR cooler is connected to another engine
component in series so that the same coolant flows through the other component and then the
EGR cooler in sequence. In some internal combustion engines, the coolant flows sequentially
from the coolant pump through the crankcase, through an oil cooler prior, and then through the
EGR cooler. The coolant usually flows from the EGR cooler into the cylinder head, where it
combines with coolant from the crankcase for return to the coolant pump.

[0007] Coolant circulating in the engine cooling loop has already absorbed combustion heat
from the engine when it arrives at the EGR cooler. In the EGR cooler, additional heat is
transferred to the coolant from the exhaust gas. Therefore, it is important that the coolant flow
through the EGR cooler effectively. Typically, a plurality of vertical baffles are positioned
within the interior of the EGR cooler (FIG. 1 — prior art). The baffles direct the flow of the
coolant, which enhances thermal performance. However, this baffling approach, while
enhancing the thermal performance, does so at the cost of higher coolant flow pressure drop
across the cooler, and leaves small flow recirculation behind each baffle.

[0008] Therefore, it would be advantageous to provide a baffle arrangement within the EGR
cooler that offers improved flow distribution for efficient thermal performance while maintaining

relatively low pressure drop through the cooler.

SUMMARY

[0009] There is disclosed herein a device and method, cach of which avoids the
disadvantages of prior devices and methods while affording additional operating advantages.
[0010] An EGR cooler having a baffle arrangement resulting in an improved coolant flow
pattern for use in reducing the production of NOy in an exhaust stream, is described and claimed.
[0011] In an embodiment, a heat exchanger for use in reducing the production of NOy in an

exhaust stream, is described. The heat exchanger comprises a tank having an interior space, an
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inlet for receiving a cooling fluid into the interior space, an outlet for releasing the cooling fluid
from the interior space, a plurality of angled baffles having a parallel arrangement and disposed
in a longitudinal direction within the interior space from the inlet to the outlet; and, a conduit for
directing the flow of the exhaust stream through the interior space, wherein the conduit is
positioned in close proximity to the baffles.

[0012] In an embodiment, the baffles in a series of graduated heights, are positioned within
the fluid flow path from the inlet to the outlet for directing the fluid flow path around and
between the baffles.

[0013] A method for directing coolant fluid flow distribution through an EGR cooler
apparatus, is disclosed. The method comprises the steps of providing a housing having an
interior space with a fluid inlet and an opposing fluid outlet, positioning in a parallel arrangement
a plurality of angled baffles within the interior space of the housing from the inlet to the outlet,
creating an exhaust flow path within the interior of the housing and in close proximity to the
baffles, and, flowing a coolant through the interior of the housing from the inlet to the outlet,
wherein the coolant cools the exhaust flow through the exhaust flow path.

[0014] These and other aspects of the present device and method may be understood more

readily from the following description and the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a side view of an EGR cooler showing a prior art embodiment of a coolant
flow baffle arrangement;

[0016] FIG. 2 is a side view of an EGR cooler having an embodiment of the present coolant
flow baffle arrangement;

[0017] FIG. 3 is a side view of an EGR cooler having an embodiment of the present coolant
flow baffle arrangement illustrating a proposed coolant flow geometry;

[0018] FIG. 4 is a side view of an EGR cooler having an embodiment of the present coolant
flow baffle arrangement with lines A-A; and,

[0019] FIG. 5 is a top view of the EGR cooler of FIG. 4 along lines A-A;

[0020] FIG. 6 is a side view of an EGR cooler showing a another embodiment of the present

coolant flow baffle arrangement; and,



WO 2012/115799 PCT/US2012/024622

[0021] FIG. 7 is a side view of an EGR cooler having the embodiment of the present coolant

flow baffle arrangement of FIG. 6, illustrating a proposed coolant flow geometry.

DETAILED DESCRIPTION

[0022] Referring to FIGS. 2-7, there is illustrated an EGR cooler or heat exchanger,
generally designated 10, having an angled baffle arrangement 20 for directing the flow of a
cooling fluid through the EGR cooler. As generally know, exhaust flow enters into the EGR
cooler from the exhaust manifold (not shown) near the turbocharger (not shown) of an engine
(not shown). The EGR cooler 10 cools the hot exhaust gases to a temperature that will not
adversely impact combustion efficiency. The cooled gases are returned to the intake manifold
(not shown) through an EGR valve (not shown), which opens and closes based on operating
conditions. The EGR cooler 10 diminishes the amount of NOy in the exhaust stream.

[0023] As shown in FIG. 2, the cooler comprises a housing or tank 12 having an interior
space 14, an inlet 16 for receiving a cooling fluid into the interior space, an outlet 18 for
releasing the cooling fluid from the interior space. The tank 12 can have any suitable shape
depending on vehicle requirements, but is typically elongated, having a length sufficient for
adequate fluid flow and heat dissipation from the exhaust stream.

[0024] Positioned within the interior space 14 of the tank 12 is a plurality of baffles 20. As
noted in FIG. 1, EGR coolers 10 are usually equipped with baffles that whip the coolant flow
back and forth as the coolant flows through the tank 12 from the inlet 16 to the outlet 18. As
shown in FIG. 2, the baffle arrangement 20 useful in the present application is positioned angled
and parallel. While the baffles 20 can be positioned anywhere within the interior space 14 of the
tank 12, the arraignment of the present disclosure is to have the baffles disposed in a longitudinal
direction within the interior space from the inlet 16 to the outlet 18. In this manner, the flow of
coolant comes in contact with an influence of the baftles through the entire length of the tank 12.
[0025] Prior baffle arrangements provided the baffles in a vertical configuration (FIG. 1).
However, this arrangement resulted in a high coolant flow pressure drop across the cooler 10. In
the present baffle arrangement, the baffles 20 are positioned at an angle, and specifically, the
baffles angle in the direction of the coolant flow. As shown in FIG. 3, the angled positioning of

the baffles 20 results in enhanced flow above and below the baffles, thereby avoiding the high
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flow pressure drop and flow recirculation left behind in the prior art vertical baffle arrangement
(FIG. 1).

[0026] As shown in FIG. 2, determining the height and positioning of the baffles 20 is based
on the distance from the coolant inlet 16 to the coolant outlet 18.  FIG. 2 shows a top reference
line 22 and a bottom reference line 24, both of which are used to determine the proper position
and height of the baffles. The reference line 22 extends from the coolant inlet 16 to the coolant
outlet 18. It is the slope of the top reference line 22 and bottom reference line 24 that determines
the height and position of the baffles 20. In addition, the height of the baffles can vary. For
example, in one embodiment, the height of the baffles 20 decreases from the coolant inlet 16 to
the coolant outlet 18. The positioning of the baffles and change in height through the cooler 10
provides a desired coolant flow geometry (FIG. 3), which results in both good flow distribution
while maintaining relatively low pressure drop across the tank. Optimization of the height and
angle of the baffles 20 can be determined using computational fluid dynamics (CFD).

[0027] In addition to the plurality of angled baffles positioned longitudinally across the
interior of the tank 12, there is at least one vertically positioned entry baffle 26 located at the
coolant inlet 16. This entry baffle 26 directs the initial flow of the coolant entering the tank 12 in
a downward path (waterfall-like effect) toward the bottom surface of the tank. In this manner,
the coolant flow can be directed to paths (F) both above and below the angled baffles 20. In
addition, the entry baffle 26 is located in such a manner as to permit a small “leak path” (L)
around the top of the baffle from the inlet 16 (FIG. 3). This is to eliminate stagnant flow region
behind the entry baffle 26. In this alternate flow pattern, the coolant flows throughout the
majority of the interior space 14 of the tank resulting in the desired coolant flow geometry
providing enhanced heat exchange between the exhaust flow and the coolant.  As shown in
FIG. 2, the entry baffle 26 also provides a reference point 28, which is used for positioning the
angled baffles 20. In order to provide the desired flow geometry, all of the angled baffles 20
should be positioned parallel to this reference point 28.

[0028] Turning to FIGS. 4 and 5, FIG. 4 illustrates a side view of an embodiment of the
present baffling arrangement, while FIG. 5 shows a top view along lines A-A of FIG. 4,
illustrating the conduits or tubes 30 for directing the flow of the exhaust stream through the
interior space 14 of the tank (FIG. 5). The conduit or tubes 30 are generally positioned in close

proximity to the baffles 20, so as to enhance the heat transfer between the exhaust gases flowing
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through the tubes resulting from the enhanced flow geometry of the described baffling
arrangement. Alternatively, the baffles 20 can be brazed directly onto the tubes 30. It should be
understood that there can be any number of tubes 30, disposed in any suitable location within the
tank 12. In addition the tubes 30 may be straight, curved or angled, depending on specific
requirements of the system.

[0029] FIGS. 6 and 7 represent yet another embodiment of the present baffling arrangement
within a heat exchanger apparatus 100. In this embodiment, there is an additional vertical baffle
102, which is positioned opposed from the entry baffle 26. The entry baffle 26, and the second
vertical baffle 102 are in addition to the plurality of angled baffles 20 disposed longitudinally
across the interior of the tank 12, as previously described. As shown in FIG. 7, the entry baffle
26 and second vertical baffle 102 direct the initial flow of the coolant entering the tank 12 in a
substantially U-shaped path (U) prior to the flow entering the angled baffles 20. The coolant
efficiently flows throughout the majority of the interior space 14 of the tank resulting in the
desired coolant flow geometry providing enhanced heat exchange between the exhaust flow and
the coolant.

[0030] The present baffling arrangement provides a method for directing coolant fluid flow
distribution through an EGR cooler apparatus. The method includes providing an EGR cooler
10, 100, having a tank 12 with an interior space 14 with a fluid inlet 16 and an opposing fluid
outlet 18. A plurality of angled baffles 20 having a parallel arrangement are positioned within
the interior space 14 of the housing 10 from the inlet to the outlet. The angled baffles 20 creating
an exhaust flow path having a desired flow geometry of coolant within the interior of the
housing. The method also includes creating an exhaust flow path by providing a plurality of
conduits 30 for receiving the exhaust gas. The exhaust gas is cooled as it flows through the tubes

within the housing by the flow geometry of the coolant.
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7
CLAIMS
What is claimed is:
1. A heat exchanger for use in reducing the production of NOy in an exhaust stream, the

exchanger comprising:

a tank having an interior space;
an inlet for receiving a cooling fluid into the interior space;
an outlet for releasing the cooling fluid from the interior space;

a plurality of angled baffles having a parallel arrangement and disposed in a longitudinal

direction within the interior space from the inlet to the outlet; and,

a conduit for directing the flow of the exhaust stream through the interior space, wherein

the conduit is positioned in close proximity to the baffles.
2. The heat exchanger of claim 1, wherein the cooling fluid creates a fluid flow path through

the interior space from the inlet to the outlet.

3. The heat exchanger of claim 2, wherein the baffles are positioned within the fluid flow

path for directing the fluid flow path around and between the baffles.

4. The heat exchanger of claim 3, wherein the baffles have a series of graduated heights.

5. The heat exchanger of claim 4, wherein baffles decrease in height from the inlet to the
outlet.

6. The heat exchanger of claim 3, wherein the baffles angle in the direction of the fluid flow
path.

7. The heat exchanger of claim 3, wherein the fluid flow path travels above and below the

baffles.
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8. The heat exchanger of claim 1, wherein at least one vertical baffle is positioned in the

interior space near the inlet and separate and apart from the angled baffles.

9. An EGR cooler apparatus comprising;

a housing having an interior space, the housing further including a fluid inlet for
receiving a coolant into the interior space and a fluid outlet for releasing the coolant from the
interior space;

a series of angled baffles having a parallel arrangement within the interior of the housing
from the fluid inlet to the fluid outlet, wherein the baffles extend into a flow path of the cooling
fluid redirecting a portion of the flow path above and below the baffles as the cooling fluid
passes through the housing from the fluid inlet to the fluid outlet; and,

a plurality of tubes positioned adjacent the baffles and defining a exhaust gas flow

pathway through the housing.

10.  The apparatus of claim 9, wherein the baffles graduate downward in height from the fluid
inlet to the fluid outlet.

1. The apparatus of claim 9, wherein the baffles include a deflecting surface which angles

in the direction of the flow path of the cooling fluid.

12.  The apparatus of claim 11, wherein the deflecting surfaces of the baffles direct the flow

path of the coolant around and between the baffles.

13. A method for directing coolant fluid flow distribution through an EGR cooler apparatus,
the method comprising the steps of:

providing a housing having an interior space with a fluid inlet and an opposing fluid
outlet;

positioning in a parallel arrangement a plurality of angled baffles within the interior space
of the housing from the inlet to the outlet;

creating an exhaust flow path within the interior of the housing and in close proximity to

the baffles; and,
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flowing a coolant through the interior of the housing from the inlet to the outlet, wherein

the coolant cools the exhaust flow through the exhaust flow path.

14.  The method of claim 13, wherein the step of positioning the angled baffles further
includes placing the baffles longitudinally within the interior space in decreasing height from the

inlet to the outlet.

15.  The method of claim 13, wherein the step of flowing the coolant further includes creating

a flow pattern around and over the angled baffles.
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AMENDED CLAIMS
received by the International Bureau on 04 June 2012 (04.06.2012)

Wihatt 1s claimed is:

i A heat exchanger for use in reducing the production of NOy in an exhaust stream, the
exchanger comprising:
a tunk having an inlerior space;
an infet for receiving a cooling fluid into the interior space;
an outlet Tor releasing the cooling fluid from the interior space;
a piurality of angled baftles having a paralicl srrungement and disposed in a longitudinal
direction within the interior space from the inlet to the outlet; and,
a conduit for directing the flow of the exhaust stream through the interior space, wherein
the comduit is positioned in close proximily to the baffles. wherein at least one vertical
butfle is positioned in the interior space near the inlet and sepavate and apart from the
angled baftles,

2 The heat exchanger of claim |, wherein the cooling [Tuid creates o fuid flow path through

o

the interior space from the inlet (o the outlet.

3 The heat exchanger of claim 2, wherein the baffles are positioned within the fluid Dow

pasth for directing the Duid Now path around and between the haffles.

4. The heat exchanger of claim 3. wherein the baffles have a series of gradusied heights,

5. The heat exchanger of claim 4, wherein baifles decrease in hetyit from the miet to the
outict.

6. The heat exchanger of claim 3, wherein the baffics angle in the direction of the Suid ffow
path,

AMENDED SHEET (ARTICLE 19)
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7. The heat exchanger of claim 3, wherein the Tuid {Tow path travels above and below the

halTles.

AMENDED SHEET (ARTICLE 19)
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