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AN ALTERNATING NOTCH CONFIGURATION FOR SPACING HEAT
TRANSFER SHEETS

FIELD OF THE INVENTION

[0001] This invention relates to heat transfer sheets for rotary regenerative air preheaters for
transfer of heat from a flue gas stream to a combustion air stream and more particularly
relates to heat transfer sheets having an alternating notch configuration for spacing adjacent

heat transfer sheets apart from one another and having an improved heat transfer efficiency.

BACKGROUND OF THE INVENTION

[0002] Rotary regenerative air preheaters are typically used to transfer heat from a flue gas
stream exiting a furnace, to an incoming combustion air stream to improve the efficiency of
the furnace. Conventional preheaters include a heat transfer sheet assembly that includes a
plurality of heat transfer sheets stacked upon one another in a basket. The heat transfer
sheets absorb heat from the flue gas stream and transfer this heat to the combustion air
stream. The preheater further includes a rotor having radial partitions or diaphragms defining
compartments which house a respective heat transfer sheet assembly. The preheater includes
sector plates that extend across upper and lower faces of the preheater to divide the preheater
into one or more gas and air sectors. The hot flue gas stream and combustion air stream are
simultancously directed through respective sectors. The rotor rotates the flue gas and
combustion air sectors in and out of the flue gas stream and combustion air stream to heat
and then to cool the heat transfer sheets thereby heating the combustion air stream and
cooling the flue gas stream.

[0003] Conventional heat transfer sheets for such preheaters are typically made by form-
pressing or roll-pressing a sheet of a steel material.  Typical heat transfer sheets include
sheet spacing features formed therein to position adjacent sheets apart from one another and
to provide structural integrity of the assembly of the plurality of heat transfer sheets in the
basket. Adjacent pairs of sheet spacing features form channels for the flue gas or combustion
air to flow through. Some heat transfer sheets include undulation patterns between the sheet
spacing features to impede flow in a portion of the channel and thereby causing turbulent

flow which increases heat transfer efficiency. However, typical sheet spacing features are of
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a configuration that allows the flue gas or combustion air to flow through open sided sub-
channels formed by the sheet spacing features, uninterrupted at high velocities and with little
or no turbulence. As a consequence of the uninterrupted high velocity flow, heat transfer
from the flue gas or combustion air to the sheet spacing features is minimal. It is generally
known that causing turbulent flow through the plurality of heat transfer sheets such as
through the channels defined by and between adjacent sheet spacing features increases
pressure drop across the preheater. In addition, it has been found that abrupt changes in
direction of flow caused by abrupt contour changes in the heat transfer sheets increases
pressure drop and creates flow stagnation areas or zones that tend to cause an accumulation
of particles (c.g., ash) in the flow stagnation areas. This further increases pressure drop
across the preheater. Such increased pressure drop reduces overall efficiency of the preheater
due to increased fan power required to force the combustion air through the preheater. The
efficiency of the preheater also reduces with increasing weight of the assembly of heat
transfer sheets in the baskets due to the increased power required to rotate the flue gas and
combustion air sectors in and out of the flue gas and combustion air streams.

[0004] WO 2010/129092 A1 discloses a heat transfer sheet for a rotary regenerative heat
exchanger, which is shaped to include sheet spacing features, which provide spacing between
adjacent heat transfer sheets, and undulation surfaces in the sections between the sheet
spacing features. The undulation sections impart turbulence in the air or flue gas flowing
between the heat transfer sheets to improve heat transfer.

[0005] US 2011/042035 A1 discloses a rotary regenerative heat exchanger employing heat
transfer elements shaped to include notches, which provide spacing between adjacent
elements, and undulations in the sections between the notches. The undulations differ in
height and/or width and likewise impart turbulence in the air or flue gas flowing between the
heat transfer sheets to improve heat transfer.

[0006] In US 6 019 160 A, a heat transfer assembly for a heat exchanger comprising a
plurality of first heat absorbent plates and a plurality of second heat absorbent plates stacked
alternately in spaced relationship is disclosed. The stack of plates provides a plurality of
passageways for flowing a heat exchange fluid therebetween. The plates have a plurality of
double-lobed bibbed notches and undulations.
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[0007] A heat transfer element for a rotary regenerative preheater is disclosed in WO
98/22768 Al. It has first and second heat transfer plates. The first heat transfer plate defines a
plurality of generally equidistantly laterally spaced apart parallel straight notches having
adjacent double ridges. Undulations extend between the notches. The second heat transfer
plate is adjacent the first heat transfer plate and defines a plurality of generally equidistantly
laterally spaced apart parallel straight flat sections. Undulations extend between the flat
sections. The notches of the first heat transfer plate are in contact with the flat sections of the
second heat transfer plate to define channels therebetween.

[0008] Accordingly, there exists a need for improved light weight heat transfer sheets having

increased heat transfer efficiency with low pressure drop characteristics.

SUMMARY

[0009] There is disclosed herein a heat transfer sheet for a rotary regenerative heat
exchanger. The heat transfer sheet includes a plurality of rows of heat transfer surfaces
thereon. Each of the plurality of rows is aligned with a longitudinal axis that extends
between an inlet end and an outlet end of the heat transfer sheet. The heat transfer surfaces
have a first height relative to a central plane of the heat transfer sheet. The heat transfer sheet
includes one or more notch configurations for spacing the heat transfer sheets apart from one
another. The notch configurations are positioned between adjacent rows of heat transfer
surfaces. The notch configurations include one or more first lobes that extend away from the
central plane in a first direction; and one or more second lobes that extend away from the
central plane in a second direction opposite to the first direction. The first lobes and second
lobes each have a second height relative to the central plane. The second height is greater
than the first height. The first lobes and the second lobes are connected to one another and
are in a common flow channel. In one embodiment, the first lobes and the second lobes are
coaxial with one another along an axis parallel to the longitudinal axis.

[0010] There is also disclosed herein a heat transfer assembly for a rotary regenerative heat
exchanger. The heat transfer assembly includes two or more heat transfer sheets stacked
upon one another. Each of the heat transfer sheets includes a plurality of rows of heat
transfer surfaces. Each ofthe rows is aligned with a longitudinal axis that extends between

an inlet end and an outlet end of the heat transfer assembly. The heat transfer surfaces
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having a first height relative to a central plane of the heat transfer sheet. Each of the heat
transfer sheets includes one or more notch configurations for spacing the heat transfer sheets
apart from onc another. Each of the notch configurations is positioned between adjacent
rows of heat transfer surfaces. Each of the notch configurations includes one or more first
lobes extending away from the central plane in a first direction; and one or more second
lobes extending away from the central plane in a second direction opposite to the first
direction. The first lobes and the second lobes are connected to one another and are in a
common flow channel. Each of the first lobes and the second lobes have a second height
relative to the central plane. The second height is greater than the first height. The first lobes
of a first of the at heat transfer sheets engages the heat transfer surface of a second of the heat
transfer sheets; and the second lobes of a second of the heat transfer sheets engages the heat
transfer surface of the first heat transfer sheet, to define a flow path between the heat transfer
sheets. The flow path extending from the inlet end to the outlet end. In one embodiment, the
first lobes and the second lobes are coaxial with one another along an axis parallel to the
longitudinal axis.

[0011] In one embodiment, the notch configuration includes one or more flow diversion
configurations defined by a transition region connecting one of the first lobes and one of the
second lobes. The transition region is formed in an arcuate and/or flat shape. The first lobes
and/or the second lobes are formed with an S-shaped and/or C-shaped cross section.

[0012] In one embodiment, the heat transfer surfaces include undulating surfaces that are
angularly offset from the longitudinal axis.

[0013] There is also disclosed herein a stack of heat exchanger sheets. The stack of heat
exchanger sheets includes one or more first heat transfer sheets. Each of the first heat
transfer sheets include a first undulating surface extending along the first heat transfer sheet
and oriented at a first angle relative to a direction of flow through the stack. The first heat
transfer sheets also include a second undulating surface extending along the first heat transfer
sheet and oriented at a second angle relative to the direction of flow through the stack, the
first angle and second angle being different, for example in a herringbone pattern. The stack
of heat transfer sheets further includes one or more second heat transfer sheets. Each of the
second heat transfer sheets defines a plurality of notch configurations extending along a

longitudinal axis that extends between a first end and a second end of the at least one second



10

15

20

25

30

heat transfer sheet, parallel to intended flow directions for spacing the first heat transfer
sheet apart from an adjacent one of the second heat transfer sheets. One or more of the notch
configurations include one or more first lobes extending away from a central plane of the
second heat transfer sheet in a first direction; and one or more second lobes extending away
from the central plane in a second direction opposite to the first direction. The first lobes and
the second lobes are connected to one another and are in a common flow channel. One or
more of the first lobes engage a portion of the first undulating surface and/or the second
undulating surface; and/or one or more of the second lobes engage a portion the first
undulating surface and/or the second undulating surface to define a flow path between the
first heat transfer sheet and the second heat transfer sheet. In one embodiment, the first lobes
and the second lobes are coaxial with one another along an axis parallel to the longitudinal
axis.

[0014] There is further disclosed herein a spacing sheet for a stack of heat transfer sheets.
The spacing sheet includes a plurality of notch configurations extending along a longitudinal
axis that extends between a first end and a second end of the spacing sheet, parallel to
intended flow directions for spacing adjacent heat transfer sheets apart from one another.

The notch configurations include one or more first lobes extending away from a central plane
of the spacing sheet in a first direction; and/or one or more second lobes extending away
from the central plane in a second direction opposite to the first direction. The first lobes and
the second lobes are connected to one another and are in a common flow channel. In one
embodiment, the first lobes and the second lobes are coaxial with one another along an axis
parallel to the longitudinal axis.

[0015] In one embodiment, the notch configuration of the spacing sheet includes one or more
flow diversion configurations defined by a transition region connecting one of the first lobes
and one of the second lobes.

[0016] In one embodiment, successive ones of the transition regions are spaced apart from
one another by a distance of 2 to 8§ inches.

[0017] In one embodiment, one or more (e.g., at least one) of the transition regions defines a
longitudinal distance of 0.25 to 2.5 inches.

[0018] In one embodiment, adjacent ones of the notch configurations are spaced apart from

one another by 1.25 to 6 inches measured perpendicular to the longitudinal axis.
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[0019] In one embodiment, the configurations define a ratio of a height of the notch
configuration to a longitudinal spacing between successive transition regions of 5:1 to 20:1.
[0020] In one embodiment, the notch configurations define a ratio of a height of the
configuration to a height of the heat transfer surface of 1.0:1 to 4.0:1.

[0021] In one embodiment, the undulating surfaces define a plurality of undulation peaks,
adjacent ones of the undulation peaks being spaced apart by a predetermined distance and a

ratio of predetermined distance to the first height is 3.0:1 to 15.0:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic perspective view of a rotary regencrative preheater;

[0023] FIG. 2A is a perspective is view of a heat transfer sheet in accordance with an
embodiment of the present invention;

[0024] FIG. 2B is an enlarged view of a portion of the heat transfer sheet of FIG. 2A;
[0025] FIG. 2C is an enlarged view of a detail C portion of the heat transfer sheet of FIG.
2A;
[0026] FIG. 2D is a perspective view of another embodiment of the heat transfer sheet in
accordance with the present invention;

[0027] FIG. 2E is a perspective view of another embodiment of the heat transfer spacing
sheet of the present invention;

[0028] FIG. 2F is an enlarged view of a portion of the heat transfer sheet of FIG. 2A
illustrating another embodiment thereof;

[0029] FIG. 3A is a perspective view of a heat transfer sheet, in accordance with another
embodiment of the present invention;

[0030] FIG 3B is an enlarged view of a detail B portion of the heat transfer sheet of FIG. 3A;
[0031] FIG. 3C is schematic of'a cross section of a portion of the heat transfer sheet of FIG.
3B taken across line 3C/3D-3C/3D;

[0032] FIG. 3D is schematic a cross section of another embodiment of a portion of the heat
transfer sheet of FIG. 3B taken across line 3C/3D-3C/3D;

[0033] FIG 3E is an enlarged view of a detail B portion of another embodiment of the heat
transfer sheet of FIG. 3A;
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[0034] FIG.

3F is schematic of a cross section of a portion of the heat transfer sheet of FIG.

3B taken across line 3F/3G-3F/3G;

[0035] FIG.

3G is schematic a cross section of another embodiment of a portion of the heat

transfer sheet of FIG. 3B taken across line 3F/3G-3F/3G;

[0036] FIG.
one another;
[0037] FIG.
[0038] FIG.
[0039] FIG.
2E;
[0040] FIG.
[0041] FIG.
FIG. 2A;

[0042] FIG.
FIG. 2A;

[0043] FIG.
[0044] FIG.
FIG. 3A;

[0045] FIG.
FIG. 3A;

[0046] FIG.
[0047] FIG.

4A is a photograph of two of the heat transfer sheets of FIG. 2A stacked upon
4B is a side view of the portion of the heat transfer assembly of FIG. 4A;
4C is an end view of a stack of the heat transfer sheets of FIG. 2D and 2E;

4D is a side sectional view of a stack of the heat transfer sheets of FIG. 2D and

5A is a schematic top view of the heat transfer sheet of FIG. 2A;

5B is a schematic top view of another embodiment of the heat transfer sheet of

5C is a schematic top view of another embodiment of the heat transfer sheet of

6A is a schematic top view of the heat transfer sheet of FIG. 3A;

6B is a schematic top view of another embodiment of the heat transfer sheet of

6C is a schematic top view of another embodiment of the heat transfer sheet of

7A is a schematic top view of the heat transfer sheet of FIG. 2E;

7B is a schematic top view of another embodiment of the heat transfer sheet of

FIG. 2E; and

[0048] FIG.
FIG. 2E.

DETAILED

7C is a schematic top view of another embodiment of the heat transfer sheet of

DESCRIPTION OF THE INVENTION

[0049] As shown in FIG. 1, arotary regenerative air preheater (hereinafter referred to as the

“preheater”™)

assembly 12

is generally designated by the numeral 10. The preheater 10 includes a rotor

rotatably mounted on a rotor post 16. The rotor assembly 12 is positioned in

and rotates relative to a housing 14. For example, the rotor assembly 12 is rotatable about an
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axis A of the rotor post 16 in the direction indicated by the arrow R. The rotor assembly 12
includes partitions 18 (e.g., diaphragms) extending radially from the rotor post 16 to an outer
periphery of the rotor assembly 12. Adjacent pairs of the partitions 18 define respective
compartments 20 for receiving a heat transfer assembly 1000. Each of the heat transfer
assemblies 1000 include a plurality of heat transfer sheets 100 and/or 200 (see, for example,
FIGS. 2A and 3A, respectively) stacked upon one another (see, for example, FIGS. 4A and
4B showing a stack of two heat transfer sheets).

[0050] As shown in FIG. 1, the housing 14 includes a flue gas inlet duct 22 and a flue gas
outlet duct 24 for the flow of heated flue gases through the preheater 10. The housing 14
further includes an air inlet duct 26 and an air outlet duct 28 for the flow of combustion air
through the preheater 10. The preheater 10 includes an upper sector plate 30A extending
across the housing 14 adjacent to an upper face of the rotor assembly 12. The preheater 10
includes a lower sector plate 30B extending across the housing 14 adjacent to lower face of
the rotor assembly 12. The upper sector plate 30A extends between and is joined to the flue
gas inlet duct 22 and the air outlet duct 28. The lower sector plate 30B extends between and
is joined to the flue gas outlet duct 24 and the air inlet duct 26. The upper and lower sector
plates 30A, 30B, respectively, are joined to one another by a circumferential plate 30C. The
upper sector plate 30A and the lower sector plate 30B divide the preheater 10 into an air
sector 32 and a gas sector 34.

[0051] As illustrated in FIG. 1, the arrows marked ‘A’ indicate the direction of a flue gas
stream 36 through the gas sector 34 of the rotor assembly 12. The arrows marked ‘B’ indicate
the direction of a combustion air stream 38 through the air sector 32 of the rotor assembly 12.
The flue gas stream 36 enters through the flue gas inlet duct 22 and transfers heat to the heat
transfer assembly 1000 mounted in the compartments 20. The heated heat transfer assembly
1000 is rotated into the air sector 32 ofthe preheater 10. Heat stored in the heat transfer
assembly 1000 is then transferred to the combustion air stream 38 entering through the air
inlet duct 26. Thus, the heat absorbed from the hot flue gas stream 36 entering into the
preheater 10 is utilized for heating the heat transfer assemblies 1000, which in turn heats the
combustion air stream 38 entering the preheater 10.

[0052] As illustrated in FIGS. 2A, 2B, 2C and 5A, the heat transfer sheet 100 includes a
plurality of rows (e.g., two rows F and G are illustrated in FIG. 2A) of heat transfer surfaces
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310. The rows F and G of the heat transfer surfaces 310 are aligned with a longitudinal axis
L that extends between a first end 100X and a second end 100Y of the heat transfer sheet 100
in a direction parallel to the flow of flue gas and combustion air, as indicated by the arrows A
and B, respectively. When the heat transfer sheet 100 is in the air sector 32, the first end
100X is an inlet for the combustion air stream 38 and the second end 100Y is an outlet for
the combustion air stream 38. When the heat transfer sheet 100 is in the gas sector 34, the
first end 100X is an outlet for the flue gas stream 36 and the second end 100Y is an inlet for
the flue gas stream 36. The heat transfer surfaces 310 have a first height H1 relative to a
central plane CP of the heat transfer sheet 100, as shown in FIG. 2B. In one embodiment,
heat transfer surfaces 310 are defined by undulating surfaces that are angularly offset from
the longitudinal axis L, as described further herein.

[0053] As illustrated in FIGS. 2A, 2B, 2C and 5A, the heat transfer sheet 100 includes a
plurality of notch configurations 110 for spacing the heat transfer sheets 100 apart from one
another as described further herein with reference to FIG. 4B. One of the notch
configurations 110 is positioned between the row F and the row G of heat transfer surfaces.
Another of the notch configurations 110 is positioned between row F and another adjacent
row (not shown) of the heat transfer surfaces 310; and yet another of the notch configurations
110 is positioned between row G and yet another adjacent row (not shown) of the heat
transfer surfaces 310. Each of the notch configurations 110 extend longitudinally along the
heat transfer sheet 100 parallel to the longitudinal axis L and between of the first end 100X
and the second end 100Y ofthe heat transfer sheet 100. As described further herein with
reference to FIG. 4B, the notch configurations engage the heat transfer surfaces 310 of
adjacent heat transfer sheets 100 to space the heat transfer sheets 100 apart from one another
and to define a flow passage P thercbetween.

[0054] As shown in FIGS. 2A and 5A, the notch configuration 110 includes four
configurations of lobes which are collectively referred to as an alternating full-notch design,
that includes adjacent double lobes connecting to one another along the longitudinal axis L1
and L2, as described further herein with reference to FIGS. 2A and 2C. For example, one
double lobe is defined by the first lobe 160L and the second lobe 170R; and another
longitudinally aligned and inverted double lobe is defined by the second lobe 170L and the
first lobe 160R. Thus, the notch configuration 110 has an S-shaped cross section.
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[0055] As shown in FIG. 5A, each of the notch configurations 110 are in a common flow
channel defined by longitudinal boundary lines L100 and L200 (shown as dotted lines) that
are parallel to the longitudinal axes L1 and L2. The common flow channel defines a
localized longitudinal flow of the flue gas 36 and the combustion air 38 in the flow passage P
(see FIG. 4B for an example of the flow passage P). As shown in FIG. 5A, the common flow
channel has a width D100 measured between the longitudinal boundary lines L100 and L200.
In one embodiment, the width D100 is about equal to the width D101 of the notch
configurations 110. In one embodiment, the width D100 is between 1.0 and 1.1 times the
width D101 of the notch configuration. In one embodiment, the width D100 is between 1.0
and 1.2 times the width of the notch configuration.

[0056] One of the four configurations of lobes is a first lobe configuration. The first lobe
configuration is defined by a plurality of first lobes 160L extending away from the central
plane CP in a first direction. The first lobes 160L are in the common flow channel. In the
embodiment illustrated in FIG. 5A, the first lobes 160L are spaced apart from and aligned
coaxially with one another along a first longitudinal axis L1 (e.g., one of'the first lobes 160L
is located proximate the first end 100X (see FIG. 2A) and a second of the first lobes 160L is
located proximate the second end 100Y (see FIG. 2A)). The first lobes 160L are
longitudinally spaced apart from and aligned coaxially with the second lobes 170L and
traversely adjacent to one of the second lobes 170R.

[0057] Another of the four configurations of lobes is a second lobe configuration. The
second lobe configuration is defined by a plurality of the first lobes 160R extending away
from the central plane CP in the first direction. The first lobes 160R are in the common flow
channel. In the embodiment illustrated in FIG. 5A, the first lobes 160R are longitudinally
spaced apart from and aligned coaxially with one another along a second longitudinal axis
L2. The first lobes 160R are longitudinally spaced apart from and aligned coaxially with the
second lobes 170R and traversely adjacent to one of the second lobes 170L.

[0058] Another of the four configurations oflobes is a third lobe configuration. The third
lobe configuration is defined by a plurality of second lobes 170L extending away from the
central plane CP in a second direction. The second lobes 170L are in the common flow
channel. In the embodiment illustrated in FIG. 5A, the second lobes 170L are longitudinally

spaced apart from and aligned coaxially with one another along the first longitudinal axis L1
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(c.g., one of the second lobes 170L positioned between the first lobe 160L located proximate
the first end 100X and the first lobe 160L located proximate the second end 100Y). The
second direction is opposite the first direction. The second lobes 170L are longitudinally
spaced apart from and aligned coaxially with the first lobes 160L and traversely adjacent to
one of the first lobes 160R.

[0059] Another of the four configurations of lobes is a fourth lobe configuration. The fourth
lobe configuration is defined by a plurality of second lobes 170R extending away from the
central plane CP in the second direction. The second lobes 170R are in the common flow
channel. In the embodiment illustrated in FIG. 5A, the second lobes 170R are longitudinally
spaced apart from and aligned coaxially with one another along the second longitudinal axis
L2 (e.g., one of the second lobes 170R is located proximate the first end 100X and another of
the second lobes 170R is located proximate the second end 100Y, with one of the first lobes
160R positioned therebetween). The second lobes 170R are longitudinally spaced apart from
and aligned coaxially with the first lobes 160R and traversely adjacent to one of the first
lobes 160L.

[0060] Thus, the first lobes 160L and 160R extend away from a first face 112 of'the heat
transfer sheet 100 in the first direction; and the second lobes 170L and 170R extend away
from a second face 114 of the heat transfer sheet 100 in the second direction. Adjacent notch
configurations 110 are separated by one of the rows F or G of'the heat transfer surfaces 310
and alternate traversely (e.g., perpendicular to the axis L) across the heat transfer sheet 100
between an S-shaped cross section and an inverted S-shape cross section.

[0061] As shown in FIG. 5A, each of the first lobes 160L is longitudinally adjacent to one of
the second lobes 170L which are aligned along the axis L1 which is parallel to the
longitudinal axis L of the heat transfer sheet 100. Thus, the first lobes 160L and the second
lobes 170L are coaxial and are configured in an alternating longitudinal pattern in which the
first lobes 160L face away from the central plane CP in the first direction (out of the page in
FIG. 5A) and the second lobes 170L face away from the central plane in the second direction
(into the page in FIG. 5A). Likewise, in the embodiment shown in FIG. 5A, the first lobes
160R and the second lobes 170R are coaxial and are in the common flow channel. The first
lobes 160R and the second lobes 170R are configured in an alternating longitudinal pattern in

which the first lobes 160R face away from the central plane CP in the first direction and the
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second lobes 170R face away from the central plane CP in the second direction. In addition,
the first lobe 160L and the second lobe 170R are adjacent to one another in a direction
traverse to the longitudinal axis; and the first lobe 160R and the second lobe 170L are
adjacent to one another in a direction traverse to the longitudinal axis L.

[0062] As shown in FIG. 2A, cach of the first lobes 160L and 160R and cach ofthe second
lobes 170L and 170R extend a length L6 along the sheet in the longitudinal direction parallel
to the longitudinal axis L.

[0063] While three lobes (i.c., two first lobes 160L and one second lobe 170L) are shown
along the axis L1 and between the first end 100X and the second end 100Y; and three lobes
(i.e., two second lobes 170R and one first lobe 160L) are shown along the axis L2 and
between the first end 100X and the second end 100Y, the present invention is not limited in
this regard as any number of first lobes 160R, 160L and second lobes 170R and 170L may be
employed between the first end 100X and the second end 100Y, depending on design
parameters for the preheater.

[0064] As shown in FIG. 2B, the first lobes 160L and 160R and second lobes 170L and 170R
have a second height H2 relative to the central plane CP. The second height H2 is greater
than the first height HI. While the first lobes 160L and 160R and second lobes 170L and
170R are all shown and described as having the second height H2, the present invention is
not limited in this regard as first lobes 160L and 160R and second lobes 170L and 170R may
have different heights (e.g., H2 and/or H3 as shown in FIG. 2F) compared to one another
(c.g., cither one or both ofthe first lobes 160L and 160R and the second lobes 170L and
170R have the second height H2 or a third height H3 relative to the central plane as shown in
FIG. 2F, wherein H3 is less than H2).

[0065] As illustrated in FIG. 2C, each of the notch configurations 110 include a flow
diversion configuration (e.g., a flow stagnation mitigating path) defined by a transition region
140L longitudinally connecting the first lobe 160L and the second lobe 170L; and a transition
region 140R longitudinally connecting the first lobe 160R and the second lobe 170R. The
transition region 140L extends a predetermined length L5 along the axis L1 between the first
lobe 160L and the second lobe 170L; and the transition region 140R extends the
predetermined length L5 along the axis L2 between the first lobe 160R and the second lobe
170R. In one embodiment, the transition regions 140L and 140R are formed by plastically

12
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deforming the heat transfer sheet. The flow diversion configuration (e.g., a flow stagnation
mitigating path) is further defined by smooth sweeping changes in the direction of the flow
path so as to reduce or climinate localized arcas of low velocity flow (e.g., eddies) to prevent
the accumulation of particles (e.g., ash). The flow diversion configuration (c.g., a flow
stagnation mitigating path) enables a turbulent flow regime to occur therein. The width
D100 of the common flow channel is configured to allow the turbulent flow regime to occur
without creating any flow stagnation areas in the transition regions 140L and/or 140R or
otherwise between any of the first lobes 160L, 160R and the second lobes 170L, 170R.

Thus, the transition regions 140L and 140R and respective ones of the first lobes 160L, 160R
and the second lobes 170L, 170R in close proximity to one another. Thus, the width D100 of
the common flow channel is of a predetermined magnitude sufficient to preclude (i.c., narrow
enough) bypass flow into the area of the heat transfer surfaces 310. In addition, the notch
configurations 110 and common flow channels are configured to preclude straight through
high velocity bypass of flue gas 36 and the combustion air 38 in localized conduits or tunnels
through the flow passage P. Such straight through high velocity bypass of flue gas 36 and
the combustion air 38 in localized conduits or tunnels through the flow passage P reduces the
heat transfer performance of the heat transfer sheet 100.

[0066] As shown in FIG. 5A, the transition regions 140L and 140R are in the common flow
channel. In the embodiment shown in FIG. 5A, the transition regions 140L are coaxial with
the first lobe 160L and the second lobe 170L; and the transition regions 140R are coaxial
with the second lobe 160R and the first lobe 170R.

[0067] While in FIGS. 2A and 5A the first lobes 160L, the first transition regions 140L and
the second lobes 170L are shown and described as being coaxial, the present invention is not
limited in this regard as the first lobes 160L, the first transition regions 140L and/or the
second lobes 170L may be offset from one another and the longitudinal axis L1; and/or the
second lobes 160R, the second transition regions 140R and/or the first lobes 170R may be
offset from one another and the longitudinal axis L2. For example, the heat transfer sheet
100’ of FIG. 5B illustrates the first lobes 160L°, the first transition regions 140L" and/or the
second lobes 170L’ being in the common flow channel and the first lobes 160L" and the
second lobes 170L’ being offset perpendicular to the longitudinal axis L1 and the transition
regions 140L’ connecting the first lobes 160L" and the second lobes 170L’ and being

13
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angularly offset from and a portion thereof intersecting the longitudinal axis L1. FIG. 5B
also illustrates the first lobes 160R’, the second transition regions 140R’ and/or the second
lobes 170R’ being in the common flow channel and the first lobes 160R’ and the second
lobes 170R’ being offset perpendicular to the longitudinal axis L2 and the transition regions
140R’ connecting the first lobes 160R’ and the second lobes 170R’ and being angularly
offset from and a portion thereof intersecting the longitudinal axis L2. As shown in FIG. 5B,
the common flow channel has the width D100 and: 1) the first lobes 160L, the first transition
regions 140L and/or the second lobes 170L; and 2) the second lobes 160R, the second
transition regions 140R and/or the first lobes 170R, are within a width D101 that is less than
or equal to the width D100.The heat transfer sheet 100°° of FIG. 5C illustrates the first lobes
160L", the first transition regions 140L"" and/or the second lobes 170L"’ being in the
common flow channel and the first lobes 160L’’ and the second lobes 170L"’ being angularly
offset from and a portion thereof intersecting the longitudinal axis L1 and the transition
regions 140L"" connecting the first lobes 160L°’ and the second lobes 170L"’. FIG. 5C also
illustrates the first lobes 160R’’, the second transition regions 140R’’ and/or the second lobes
170R’’ being in the common flow channel and the first lobes 160R’’ and the second lobes
170R”’ being angularly offset from and a portion thereof intersecting the longitudinal axis L2
and the transition regions 140R’’ connecting the first lobes 160R’’ and the second lobes
170R”’. As shown in FIG. 5C, the common flow channel has the width D100 and: 1) the first
lobes 160L, the first transition regions 140L and/or the second lobes 170L; and 2) the second
lobes 160R, the second transition regions 140R and/or the first lobes 170R, are within a
width D101’ that is less than or equal to the width D100.

[0068] Each of the notch configurations 110 extend a total accumulated longitudinal length
across the entire heat transfer sheet 100. The total accumulated length of each of the notch
configurations 110 is the sum of the lengths L6 of the first lobes 160L and the second lobes
170L plus the sum of the lengths LS of the transition regions 140L. The total accumulated
length of each of the notch configurations 110 is also the sum the lengths L6 of the first lobes
170R and the second lobes 160R plus the sum of the lengths L5 of the transition regions
140R. While the notch configurations are shown and described as extending a total
accumulated length across the entire heat transfer sheet 100, the present invention is not

limited in this regard as any of the notch configurations 100 may extend across less than the
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entire heat transfer sheet, for example, between 90 and 100 percent of the total length of the
heat transfer sheet 100, between 80 and 91 percent of the total length of the heat transfer
sheet 100, between 70 and 81 percent of the total length of the heat transfer sheet 100,
between 60 and 71 percent of the total length of the heat transfer sheet 100 or between 50 and
61 percent of the total length of the heat transfer sheet 100. As shown in FIG. 2C, the
transition region 140L includes: 1) an arcuate portion 145L that extends from a peak 160LP
of the first lobe 160L; 2) an transition surface 141L (e.g., flat or arcuate surface) that
transitions from the arcuate portion 145L; and 3) an arcuate portion 143L that transitions
from the transition surface 141L to a valley 170LV of the second lobe 170L. Likewise, the
transition region 140R includes: 1) an arcuate portion 143R that extends from a peak 160RP
of the first lobe 160R; 2) an transition surface 141R (e.g., flat or arcuate surface) that
transitions from the arcuate portion 143R; and 3) an arcuate portion 145R that transitions
from the transition surface 141R to a valley 170RV of the second lobe 170R. In one
embodiment, the transition regions 140L and 140R are longitudinally aligned (i.e., in a side
by side configuration) with one another. In one embodiment, the transition regions 140L and
140R are longitudinally offset (e.g., staggered along the longitudinal axis L1 and L2,
respectively) from one another. In one embodiment, one or both of the transition regions
140L and 140R have straight portions that are coaxial with the central plane CP and
positioned between the respective arcuate portions 143R and 145R or 1431 and 145L, as
shown and described herein with respect to FIGS. 3E, 3F and 3G for the alternating half-
notch configuration.

[0069] The inventors have surprisingly found that the transition regions 140L and 140R
provide smooth diversions in the direction of flow of the flue gas 36 and the combustion air
38 in the flow passage P that create turbulent flow and increased heat transfer efficiency of
the heat transfer sheet 100 described herein, compared to prior art sheet spacing features
extending from only one side of the heat transfer sheet. The heat transfer sheet 100 also
provides adequate structural support and maintains spacing between adjacent heat transfer
sheets 100 without appreciably increasing the pressure loss across the heat transfer sheet 100.
[0070] As illustrated in FIGS. 3A, 3B and 6A, another embodiment of a heat transfer sheet is
designated by the numeral 200. The heat transfer sheet 200 includes a plurality of rows (e.g.,
two rows F and G are illustrated in FIG. 3A) of heat transfer surfaces 310. The rows F and G
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of the heat transfer surfaces 310 are aligned with a longitudinal axis L that extends between a
first end 200X and second end 200Y of the heat transfer sheet 200 in a direction parallel to
the flow of flue gas and combustion air as indicated by the arrows A and B, respectively.
When the heat transfer sheet 200 is in the air sector 32, the first end 200X is an inlet for the
combustion air stream 38 and the second end 200Y is an outlet for the combustion air stream
38. When the heat transfer sheet 100 is in the gas sector 34, the first end 200X is an outlet
for the flue gas stream 36 and the second end 200Y is an inlet for the flue gas stream 36. The
heat transfer surfaces 310 have a first height HI relative to a central plane CP of the heat
transfer sheet 200, as shown in FIG. 3C. In one embodiment, heat transfer surfaces 310 are
defined by undulating surfaces that are angularly offset from the longitudinal axis L, as
described further herein.

[0071] As illustrated in FIGS. 3A, 3B and 6A, the heat transfer sheet 200 includes a plurality
of notch configurations 210 for spacing the heat transfer sheets 200 apart from one another,
similar to that shown in FIG. 4B for the notch configuration 110. One of the notch
configurations 210 is positioned between the row F and the row G of heat transfer surfaces
310. Another of the notch configurations 210 is positioned between the row F and another
adjacent row (not shown) of the heat transfer surfaces 310; and yet another of the notch
configurations 210 is positioned between the row G and yet another adjacent row (not
shown) of the heat transfer surfaces 310. Each of the notch configurations 210 extend
longitudinally along the heat transfer sheet 200 parallel to the longitudinal axis L and
between of the first end 200X and the second end 200Y of the heat transfer sheet 200.
Similar to that shown in FIG. 4B for the notch configuration 110, the notch configurations
210 engage the heat transfer surfaces 310 of adjacent heat transfer sheets 200 to space the
heat transfer sheets 200 apart from one another and to define a flow passage P therebetween.
[0072] As shown in FIG. 3A, the notch configuration 210 includes a configuration of lobes
which are referred to as an alternating half-notch configuration, that includes a plurality of
first lobes 260 and a plurality of second lobes 270. Adjacent ones of the first lobes 260 and
the second lobes 270 connect to one another along longitudinal axis L3. Another set of
adjacent ones of the first lobes 260 and the second lobes 270 connect to one another along

longitudinal axis L4 that is traversely spaced apart from the longitudinal axis L3. The first
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lobes 260 and the second lobes 270 of the notch configuration 210 are single lobes having a
C-shaped cross section.

[0073] As shown in FIG. 3A, one set of the first lobes 260 extends away from the central
plane CP in a first direction (in FIG. 6A the first direction is out of the page). As shown in
FIG. 6A, the first lobes 260 are in a first common flow channel defined between the
boundary lines (shown as dotted lines in FIG. 6A) L100 and L200. The common flow
channel has a width of D100. In the embodiment shown in FIG. 6A, the first lobes 260 are
aligned coaxially with one another along the longitudinal axis L3. Another set of the first
lobes 260 extends away from the central plane CP in the first direction. As shown in FIG.
6A, the other set of lobes 260 is in a second common flow channel defined between the
boundary lines L100 and L.200. The other common flow channel has a width D100. 1In the
embodiment shown in FIG. 6A, the other set of lobes 260 are aligned coaxially with one
another along the longitudinal axis L4.

[0074] In one embodiment, the width D100 is about equal to the width D101 of the notch
configurations 210. In one embodiment, the width D100 is between 1.0 and 1.1 times the
width D101 of the notch configuration 210. In one embodiment, the width D100 is between
1.0 and 1.2 times the width of the notch configuration 210.

[0075] As shown in FIG. 3A, one set of the second lobes 270 extends away from the central
plane CP in a second direction (in FIG. 6A the second direction is into the page). As shown
in FIG. 6A, the second lobes 270 are in a first common flow channel defined by the boundary
lines L100 and L200. In the embodiment shown in FIG. 6A, the second lobes 270 are
aligned coaxially with one another along the longitudinal axis L3. Another set of the second
lobes 270 extends away from the central plane CP in the second direction. As shown in FIG.
6A the other set of lobes 270 are in the second common flow channel. In the embodiment
shown in FIG. 6A the other set of second lobes 270 are aligned coaxially with one another
along the longitudinal axis L4. The second direction is opposite from the first direction.
Thus, the first lobes 260 extend away from a first face 212 ofthe heat transfer sheet 200 in
the first direction; and the second lobes 270 extend away from a second face 214 of the heat
transfer sheet 200 in the second direction.

[0076] As shown in FIGS. 3A and 6A, the notch configurations 210 and thus the first lobes
260 and the second lobes 270 are in the first common flow channel. The first lobes 260 and
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the second lobes 270 in the first common flow channel, are connected to one another, are
coaxial with one another and are configured in an alternating longitudinal pattern in which
the first lobes 260 face away from the central plane CP in the first direction and the second
lobes 270 face away from the central plane in the second direction and are aligned coaxially
along the longitudinal axis L3. In addition, another set of the first lobes 260 and the second
lobes 270 (i.e., another notch configuration 210) are in the second common flow channel.
The other set of the first lobes 260 and the second lobes 270 in the second common flow
channel, are coaxial with one another and are configured in an alternating longitudinal
pattern in which the first lobes 260 face away from the central plane CP in the first direction
and the second lobes 270 face away from the central plane in the second direction and are
aligned coaxially along the longitudinal axis L4.

[0077] The first lobes 260 that are aligned with the longitudinal axis L3 are longitudinally
offset from the first lobes 260 that are aligned with the longitudinal axis L4. The first lobes
260 that are aligned with the longitudinal axis L4 are longitudinally offset from the first lobes
260 that are aligned with the longitudinal axis L3. Likewise, the second lobes 270 that are
aligned with the longitudinal axis L3 are longitudinally offset from the second lobes 270 that
are aligned with the longitudinal axis L4; and the second lobes 270 that are aligned with the
longitudinal axis L4 are longitudinally offset from the second lobes 270 that are aligned with
the longitudinal axis L3. Thus, in a direction traverse to the longitudinal axis L3 and L4 the
first lobe 260 is aligned with one of the second lobes 270. The first lobes 260 and the second
lobes 270 are spaced apart from one another by the heat transfer surface 310, in a direction
traverse to the longitudinal axis L3 and L4.

[0078] The first lobes 260 and the second lobes 270 have a second height H2 relative to the
central plane CP, similar to that shown in FIG. 2B for the notch configuration 110. The
second height H2 is greater than the first height H1 of the heat transfer surface 310. While
the first lobes 260 and the second lobes 270 are all shown and described as having the second
height H2, the present invention is not limited in this regard as first lobes 260 second lobes
270 may have different heights compared to one another.

[0079] As illustrated in FIG. 3B, cach of the notch configurations 210 include a flow
diversion configuration defined by a transition region 240 longitudinally connecting the first

lobe 260 and the second lobe 270 that are aligned with the longitudinal axis L3. Likewise,
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the notch configurations 210 include a flow diversion configuration defined by a transition
region 240 longitudinally connecting the first lobe 260 and the second lobe 270 that are
aligned with the longitudinal axis L4. The transition region 240 extends a predetermined
length LS along the axis L3 between the first lobe 260 and the second lobe 270. The first
lobes 260 and the second lobes 270 aligned along the longitudinal axis L4 have a transition
region 240 similar to the transition region 240 aligned along the longitudinal axis L3. Inone
embodiment, the transition regions 240 of the notch configurations 210 along the
longitudinal axis L3 and the longitudinal axis L4 are longitudinally offset from one another.
In one embodiment, the transition regions 240 of the notch configurations 210 along the
longitudinal axis L3 and the longitudinal axis L4 are longitudinally aligned (i.e., in a side by
side configuration) with one another. In one embodiment, the transition region 240 is
formed by plastically deforming the heat transfer sheet 200.

[0080] The flow diversion configuration (i.c., the transition region 240) is, for example a
flow stagnation mitigating path and is further defined by smooth sweeping changes in the
direction of the flow path so as to reduce or eliminate localized areas of low velocity flow
(c.g., eddies) to prevent the accumulation of particles (e.g., ash). The flow diversion
configuration (e.g., a flow stagnation mitigating path) enables a turbulent flow regime to
occur therein. The width D100 of the flow channel is configured to allow the turbulent flow
regime to occur without creating any flow stagnation areas in the transition regions 240 or
otherwise between any of the first lobes 260 and the second lobes 270. Thus, the transition
regions 240 and respective ones of the first lobes 260 and the second lobes 270 in close
proximity to one another. Thus, the width D100 of the common flow channel is of a
predetermined magnitude sufficient to preclude (i.c., narrow enough) bypass flow into the
arca of the heat transfer surfaces 310. In addition, the notch configurations 210 and common
flow channels are configured to preclude straight through high velocity bypass of flue gas 36
and the combustion air 38 in localized conduits or tunnels through the flow passage P. Such
straight through high velocity bypass of flue gas 36 and the combustion air 38 in localized
conduits or tunnels through the flow passage P reduces the heat transfer performance of the
heat transfer sheet 200.

[0081] As shown in FIG. 3B, the transition region 240 includes: 1) an arcuate portion 245
that extends from a peak 260P of the first lobe 260; 2) an transition surface 241 (e.g., flat
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surface shown in FIG. 3G or arcuate surface shown in FIG. 3C) that transitions from the
arcuate portion 245; and 3) an arcuate portion 243 that transitions from the transition surface
241 to avalley 270V of the second lobe 270.  In one embodiment shown in FIG. 3D the
arcuate portions 243 and 245 are replaced with flat or straight portions 243 and 245’ and the
transition surface 241 is replaced with a transition point 241°.

[0082] In one embodiment shown in FIGS. 3E, 3F and 3G, the transition region 240 includes
an extended straight section 241T that is coaxial with the central plane CP. As shown in
FIGS. 3E and 3F the straight section 24 1T extends between adjacent arcuate portions 243
and 245. As shown in FIG. 3G, the straight section 241T extends between the straight
sections 243’ and 245°. In one embodiment the straight section 241T is about 5 percent of
the longitudinal distance L7. In one embodiment the straight section 241T is greater than
zero percent of the longitudinal distance L7. In one embodiment the straight section 241T is
about 5 to 25 percent of the longitudinal distance L7. In one embodiment the straight section
241T is about 5 to 100 percent of the longitudinal distance L7. In one embodiment the
straight section 241T is greater than 100 percent of the longitudinal distance L7.

[0083] The inventors have surprisingly found that the transition regions 240 provide smooth
flow diversions in the direction of flow of the flue gas 36 and the combustion air 38 in the
flow passage P that create turbulent flow and increased heat transfer efficiency of the heat
transfer sheet 200 described herein, compared to prior art sheet spacing features extending
from only one side of the heat transfer sheet. The heat transfer sheet 200 also provides
adequate structural support and maintains spacing between adjacent heat transfer sheets 200
without appreciably increasing the pressure loss across the heat transfer sheet 200.

[0084] As shown in FIG. 6A, a first set of the transition regions 240 are in the first common
flow channel; and another set of the transition regions 240 are in the second common flow
channel. In the embodiment shown in FIG. 6A, for the first common flow channel, the first
set of transition regions 240 are coaxial with the first lobe 260 and the second lobe 270. The
second set of transition regions 240 are coaxial with the first lobe 260 and the second lobe
270.

[0085] While in FIGS. 3A and 6A the first lobes 260, the first set of transition regions 240
and the second lobes 270 in the first flow channel are shown and described as being coaxial,

the present invention is not limited in this regard as the first lobes 260, the first set of
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transition regions 240 and/or the second lobes 270 in the first common flow channel may be
offset from one another and the longitudinal axis L3. While in FIGS. 3A and 6A the first
lobes 260, the first set of transition regions 240 and the second lobes 270 in the second flow
channel are shown and described as being coaxial, the present invention is not limited in this
regard as the first lobes 260, the second set of transition regions 240 and/or the second lobes
270 in the second common flow channel may be offset from one another and the longitudinal
axis L4. For example, the heat transfer sheet 200” of FIG. 6B illustrates the first lobes 260’
and the second lobes 270’ in the first common flow channel being offset perpendicular to the
longitudinal axis L3 and the transition regions 240’ connecting the first lobes 260’ and the
second lobes 270’ and being angularly offset from and a portion thereof intersecting the
longitudinal axis L3. FIG. 6B also illustrates the first lobes 260 and the second lobes 270’ in
the second common flow channel being offset perpendicular to the longitudinal axis L4 and
the transition regions 240’ connecting the first lobes 260’ and the second lobes 270" and
being angularly offset from and a portion thereof intersecting the longitudinal axis L4. As
shown in FIG. 6B, the first common flow channel has the width D100 and the first lobes 260’
the first stet of transition regions 240’ and the second lobes 270’ are within a width D101’
that is less than or equal to the width D100. As shown in FIG. 6B, the second common flow
channel has the width D100 and the first lobes 260’ the second stet of transition regions 240’
and the second lobes 270’ are within a width D101° that is less than or equal to the width
D100.

[0086] The heat transfer sheet 200°” of FIG. 6C illustrates the illustrates the first lobes 260°’,
the first set of transition regions 240°’ and the second lobes 270’ in the first common flow
channel being angularly offset from and a portion thereof intersecting the longitudinal axis
L3; and the first lobes 260°’, the second set of transition regions 240’’ and the second lobes
270’ in the second common flow channel being angularly offset from and a portion thereof
intersecting the longitudinal axis L4. FIG. 6C also illustrates respective ones of the first set
of transition regions 240’ connecting adjacent first lobes 260°’ and the second lobes 270’ to
one another in the first flow channel; and respective ones of the second set of transition
regions 240’ connecting first lobes 260°” and the second lobes 270’ to one another in the
second flow channel. As shown in FIG. 6C, the first common flow channel has the width

D100 and the first lobes 260°’, the first set of transition regions 240°” and the second lobes
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270 in the first common flow channel, are within a width D101’ that is less than or equal
to the width D100. As shown in FIG. 6C, the second common flow channel has the width
D100 and the first lobes 260°’, the second set of transition regions 240°’ and the second lobes
270’ in the second common flow channel, are within a width D101’ that is less than or
equal to the width D100.

[0087] The heat transfer sheets 100 and 200 may be fabricated from metallic sheets or plates
of predetermined dimensions such as length, widths and thickness as utilized and suitable for
making the preheater 10 that meets the required demands of the industrial plants in which it
is to be installed. In one embodiment, the heat transfer sheets are manufactured in a single
roll manufacturing process, utilizing a single set of crimping rollers having a profiles
necessary to provide the configurations disclosed herein. In one embodiment, the heat
transfer sheets 100 and 200 are coated with a suitable coating, such as porcelain enamel,
which makes the heat transfer sheets 100 and 200 slightly thicker and also prevent the
metallic sheet substrates from directly being in contact with the flue gas. Such coatings
prevent or mitigate corrosion as a result of soot, ashes or condensable vapors that the heat
transfer sheets 100 and 200 are exposed to when operating in the preheater 10.

[0088] Referring to FIGS. 2A and 3 A, the heat transfer surfaces 310 are defined by
undulating surfaces that are angularly offset from the longitudinal axis L. For example, the
undulating surfaces of the row F are offset from the longitudinal axis by an angle 0; and the
undulating surfaces of the row G are offset from the longitudinal axis by an angle 3. In one
embodiment the angle 0 and the angle 6 are equal and oppositely extending from the
longitudinal axis L. In one embodiment, the angle 6 and the angle o are between 45 degrees
and negative 45 degrees, measured relative to the longitudinal axis and/or the notch
configuration 110 or 210. In one embodiment, the heat transfer surfaces 310 include flat
portions. In one embodiment, the undulating surfaces have undulation peaks 310P that are
spaced apart from one another by a distance 310D in the range of 0.35 to 0.85 inches. In one
embodiment, the height H1 is 0.050 to 0.40 inches, wherein the height H1 does not include
the thickness of the heat transfer sheet 100 or 200. In one embodiment, the undulating
surfaces 310 have a ratio of the spacing distance 301D between undulation peeks 310P to the
height H1 (not including the thickness of the heat transfer sheet) 0of3.0:1 to 15.0:1. In one
embodiment, the heat transfer sheets 100 and 200 have a ratio of the height H2 (not including
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the thickness of the heat transfer sheet) of the notch to the height H1 (not including the
thickness of the heat transfer sheet) of the undulations of 1.0:1.0 to 4.0:1.0. In one
embodiment, the height H2 is 0.15 to 0.50 inches, not including the thickness of the heat
transfer sheet.

[0089] As shown in FIGS. 4A and 4B, two heat transfer sheets 100 are stacked upon one
another to form a portion of the heat transfer assembly 1000. The peak 160LP of one of the
first lobes 160L of the heat transfer sheets 100’ engages a portion of the heat transfer surface
310 of the heat transfer sheet 100; and a valley 170RV of one of the second lobes 170R of
the heat transfer sheet 100 engages the heat transfer surface 310 of the heat transfer sheet
100°. While two heat transfer sheets 100 are shown and described, any number of heat
transfer sheets 100 and/or 200 may be stacked upon one another to form the heat transfer
assembly 1000.

[0090] The heat transfer sheets 100 and 200 and assembly 1000 thereof are generally
described herein as per a bi-sector type air preheater. However, the present invention
includes configurations and stackings of the various heat transfer sheets 100 and 200 for
other air preheater configurations such as, but not limited to a tri-sector or quad-sector type
air preheaters.

[0091] As shown in FIG. 2D another embodiment of the heat transfer sheet is generally
designated by the numeral 400. The heat transfer sheet 400 is similar to the heat transfer
sheet 100 of FIG. 2A. Thus, similar elements are designated with similar reference numbers
but with the leading numeral “1” being replaced by the numeral “4”. The heat transfer sheet
400 differs from the heat transfer sheet 100 in that the heat transfer sheet 400 has no notch
configurations 110. Thus, the heat transfer sheet 400 includes a plurality of rows (e.g., two
rows F and G are illustrated in FIG. 2D) of heat transfer surfaces 410. The rows F and G of
the heat transfer surfaces 410 are aligned with a longitudinal axis L that extends between a
first end 400X and a second end 400Y of the heat transfer sheet 400 in a direction parallel to
the flow of flue gas and combustion air, as indicated by the arrows A and B, respectively.
The heat transfer surfaces 410 have a first height HI relative to a central plane CP of the heat
transfer sheet 100, as shown in FIG. 2D. In one embodiment, heat transfer surfaces 410 are

defined by undulating surfaces that are angularly offset from the longitudinal axis L.
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[0092] The undulating surfaces 410 are configured similar to that described herein for the
undulating surfaces 310. For example, the undulating surfaces 410 of the row F are offset
from the longitudinal axis by an angle 0; and the undulating surfaces 410 of the row G are
offset from the longitudinal axis by an angle 6. In one embodiment the angle 0 and the angle
¢ are equal and oppositely extending from the longitudinal axis L. In one embodiment, the
angle 0 and the angle 6 are between 45 degrees and negative 45 degrees, measured relative to
the longitudinal axis. As shown in FIG. 2D, the undulating surfaces 410 of the row F and the
undulating surfaces 410 of the row G merge with one another along a longitudinal axis M.
[0093] As shown in FIGS. 2E and 7A, another embodiment of the heat transfer sheet is
generally designated by the numeral 500. The heat transfer sheet 500 is similar to the heat
transfer sheet 100 of FIG. 2A. Thus, similar elements are designated with similar reference
numbers but with the leading numeral “1” being replaced by the numeral “5”. The heat
transfer sheet 500 differs from the heat transfer sheet 100 in that the heat transfer sheet 400
has no angled undulating surfaces similar to the undulating surfaces 310 illustrated in FIG.
2A and is a spacing heat transfer sheet. Thus, the heat transfer sheet 500 includes a plurality
of notch configurations 510 similar to the notch configurations 110 described above with
reference to FIG. 2A (alternating full-notch configuration) and/or the notch configuration 210
described herein with reference to FIG. 3A (e.g., alternating half-notch configuration)
positioned in a side-by-side configuration with one another. Thus, the notch configurations
510 merge into one another in a direction traverse to (e.g., perpendicular to) the longitudinal
axis L. The transition regions 540L and 540R arec shown longitudinally aligned (i.c., in a side
by side configuration) with one another, however in another embodiment the transition
regions 540L and 540R are longitudinally offset (e.g., staggered along longitudinal axis L1
and L2 respectively) from one another. In one embodiment, the heat transfer sheet 500° of
FIG. 7B is configured similar to the heat transfer sheet 100” of FIG. 5B. In one embodiment,
the heat transfer sheet 500°” of FIG. 7C is configured similar to the heat transfer sheet 100’
of FIG. 5C.

[0094] As shown in FIGS. 4C and 4D a heat transfer assembly 1000’ is shown with one of
the heat transfer sheets 400 positioned between and engaging two of the heat transfer sheets
500 and 500°. One or more portions of the notch configurations 510 engage a portion of the
undulating surface 410 in the row F (FIG. 2D) and/or the undulating surface 410 in the row G
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(FIG. 2D) to space the heat transfer sheets 400 apart from one another and define flow paths
P’. For example, as shown in FIG. 4D: 1) the valleys 570RV of the lobe 570R engage
portions (e.g., undulation peaks 410P) of the undulating surface 410; 2) the valleys 570LV of
the lobe 570L engage portions (¢.g., undulation peaks 410P) of the undulating surface 410; 3)
the peaks S56LP of the lobe 5560L engage portions (¢.g., undulation peaks 410P) of the
undulating surface 410; and 4) the undulation peaks S60RP of the lobe S60RL engage
portions (¢.g., undulation peaks 410P) of the undulating surface 410.

[0095] The following examples quantify characteristics of exemplary embodiments of the
heat transfer sheets 100 and 200 that the inventors have surprisingly discovered, which
provide desirable and improved heat transfer efficiency compared to prior art heat transfer

sheets.

Example |
[0096] As shown in FIG. 2A, successive transition regions 140L aligned along the

longitudinal axis L1 are spaced apart from one another by a longitudinal distance L6 of 2 to 8
inches; and/or successive transition regions 140R aligned along the longitudinal axis L2 are
spaced part from one another by the longitudinal distance L6 of 2 to 8 inches. Likewise, as
shown in FIG. 3A, successive transition regions 240 aligned along the longitudinal axis L3
are spaced part from one another by a longitudinal distance L7 of 2 to 8 inches; and/or
successive transition regions 240 aligned along the longitudinal axis L4 are spaced part from
one another by a longitudinal distance L7 of 2 to 8 inches.

Example 2
[0097] As shown in FIG. 2C, the transition regions 140L and/or 140R of the heat transfer
sheet 100 have a longitudinal distance L5 of 0.25 to 2.5 inches. As shown in FIG. 3B, the
transition regions 240 of the heat transfer sheet 200 have a longitudinal distance L5 of 0.25 to
2.5 inches.

Example 3
[0098] As shown in FIG. 2A, adjacent notch configurations 110 are spaced apart from one

another by a distance L8 of 1.25 to 6 inches, in a direction measured perpendicular to the

longitudinal axis L of the heat transfer sheet 100. As shown in FIG. 3A adjacent notch
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configurations 210 are spaced apart from one another by a distance L8 of 1.25 to 6 inches, in

a direction measured perpendicular to the longitudinal axis L of the heat transfer sheet 200.

Example 4
[0099] As shown in FIG. 2A, the notch configuration 110 defines a ratio of the longitudinal

distance L6 between successive transition regions 140L or 140R and the height H2 (not
including the thickness of the heat transfer sheet) of the notch configuration 110 of 5:1 to
20:1. The notch configuration 210 defines a ratio of the longitudinal distance L7 between
successive transition regions 240 and the height H2 (not including the thickness of the heat
transfer sheet) of the notch configuration 210 of 5:1 to 20:1.

[00100] Although the present invention has been disclosed and described with
reference to certain embodiments thereof, it should be noted that other variations and
modifications may be made, and it is intended that the following claims cover the variations

and modifications within the true scope of the invention.
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CLAIMS

1. A heat transfer sheet (100) for a rotary regenerative heat exchanger (10), the heat transfer
sheet (100) comprising:

a plurality of rows (F,G) of heat transfer surfaces (310), each of the plurality of rows
(F,G) being aligned with a longitudinal axis (L) that extends between a first end (100X) and a
second end (100Y) of the heat transfer sheet (100), parallel to intended flow directions (A,B), the
heat transfer surfaces (310) having a first height (H1) relative to a central plane (CP) of the heat
transfer sheet (100); and

at least one notch configuration (110, 210) for spacing the heat transfer sheets (100) apart
from one another, the at least one notch configuration (110, 210) being positioned between
adjacent ones of the plurality of rows (F,G) of heat transfer surfaces (310), the notch

configuration (110, 210) comprising:

at least one first lobe (160L, 160R, 260) extending away from the central plane (CP) in a

first direction;

at least one second lobe (170R, 170L, 270) extending away from the central plane (CP) in

a second direction opposite to the first direction; and

cither one or both of the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) having a second height relative to the central plane (CP), the
second height being greater than the first height (H1, H2),

characterized in that the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) are connected to one another and are in a common flow channel
(P) in a longitudinal alternating pattern such that the at least one first lobe (160L, 160R, 260) is
longitudinally adjacent to the at least one second lobe (170R, 170L, 270).

2. The heat transfer sheet (100) of claim 1, wherein the heat transfer surfaces (310) comprise

undulating surfaces that are angularly offset from the longitudinal axis (L).
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3. The heat transfer sheet (100) of claim 1, further comprising a flow diversion configuration
defined by a transition region (140L, 140R, 240, 240°, 2407, 540L, 540R) longitudinally
connecting the at least one first lobe (160L, 170L, 260) and the at least one second lobe (170R,
170L, 270).

4. The heat transfer sheet (100) of claim 3, wherein the transition region (140L, 140R, 240, 240°,
2407, 540L, 540R) comprises an arcuate shape.

5. The heat transfer sheet (100) of claim 3, wherein the transition region (140L, 140R, 240, 240°,
2407, 540L, 540R) comprises a flat section.

6. The heat transfer sheet (100) of claim 3, wherein the transition region (140L, 140R, 240, 240°,
2407, 540L, 540R) comprises a flat section that is parallel to the central plane (CP).

7. The heat transfer sheet (100) of claim 3, wherein the transition region (140L, 140R, 240, 240°,
2407, 540L, 540R) comprises a flow stagnation mitigating path.

8. The heat transfer sheet (100) of claim 1, wherein the at least one first lobe (160L, 170L, 260)
and the at least one second lobe (170R, 170L, 270) being coaxial with one another along an axis

parallel to the longitudinal axis (L).

9. The heat transfer sheet (100) of claim 1, wherein the at least one first lobe (160L, 170L, 260)
and the at least one second lobe (170R, 170L, 270) arc adjacent to one another in a direction

transverse to the longitudinal axis (L).
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10. The heat transfer sheet (100) of claim 1, wherein at least one of the at least one first lobe
(160L, 170L, 260) and the at least one second lobe (170R, 170L, 270) are angularly offset from

one another.

11. A heat transfer assembly (1000) for a rotary regenerative heat exchanger (10), the heat

transfer assembly (1000) comprising:
at least two heat transfer sheets (100) stacked upon one another;
cach of the at least two heat transfer sheets (100) comprising:

a plurality of rows (F,G) of heat transfer surfaces (310), each of the plurality of rows
(F,G) being aligned with a longitudinal axis (L) that extends between a first end and a second
end of the heat transfer assembly (1000), parallel to intended flow directions (A,B) through the
heat transfer assembly (1000), the heat transfer surfaces (310) having a first height (H1) relative
to a central plane (CP) of the heat transfer sheet (100);

at least one notch configuration (110, 210) for spacing the heat transfer sheets (100) apart
from one another, the at least one notch configuration (110, 210) being positioned between
adjacent ones of the plurality of rows (F,G) of heat transfer surfaces (310), the notch

configuration (110, 210) comprising:

at least one first lobe (160L, 160R, 260) extending away from the central plane (CP) in a

first direction;

at least one second lobe (170R, 170L, 270) extending away from the central plane (CP) in

a second direction opposite to the first direction;

cither one or both of the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) having a second height relative to the central plane (CP), the
second height being greater than the first height (H1, H2); and
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the at least one first lobe (160L, 160R, 260) of a first of the at least two heat transfer
sheets (100) engaging the heat transfer surface (310) of a second of the at least two heat transfer
sheets (100) and the at least one second lobe (170R, 170L, 270) of the second of the at least two
heat transfer sheets (100) engaging the heat transfer surface (310) of the first of the at least two
heat transfer sheets (100) to define a flow path between the at least two heat transfer sheets
(100), the flow path extending between the first end (100X) to the second end (100Y); and

characterized in that the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) are connected to one another and are in a common flow channel
in a longitudinal alternating pattern such that the at least one first lobe (160L, 160R, 260) is
longitudinally adjacent to the at least one second lobe (170R, 170L, 270).

12. The heat transfer assembly (1000) of claim 11, further comprising a flow diversion
configuration defined by a transition region (140L, 140R, 240, 240°, 2407, 540L, 540R)
longitudinally connecting the at least one first lobe (160L, 160R, 260) and the at least one second
lobe (170R, 170L, 270).

13. A stack of heat exchanger sheets, the stack comprising:
at least one first heat transfer sheet (100) comprising:

a first undulating surface extending along the first heat transfer sheet (100) and oriented

at a first angle relative to a direction of flow through the stack, and

a second undulating surface extending along the first heat transfer sheet (100) and
oriented at a second angle relative to the direction of flow through the stack, the first angle and

second angle being different; and

at least one second heat transfer sheet (100) defining a plurality of notch configurations
(110, 210) extending along a longitudinal axis (L) that extends between a first end (100X) and a
second end (100Y) of the at least one second heat transfer sheet (100), parallel to intended flow

directions (A,B), for spacing the at least one first heat transfer sheet (100) apart from an adjacent
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one of the at least one second heat transfer sheet (100), the at least one notch configuration (110,

210) comprising:

at least one first lobe (160L, 160R, 260) extending away from a central plane (CP) of the

at least one second heat transfer sheet (100) in a first direction;

at least one second lobe (170R, 170L, 270) extending away from the central plane (CP) in

a second direction opposite to the first direction;

the at least one first lobe (160L, 160R, 260) engaging a portion of at least one of the first

undulating surface and the second undulating surface;

the at least one second lobe (170R, 170L, 270) engaging a portion at least one of the first
undulating surface and the second undulating surface to define a flow path between the at least

one first heat transfer sheet (100) and the at least one second heat transfer sheet (100); and

characterized in that the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) are connected to one another and are in a common flow channel
in a longitudinal alternating pattern such that the at least one first lobe (160L, 160R, 260) is
longitudinally adjacent to the at least one second lobe (170R, 170L, 270).

14. A spacing sheet for a stack of heat transfer sheets (100), the spacing sheet comprising:

a plurality of notch configurations (110, 210) extending along a longitudinal axis (L) that
extends between a first end and a second end of the spacing sheet, parallel to intended flow
directions (A,B) for spacing adjacent heat transfer sheets (100) apart from one another, the notch

configurations (110, 210) comprising:

at least one first lobe (160L, 160R, 260) extending away from a central plane (CP) of the

at least one second heat transfer sheet (100) in a first direction;

at least one second lobe (170R, 170L, 270) extending away from the central plane (CP) in

a second direction opposite to the first direction; and
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characterized in that the at least one first lobe (160L, 160R, 260) and the at least one
second lobe (170R, 170L, 270) are connected to one another and are in a common flow channel
in a longitudinal alternating pattern such that the at least one first lobe (160L, 160R, 260) is
longitudinally adjacent to the at least one second lobe (170R, 170L, 270).

15. The heat transfer sheet of claim 1, wherein the at least one first lobe (160L, 160R, 260) is
longitudinally spaced apart from another of the at least one first lobes (160L, 160R, 260) by the
at least one second lobe (170R, 170L, 270).
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