
HEAT TRANSFER SHEET FOR ROTARY REGENERATIVE HEAT EXCHANGER TECHNICAL FIELD
[0001] The devices described herein relate to heat transfer sheets of the
type found in rotary regenerative heat exchangers. BACKGROUND [0002] Rotary
regenerative heat exchangers are commonly used to recover heat from flue
gases exiting a furnace, steam generator or flue gas treatment equipment.
Conventional rotary regenerative heat exchangers have a rotor mounted in a
housing that defines a flue gas inlet duct and a flue gas outlet duct for
the flow of heated flue gases through the heat exchanger. The housing
further defines another set of inlet ducts and outlet ducts for the flow of
gas streams that receive the recovered heat energy. The rotor has radial
partitions or diaphragms defining compartments therebetween for supporting
baskets or frames to hold heat transfer sheets. [0003] The heat transfer
sheets are stacked in the baskets or frames. Typically, a plurality of
sheets are stacked in each basket or frame. The sheets are closely stacked
in spaced relationship within the basket or frame to define passageways
between the sheets for the flow of gases. Examples of heat transfer element
sheets are provided U.S. Pat. Nos. 2,596,642; 2,940,736; 4,363,222;
4,396,058; 4,744,410; 4,553,458; 6,019,160; and 5,836,379. [0004] Hot gas
is directed through the heat exchanger to transfer heat to the sheets. As
the rotor rotates, the recovery gas stream (air side flow) is directed over
the heated sheets, thereby causing the recovery gas to be heated. In many
instances, the recovery gas stream consists of combustion air that is
heated and supplied to a furnace or steam generator. Hereinafter, the
recovery gas stream shall be referred to as combustion air or air. In other
forms of rotary regenerative heat exchangers, the sheets are stationary and
the flue gas and the recovery gas ducts are rotated.SUMMARY OF THE
INVENTION [0005] In one aspect, a heat transfer sheet having utility in
rotary regenerative heat exchangers is described. Gas flow is accommodated
across the heat transfer sheet from a 



leading edge to a trailing edge. The heat transfer sheet is defined in part
by a plurality of sheet spacing features such as ribs (also known as
"notches") or flat portions extending substantially parallel to the
direction of the flow of a heat transfer fluid such as air or flue gas. The
sheet spacing features form spacers between adjacent heat transfer sheets.
The heat transfer sheet also includes undulating surfaces extending between
adjacent sheet spacing features, with each undulating surface being defined
by lobes (also known as "undulations" or "corrugations"). The lobes of the
different undulating surfaces extend at an angle Au relative to the sheet
spacing features, the angle Au being different for at least a portion of
the undulating surfaces, thereby providing different surface geometries on
the same heat transfer sheet. The angle Au may also change for each of the
lobes to provide a continuously varying surface geometry. BRIEF DESCRIPTION
OF THE DRAWINGS [0006] The subject matter described in the description of
the preferred embodiments is particularly pointed out and distinctly
claimed in the claims at the conclusion of the specification. The foregoing
and other features and advantages are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:
[0007] Fig. 1 is a partially cut-away perspective view of a prior art
rotary regenerative heat exchanger. [0008] Fig. 2 is a top plan view of a
basket including three prior art heat transfer sheets. [0009] Fig. 3 is a
perspective view of a portion of three prior art heat transfer sheets shown
in a stacked configuration. [0010] Fig. 4 is a side elevational view of a
prior art heat transfer sheet. [0011] Fig. 5 is a side elevational view of
a heat transfer sheet according to one embodiment of the present invention
having two different surface geometries on the same sheet.[0012] Fig. 6 is
a cross-sectional elevation view of a portion of the heat transfer sheet,
as taken at section VI-VI of Fig. 5. [0013] Fig. 7 is a cross-sectional
elevation view of a portion of the heat transfer sheet, as taken at section
VII-VII of Fig. 5. 



[0014] Fig. 8 is a side elevational view of an embodiment of a heat
transfer sheet showing another arrangement of two different surface
geometries on the same sheet. [0015] Fig. 9 is a side elevational view of
another heat transfer sheet showing three or more different surface
geometries on the same sheet. [0016] Fig. 10 is a side elevational view of
yet another embodiment of a heat transfer sheet showing a surface geometry
that varies continuously over the length of the sheet. [0017] Fig. 11 is a
cross-sectional elevation view of a portion of another embodiment of three
heat transfer sheets according to the present invention in stacked
relationship. [0018] Fig. 12 is a cross-sectional elevation view of a
portion of another embodiment of three heat transfer sheets in stacked
relationship. [0019] Fig. 13 is a side elevational view of a heat transfer
sheet according to one embodiment of the present invention having two
different surface geometries on the same sheet. DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0020] Referring to Fig. 1, a rotary regenerative
heat exchanger, generally designated by the reference number 10, has a
rotor 12 mounted in a housing 14. The housing 14 defines a flue gas inlet
duct 20 and a flue gas outlet duct 22 for accommodating the flow of a
heated flue gas stream 36 through the heat exchanger 10. The housing 14
further defines an air inlet duct 24 and an air outlet duct 26 to
accommodate the flow of combustion air38 through the heat exchanger 10. The
rotor 12 has radial partitions 16 or diaphragms defining compartments 17
therebetween for supporting baskets (frames) 40 of heat transfer sheets
(also known as "heat transfer elements"). The heat exchanger 10 is divided
into an air sector and a flue gas sector by sector plates 28, which extend
across the housing 14 adjacent the upper and lower faces of the rotor 12.
While Fig. 1 depicts a single air stream 38, multiple air streams may
beaccommodated, such as tri-sector and quad-sector configurations. These
provide multiple preheated air streams that may be directed for different
uses. [0021] As is shown in Fig. 2, one example of a sheet basket 40
(hereinafter "basket 40" includes a frame 4 1 into which heat transfer
sheets 42 are stacked. While only a limited number of heat transfer sheets
42 are shown, it will be appreciated that the basket 40 will typically be
filled with heat transfer sheets 42. As also seen in Fig. 2, the heat
transfer sheets 



42 are closely stacked in spaced relationship within the basket 40 to form
passageways 44 between adjacent heat transfer sheets 42. During operation,
air or flue gas flows through the passageways 44. [0022] Referring to both
Figs. 1 and 2, the heated flue gas stream 36 is directed through the gas
sector of the heat exchanger 10 and transfers heat to the heat transfer
sheets 42. The heat transfer sheets 42 are then rotated about axis 18 to
the air sector of the heat exchanger 10, where the combustion air 38 is
directed over the heat transfer sheets 42 and is thereby heated. [0023]
Referring to Figs. 3 and 4, conventional heat transfer sheets 42 are shown
in a stacked relationship. Typically, heat transfer sheets 42 are steel
planar members that have been shaped to include one or more ribs 50 (also
known as "notches") and undulating surfaces 52 defined in part by
undulation peaks 53. The undulation peaks 53 extend upward and downward in
an alternating fashion (also known as "corrugations"). [0024] The heat
transfer sheets 42 also include a plurality of larger ribs 50 each having
rib peaks 51 that are positioned at generally equally spaced intervals and
operate to maintain spacing between adjacent heat transfer sheets 42 when
stacked adjacent to one another and cooperate to form sides of passageways
(44 of Fig. 2). These accommodate the flow of air or flue gas between the
heat transfer sheets 42. The undulation peaks 53 defining the undulating
surfaces 52 in the prior art heat transfer sheet 42 are of all the same
height. As shown in Fig. 4, the ribs 50 extend at a predetermined angle
(e.g. 0 degrees) relative to the flow of air or flue gas through the rotor
(12 of Fig. 1). [0025] The undulation peaks 53 defining the undulating
surfaces 52 in the prior art are arranged at the same angle A11 relative to
the ribs and, thus, the same angle relative to the flow of air or flue gas
indicated by the arrows marked "Air Flow". The undulating surfaces 52 act,
among other things, to increase turbulence in the air or flue gas flowing
through the passageways (44 of Fig. 2) and thereby disrupt the thermal
boundary layer at the surface ofthe heat transfer sheet 42. In this manner,
the undulating surfaces 52 improve heat transfer between the heat transfer
sheet 42 and the air or flue gas. [0026] As shown in Figs. 5-7, a novel
heat transfer sheet 60 has a length L substantially parallel to a direction
of heat transfer fluid (hereinafter "air or flue gas") flow and extending 



from a leading edge 80 to a trailing edge 90. The terms "leading edge" and
"trailing edge" are used herein for convenience. They relate to the flow of
hot air across the sheet 60 indicated by the arrows and labeled "Air Flow".
[0027] The heat transfer sheet 60 may be used in place of conventional heat
transfer sheets 42 in a rotary regenerative heat exchanger. For example,
heat transfer sheets 60 may be stacked and inserted in a basket 40 for use
in a rotary regenerative heat exchanger. [0028] The heat transfer sheet 60
includes sheet spacing features 59 formed thereon, which effect the desired
spacing between sheets 60 and form flow passages 6 1 between the adjacent
heat transfer sheets 60 when the sheets 60 are stacked in the basket 40
(Fig. 2). The sheet spacing features 59 extend in spaced relationship
substantially along the length of the heat transfer sheet (L of Fig. 5) and
substantially parallel to the direction of the flow of air or flue gas
through the rotor of the heat exchanger. Each flow passage 6 1 extends
along the entire length L of the sheet 60, from the leading edge 80 to the
trailing edge 90, between adjacent ribs 62. [0029] In the embodiment shown
in Figs. 6 and 7, the sheet spacing features 59 are shown as ribs 62. Each
rib 62 is defined by a first lobe 64 and a second lobe 64'. The first lobe
64 defines a peak (apex) 66 that is directed outwardly from a peak 66
defined by the second lobe 64' in a generally opposite direction. An
overall height of one rib 62 between the peaks 66 and 66\ respectively, is
HL. The peaks 66, 66 of the ribs 62 engage the adjacent heat transfer
sheets 60 to maintain the spacing between adjacent heat transfer sheets.
The heat transfer sheets 60 may be arranged such that the ribs 62 on one
heat transfer sheet are located about mid-way between the ribs 62 on the
adjacent heat transfer sheets for support. [0030] This is a significant
advancement in the industry, because it was previously not known how to
create two different types of undulations on a single sheet. The present
invention does so without the need for joints or welds between undulation
sections.[0031] It is also contemplated that the sheet spacing features 59
may be of other shapes to effect the desired spacing between sheets 60 and
form flow passages 6 1 between the adjacent heat transfer sheets 60. [0032]
As is shown in Figs. 11 and 12, the heat transfer sheet 60 may include
sheet spacing 



features 59 in the form of longitudinally extending flat regions 88 that
are substantially parallel to, and spaced equally with, ribs 62 of an
adjacent heat transfer sheet, upon which the ribs 62 of the adjacent heat
transfer sheet rest. Like the ribs 62, the flat regions 88 extend
substantially along the entire length L of the heat transfer sheet 60. For
example, as shown in Fig. 11, the sheet 60 may include alternating ribs 62
and flat regions 88, which rest on the alternating ribs 62 and flat regions
88 of an adjacent sheet 60. Alternatively, as shown in Fig. 12, one heat
transfer sheet 60 may include all longitudinally extending flat regions 88,
with the other heat transfer sheet 60 includes all ribs 62. [0033] Still
referring to Figs. 5-7, disposed on the heat transfer sheet 60 between the
sheet spacing features 59 are several undulating surfaces 68 and 70. Each
undulating surface 68 extends substantially parallel to the other
undulating surfaces 68 between the sheet spacing features 59. [0034] As is
shown in Fig. 6, each undulating surface 68 is defined by lobes
(undulations or corrugations) 72, 72'. Each lobe 72, 72' defines in part a
U-shaped channel having respective peaks 74, 74', and each lobe 72, 72'
extends along the heat transfer sheet 60 in a direction defined along the
ridges of its peaks 74, 74' as shown in Fig. 5. Each of the undulating
surfaces 68 has a peak-to-peak height Hui. [0035] Referring now to Figs. 5
and 1, each undulating surface 70 extends substantially parallel to the
other undulating surfaces 70 between the sheet spacing features 59. Each
undulating surface 70 includes one lobe (undulation or corrugation) 76
projecting in an opposite direction from another lobe (undulation or
corrugation) 76'. Each lobe 76, 76' defines in part a channel 6 1 having
respective peaks 78, 78', and each lobe 76, 76' extends along the heat
transfer sheet 60 in a direction defined along the ridges of its peaks 74,
74' as shown in Fig. 6. Each of the undulating surfaces 70 has a
peak-to-peak height of HU2 . [0036] The lobes 72, 72' of undulating
surfaces 68 extend at different angles than the lobes 76, 76' of undulating
surfaces 70, with respect to the sheet spacing features 59, as indicated by
angles Aul and Au2, respectively.[0037] The sheet spacing features 59 are
generally parallel to the main flow direction of the air or flue gas across
the heat transfer sheet 60. As is shown in Fig. 5, the channels of the 



undulating surfaces 68 extend substantially parallel to the direction of
the sheet spacing features 59, and the channels of the undulating surfaces
70 are angled in the same direction as undulation peaks 78. As is shown, if
Aui is zero degrees, then Au2 in this embodiment is approximately 45
degrees. In contrast, as shown in Fig. 4, the undulating surfaces 52 in
conventional heat transfer sheets 42 all extend at the same angle, A 11 ,
relative to the adjacent sheet spacing features 59. [0038] The angles
described here are only for illustrative purposes. It is to be understood
that the invention encompasses a wide variety of angles. [0039] The length
L1 of the undulating surfaces 68 of Fig. 5 (and Fig. 8) may be selected
based on factors such as heat transfer fluid flow, desired heat transfer,
location of the zone where sulfuric acid, condensable compounds, and
particulate matter collect on the heat transfer surface, and desired
sootblower penetration for cleaning. Soot blowers have been used to clean
heat transfer sheets. These deliver a blast of high-pressure air or steam
through the passages (44 of Fig. 2, 6 1 of Figs. 6, 7, 11, 12) between the
stacked elements to dislodge particulate deposits from the surface of heat
transfer sheets. To aid in the removal of deposits that will form on the
heat transfer surface during operation, it may be desirable to select L1 to
be a distance such that all or a portion of the deposit is located on the
section of the heat transfer sheet that is substantially parallel to the
direction of the flow of air or flue gas through the rotor of the heat
exchanger (36, 38 of Fig. 1). Preferably, however, Li may be less than
one-third of the entire length L of the heat transfer sheet 60, and more
preferably less than one-fourth of the entire length L of the heat transfer
sheet 60. This provides a sufficient amount of undulating surface 70 to
develop turbulent flow of the heat transfer fluid and so that the turbulent
flow continues across the undulating surface 70. Undulating surface 70 is
constructed to be sufficiently rigid to withstand the full range of
operating conditions, including cleaning with a sootblower jet, for the
heat transfer sheet 60. [0040] The lengths described here are only for
illustrative purposes. It is to be understood 



that the invention encompasses a wide variety of lengths and length
ratios.[0041] In general, the higher the sulfur content in the fuel, the
longer L1 (and L , L ) should be for optimum performance. Also, the lower
the gas outlet temperature from the air preheater, the longer Li (and L ,
L3) should be for optimum performance. [0042] Referring again to Figs. 6
and 7, it is contemplated that Hui and Hu2 may be equal. Alternatively, Hul
and Hu2 may differ. For example, Hul may be less than Hu2, and both Hui and
Hu2 are less than HL. In contrast, as shown in Fig. 4, the undulating
surfaces 52 in conventional heat transfer sheets 42 are all of the same
height. [0043] CFD modeling by the inventors has shown that the embodiment
of Fig. 5 allows for maintaining higher velocity and kinetic energy of the
sootblower jet to a deeper location within flow passage (61 of Figs. 6 and
7), which is expected to lead to better cleaning. [0044] The embodiment of
Fig. 5 is believed to allow for better cleaning by a soot blower jet, or
potentially cleaning a stickier deposit on the heat transfer surface since
the undulating surfaces 68 are better aligned with a jet directed towards
the leading edge 80, thus allowing for greater penetration of the soot
blower jet along the flow passages (61 of Figs. 6, 7). [0045] Furthermore,
when the configuration of the undulating surface 68 provides a better
line-of sight between the heat transfer sheets 60, the heat transfer sheet
as described herein becomes more compatible with an infrared radiation (hot
spot) detector. [0046] The embodiment of Fig. 5 proved to have low
susceptibility to flutter during soot blowing tests. In general, fluttering
of the heat transfer sheets is undesirable as it causes excessive
deformation of the sheets, plus it causes them to wear against each other
and, thereby, reduce the useful life of the sheets. Since the undulating
surfaces 68 are substantially aligned with the direction of the soot blower
jet (Air Flow), the velocity and kinetic energy of the sootblower jet is
preserved to a greater depth along the flow channel (61 of Figs. 6 and 7).
This results in more energy being available for removal of the deposit on
the heat transfer surface. [0047] Fig. 8 shows another embodiment of a heat
transfer sheet 160 that incorporates three surface geometries. In a manner
similar to heat transfer sheet 60, heat transfer sheet 160 has a series of
sheet spacing features 59 at spaced intervals that extend longitudinally
and 



substantially parallel to the direction of the flow of the air or flue gas
through the rotor of a heat exchanger.[0048] Heat transfer sheet 160 also
includes undulating surfaces 68 and 70, with undulating surfaces 68 being
located on both a leading edge 80 and a trailing edge 90 of the heat
transfer sheet 160. As is shown in Figs. 6-8, the lobes 72 of undulating
surfaces 68 extend in the first direction represented by angle Aul relative
to the sheet spacing features 59. Here Aui is zero since sheet spacing
features 59 is parallel to lobes 72. Lobes 76 of undulating surfaces 70
extend in the second direction Au2 relative to the sheet spacing features
59. [0049] The present invention is not limited in this regard, however, as
the undulating surfaces 68 at the trailing edge 90 of the sheet 60 may be
angled differently from the undulating surfaces 68 at the leading edge 80.
The heights of the undulating surfaces 68 may also be varied relative to
the heights of the undulating surfaces 70. For example, a sum of the length
L3 of the undulating surfaces 68 at the trailing edge 90 and the length L
of the undulating surfaces 68 at the leading edge 80 is less than one-half
of the length L of the heat transfer sheet 60. Preferably, it is less than
one-third of the entire L of the heat transfer sheet 60. The heat transfer
sheet 160 of Fig. 8 may be used, for example, where soot blowers are
directed at both the leading and trailing edges 80 and 90. [0050] The heat
transfer sheet of the present invention may include any number of different
surface geometries along the length of each flow passage 61. For example,
Fig. 9 depicts a heat transfer sheet 260 that incorporates three different
surface geometries. In a manner similar to heat transfer sheets 60 and 160,
heat transfer sheet 260 includes sheet spacing features 59 at spaced
intervals which extend longitudinally and parallel to the direction of the
flow of air or flue gas through the rotor of a heat exchanger and defining
flow passages 6 1 between adjacent sheets 260. [0051] Heat transfer sheet
260 also includes undulating surfaces 68, 70 and 7 1 with undulating
surfaces 68 being located on a leading edge 80. As is shown, the lobes 72
of undulating surfaces 68 extend in a first direction represented by angle
Aul (parallel to the sheet spacing features 59, as is shown, for example).
The lobes 76 of undulating surfaces 70 extend across the heat transfer
sheet 260 in a second direction at angle AU2relative to the 



sheet spacing features 59, and the lobes 73 of undulating surfaces 7 1
extend across the heat transfer sheet 260 in a third direction at angle Au
relative to the sheet spacing features 59, which is different from Au2 and
Aul . For example, Au3 may be the negative (reflected) angle of Au2
relative to the sheet spacing features 59. As with other embodiments
disclosed herein, the heights Hui and Hu2 of undulating surfaces 68, 70,
and 7 1 may be varied.[0052] As is shown, undulating surfaces 70 and 7 1
alternate along the heat transfer sheet 260, thereby providing for
increased turbulence of the heat transfer fluid as it flows. The turbulence
comes in contact with the heat transfer sheets 260 for a longer period of
time and thus enhances heat transfer. The swirl flow also serves to mix the
flowing fluid and provides a more uniform flow temperature. [0053] This
turbulence is believed to enhance the heat transfer rate of the heat
transfer sheets 60 with a minimal increase in pressure drop, while causing
a significant increase in the amount of total heat transferred. [0054]
Referring to Fig. 10, a heat transfer sheet 360 incorporates a continuously
varying surface geometry along a plurality of lobes 376. In a manner
similar to heat transfer sheets 60, 160, and 260, heat transfer sheet 360
includes sheet spacing features 59 at spaced intervals which extend
longitudinally and substantially parallel to the direction of the flow of
the air or flue gas through the rotor of a heat exchanger and defining flow
passages such as flow passages 6 1 of Figs. 6 and 7, between adjacent
sheets 360. [0055] Flow passages (similar to flow passages 6 1 of Figs. 6,
7, 11 and 12) are created between the sheet spacing features 59 under lobes
376 of the undulating surface 368. The lobes 376 become increasingly angled
with respect to the sheet spacing features 59 over the length L of the
sheet 360 from the leading edge 80 to the trailing edge 90. This
construction allows a soot blower jet to penetrate from the leading edge 80
a greater distance into the flow passages as compared with prior art
designs. [0056] This design also exhibits greater heat transfer and fluid
turbulence near the trailing edge 90. The progressive angling of the
undulating surfaces 368 avoids the need for a sharp transition to
undulating surfaces of a different angle, while still permitting the
undulating surfaces to be somewhat aligned with a soot blower jet to effect
deeper jet penetration and 



better cleaning. The heights of the undulating surfaces 368 may also be
varied along the length L of the heat transfer sheet 360. [0057] Figure 11
shows an alternative embodiment in which parts with the same numbers have
the same function as those described in Figs. 6 and 7. In this embodiment,
flat portions 88 meet up with peaks 66 and 66' creating a more effective
seal between flow passages 6 1 on the left and right sides of each sheet
spacing feature. Flow passages are referred to as a 'closed channel'.[0058]
Figure 12 shows another alternative embodiment of the present invention in
which parts with the same numbers have the same function as those described
in the previous figures. This embodiment differs from Fig. 11 in that sheet
spacing features 59 are only included on the center heat transfer sheet.
[0059] Fig. 13 is a top plan view of a heat transfer sheet showing another
arrangement of two different surface geometries on the same sheet. Parts
with the same reference numbers as that of the previous figures perform the
same function. This embodiment is similar to that of Fig. 5. In this
embodiment, adjacent undulation surfaces 70, 79 have peaks 78, 8 1 that are
angled in opposite directions with respect to sheet spacing features 59.
Undulation peaks 78 make an angle Au with respect to sheet spacing features
59. Undulation peaks 8 1 make an angle Au4 with respect to sheet spacing
features 59. [0060] Fig. 13 is used for purposes of illustration, however,
it should be noted that the invention covers many other embodiments that
have adjacent undulated sections parallel lobes each oriented with the
angles of their lobes aligned opposite each other. [0061] While the
invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications
will be appreciated by those skilled in the art to adapt a particular
instrument, situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment disclosed as the
best mode contemplated for carrying out this invention, but that the
invention will include all embodiments falling within the scope 



of the appended claims.CLAIMS What is claimed is: 1. A heat transfer sheet
for a rotary regenerative heat exchanger, the heat transfer sheet
comprising: a plurality of sheet spacing features extending along the heat
transfer sheet substantially parallel to a direction of gas flow, the sheet
spacing features defining a portion of a flow passage between an adjacent
heat transfer sheet; and a plurality of undulating surfaces disposed
between each pair of adjacent sheet spacing features, the plurality of
undulating surfaces including: a first undulating surface formed by lobes
extending along the heat transfer sheet parallel to each other at a first
angle relative to the sheet spacing features, and a second undulating
surface formed by lobes extending along the heat transfer sheet parallel to
each other at a second angle relative to the sheet spacing features, the
first angle and second angle being different. 2. The heat transfer sheet of
claim 1, wherein first undulation surface is connected to the second
undulation surface and the flow passages formed by the undulation surfaces
are fluidically continuous and aligned. 3. The heat transfer sheet of claim
1, wherein the first angle is substantially equal to zero, such that the
lobes of the first undulating surface extend along the heat transfer sheet
parallel to the sheet spacing features. 4. The heat transfer sheet of claim
2, wherein the first undulating surface is located proximate an edge of the
heat transfer sheet. 5. The heat transfer sheet of claim 3, wherein the
plurality of undulating surfaces further includes: a third undulating
surface formed by lobes extending along the heat transfer sheet parallel to
each other and to the sheet spacing features, the third undulating surface
being located proximate an opposite edge of the heat transfer sheet from
the first undulating surface.6. The heat transfer sheet of claim 1, wherein
the heat transfer sheet has at least one pair 



of undulating surfaces each having lobes that extend at different angles.
7. The heat transfer sheet of claim 1, wherein the first angle is a
positive angle and the second angle is a negative angle. 8. The heat
transfer sheet of claim 1, wherein the lobes forming the first undulating
surface each have an upper peak and a lower peak, the lobes forming the
second undulating surface each have an upper peak and a lower peak, an
average distance between the peaks of the first undulating surface
substantially differs from an average distance between the peaks of the
second undulating surface. 9. The heat transfer sheet of claim 1, wherein
the sheet spacing features include at least one of: ribs and flat portions.
10. A heat transfer sheet for a rotary regenerative heat exchanger, the
heat transfer sheet comprising: a plurality of sheet spacing features
extending along the heat transfer sheet substantially parallel to a
direction of gas flow, the sheet spacing features defining a portion of a
flow passage between an adjacent heat transfer sheet; and an undulating
surface disposed between each pair of adjacent sheet spacing features, the
undulating surface is formed by lobes that become increasingly angled with
respect to the sheet spacing features over the length [L] of the heat
transfer sheet. 11. The heat transfer sheet of claim 10, wherein the sheet
spacing features include at least one of: ribs and flat portions. 12. A
heat transfer sheet for a rotary regenerative heat exchanger, the heat
transfer sheet comprising:a first sheet spacing feature extending along the
heat transfer sheet substantially parallel to a direction of gas flow, the
first sheet spacing feature defining a first portion of a flow passage
between an adjacent heat transfer sheet; a second sheet spacing feature
extending along the heat transfer sheet substantially parallel to the first
sheet spacing feature, the second sheet spacing feature defining a second 



portion of the flow passage; a first undulating surface disposed on the
heat transfer sheet between the first and second sheet spacing features and
defining a third portion of the flow passage, the first undulating surface
being formed by lobes extending along the heat transfer sheet parallel to
each other at a first angle relative to the first and second sheet spacing
features; a second undulating surface disposed on the heat transfer sheet
between the first and second sheet spacing features and defining a fourth
portion of the flow passage, the second undulating surface being formed by
lobes extending along the heat transfer sheet parallel to each other at a
second angle relative to the sheet spacing features, the first and second
angles being different. 13. The heat transfer sheet of claim 12, wherein
the second angle is substantially equal to zero, such that the lobes of the
second undulating surface extend along the heat transfer sheet parallel to
the first and second sheet spacing features. 14. The heat transfer sheet of
claim 13, wherein the second undulating surface is located proximate an
edge of the heat transfer sheet. 15. The heat transfer sheet of claim 13,
wherein the heat transfer sheet further comprises: a third undulating
surface disposed on the heat transfer sheet between the first and second
sheet spacing features and defining a fifth portion of the flow passage,
the third undulating surface being formed by lobes extending along the heat
transfer sheet parallel to each other and to the first and second sheet
spacing features, the third undulating surface being located proximate an
opposite edge of the heat transfer sheet from the second undulating
surface, and the first undulating surface is located between the second and
third undulating surfaces. 16. The heat transfer sheet of claim 12, wherein
the heat transfer sheet includes a plurality of alternating first and
fourth undulating surfaces.17. The heat transfer sheet of claim 12, wherein
a peak-to-peak height of the lobes forming the first undulating surface is
different than a peak-to-peak height of the lobes forming the second
undulating surface. 18. The heat transfer sheet of claim 12, wherein each
of the first and second sheet spacing 



features includes at least one of: ribs and flat portions. 19. The heat
transfer sheet of claim 12, wherein the sheet spacing features includes
flat portions to create closed channel flow passages. 20. A basket for a
rotary regenerative heat exchanger, the basket comprising: a frame; and at
least one heat transfer sheet comprising: a first sheet spacing feature
extending along the heat transfer sheet substantially parallel to a
direction of gas flow, the first sheet spacing feature defining a first
portion of a flow passage between an adjacent heat transfer sheet; a second
sheet spacing feature extending along the heat transfer sheet substantially
parallel to the first sheet spacing feature, the second sheet spacing
feature defining a second portion of the flow passage; a first undulating
surface disposed on the heat transfer sheet between the first and second
sheet spacing features and defining a third portion of the flow passage,
the first undulating surface being formed by lobes extending along the heat
transfer sheet parallel to each other at a first angle relative to the
first and second sheet spacing features; a second undulating surface
disposed on the heat transfer sheet between the first and second sheet
spacing features and defining a fourth portion of the flow passage, the
second undulating surface being formed by lobes extending along the heat
transfer sheet parallel to each other at a second angle relative to the
sheet spacing features, the first and second angles being different. 


