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[57] ABSTRACT

A regenerator for effecting heat exchange between two
fluids, one of which transfers heat to a mass within the
regenerator while the other abstracts heat from this
mass. The regenerator is provided with a portion in
which a fluid, e.g. water, is condensed. The regenerator
has stacked matrices, hurdles, baffles or stages of the
heat-absorbing material which comprise corrugated
sheets with the corrugations of the several stages being
inclined at different angles to the axis of the regenera-
tor. The angle between the longitudinal axis of the re-
generator and the direction of the corrugation in the
condensation stage 1s less than that in other stages.

5 Claims, 8 Drawing Figures

~ &

»

"._ll.l-l-l_l_

T O T I T 6
BN

s

5




COPATENTEDSE 4B 3'788'310
- SHEET 1 0F 2 '

iij

[INENEENES
wa n
EEENNENY

F ]l
- #l:rrt |
]

! OTIIiTLd ] l
SEINENERNEN ]
TR,

0{ W', R
o PR 1IILLI} ~> 77 - 8
ﬂ%??kﬂgl M| }E'-_
' "w 1]
AN l | | ! . sy 20
_ L . TR
' ,QKE:S t . ich;Eshy..‘,
gl e
9020 %% %!
78 _
INVENTOR:

Rudolf Becker

BY

Attorney



 PATENTEDSEP 43 ' 3.756.310
C SHEET 2 OF 2 -

75

Ii"-""1 _th‘ i, § ]
J

571 FIG.6

Rudolf Becker
INVENTOR.

- BY g_‘R‘"‘




3,756,310

1
REGENERATOR
FIELD OF THE INVENTION

‘The present invention relates to a regenerator and,
more particularly, to a heat exchanger of the type in
which heat or cold is stored in a heat-storage mass and
1s transferred to a fluid traversing the regenerator and
having at least a condensable component.

BACKGROUND OF THE INVENTION

While the heat-exchange art is old and highly devel-
oped, indirect heat exchangers for use at low tempera-
tures and even at high temperatures can be classified

into two broad categories. The first category is a mul-

ticompartment heat exchanger in which heat transfer
between the fluids which traverse respective compart-
ments 1s effected through a thermally conductive wall
which may be a plate, tube or the like. In this indirect
heat exchanger, the fluids are passed in countercurrent
or concurrent flow through the chambers simulta-
neously and efforts are made to facilitate heat conduc-
tion through the wall. In the other broad category of
heat exchangers, hereinafter described as regenerators,
a first fluid transfers heat or cold to a heat-storage
mass, whereupon the other fluid is passed through the
same chamber into contact with this mass and abstracts
heat and cold therefrom. The principal difference be-
tween these two systems is the relationship of the fluid
flow to time. In the first-mentioned system, the fluids
are passed simultaneously through respective chambers
separated by the thermally conductive wall whereas, in
the regenerator, the fluids are passed successively into
contact with the same heat-exchange surface of a heat
storage mass. The principles of regenerator operation
and the use of regenerators are described in U.S. Pat.
No. 3,477,496. |

Regenerators are commonly used in low-temperature
applications wherein, for example, a relatively cold
fluid from an air rectification plant, is passed through
the regenerator to abstract heat from the heat-storage
mass and transfer cold to the latter. It may be noted
that the cooling of a heat-exchange mass will be de-
scribed hereinafter as the abstraction of heat from or
transfer of cold to the mass. Subsequently, a fluid to be
cooled, e.g., the fluid to be subjected to rectification,
may be passed through the regenerator to transfer heat
to the mass while bemg cooled as a consequence. Fre-
quently, at one stage in the heat exchanger condensa-
tion of impurities, e.g., moisture, in this second fluid is
effected. |

It has been pmposed to prowde regenerators operat-
ing under the above-described principles and for the
purposes set forth, with stages, baffles, hurdles or ma-
trices of heat-stprage material in the form of lamina-
tions of corrugated plates or sheets, e.g. as strips of cor-
rugated sheet metal, the heat-storage mass of each
stage or hurdle being spirally coiled or disposed in the
form of nested cylinders. In matrices of the latter type,
it has been proposed to incline the corrugation to the
axis of the heat exchanger at an angle of, say, 45°in one
layer and at a similar angle but in the opposite direction
for another layer. The interwound corrugated strips
thus have corrugations extending at approximately
right angles to one another. It has also been proposed,

in connection with such prior regenerators, to arrange

the several stages or to so dimension the heat-storage
mass such that the mass density (i.e., the mass of heat-
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storage material per unit volume of the regenerator)
Increases from the hot to the cold end of the regenera-
tor. The reason for this adjustment of the mass density
is that the specific heat of the heat-storage material de-
creases at lower temperatures and hence is less at the

cold end of the regenerator than at the warm end.

Regenerators of the aforedescribed type, with pack-
ings or hurdles of corrugated strips and like latticework
systems have the disadvantage that, because high mass
densities are required in the condensation zone (e.g., at
the stage of the regenerator at which condensation of
a condensable fluid, generally water, occurs) to com-
pensate for the transfer of the latent heat of condensa-
tion, the flow cross-section must be markedly reduced
and, therefore, the efficiency of the regenerator is low-
ered. In this connection, it might be mentioned that a
reduced flow cross-section is associated with a propor-
tionately large increase in the flow velocity and a large
drop in the fluid pressure across the condensation stage
which are both disadvantageous. To compensate, it is
common practice to increase the length of the conden-
sation stage which has the disadvantage that the vol-
ume of this stage is increased together with losses oc-
curring in switchover from one fluid to the other. Fi-
nally, 1t should be observed that an increased length of
the condensation zone invariably involves still hlgher
pressure drops thereacross

OBJECTS OF THE INVENTION

- It 1s, therefore, the principal object of the present in-
vention to provide an improved regenerator of rela-
tively simple and inexpensive construction, adapted to

obviate the disadvantages enumerated above.
A more specific object of the invention is to provide

a packed regenerator using corrugated strips, which is
characterized by low gas velocities and, consequently,
low pressure drops thereacross.

Still another object of the invention is to provide an
improved regenerator for the purposes described which
operates more efﬁmenﬂy, occupies a smaller volume
and is less expensive than most conventional regenera- -
tors designed for the same effective heat transfer. |

'SUMMARY OF THE INVENTION

~These objects and others, which will become appar-
ent hereinafter, are attained in accordance with the
present invention, with a system which markedly re-
duces the pressure drop at least in the condensation
stage or zone; according to the invention, the mass den-
sity of the heat-storage mass in the condensation zone
is made relatively high by providing the heat-storage
mass 1n this zone as a stack of hurdles, baffles or the

like of corrugated sheet metal, especially corrugated
strips in which the corrugations run generally parallel

~ to the axis of the regenerator and in the principal direc-
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tion of fluid flow therethrough, the corrugations also
extending in the width of the sheet metal strips which
may be thicker in the condensation zone to provide the
greater mass density. However, the present invention
provides that, whereas the corrugations of other por-
tions of the regenerator may be inclined to a greater or

~lesser extent with respect to the axis of the regenerator

65

and thus have lesser or greater flow resistance, the cor-
rugations in the condensation zone are of a reduced in-
clination and preferably are substantially parallel to the

axis; consequently, the more densely packed condensa-
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tion zone has a decreased flow resistance in combina-
tion.

According to a more specific feature of the inven-
tion, the entire regenerator is packed with stages, baf-
fles or hurdles of corrugated strips, advantageously in
packages of nested concentric turns or a spiral package
and spaced vertically with the condensation zone being
formed by one or more such packages at the top of the
generally cylindrical regenerator. In this preferred con-

struction of the regenerator, the other stages or zones
of the regenerator are provided with corrugated strips

whose corrugations advantageously are inclined to the
axis of the regenerator at angles of 45° to 605
inclusively, while the corrugations in the condensation
zone are inclined at 0° to the axial direction, 1.e., are
parallel thereto, Furthermore, in the other zones lead-
ing to the condensation zone, the corrugations of adja-
cent strips may be inclined to one another and 1n oppo-
site directions to the axis so that a crosswise arrange-
ment of the corrugations is provided in each zone.

It has been found to be advantageous to increase the
mass density in the region of the condensation zone by
introducing between the successive layers of corru-
gated strips, substantially smooth sheet-metal plates or
strips, the thickness and number of which is selected in
accordance with the mass density desired.

It has been found to be especially advantageous to

make the smooth strips between the corrugated strips
somewhat wider than the latter, 1.e., to dimension the
smooth strips to have a width (running in the axial di-
rection of the regenerator) which is greater than that
of the corrugated strips whose corrugations run like-
wise in this direction. In one embodiment of the inven-
tion, the smooth strip has a width which 1s two to 15
times greater than the width of the corrugated strips as-
sociated therewith so that, along each flank of the
smooth strip, a number of corrugated strips may be
provided. Advantageously, in this embodiment and in
embodiments where the smooth strip is only say 1 to 10
percent greater in width than the corrugated strip
(preferably 3 to 10 percent), the upper and/or lower
edges of the smooth strip are formed with a series of
grooves (corrugations) running in the axial or longitu-
dinal direction and advantageously with a lesser corru-
gation period or higher undulation frequency than the
corrugations of the corrugated strips. This band of
grooves and alternating crests, preferably deformed
symmetrically on opposite sides of the smooth sheet,
serves to support each hurdle or heat-exchange unit
upon the lower unit or to carry the next higher unt.
When the smooth strip is a multiple or more of the
width of a single strip, similar grooves or corrugations
are provided in a band between the corrugated strips so
as to constitute spacing members. The width (in the di-
rection of the axis of the regenerator) of these corru-
gated spacer bands is relatively small, 1.e., a minor frac-
tion of the width of the corrugated strip.

It has already been observed that each smooth strip
may be from 1 to 10 percent wider than the associated
corrugated strip, with this extra width serving to pro-
vide the spacer bands or chains or channels. In this
case, the spacer bands may constitute 0.5 to 5 percent
of the width of the corrugated strip and the spacer
bands are used to separate the independent heat ex-
change units from one another. Since the channels or
grooves of the spacer bands extend parallel to the
troughs of the corrugations of the corrugated strips,
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4

there is a minimum pressure drop across the assembly
and an optimum flow velocity of the gas therethrough.

It has already been observed that the mass density,
i.e., the mass of fluid-permeable heat exchange mate-
rial per unit volume of the regenerator, can be readily
established simply by modifying the depths of the cor-
rugations and the thicknesses of the sheet-metal strips,
i.e., the smooth sheet metal strip and the corrugated

sheet metal strips. The mass density is greatest in the
region of the condensation zone and then drops toward
the warm end of the heat exchanger. It has been found

to be advantageous, however, to provide a relatively
dense arrangement at the hot end of the heat exchanger
to compensate for reduced efficiency and it 1s, accord-
ingly, a feature of the invention to provide the packing
units such that the maximum mass density 1s at the con-
densation zone, the mass density decreases immedi-
ately adjacent this zone or in an intermediate portion
of the regenerator, and finally the mass density in-
creases again toward the cold end of the regenerator
opposite the condenser zone. In this way, the heat ex-
change compensates for the latent heat transfer in the
condensation zone as well as for the lower efficiency of
the hot end of the regenerator. Since the condensation
zone does not have to be lengthened in the manner of
earlier regenerator, there is no increased loss upon
switchover of the regenerator from one fluid to an-

other.

DESCRIPTION OF THE DRAWING

The above and other objects, features and advan-
tages of the present invention will become more readily
apparent from the following description, reference
being made to the accompanying drawing, in which:

FIG. 1 is a diagrammatic elevational view of a portion
of a regenerator in accordance with the present inven-
tion, showing only the orientation and configuration of
the heat storage mass,;

FIG. 2 is an end view of this assembly;

FIG. 3 is a view similar to FIG. 1 illustrating another
embodiment of the invention;

FIG. 4 is a bottom end view of arrangement of FIG.
3,

FIG. 5 is a diagram showing the several stages of the
regenerator,

FIG. 6 is a fragmentary perspective view illustrating
other aspects of the invention,;

FIG. 7 is a diagrammatic elevational view of the
smooth strip of FIG. 1; and

FIG. 8 is a vertical elevational view, partly broken
away, of a regenerator embodying the present inven-
tion.

SPECIFIC DESCRIPTION

Referring first to FIG. 8, a regenerator embodying
the instant invention may be seen to comprise a cylin-
drical housing 30 closed at the top and bottom by
domes 31 and 32, respectively, held in place by flange
bolts 33 and 34. The usual fittings 35 and 36 are pro-
vided to communicate with the interior of the regenera-
tor the fitting 36 communicating with a supply line 37
of one fluid and a line 38 for the other fluid. Similarly,
lines 39 and 40 are provided for the fitting 35. As
shown diagrammatically in FIG. 8, the interior of the
regenerator is stacked with heat-exchange masses 41,
42 and 43, constructed as described in connection with
FIGS. 1-5, the latter mass defining the condensation
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zone. In normal operation, the heat exchanger is cooled
by opening valves 44 and 45 to permit a cold fluid to
pass through the heat exchanger, thereby transferring
cold to the heat-exchanger masses therein and abstract-
ing heat from the system. In the second cycle, the
valves 44 and 45 are closed but valves 46 and 47 are
opened to conduct the warm fluid through the heat ex-
changer, thereby cooling the latter. Condensation oc-
curs in the zone of heat-storage unit 43 and the conden-
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sate may be removed by sublimation in the next half 10

cycle as gas is passed through the regenerator to cool
the same.

Referring now to FIG. 1, it will be seen that the re-
generator zones may comprise cylindrical or spiral
windings of smooth sheet metal strips and corrugated
sheet metal strips which are assembled into disk-like
heat-storage units or matrices diagrammatically repre-
sented at 1, 2 and 3. These matrices, hurdles or assem-
blies each have a structure best seen in FIGS. 2 or 6 and
are stacked in the vertical direction parallel to the axis

8 of the regenerator within the housing so that each as-
“sembly 1, 2 or 3 constitutes one of the heat-exchange
zones or a number of such assemblies constitutes the
heat-exchange zone.

The hurdle or matrix 1 is flanked at the top and bot-
tom by matrices 2 and 3, respectively. The matrix 1
comprises the smooth sheet-metal strip 4 and three ver-
tically spaced corrugated sheet metal strips § with ver-
tically extending corrugations represented at 9. The
corrugations 9 thus lie parallel to the axis 8. At the
upper and lower ends of the smooth sheet-metal strip
4, which may have a width 15w = W = 2w where w
is the width of the corrugated strip 5, there are pro-
vided bands or chains 6 of vertical channels 7 in the
form of corrugations. Similar bands are provided at 6’
to space the corrugated strips 5 apart. The corrugated
bands 6 and 6’ may be separate members fixed to the
smooth sheet 4 or may be deformed directly therein.
The channels or corrugations 7, of course, lie parallel
to the axis 8.

The bands or chains 6 of the channel 7 increase the
overall structural strength of the hurdle and serve to
pass each hurdle from the underlying and overlying
bands of adjacent hurdles. The hurdle 1 is thus formed
by the cylindrical intercoiling of a smooth sheet metal
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strip with three corrugated sheet metal strips so that the -

corrugated strips flank the opposite sides of each
smooth strip 4 as shown in FIG. 2. The corrugations 9
of the corrugated strips comprise crests 9’ which alter-

nate with troughs 9’’ and are offset from the corruga-
tion 9a of the other side of the sheet metal strip 4 by
one-half of the undulation period T which may be
about twice the undulation period ¢ of the corrugated
bands 7. However, the corrugation depth D of the strips
5 is advantageously at least four times greater than the
corrugation depth d of the band. The corrugated strips
5 should have a thickness of 0.3 to 2.0mm, and a width
w of 20 to 50mm. The smooth strip 4 should have a
width of 100 to 400mm and a thickness of 0.1 to
0.5mm. The height A of the bands 6’ between the cor-
rugated strips 5§ and, therefore, the spacing of the cor-
rugated strips § may be 0.5 to 5.0mm. FIG. 2 shows
only two turns of the strips 4 and S. It will be under-

stood, however, that the entire regenerator cross-

section (FIG. 8) is generally filled with turns of the
strips of each stage.
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In FIG. 3, using the same format as in FIG. 1, the con-
densation stage of the regenerator is shown. Here, the
individual hurdles, packages, heat-storage units or ma-
trices 10, 11 and 12 are axially stacked, each of the
hurdles comprising a smooth sheet-metal strip 13
coilled with a respective corrugated strip 14. The
smooth strip 13 has a width W'’ which is slightly greater
(by 1 to 10 percem preferably 3 to 10 percent) than
the width w’ of the corrugated strip 14 whose channels
or corrugations are represented at 17 and are parallel
to the axis 8 of the regenerator. At least at one of the
edges projecting beyond the corrugated strip 14, the
smooth strip 13 is formed with a band or chain 15 of
channel 16 in the form of corrugations. Of course, a
simple corrugated band may be applied to the smooth
strip 13, e.g. by welding, if desired, although it is pre-
ferred to deform the smooth strip along its edge to form
this band. The bands 15 are each interposed between
a respective hurdle 12, 11, 10 ... and the next higher
hurdles 11, 10 ... and form spacers between them. A
plurality of such matrices form the condensation zone.
When viewed in the direction of arrow 1V (FIG. 3), the
assembly has the configuration illustrated in FIG. 4. Be-
tween each two turns of the corrugated strip 14, a sin-
gle turn of the smooth strip 13 can be seen. It will be
understood that, with small diameters of the matrix,
bands 6, 15 of channel 7, 16 may be omitted and the
strips 4 and 13 made with the same width as the corru-.
gated strip 5, §4 or an exact multiple of the width
thereof.

In FIG. §, an overall diagram of the regenerator has
been illustrated, the cold end being represented at 18.
The condensation zone is thus located in the region of
the warm end and is shown at 19 in the form of a water
condenser whose corrugations or channels run parallel
to the axis 8 of the regenerator. Preferably, smooth
strips are provided between the corrugated strips as de-
scribed with respect to FIGS. 1—-4. The condensation
zone is disposed above zones 20, 21 and 22 in which
the matrices have corrugations which are inclined to
the longitudinal axis of the regenerator. In these matri-
ces, the smooth strip can be omitted and a pair of cor-
rugated strips coiled together so that their corrugations
cross one another as represented by the cross-hatching
in FIG. §. The mass density of the regenerator varies
from the cold end to the condenser and is greatest at
the condenser. In the stage 20, 1mmedlately following
the condenser, the mass density is much larger and the
corrugations may be inclined at angles of 60° to the axis
8. In the stages 21 and 22 in which the mass density in-
creases from one to the other, the corrugations may run_
at angles of 45° to 60° to the axis 8. The thickness of
the corrugated strip in the condensation zone prefera-
bly ranges between 0.3 and 2.0mm while the thickness
of the smooth strips ranges from 0.1 to 2.0mm. The
corrugated strips of the remaining zones 20 through 22
may be 0.1 to 0.5mm in thickness.  This is shown in
greater detail in FIG. 6 in which the smooth sheet 13

- with the corrugated band 15 can be seen to be flanked

65

by the corrugations 14. The corrugations 50 of the cor-
rugated strip 51 of zone 20 are inclined at the angle @
to the axis 8 where a equals 60° and are juxtaposed
with the corrugated strips 52 inclined in the opposite
direction. The strips 53 and 54 of the coils of zone 21

are seen to be inclined at angles B of 45° to the axis of
the regenerator.
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I claim

1. A regenerator comprising an elongated housing;
respective fluid-permeable masses of heat-storage ma-
terial stacked along the axis of said housing and defin-
ing respective zones therealong including a condensa-
tion zone at one end of said housing; and means for
passing fluids through said housing, at least some of
said masses of said heat-storage material comprising
respective matrices of a plurality of turns of corrugated
sheet-metal strips, the corrugations of the strips of said
condensation zone including with said axis angles less
than those included with said axis by the corrugations
of others of said zones, said matrices of said condensa-
tion zone having a greater mass density than the matrix
of such zones, the corrugations of the matrix of said
condensation zone being substantially parallel to said
axis and the corrugations of the matrices of the other
zones being inclined at angles between 45° and 60°
inclusive to said axis, said matrix of said condensation
zone Including between successive turns of said corru-
gated strip, at least one turn of a relatively smooth
sheet-metal strip, the mass density of said matrices of
said other zones being lower proximal to said conden-
sation zone but higher relatively distal therefrom.

2. A regenerator comprising an elongated housing:
respective fluid-permeable masses of heat-storage ma-
terial stacked along the axis of said housing and defin-
ing respective zones therealong including a condensa-
tion zone at one end of said housing; and means for
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passing fluids through said housing, at least some of 30

said masses of said heat-storage material comprising
respective matrices of a plurality of turns of corrugated
sheet-metal strips, the corrugations of the strips of said
condensation zone including with said axis angles less
than those included with said axis by the corrugations
of others of said zones, said matrices of said condensa-
tion zone having a greater mass density than the matrix
of another of such zones, the corrugations of the matrix
of said condensation zone being substantially parallel
to said axis and the corrugations of the matrices of the
other zones being inclined at angles between 45° and
60° inclusive to said axis, said matrix of said condensa-
tion zone including between successive turns of said
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corrugated strip, at least one turn of a relatively smooth
sheet-metal strip, said relatively smooth strip having a
width in the direction of said axis ranging between two
and 135 times the width of the corrugated strips flanking
same and is provided with a band of channels separat-
ing saild corrugated strips from further corrugated strips
forming said matrix of said condensation zone.

3. A regenerator comprising an elongated housing;
respective fluid-permeable masses of heat-storage ma-
terial stacked along the axis of said housing and defin-
ing respective zones therealong including a condensa-
tion zone at one end of said housing; and means for
passing fluids through said housing, at least some of
sald masses of said heat-storage material comprising
respective matrices of a plurality of turns of corrugated
sheet-metal strips, the corrugations of the strips of said
condensation zone including with said axis angles less
than those included with said axis by the corrugations
of others of said zones, said matrices of said condensa-
tion zone having a greater mass density than the matrix
of another of such zones, the corrugations of the matrix
of said condensation zone being substantially parallel
to said axis and the corrugations of the matrices of the
other zones being inclined at angles between 45° and
60° inclusive to said axis, said matric of said condensa-
tion zone including between successive turns of said
corrugated strip, at least one turn of a relatively smooth
sheet-metal strip, said relatively smooth strip having a
width in the direction of said axis between 3 and 10
percent greater than the width of corrugated strips
flanking same and 1s formed along at least one edge
with a band of channels separating said matrix from an-
other matrix of similar construction.

4. The regenerator defined in claim 2 wherein the
mass density of said matrices of said other zones is
lower proximal to said condensation zone but is higher
relatively distal therefrom.

S. The regenerator defined in claim 3 wherein the
mass density of said matrices of said other zones is
lower proximal to said condensation zone but is higher
relatively distal therefrom. |
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