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2,602,645
REGENERATOR AND PACKING THEREFOR

Robert F. Beénenati, Brooklyn, N.'Y,, and Herman
. F.:Buschow, North Arlington, N. J., ass:gnors to
. “Hydrocarbon Research, Ine.,"New York, N. Y.,
.a corporation of New Jersey :

Applncatmn Apnl 9,.1948, Serxa,l No. 19, 952 :

STRCRP R SV Claims
. The present- mventmn relates to. 1mprovements
.in -regenerators “for-recovering :the cold contéent
ofithe: ‘outgoing-oxygen and:nitrogen products-of
rcctxﬁcatxon ‘which ‘may-be at-a'- temperature sof

about ~280° ‘P, in-the’ production.of oxygen-by

~the liguefaction and rectification of air-and to
a novel' method of -producing -such -regenerators,
- Niore- partxcularly, it relates to the. :construction
and design of the- regenerators including the:cold
-exch: e -surface areas- ‘thereof ‘so as to’ provxde

Aor ;hlgh- cold ‘transfer efficiency: ‘hetween the-
and mtrogen products .of rectification on -

- o¥ygen
. the one hand and the air-on‘the other and:for
efficient pur°mg ‘of the regenerators upon ‘reversal

“0] ﬂow therethrough o effect substantially com-

“plete--removal - from .the.. Tegenerators..of -con-
-deénsiblés depos1ted from the air.stréam, thereby

‘ tting eontinuous operation. :

1d regenerators are well known' in whieh: the

relatively warm incoming:4ir -and ‘the. relatively

“ eold. outgoing -exygen and nitrogen products..of
', rectlﬁcatwn are passed with perlodxcally ‘reversed
-operation; so-that stréams of: warm-air are flowed
“through the sime packing-filled spaces as the
eold’ oxygen ‘and. nitrogen traversed ‘during ‘the

B precedmg step of the process. “In-the-operition

‘of ‘&uch” regenerators  the ‘high=-boiling impurities

- .deposited in the. packmg-ﬁlled spaces during-the
"‘passage of the air therethrough are removed by

'f"sublxma’mon ‘during the subsequent flow there-

. tybe -of such - -régenerator,. ‘as- Heretofore ‘con-

“structed, has involved the-use of:so-called “pan=
fcakes” of heat transfer material formed by: wind-
; sugeessive convolutions’.of corrugated metal
.on acore-to produce disks consisting of .succes-

'-plicit --of which- disks: are .inserted..in ‘the re-
‘generator sheill one on:fop-of .the-other to provide
tﬁe ‘packmg for the-regenerator. . The produc-
txonv;.of ‘such packing is arduous .and time.con-
suming. and greatly nmreases .the cost -of < the
regenerator . :

More Tecently an 1mproved type of regenerator
has been:. suggested mvolving @ large number. of
packmg units. disposed.in: "4 regenerator,” each
of the packing. units-at-the cold:end of the regen-
erator being' constructed:to: permit the recycling
therethrough of -anextraneous gas or .a recti-

ﬁca.tmn product in indirect; heat exchange-rela~

tmn with the air-and rectification: product passing
over the packing during alternate cycles of opera-

tion.” The recycling:of -such extraneous..gas or

rectlﬁcatmn product (heremafter referred to. as
the recycled gas) in mdmect heat -exchange -re~

i
i
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ﬂlatmn thh the air -and rectification product

passmg over-the packmg during alternate cycles
of operation- ‘résults in temperature conditions
within the- regenerator such that more efficient

" purging takes place during each reversal of flow

1o effect removal of condensibles, particularly
carbon dioxide, from the regenerator. In the
construction-of ‘such regenerators it is difficult, if
not. impossible, to subject the individual units
to test ~under ~conditions simulating -operating
conditions to determine whether the units are
gas tight from the standpoint that no leakage will

~ occur between the recycled gas.and ‘the air or
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‘ "through ofthe products -of -rectification. One -
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nvplutionsvof"corrug‘a;ted metal, a. multi-

rectification: product. Moreover, once the units

areassembled to form the desired regenerator and.
the. regenerator is placed in operation, in view of

the' large number ‘of units-involved, should a leak

develop in any one unit; as a practical matter it

is-exceedingly difficult, if not impaossible, to de-

termine which unit is faulty or defective.

" Among the objects of this invention is to pro-

Vide a cold regenerator having an exceptionally

high area of cold exchanger surface per unit of

volume, which can readily be fabricated and as-

sembled which is so constructed and designed

that ' each individual unit can be tested and

evaluated to determine whether in operation
satisfactory heat exchange will take place between

the recycled gas and the air or rectification: prod-f
uct passing through ‘the regenerator, which is

so-designed that turbulent flow of gaseous media

passing over the heat exchange surface . takes

place and désired temperature gradient condi-

tions are maintained throughout the heat ex-

change surface area and which is highly efficient

I operation in effecting the transfer of cold from

the: rect1ﬁcat10n product passing therethrough to,_

‘the air,

40

50

Anothe1 object is to prov1de a sunple and
efficient” process of producing the regenerator
packing:

Other objects and advantages of this mventlon
will be apparent from the following detailed de-
scnptmn thereof.

“In‘the dccompanying drawings formmg a part
of this specification and showing for purposes
of - exemplification a preferred form of this in-
vention without limiting the cla1med mventlon to
such illustrative instance:

Figure 1 is a perspective view showing the pre-
ferred ‘manner of -assembling the strips of high

‘heat .transfer material on a ‘tubular support to

form the :packing .members. disposed in spaced’
relation along. the length of the support with:a
narrow space between adjacent members; : =
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Figure 2 is a horizontal section through a
packing member embodying this invention;

Figure 3 is a fragmentary seectional view on a
greatly enlarged scale as compared with the
sketch of Figure 1, taken in a plane passing
through line 3—3 of Figure 1;

Figure 4 is a fragmentary side elevational view
showing a regenerator assembly involving a plu-
rality of regenerator units;

PFigure 5 is a vertical section through a regen-
erator unit embodying this invention;

Figure 6 is a horizontal section taken in a plane :

passing through line §—6 of Figure 5;-

thick and having integral interior fins 16 ex=
tending from the inner wall in a radial direction
toward the center of the tube to improve the
efficiency of the heat exchange between the
gaseous medium passing through tube (5 and
that flowing over the packing members disposed
on this supporting tube:  Tube-I5 may have an
external diametér of from’ 14 *to "4 ¥inches, pref-
erably 3 inches. These packing members are

formed by spot-brazing the leading end (1 of
.the strips wound on reel 14, as at I8, to the
“periphery of the tube 15, the several strips being

. disposed .in.spaced: relationship along the length

Figure 7 is a plan view of. a modified form of', :

regenerator packing member for use in the por- .

tion of a regenerator through which no recycled

gas is passed;
Figure 8 is a side elevational view showing the

relative positions of the packing members of -

Figure 7 when disposed within the regenerator;

Figure 9 is a side elevational view of a modified
form of support for the strip or ribbon of high
heat conducting material, whmh ‘support may be
used in forming the type of packing members
shown in Figure 7; and '

Figure 10 is a view of the base of the support
of Figure'9, looking up at the base.

In accordance with the process of this mven-
tion a regenerator packing is produced from a
long strip or ribbon of high heat conducting ma-
terial, such for example as aluminum or copper,
preferably aluminhum having one side {0 flat and
the opposite side Il provided with integral ribs
or projections 12. This strip has a brazing coat-
ing l'le of solder or any well known brazing ma-
terial, e. g., aluminum-silicon composition in the
case where the strip is of aluminum on at least
one side thereof, desirably on the ribbed side 11,
the functlon of which coating will be exp]amed
hereinafter.” In order to providé the large mass
of high heat conducting material and high area
of cold exchanger surface per unit of regenera-
tor volume necessary for effectively recovering
the cold content of the outgoing products of

rectification, it is important the material of high |,

heat conductivity of each of the strips forming
the packing members be relatively thin. Hach
strip may be from 1 to 6 inches wide, have ribs
from -.02 to .08 inch high, have a base thickness
of from .01 to .04 inch and have the ribs spaced
so that the distance from the center of one rib
to the center of the next rib is from .1 to .3 inch.
Preferably each strip is dimensioned so that it
is about ‘1% inches wide, has a total thickness
(the distance from the base of the strip to the
top of the integral rib or projection 12) of about
.07 inch and a base thickness (the thickness of
the base from which the ribs project) of ap-
proximately .02 inch, and has the ribs spaced 80
that the distance from the center of one rib to
the ‘center of the next rib is approxunately 15
inch.

In: producing the regenerator packing units of
thxs invention, a plurality of such strips are wound
on a support from a reel {4, or a plurality of
such reels, containing the desired number and
lengths of strips. The number of such strips
applied to a support to form a packing unit will
depend on' the size of the regenerator in whlch
the packing unit is to be disposed.

In the embodiment of the invention shown in
Figure 1, the support comprises a tube, 15, de-
sirgbly a hollow tube of high heat conducting
material, for example aluminum or copper, hav-
ing relatively. thin ‘walls, e. g., about .12 inch
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.of tube 15 to form a narrow space 19, preferably

about: ¥5- inch :wide between adjacent packing
members. - As shown in Figure 2, the leading
end 17 of each strip is planed or scarfed to pro-
vide a gradual taper conforming in general to
the contour of the tubular support i5 resulting
in the formation of a firm bond between the end
of ‘this strip and the tubular support.

The tubular support 15 containing the leadmg
end of ‘the .strips. spot-brazed .thereto. is. then
rotated to. wind the strips thereon forming a
multiplicity of convolutions of the strip material
with the ribs of the first convplutlon 20.in con~
tact with the periphery of the tubular support
15 ‘and the ribs 21 of the succeeding convolu-
tions in contact with the flat side of an under-
lying convolution.  Tubular support 15 is de-
sirably coated on ifs outer surface with solder
or-brazing material as is the ribbed strip wound
thereon. - The terminal convolution 22 of the
strip is planed or scarfed so that it.is generally
reduced. in thickness and terminates in a knife-
like edge 24. In this manner substantially cy-
lindrical packing members result having an .ex-
ternal diameter of from 3. to 12 inches, pref-
erably 8 inches. ;

‘While in the showing of Figure 1 two strlps
are shown about to be wound in spaced. relation
on support: 15, actually a larger numper of such
strips are wound on support 15 with narrow
spaces. 19 between adjacent . strips, the exact
number depending on the size of the regenerator.
Further, -while in Figure 1 it is indicated the
two.strips are wound. simultaneously on support
{5, strips.applied to the support I5 may be wound
successively. . : .

“The assembly: of the tubular support l5 and
packmg members thereon; each consisting of a
plurality of convolutions and: produced as here-
inabove described, is then subjected to elevated
temperatures and thereafter cooled to:cause the
ribs to:bond: with the surfaces with which they
contact. This bond is produced by the melting
of the solder or brazing coating and subsequent
solidification during -cooling. In the case of
packing members made from an aluminum strip
and having an aluminum tubular support: pro-
vided with & brazing coating of .aluminum-silicon
composition, the assembly produced as herein-
above described is desirably heated by -a.stream
of hot:air to a temperature of .1000° F. and then
immersed'in a.molten salt bath ata temperature
of 1150° ¥.. . Under these:conditions the brazing
coating melts :and - upon removal.of the dassembly
from -the salt bath;. the molten brazing -coating
solidifies to produce -a firm bond between' the
ribs -and ‘the -flat surfaces .of ‘underlying con-
volutions ‘and -of -the ‘tubular: support where the
ribs -éontact same.  The resulting assembly:is
then-washed with hotwater to remove molten
salt ‘adhering’ thereto’and tc¢ insure -that-the.
longitudinally extending' channels 25 interrupted
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by the narrow spaceés 19 are free of. salt -deposifs.
After:this water treatment: the assembly mayibe
given an-acid washing treatment, desirdbly .em=
ploying  dilute  nitric: acid -cohtaining . a small
amount: of hydrofluoric acid, to remove residual
traces of “the :salt - and -oxides .and. thereafter
washed with-hot water to remove any acid whlch
may ‘adhere to the. assembly. : 5

=There is-thus produced a packing: umt con-

smtmg -of :a tubular support 15, .8 plurality of

substantially cylindrical . packing members 2§
(Figure 5).on the support:[5-arranged along the
length of: the support with a narrew: space 9
between adjacent. packing menibers-26. - These

packing members prefera,bly havethe ribs of the
first-‘convolution bonded: to the: “per 1phery of ‘the
tubular support 15:§0 that' they are’in -good- heat

condueting ‘relation to - the:tubular ‘support 5. -

Each ‘packing. mémber: con51sts ‘of ‘@’ plurality of
convolutions-of the strip’ of: high héat conduet-
ing material, each of the-convolitbienig having a
fiat side: 18 and the other side il provrded with
closely spaced ribs 12 extending acress the wﬂth
of the :convolutions,;- the ‘ribs of the-first: con-
volution :coritacting the support- 15 and the ribs
of -édch - suicceeding: convolution contaetmg ‘and
being bondeéd to-the:flat surface 19, of a- con—
_tiguous ‘convolution- thus' forming in-
between. the first convelution and:the- eupport
and between ‘the sycceeding *convolutions lon-
gitudinally ' extending ‘channels 25, \Vhlch are
irterrupted -along their -lengths by the “narrow
spaces-{9 between adjacent’ paokmg members
26. -The -resultant assembly is disposed-in the
upper portion of a cylindrical housing 2% whxch

has - a diametér such that the assembly can be-

readily disposed within the housing leavmg little
clearance between- the -outer- penphery -of the
assembly and- the inner-wall-of- the' housmg, for
example, about #% inch’ radlal ‘clearance on an
assembly about 4 inches in radius. Reﬂe"rerator
-section %8 is thus produced through which - the
réeycled ‘gas flows through the hoHow ‘tubilar
support 15 and the-aif and a rectlﬁcatlon product
alternately pass throlgh the channels 25

“-Iny ‘the  construction of the- -Jower regenerator
section-29 of Figure 5, a: tubular “Support 30 is
used: -similar-to 15, ‘except that upper end 81"is
prnched or sealed -off. Alternatlvely, 8- solid rod
may beused as the support for the packing mems=
bers. ~The packing members ‘are “produced by
winding strips of high heat conductmg material
on- such stupport with narrow spaces 19 therebe-
tween in the same manner as ‘hereinabove de-
seribed, except that-it is not necessary: to bond
the “first- convolution to the support ‘70T con~

tiguous’ cenvolutions to one another because no

fluid flows through support 30 and: hence- no heat
4 nsferrmg bond is necessary. . To mamtam the
-‘p’ackmg ‘members 26 in desired spaced relation on
support 30, spacer members 32, desirably of stain-
1ess steel'in the form of a wire clip bent into the
conﬁgura,mon shown in‘Figure 6, are disposed in
the ‘narrow’ spaces ‘19 between adjacent packing
members 26.° The resultant assembly is posi-
tioned within cyhndrlcal housmg 27 havmg g, di-
ameter such that the assembly fits ‘within this
housing with little or ng ‘clearance between the
periphery ‘of :the assembly -and- the inner vvall of
the ‘housing. .

<A pair of cross pleces 33 extend through hous-
1ng 21, .are suitably welded thereto and: ‘contact
the top. packing member 34-of fhe lower @sserm=
‘bly:as shown: in Figure 5. Another.pair-of Cross
pieces 35 are:disposed =2t the base portion of ‘the

1e E spaees,
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housing ‘extending through’ the wali:thereof, are
welded theretoiand poswloned to'engage:thelow-
ermost’ packing :member: 36. Also, as. shown iii
Figure 5, cross pieces :33 ‘and 35:aie disposed 1o
exert o clamping action on the assembly iof pack-
ing- members maintained in spaced relation by
the spacers 32 and: to prevent relative movement
of the individual packing members to: each other
and:tothe housing:29.’

- Apluralityof regenerators constructed as here-
inabove. described, as shown in Figures 4:and.5,
are:disposed with the upper..end connected: with
2 header:36 and the lower-end with 3 header:37.
One. end 'of .supporting tube 5. passes through
header 36 .and leads inté a-smaller header:38.
The other end of each tube:l§ iextends:into &

" conduit -89 -which passes through: housing 27:-at

20

35

40

‘45

50

55

60

65

70

75

fight-angles to the axis of this housing and has
an-end.closed and-the other end in communica-
tion~with a:pipe 40 leading 'into:a header-af:

Triangular ‘plates 42 are welded to the base por-
tion of ‘supporting : tube. 15 :and fo conduit 89:to
reinforce the:joint. between ‘this conduit and the
lower . portion of the tubular support 15, The
number -of :such: regenerators” connected: with
headers will-depend- on the. desired eapacity: of
the - oxygen: plant ‘or other: plant in: whlch ;
regenerators are used. . :

:‘Inthe operation of the: regeneratms of Flgures
4 “and: 5, oxygen, nitrogen, -other -rectification
products such as argon, neon,-ete., or: alr, OF ‘&
extraneous gas,is-supplied fo: header 38 andire~
cirgulated through the supporting:tubes 15 ex-
iting through conduit 39, pipes 40 and Header 41.
Periodically ' nitrogen -or -oxygen rectification
product enters through -header 36 and flews-down-
wardly - through -the longitudinally extending
chanhels 25 in. indirect heat exchange reldation
with the recycled gas passing through supporting
tubes 15 and then downwardly through the lower
sections 29 of the regenerators into the header
31 Upon reversal, -air flows through header 31
p- through the Tower sections 29 of the regener-
ators and then through the upper ‘sections’ 28°in
heat ‘exchalige relation with “the recycled:. ‘gas
passing through ‘the supportmg tubes 15, the air
leavmg through the héader 36. “The air m flow-
ing over the packing members 26 recovers:the
cold content of the oxygen ornitrogen product of
rectification and is cooled toa temperature ‘close
to its dew point at the pressure prevailing in the
regenerators Any-carbon dioxide or other con-
densibles contained in’ the air are dep051ted m
the regenerators. )

“Upon' reversal, ‘which - may “take place every
three” mmutes the nitrogen or oxygen passing
through the regenerators removes: th refrom
carbon dioxide and other condensibles
therein during the ‘preceding step of the .

The narrow spaces 19 bétween adiacent pa k-
ing members 26 cause” turbulent fow of ‘the air
or rectification products "passing through the
longitudinal channels 25 to take place. Further,
these narrow spaces and the stainless. steel spac-
ers 32 whieh are of relatlvely poor. heat conductlv-
ity serve to interrupt the transfér of heat from
oné packing member to ariotlier and’ result in the
maintenance of the desired temperature gradlent
conditions ‘within - each regenerator; i. e,, in the
case ‘of the construction of Figure 5 employed
with -air ﬂowmg from bottom” to- top of ‘the re-
generator, a temperature grad1ent gradually de-
creasing from-bottom to top.

-Instead’ of “having a mu1t1plic1y ot paekmg
members mounted on & single support 30, as-in’
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Figure 5, section 29 may have disposed therein
individual packing members, such as shown in
Figure 7, assembled as shown in Figure 8. The
packing member of Figure 7 comprises a cylin-
drieal tubular support 45 .on which is wound the
strip of high heat conducting material having
flat side 10 and ribs (2 to form longitudinally
extending channels 25. The leading .end of the
strip is brazed to support 45 and-the successive
convolutions brazed to each other; as-herein-
above described in connection with the construe-
tion of Figures 1.and 2..  Top extension 46 and
base extension 47 project from the opposite sides
of the wound strip. Base extension 41 is pro-
vided with openings 48 leading 1nto the central
opening 49 in support 45.

The packing members of Pigure 7 are assembled
as shown in Figure 8, with the base extension 47
of a superimposed. member resting on the top
extension 46 of an underlying member forming
a narrow space 50 in between each pair of pack-
ing members.: Any desired- number.of such mem-
bers:are assembled:in-a. housing simply by piling
sucecessive. members within the housing with the
base extension 471 of each resting on the top .ex-
tension-46 of an underlying member.:

. In the operation of a regenerator: sectlon con-

- taining the packing members of Figures 7.and 8,
flow of the gaseous media takes:place through
channels 25 and central opening 49 of each pack=
ing member. In the.spaces 50 between each pair
of -packing members flow takes place through
openings 48 from the central openings 49 into
the longitudinal. channels 25 and. vice versa.
Hence, turbulent flow takes place with optimum
transfer of heat from the packing to the gas
stream passing thereover during one-cycle and
from the gas to the packing during the next cycle.

In the modification of Figures 9 and 10, a tubu-
lar support 651 has welded or otherwise -secured
to its base two strap members 52 and 53, each of
a length slightly less than the diameter of the
packing member. The strlp or ribbon of high
heat conducting material of the type’ shown in
Figure 1 is wound on support 51 with one edge
resting on the strap members 52 and §3. The
width of the strip or ribbon is such that the other
edge is substantially in the same horizontal plane
as the top of support 51. . With the support of
Figures 9 and 10 it is not necessary to braze the
strip or ribbon to support 51, or the successive
convolutions to each other since the weight of
the strip or ribbon is carried by members 52 and
53 which also serve to space successive packing
members when assembled to providé narrow
spaces between successive palrs of packing mem-
bers corresponding to spaces 50 (Figure 8). In
other words, the edges of the convolutions rest
on members 52 and 53 and are supported thereby
ehmmatmg the nécessity for brazing successive
convolutions to each éther to mamtam them in
the desired fixed relationship. = "

It will be noted the regenerator of. tms inven-
tion has an exceptionally high surface area of
cold exchangér surface per unit of volume of
regenerator. With the design of packing units
hereinabove deseribed involving packing members
made from strips of aluminum.. dlmensmned as
hereinabove described, the regenerator may have
about 350 square feet of cold exchanger surface
per cubic foot of regenerator volume The tur-
bulent flow caused by the spacing- of the 1nd1v1d-
ual packing members, as hereinabove described,
further improves the cold transfer efficiency of
the regenerator. The: regenerator. is therefore.of
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exceptionally high transfer efficiency. This makes
it possible to have the volumetric $paee through
which the nitrogen. or oxygen on the one hand
and air on the other flow relatively small, there-
by minimizing reversal losses. The feature of the
regenerator of this invention involving the posi-
tioning of each assembly of supporting tube or
rod and packing members in an individual hous-
ing permits ready testing of the regenerator under
actual operating conditions to determine whether
the construction is gastight. Further, should any
leak develop in operation, it is a simple matter
to determine which regenerator unit is faulty and
to make the necessary-repair to this unit. )

The regenerators shown in Figures 4 and 5 are
in a vertical position, the air entering at the lower
end and the product of rectification at the upper
end. If desired, the regenerators may be inverted
so that header 31 is above header 36: also the
regenerators may be disposed in other positions
than the vertical position shown.

A significant feature of this invention is the
high radial thermal conductivity because of the
multiple points of eontact between the supporting
tube and the first convolution of metal strip and
between the succeeding contiguous convolutions
of metal strip. This radial conductivity is of
great importance in. operating regenerators in
oxygen plants where the temperature: difference
at the cold end (at a temperature of about —280°
F.) between the rectification product. stream
entering during one period and the air leaving
during the subsequent period of operation must
be kept within the narrow range of about 5° to
10° F., preferably about 6° to 8° F. Such small
temperature differences must be maintained in
order that condensible impurities like carbon di~
oxide deposited in. the regenerators by the air
passing therethrough are completely removed by
evaporation during the passage of the rectlﬁca-
tion product stream through the regenerators and
thereby the regenerators may be operated over
long. periods without need of a plant.shut-down
to effect thawing of the regenerators. .

It will be understood different embochments of
the invention can be made without departing
from the scope of this invention.  For example,
instead of having regenerator sections 28 and 29
in one housing, each section could be placed in
an individual housing providing two regenerators
instead of the unitary construction shown.

What is claimed is:

1. A regenerator comprising a hollow cylin-
drical tube, a plurality of substantially cylindri-
cal packing members on said tube arranged along
the length of said tube with a narrow space be-
tween adjacént members, each member consist-
ing of a phirality of convolutions of high heat
conducting material, ‘each of said convolutions
having one side flat and the other side provided
with closely spaced integral ribs extending across
the width of each convolution, the ribs of one
convolution contacting and being bonded to the
flat surface of a contiguous convolution thereby
forming 'in the annular spaces between contig-
uous convolutions longitudinally extending chan-
nels defined by said Tibs, said. channels being
interrupted along thelr lengths by the narrow
spaces between adJacent ‘members, a eylindri-
cal housing enclosing the assembly of said pack-
ing members and said ‘hollow tube but- having
the opposite ends of said hollow tube projecting
outside of said ‘housing, said housing having a
diameter. such that with said assembly. disposed
within -said-housing little clearance .is left be-
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tween the outer periphery of said assembly:and
‘the: inner: wall of -said housing, and & porf:in
“the: vicinity of each. of:the opposite .ends. of said
“housing to permit- the flow of fluid through said
housing separate: from the ﬂow of: ﬂu1d through

saxd hollow tube. Vi
C A regenerator comprlsmg two sectmns, one
,sectmn ‘consistinig” of a.:hollow -tube.for flow ‘of
fluid: therethrough; a plurality: iof substantially
cylindrical:'packing members on said tube-ar-
raniged:along the length thereof with a: narrow
space.between-adjacent members, isaid packing
amembers-being:bonded: to: said:hollow tube;:each
~packing member:consisting:of:a-plurality of con-
“rvolutmns of-high heat conductmg material;:each
«of .sdidi'convolutions:Having one sidé: fiut and
thie other:side provided with' closely: :spaced:in=
‘tegral ribs extending across the width of:each
convolufion, ~the ribs “of ‘one convolution con-
tacting and- being bonded: to the:flat surface of
a contiguous convolution thereby forming in the
annuldar spaces between contiguous convolutions
longitidinally ‘extending: channels defined by
‘said ribs, and the other section consisting of a
support, a plurahty of -substantially cylindrical
‘packing members on said:support disposed along
the length thereof with a narrow space between
adjacent members, .a.spacer. member in said
narrow space to maintain’the individual pack-
ing mémbers in spaced relationship, each of said
Packing - members consisting of - a plurality of
cohvolutions of -high heat ¢onducting material,
each.of said convolutions having one side flat
‘and the: other side prov1ded with closely spa,ced

1ibs éxtending -across the “width: of each 'con-

volution, ‘the ribs -ef one ‘convolution contact-
ing’ and: being- bonded- 16" the ﬂat surface of a
contiguous convolutlon theréby: formlng 1n ‘the
annulay spaces between contiguous convolutions
longitudinally. -extending-.channels defined by
said ribs, a cylindrical housing enclosing. both
sectmns but having the opposﬂ:e ends. of said
hollow tube projecting outside of said Housing,
said housing having a diameter such that with
said sections disposed within said housing little
clearance is left between the outer periphery of
said sections and the inner wall of said housing,
a port in the vicinity of each of the opposite ends
of said housing to permift the flow of fluid through
said housing separate from the flow: of fluid
through said hollow tube, and means at opposite
ends of the assembly of packing members on
said support for preventing movement of the

individual packing members relative to- said

housing.

3. A regenerator comprising two sections, one
section consisting of a hollow tube for flow of
a3, fluid therethrough, a plurality of substantially
cylindrical packing ‘members on said tube ar-
ranged along the length thereof with a narrow
space between each pair of said members, said
packing members being bonded to said hollow
tube, each packing member consisting of a plu-
rality of convolutions of a strip of aluminum,
each of said convolutions having one side flat
and the other side provided with closely spaced
integral ribs extending across the width of each
convolution, the ribs of -the first convolution
contacting the tube and the ribs of each sue-
ceeding convolution contacting and being bonded
to the fiat surface of a contiguous convolution
thereby forming in the annular spaces between
‘the first convolution and the support and he-
tween the succeeding:convolutions longitudinally
extending channels defined by said ribs, said
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‘ “channels being: }interru-pted_ along:their lengths
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by the: narrow: spaces between: adjacent mem-
‘bers, the  second ‘section comprising a rod-like
support, -a; plurality of substantially cylindrical
~packing membeérs on.said support disposed along
the length thereof with ‘g narrow space between

adjacent : members, 2  spacer member inserted
in:each of said harrow spaces to -maintain the
individual packing members in spaced relation-
-ship, each of said packing members consisting
of a plurality of convolutions: of:a strip of alu-
minum, : each’ of :said :convolutions having ‘one
side flat and the other side provided with closely
‘spaced ribs extending across the width of each

‘convolution, the ribs:of the first convolution con-

- tacting the support-and the ribs of each succeed-
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ing:convolution contacting: and being bonded to
the -flat surface of ‘a -contiguous. convolution
thereby. forming in the annular spaces between
the - first convolution and . the support and.be-
tween. the succeeding. convolutions' longitudi-
nally extending channels defined by. said:ribs,

said channels being interrupted along- their

lengths by the narrow spaces:between adjacent
members, 2 cylindrical housing enclosing ‘both
sections but having the opposite ends of said
hollow: tube projecting outside of said housing,
said housing having a diameter. such that with
said: séctions disposed within: said housing little
clearance:is left between the outer periphery of
said sections and the inner wall of :said hous-
ing, a port in the vicinity of each .6f the oppo=
site ends of said housing to permit the flow of
fluid -through: said. .housing separate  from. the
flow of fluid through said hollow tube, and means
at opposite ends of the assembly of packing
members-on said support for preventing: move-
ment -of the:individual pa,ckmg members rela-
tlve to said housing.

4. Aregenerator assembly comprlsmOr a palr
of headers, a multiplicity of cylindrical housings
disposed. in: spaced: relationship and: communi=
cably:connecting said headers, each housing con=
taining two sections, one section consisting of
a tubular support, a plurality of substantially
cylindrical packing members on said tubular
support arranged along the length thereof with
a narrow space between adjacent members; said
packing members being bonded to said tubular
support, each packing member consisting of a
plurality of convolutions of high heat conduct-
ing material, each of said convolutions having
one side flat and the other side provided with
closely spaced integral ribs extending across the
width of each convolution, the ribs of one con-
volution contacting and being bonded to the flat
surface of a contiguous convolution thereby
forming in the annular spaces between contig-
uous convolutions longitudinally exteniding chan- -
nels defined by said ribs, a second pair of head-
ers outside of said cylindrical housings . into
which lead the upper and lower ends of said
tubular support, the other section comprising a
rod-like support, a plurality of substantially cy-
lindrical packing members on said rod-like sup-
port disposed along the length thereof with a
narrow space between adjacent members, g
spacer member in said narrow space to main-
tain the individual packing members in spaced
relationship, each of said packing members eon-
sisting of a plurality of convolutions of high
heat conducting material, each of said convolu-
tions having one side flat and the other side
provided with closely spaced ribs .extending
across the width of each convolution, the ribs
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of one convolution contacting and being bonded
-to ‘the flat surface of a contiguous convolution
thereby forming inthe annular’ spaces’ between
contlguous convolutions : longitudinally extend-
ing’ channels defined by said ribs. R

5. ‘A regenerator assembly comprising: a pair
:of ‘headers; a bplurality of .cylindrical housing
-disposed in spaced relationship and communi-
-cably. connecting said “headers; each housing
containing two sections; one section consisting
-of a tubular support, a plurality of substantially
‘eylindrical packing members on said tubular sup-
‘port-arranged along the length thereof with a
narrow space between. adjacent members, said
packing members being bonded to said tubular
support; each packing member comprising a plu-
rality of.convolutions of a strip of aluminum,
each of said convolutions having one side flat
and the other side provided with closely spaced
integral ribs extending across the width of each
convolution, the ribs of the first convolution
contacting the tubular support and. the ribs of
each succeeding convolution contacting and be-~
ing bonded to the flat side of a contiguous con-
volution forming in the annular space between
the first convolution and the tubular support
and the succeeding convolutions longitudinally
extending channels defined by said ribs, said
channels being interrupted along their lengths
by the narrow spaces between adjacent. mem-
bers; a second pair of headers outside of said
cylindrical housings into: which lead the oppo-
site ends of said tubular support; and the other
section comiprising arod-like -support, a plu-
rality of substantially cylindrical packing mem-
bers on said rod-like -support -disposed ‘along
the length thereof with a narrow space between
adjacent members, a spacer member inserted
in each of said narrow spaces to maintain the
individual packing members in spaced-relation-
ship, each of said packing members consisting
of a plurality of convolutions of a strip of alu-
minum,: each of said convolutions having one
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.side:flat and the other side provided with closely

spaced ribs extending across the width of each
convolution,  the  ribs ‘of  the first convolution

‘contacting the rod-like support and the ribs of
.each: succeeding convolution contacting and be-

ing bonded to the flat surface of a contiguous
convolution forming in the spaces between the

first .convolution -and - the rod-like support and

between- the ' succeeding convolutions,. longitu-
dinally extending channels defined by said ribs,
said -.channels being interrupted along- their
lengths by the narrow spaces between -adjacent

‘members, and- holding :means .at the. opposite

ends of - the assembly: of: .cylindrical packing
members-on said rod-like support for prevénting
movement of said packing members . relative to

said housing in which said other sectmn 1s dis-

posed. - .

6. A regeneratfor according to claim 1, where-
in said: high heat conductlng ma.terlal 1s alu-
mmum

; ROBERT F. BENENATI
HERMAN F. BUSCHOW

REFERENCES CITED

The following references are of record in the
file of this patent: ;

: UNITED STATES PATENTS
Number

Name - Date
1,762,446  Ljungstrom __._____ June 10, 1930
1,808,921 Prankl ... .. _ June 9, 1931
1,824,079 Foley .o Sept. 22, 1931
-1,893,330 Jones n oo Jan. 3, 1933
1,994,515 Hausen et-al. _.____ Mar. 19, 1935
2,914,672, Hausen .. .._...._ Sept. 10, 1940
2,313,081 . Ljungstrom __.____. Mar. 9, 1943
2,386,889 - Furry -o:i._oioolo Oct. 16, 1945
2,492,788 . -Dennis _.__ .__..__ Dec. 27, 1949
o ~ 'FOREIGN PATENTS )
Number . . Country Date
486,237 . ~ Great Britain _____

* Great Britain June 1, 1938



