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or more. components of the system or. unit.
| unlts wherem use of the present. regenerator is apphcable
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Frgure 6 is a horizonta] sectron through the regenerator

| taken on the lme 6——6 of Frgure 5.

I-Iellmuth Walter, Upper Montclalr, ,N Y., assignor to

W_prtbmgton Corporatlon, a corporatmn of Delaware
Apphcation March 7 1952, Serlal ,Not 2’7 5,3114
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Thts 1nvent1ou relates to regenerators, that ls, __to heat

10

exchangers which transfer heat from the. Workmg me-

dturn, in a land gas, turbtne plant a compresstng untt for

compressmg ﬁowrng gas_or vapor,.or like 1nstallatlon, and
restores.the heat to the worklng Inedtunl at.a lower tem-

qqqqq

perature pomt in the umt orplant.
An object of the present invention is to prowde a. re-
generator wheretn the hottest gas s 1ntroduced tnto the

''''''

P i

shell of the regenerator is 1ntermed1ate of the mlet and

outlet temperatures of the gases and wherein danger of

------

Warptng of the ﬂanges and heads of the regenerator 1s

......

generator the temperature 1s 1n a concentric patteru,

decreasmg from the center. to the radtus .
Another ob]ect of the- present Inventtou is to prowde

a regenerator structure whtch wrll permit unrestrlcted eX-

pansion and contracuon of the shell and tube elements
thereof as well as pernnt ready removal of the tube sheet
and tubes from the sheil w1thout dlSI‘llptlIlg pipe connec-
tions.to.the shell..

A regenerator of the. present tnventton is parhcularly'

adaptable for use in land gas. turbme plants, or in a gas or
vapor. in an isolated system, wherein the energy reqtured
for cotnpressron is. dertved from heattng the gases.in one
Some such

are. dtsclosed in, r.uy co-pendtng application, Serial. Num-

-ber 181 5 12, ﬁled August 25, 1950, now. abandoned'
However the regenerator of. the present 1nventton is mot .
hmtted to such use, the ‘present. invention being limited -

to the regenerator. per se, which may be. adapted to any
use where practical. . | - |

‘With these. and other ‘objects 111 vrew -as may. appear
frorn the accompanytng spemﬁcatlon, the invention..con-

- Sists. of various features of constructton and. combination

of parts, whtch will be first described in.connection with
the accompanying drawings, showing a regenerator: of
a.preferred form embodylng the 1nventton, and the fea-
tures.forming the 1nvent1on wﬂl be speclﬁcally polnted out
m the clanns ST | -
“In the drawrngs |
Frgure 1 is a dtagrammatrc layout of a compressrng

- unit; for compressmg flowing | gases Or vapor in an. tsolated |
- system and 1llustraung one use for the regenerator |

thure 2 is a side elevatton of the regeuerator. -

of the.tube sheet employed in the regenerator.

Figure, 4 1s.a Cross,. .sectton. taken on. the hne 4——-4 of o
__ | T '.7 .{")’-_;'mg therefrom will be deflected laterally and:- dowuwardly |
.. Figure 5 is a longttudlnal sectton through a’ modJﬁed_ A
. -form ofthe regenerator L e

FI gure 3.

20

25

" 80

35

thure T-is a fragmentary hortzontal secuon through
another form of the regenerator

thures 8 and 9 are detail views showing different types
of spacers employed for maintaining the tubes in proper
spaced relation within the shell of the regenerator..

Figures 10 and. 11 are detailed views showing different
constructions of mountlng the tubes 1n the tube sheet of
the regenerator o |

Figure 1 of the drawmgs shows a dtagrannnatrcal lay-
out of a compressing unit for. compresisng flowing gasor
vapor wherein the energy requtred for compresston is

derived from heattng the gases_or Vapors 1in one or more
15

components of the system or unit. Generically the com-

‘pressing unit 1ncludes a line. ptpe 1 through which the

gas or vapor to be compressed flows. The gas or vapor
is taken. from the. line 1 through a p1pe 2 and delivered -
to . the suction_of a compressor 3. Part of the gas from
the pipe 2 is ‘extracted through an extraction pipe 4 and
passes. through one Or Imore regenerators 5 .which form
the subject matter of the present invention and wheretn:
the extracted gas subsequently heated in the unit flows in
heat exchange relatlonshtp with the incoming gas from
the pipe 4 for restoring the heat to the working medium
at th1s point where the incoming gas is at a lower tetnper-
ature than the subsequently heated gas. After the gas
passes. through the regenerators 5, Wl]lCh may be. con-
nected either in series or in paralilel, it passes, into; a fuel-
ﬁr....d heater or heat exchanger 6 of any preferred form or
constructton The heated gas is delivered from. the fuel—
fired heater or heat exchanger 6 through a pipe 7toa
turbine 8 which drives the compressor 3 and. thus the

'energy required for operatlng the turbine 8 and compres-

sor 3 and thereby compressing the gas or vapor is derived
from heating. part of the gases 1n the regenerators 5 and

o fuel, fired heat eschanger 6. The compressed gas is re-

-vapor compressing unit for compressing. flowing gases or

40

turned to the pipe line 1 through a suitable connection 9,.
In the form of the regenerator shown in Figures 2 to 4
inclusive of the drawmgs and which discloses a two-pass

regenerator i. €., a 1egenerator wherein the heattng me-

~dium flows in two ‘passes or in a flow path-so that it passes

- longitudinally along the tubes contatmng the- cooler gas

45 -or vapor to be heated. -

~ in Figure .3 of-the. drawmgs as having.an upper open-end

~ The. regenerator 1nc1udes a shell 10 whtch is shown_ |

about which a ﬂange 11-is formed and a dished lower.end

- prowded with an axially dtsposed protruding flanged

60

65

connection 12 to.which the inlet pipe 13 for the hot-gas
O .vapor- is connected A tube-sheet.14 is .attached. to
the flange. 11 and extends entirely: across . the. open: end
of the casing 10. A plurality. of heat exchange tubes. 15
are carried by the tube sheet I4- and extended into:the

shell 18, . The heat exchange tubes.. 15 which conduct

the gas of the lower temperature or the gas to be heated
through the regenerator are U-shaped and an annular

- partition 16 is.disposed within the shell 1. to provide a

65

a O_j along the .inner legs of the U

central chamber. for directing the hot gases. longitudinally
U-shaped tubes 15 in a direc- -

- tion. counter-current to.the flow of the cool gas or.vapor
- through the tubes and a second outer annular chamber

wherein the: gas flows in the opposite direction to.its flow. -

'_ ‘path in the central chamber 17 and loﬂﬂttudlnally of the
Figure. 3 is a longttudlnal sectlon through the regen-

_' erator . s
thure 3a isa detatl sectton through a modlﬁed form:‘."__.;_ |
' - . tends axially into the shell 10.to-a point in close proxnmty

cuter” legs of the. -U-shaped . tubes 15 in counter-current
flow. direction to the flow of the cooled gas through the
outer legs.  The inlet tube or. ptpe 13 for the hot gases ex-

to the inner side of the. tube sheet 14-so that the gas-issu=

by the: tube. sheet along. the inner: legs. of the- tubes: 15
-By locattng the n:tlet pipe 13 for the het gases axrally or
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in the center of the shell 10 the hottest gas is introduced
into the regenerator at the central portion of the regener-
ator so that the highest temperature at which the hot gas
comes into contact with the shell 10 is intermediate of the
inlet and outlet temperatures of the regenerator.

An annular exhaust passage 18 is formed upon the shell
10 in close proximity with the flange 11 and the shell is
provided with a plurality of circumferentially spaced
openings 19 which communicate with the annular outer
chamber 20 formed by the partition 16 and with the
annular exhaust passage 18. A suitable outlet 21 is pro-
vided from the annular exhaust passage 18.

A dished head 22 is attached to the tube sheet 14 and
the flange 11 through the medium of the flange 23 formed
thereon and suitable bolts 24. An annular partition 25 is
formed in the dished head 22 and forms an outer annular
inlet chamber 26 and a central outlet chamber 27. The
partition 235 is formed of a flange 28 which depends from
the dished head 22 and a second flange 29 which rises
from the tube sheet 14. Sealing means shown at 39 of
any suitable type is provided so as to prevent leakage of
gas between the chambers 26 and 27. The annular parti-
tion 25 is formed of the two sections 28 and 29 so that

10

15

20

the dished head may be removed and the tube sheet 14

with all of the tubes attached thereto may be drawn longi-

tudinally out of the shell 10 fer repair or replacement of
the tubes.

25

An inlet pipe 30’ for the cooled gas opens into the an-

nular inlet chamber 26 and from the annular inlet cham-
ber 26 the cooler gas which is to be heated passes down-
wardly through the outer legs of the U-shaped tubes 15
in heat exchange relationship with the hotter gas flowing
upwardly threthrough and then the cooler gas flows up-
wardly through the inner legs of the U-shaped tubes 15
in heat exchange relationship with the hotter gases flow-
ing downwardly through the central passage or chamber
17. The cooier gases, after they have passed through
the inner legs of the tubes 135, flow into the central out-
let chamber 27. '

An outlet pipe 31 extends axially into the dished head
22 and is connected at its inner end to the tube sheet 14,
as shown at 32. The outlet pipe 31 has a plurality of cir-
cumierentially spaced openings 33 therein which establish
communication with the interior of the pipe and the inner
outlet chamber 27 so that the gas flows from the outlet
chamber 27 threugh the openings 33 and thence outwardly
through the pipe 31.

With a regenerator of this type thermal stresses will be
set up in the tube sheet 14 because of the temperature
differences of the inner or central portion of the tube sheet
which i1s contacted by the hottest gas and the outer por-
tion of the tube sheet which is contacted by the hot gas
after it has passed through the flow spaces 17 and 2¢ in
heat exchange relationship with the tubes 15 and, conse-
quently, is much cooler than the gas which contains the
central portion of the tube sheet. |

Figure 3a of the drawings shows a form of tube sheet
which will compensate for the thermal stresses in the outer
portion of the tube sheet due to the temperature variances
between the inner and outer portions thereof. In Figure
3a the central portion 35 of the tube sheet 14’ and the
outer portion 36 thereof are made of separate pieces which

30

39

40

45

855

60

are connected, at the outer edge of the inner section 35 .

and the inner edge of the section 34, that is, at a point
corresponding to the location of the annular partition 16’
by a metallic ring 37 which is of such a nature that it may
flex to compensate for expansion and contraction of the
central section 35 and prevent the transmission of stresses
from. the central section 35 to the outer section 36.

The construction of the regenerator shown in Figures 5
and 6 of the drawings is quite similar to the construction
of the regenerator shown in Figures 2 to 4 inclusive of

85

In this form of the invention the regenerator includes
a shell 40 which is open at one end and has an annular
flange 41 surrounding the open end while the other end
of the shell is preferably dished as shown at 42 and is
provided with an axial opening through which the inlet
pipe 43 for the hot gases passes in both Figures 3 and 5
of the drawings. The pipe 43 is shown as carried by a
flange extension 44 of the regenerator so that a connection
may be made with a pipe delivering the hot gases to the
regenerator. A tube sheet 45 extends across the open end
of the shell 49 and is attached to the flange 41 by means
of bolts 46 which also extend thr-ough the flange 47
formed on the dished head 48. Like in Figure 3 of the
drawings, the inlet pipe 43 extends axially into the shell
40 to a point a short distance inwardly of the tube sheet

‘45 so that the hot gasses will be deflected outwardly and

downwardly as they issue from the inlet pipe 43. In
Figure 5 of the drawings an annular partition 49 depends
from the tube sheet 45 and a sécond annular partition 50
rises or extends inwardly from the bottom 42 of the shell
40 thus prowdmg an annular inner downflow space 51 for
the hot gases, an annular upflow passage or space 52, a
second annular downflow space or passage 53 and a
second annular outer upflow passage or space 54. |

A plurality of U-shaped tubes 55 are carried by the tube
sheet 45 and extend into the shell 40. The U-shaped tubes
55 are arranged in groups 56 and 57 with the legs of the
tubes S5 the group 56 located on opposite sides of the
annular partition 50 while the legs of the tubes 55 of
the group 57 are located on opposite sides of the annular
partition 49 and thus the hot gases will flow downwardly
ﬁhrough the passages or spaces 51 and 53 long_itudinally
of the inner legs of the tubes 55 of the two groups in
countercurrent direction to the flow of the cooler gases
through the tubes (as hereinafter explained) while the
hot gases will flow upwardly through the spaces or flow
passages 52 and 54 longitudinally of the outer legs of the
tubes 55 and countercurrent to the flow d1reet1en of the
cooler gases through the tubes.

Annular partitions 58 and 59 are leeated within the
dished head 48 and provide an outer annular inlet cham-
ber 60, an intermediate flow reversing chamber 61 and
an inner outlet chamber 62. Both of the partiticns 58 and
39 are formed of sections 63 depending from the dished
head 48 and section 64 rising from the tube sheet 45 and
overlapping at their meeting ends with suitable sealing
means indicated at 65 between their overlapping ends so
as to prevent leakage of the gases from one of the cham-
bers 60, 61 or 62 to the other and so as to permit removal
of the head 48 and tube sheet 45 for access to the tubes
for replacement or repair. The outer annular inlet cham-
ber 60 in the dished head 48 has an inlet 66 for the cooler
gas. The cooler gas flows from the outer annular inlet
chamber 60 downwardly through the outer legs of-the
tubes 85 of the group 56 and thence upwardly through
the inner legs of the tubes 55 of the group 56 into the
chamber 61 where it is again directed downwardly through
the outer legs of the tubes 55 of the group 57 passing
from these outer legs through the inner legs of the U-
shaped tubes 85 of the group 57 into the central outlet
chamber 62. An outlet pipe 67 extends axially through
the dished head 45 and is attached in any suitable manner

~ as-indicated at 68 to the tube sheet 45. The pipe 67

has a plurality of openings 69 therein through which.the
gas flows from the outlet chamber 62 into the pipe 67.
An annular exhaust passage. for the hotter gases is pro-
vided about the shell 49 at a point in close proximity. to
the flange 41 and the shell is provided with a plurality of

- openings 71 circumferentially spaced thereabout which

70

the drawings, differing therefrom primarily in that a mul- .

tiple number of passes of the gases i in heat exchange re-

lationship is prowded

78

‘open into the annular exhaust passage 70 to provide for

the outlet of the hot gases from the regenerator. A suit-
able outlet connection 72 cemmunlcates w1th the annular
exhaust passage 70. | .

- The form of the IIIVEHUOH shown in Flgure 7 of the
drawings differs from the form shown in Figure 3 in that
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73 formed at its outermost cdge.
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5

the annular partition 25’ is continuous being attached to
the tube sheet 14’ and having an enlarged annular portion
The dished head 22°
has an annular enlargement 74 thereon which abuts the
outer surface of the annular enlargement 73 and is at-
tached thereto by means of cap screws 75 whereby the
tube sheet 14’ will be partially supported from the dished
head 22°. -

In the construction of the regenerators it may be nec-
essary or desirable to provide means for maintaining the
various tubes 15 or 55 in proper spaced relation one to
the other so as to permit unimpeded flow of the hot gases
about the tubes. Figures 8 and 9 show two different

constructions for maintaining the tubes in proper spaced

relation. |

Figure 8 shows wires or rods 76 spirally coiled about
the legs of the tubes and engaging the legs of adjacent
tubes to maintain the tubes in their proper spaced rela-
tion, while Figure 9 shows a plurality of spacing discs 77
mounted on the tubes in longitudinally spaced relation
with the peripheries of the spacing discs engaging the ad-
jacent tubes so as to maintain the tubes in proper spaced
relation without providing undesirable impedance to the
flow of the gas about the tubes.

Figures 10 and 11 illustrate two different forms of at-
taching the tubes to the tube sheets, either of which may
be employed or, in fact, other practical methods of at-
taching the tubes to the tube sheets may be employed

 without departing from the spirit of the present inven-
tion, those shown in Figures 10 and 11 being merely by .

way of illustration. |
In Figure 10 the tubes 15’ have their outer ends ex-

panded by ferrules 78 which are driven into the tube ends
forcing the ends of the tubes into the counterbores 79
formed in the tube sheet 14g. In Figure 11 the tube
sheet 145 is counterbored as shown at 8% and -a ferrule
81 is driven into the counterbore about the outside of
the tube 18b, while the extreme outer end of the tube
15b is flared or rolled as shown at 82. |

It will be understood that the invention is not to be
limited to the specific construction or arrangement of
parts shown, but that they may be widely modified with-
in the invention defined by the claims.

What is claimed is:

1. In a regenerator, a shell having one end open, a
tube sheet closing said open end, said tube sheet con-
structed of a plurality of sections disposed parallel and
in spaced relation to each other, means connecting the
sections of the tube sheet to permit expansion and con-
traction of one section of the tube sheet without trans-
ferring thermal stresses to the other section, a removable
head attached to said tube sheet and shell having an inlet
for the medium to be heated and an outlet pipe for
heated medium, at least one partition means coacting
with one of the tube sheet sections to form an inlet cham-
ber and an outlet chamber inwardly of said inlet cham-
ber, said inlet chamber communicating with said inlet
and said outlet chamber communicating with said outlet
pipe, a plurality of U-shaped tubes having their inner legs
connected to one of said sections of the tube sheet and
their outer legs connected to another of said sections of the
tube sheet and disposed to extend into said shell to form
an inner heat exchange section and an outer heat ex-
change section, the outer legs of said U-shaped tubes
communicating with said inlet chamber and the inner
legs of said U-shaped tubes communicating with said
outlet chamber, means in said shell forming an inlet for
hot gases, means on said shell forming an outlet to ex-

haust cool the gases from said shell, and means in said

shell coacting with said inlet and outlet means to
direct the flow of hot gases in a sinuous path over and
about said inner and outer heat exchange sections.

2. A regenerator as claimed in claim 1 having a slip
joint between said partition and the coacting tube sheet

b

10

15

20

29

a0

4()

45

50

05

60

66

70

| 6

section to permit relative axial movement between said
tube sheet section and said partition and to maintain the
seal between said inlet chamber and said outlet chamber.
3. In a regenerator as claimed in claim 1 wherein said
outlet pipe is attached for supporting engagement at its
inner end to one of said sections of the tube sheet. |
4. A regenerator as claimed in claim 1 wherein said

tube sheet includes an outer section fixedly connected

between said shell and removable head and an inner
section supportably carried by said outlet pipe, said means
connecting said inner section to said outer section com-
prising an annular ring, said partition means overlapping
said annular ring to form said inlet chamber and said out-
let chamber, and slip joint means provided to permit
movement of said inner tube sheet section relative to
said partition means and to seal said inlet chamber from
said outlet chamber.

5. In a regenerator, a shell having one end open, a tube
sheet closing said open end, said tube sheet constructed
of a plurality of sections disposed parallel and in spaced

relation to each other, means connecting the sections of

the tube sheet to permit expansion and coatraction of
one section of the tube sheet without transferring thermal
stresses to the other section, a removable head attached
to said tube sheet and shell having an inlet for the medium
to be heated and an outlet pipe for heated medium, at
least one partition means coacting with one of the tube
sheet secticns to form an inlet chamber and an outlet
chamber inwardly of said inlet chamber, said inlet cham-
ber communicating with said inlet and said outlet cham-
ber communicating with said outlet pipe, a plurality of
U-shaped tubes having their inner legs connected to one
of said sections of the tube sheet and their outer legs
connected to another of said sections of the tube sheet and
disposed to extend into said shell to form an inner heat
exchange section and an outer heat exchange section, the

outer legs of said U-shaped tubes communicating with

said inlet chamber and the inner legs of said U-shaped

tubes communicating with said outlet chamber, the inner
legs of said U-shaped tubes adjacent the axial line in
spaced relation to form a centrally disposed space in said
shell, an inlet pipe having one end connected to said shell
and extending centrally between the spaced inner legs
of said U-shaped tubes, said inlet pipe having an open-
ing at the end remote from the connected end opening
near said tube sheet for delivering hot gases into said
shell, at least one annular partition connected to said
tube sheet between the inner and outer heat exchange
sections and extending into said shell between the legs
of said U-shaped tubes, and outlet means on said shell
to exhaust cooled gases from said shell, said inlet pipe,
tube sheet, annular partition and outlet means con-
structed and arranged to direct the flow of gases in a
sinnous path across said U-shaped tubes in the shell.

Refer.enices Cited in. the file -of this patent
UNITED STATES PATENTS

722,628  Richmond oeeeeeee——_ Mar. 10, 1903
724,511 Schutt _ e Apr. 17, 1903
1,524,595  Sward oo Jan. 27, 1925
1,862,310 How - e June 7, 1932
1,822,173  Pederson e _ Aug. 15, 1933
1,960,770 Bravn o May 29, 1934
2,336,832 Badenhausen __ . _ Dec. 14, 1943
2365,878 Hufl e~ Dec. 26, 1944
2,576,309  Ruemelin o ______ Nov. 27, 1951
2,596,195 Arbuckle ________ - May 13, 1952
2.658,729  HOrWHZ o Nov. 10, 1953
FOREIGN PATENTS
15,890 Great Britain ——_____.__._ July 8, 1911
228,297 Switzerland e Nov, 1, 1943
375,989  Great Britain oo July 7, 1932



	Drawings
	Front Page
	Specification
	Claims

