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This invention relates to a baffle system for heat .ex-
change equipment, and more specifically to 4 system
comprising a series of plates extending part way Across
a tube bank at an angle to the longitidinal axis of the
heat exchange equipment, and designed to direct the
fuid flowing outside the tibes in a plurality of balanced
-helical streams. IR

A common arrangement of baffles in heat exchange
equipment is a succession of baffle plates extending part
~way across the shell perpendicular to the longitudinal

axis of the shell, with alternate baffie plates exténding

from opposite sides. of the shell.
Another common arrangement is a .number of . baffle
plates placed parallel to one another and parallel to
the longitudinal axis of the shell ‘with alternate plates
extending from opposite ends of the shell’ 7
Lhese types of baffles cause high resistance to the flow

of the fluid medium, cause high localized precipitation

of any fouling material that may .be carried in the sheil

tluid or may be precipitated therefrom, and have sev-
eral other practical disadvantages. |
I find it distinctly advantageous both from the stand-
point of pressure loss and heat transfer.to direct the
fluid outside of the tubes in a different manner. I haye
invented a system of baffles whereby the fluid is directed
~over the tubes in a plurality of helical paths, and in
which the pressure in the various helical paths wiil auto-
matically equalize. | o
It 1s an object of this invention to provide a-heat ex-
change apparatus of the shell and tube fype which ef-
f:e%:ts heat transfer in a more efficient manner-than here-
tolore.
Another object of this invention is to provide a shell
and tube type heat exchanger in which the fluid outside
the tubes is directed in separate but communicating paths
throughout the shell. -
Another object of :this jnvention js.-to provide a baffle
construction for shell and tube type heat exchangers
which prevents the formation of stagnant pockets - in

Ey

the path .of the finid through the shell.

A particular .object of this invention .is to provide an
apparatus which contributes to the equalization of pres-
sgr?l between the -parallel streams of fluid within the
shell. |

A still further .object of this invention is to provide
a-baffie structure which substantially reduces scale and
sediment deposits. | | |

The foregoing and .other objects which .will be ap-
parent from the following description are obtained by
the invention disclosed. and claimed herein.

Referring to the accompanying drawings,

Figure 1 is a longitudinal sectional view of. a heat ex-
changer fitted .with the baffle - system which . constitutes
my invention; T T

‘Figure 2 is a
Figure 1,

longitudinal sectional view -similar -to
but the arrangement of -the ‘baffle plates and
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their supporting means has been emphasized in this view

by omitting the exchanger tubes;

-Figure 3 .is an individual plate of a baffle, .of the same
design as those shown in Figures 1 and 2y T

Figure 4 is a cross sectional view taken -on line I—I
of Figure 1; and B

Figures 5, 6, 7, 8 and :9 are specific forms of baffle
plates within my .invention, -all being somewhat differ-
ent from the specific form shown - Figures 1, 2,3 4nd 4,
and.each .different -from one -another, the distinction' be-
Ing -obvious from the
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figures -themselves. " - Descriptions
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4 subsequent portion of this specification.

_ Referring to the figures, the same numbers and letters
will indicate the same elements in' the Various views.

. Referting to the drawings, in Figures 1 4nd 2, numeral
1 indicates the enclosing shell of a heat exchanger.” - At

-

each end of the shell is a fube-sheet 4, and’ these tube

- F - e h P

sheets are perforated to récéive tubes 5. 'The tubes are
fastened into the tube sheets by being rolled therginto,
by being’ individually packed, ‘or by any’ other ‘conyen-
tional mieans of fastening, Headers 17 and 19 are po-
sitioned at” opposite ends of shell 1, and the “shell and
tube sheets and headers are fastened ‘together 1into a unit
by bolts 22. 'Hedders 17 and 19 proyvide means, conduit
connections 26 and 27 for introducing and ‘conducting
away the fluid which'is to be passed throigh ‘the tubes,
This fluid' is” referred to Heréinafter as ““tube’ fluid.”
Headers 2 and 3 aré similarly provided for introducing
and conducting away .the fluid’ which'is to be passed qut-
side the tubes. “This fluid s heteinafter reéférred 'to as
Shell fluid.” " The nimber, diameter and length of tubés
5 1o be used in the heat exchange apparatus, as well as
the diameter of the ‘shell ‘1, Will be varied to ‘meet the
requirements of individual ‘cases. For purposes of illus-
tration, a simple form of heat exchanger has beei shown
in Figure 1. ‘Additional featurés such as the floating
head could of course be included, but haye béen omitted
for simplicity of presentation. =~ T 7 v a6

Throughout the length of shell 1, T place a succession

numerals 6 and 7, The individual plates of the ‘baffles
flustrated’in Figures 1 and 2 are of the specific design

ShOWn in .,Figmj.e 3, e ST NN YRy Cheish
_In addition’to tubes 5 being held

| fion” to tu | m place by tube-
sheets 4, “the relative positions of tubes 5 are’ furthér
mantained . by baffles 6 and 7 which are formed with
openings 8 positioned in alisnment’ with the holes in the
tube sheets. Considerable’ Tigidity is thus added to the
_ The individual plates and the successive baffles .within
the exchanger shell 1 are bound together in their proper
spatial relationship and into a unitary’ construction by
longitudinal 'strips 9.~ These strips 9, passing through
the plates at slots 10, also serve an additional pbrrpose
in that they are positioned to pass through the plates
at peripheral areas that agé.not of sufficient size to accom-
modate tubes and, by placing them with their broad
dimensions across the direction of flow of the shell fluid,
they serve to obstruct any tendency of the'fluid fo chan:
nel, through  these. inefféctive zones.  The shell fluid “is
given a Helical motion by the baffle <construction here
disclosed ‘and claimed, and these strips 9, Ppositioned a3
stated, block any tendency of the shell fluid to preferén-
tially seek a path along the shell wall, ~ = = =~ &
_ Referring to Figure 3, a_single baffle plate js shown as

Lhoe T

6. This plate is a segmént .of an ellipse, ‘and. the major
axis a——a and the minor axis b—b thereof are indicated.
It .will be 'seen that plate 6 i / of an ellipse
consisting .of an entire semi-ellipse together with an éx.
tension or step ¢, d,'e, f,'c. Two of these plates, 6 and 7,
arc fitted together, as shown in Figure 2, to'form a
bafile, and they are there shown positioned in the tube
shell 'with their planes at an angle of approximately 45
to the longtiudinal axis of the shell and at an angle of
approximately 90° to each other. "An ‘anglé lying approxi-
mately within the range of from 75° to 15° between .the
planes .of the individual plates and the longitudinal
axis of the shell .will ordinarily be found most effective,
the precise angle in any parficular case being controlled
by considerations such as shell-fluid velocity, - heat. ex-
change factor, quantity of shell fluid available, maximum
or minimum permissible temperature chan ge, permissible
pressure .drop, etc. The width .of the semi-elliptic part
of plate 6 is one-half of .the internal diameter of .shell 1,

or very slightly less, and the two plates constituting

6 is a segment of an

L

minor axes in longitudinal alignment, with their _Tespec-
tive planes at an’ angle to one another, and with the
extension of each plate extending across its ~companion
p“l.ate- r r' : e - oL L I oo L L O A T T T
Shelt:1 is a cylindrical shell and it will be necessary,

~baffie are positioned .alongside of one another with their
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because the plates are positioned at an angle other than
90° to the longitudinal axis of the shell that they have
greater length than the diameter of the shell. The indi-
vidual plates will be segments of ellipses, the minor
axes of which ellipses will equal the internal diameter of
the shell 1, and the major axes of which will be such
that the plates will abut the inside of the shell at all
points along their curved edge. For instance, if the
angle of the plates to the axis of the shell is a 45° angle,
the major axis of the elliptic plate will be 1.414 times
the internal diameter of the cylindrical shell 1. For any
angle at which it is desired to position the plates, the
length will be arrived at by multiplying the internal di-
ameter of the shell by the cosecant of the proposed
angle between the individual plates and the longitudinal
axis of shell 1. FEach plate 6 is pierced with holes 8
to permit the insertion therethrough of the tubes
5 of the heat exchanger. The plate is also provided with
slots 10 to receive supporting strips 9.

It would be possible to make baffles from two plates
which were exact semi-ellipses, cut along the major axis
of the ellipse, but that would permit a certain amount
of shell fluid to short-circuit and by-pass many of the
tubes. For that reason the plates 6 carry extension areas
c, d, e, {, ¢ to direct the shell fluid over the maximum
number of tubes and prevent its snaking along the length
of the heat exchanger close to the axis thereof. This
provision of plates with extensions c, d, e, f, ¢ is a funda-
mental feature of this invention. Another embodiment
of this feature will be described in connection with Fig-
ure 5. As respects plates 6, 7 and 25, the extensions
on the plates protrude beyond the major axis of the
ellipse by a substantially uniform dimension throughout
their length, this dimension being not substantially less
than one-twentieth or more than one-third of the length
of the minor axis of the ellipse.

Figure 4, which is a sectional view on line I—I of
Figure 1, shows the overlapping of the extensions of
the two plates which constitute a bafile.
~ Figure 5 shows an embodiment of my invention which
differs somewhat from that shown in Figure 3. It in-
volves the use of plates 25 instead of plates 6. In Figure
5 the individual plates of the baffles are again segments of
an ellipse, but they differ from plate 6 shown in Figure 3
in that they have two extensions, ¢/, d, e, f, ¢’ and ¢,
g, h, k, ¢”’, instead of one such extension as shown In
Figure 3. Plate 25 having two extensions, must have
2 notch therebetween to permit the companion plates
of a baffle to fit together. This notch d, ¢', ¢, g is of

a width to permit interlocking of companion plates and .

it extends inwardly from the outside edge of the ex-
tension to the major axis of the ellipse. Plate 25 further
reduces the tendency of the shell fluid to seek a path
down the axis of the shell. It also permits strong inter-
locking of the two companion paltes of a baflle.

Figures 6 and 7 show two reiated embodiments of
my invention in which the segments of the ellipse in-
clude a semi-ellipse lying altogether on one side of the
major axis together with an extension beyond the major
axis on either one side or both sides of the minor axis.
The embodiments shown in these two figures have ex-
tensions which are cut along radii of the ellipses, the
form shown in Figure 6 having an extension along one-
half its length, and the form shown in Figure 7 having
an extension along each half of its length. In the
embodiment of my invention shown in Figure 6, the
plate 28 is a segment on an ellipse. The major axis
4—a is indicated on the drawing, and so also the minor
axis b—b, the intersection of the two axes being indicated
at c. Plate 28 is cut along the major axis a—a from ¢
to k., thence around the periphery of the ellipse for a full
180° and further by distance f—e, and in a straight line
from e to c.

The form of baffle plate 29 shown in Figure 7 carries
an extension beyond the major axis a—a on each side
of intersection c.

In this case the baffle plate 29 is a segment of an
ellipse, and the major axis is indicated at a—a, the minor
axis at b—>b, and the intersection of these two axes Is
indicated at ¢. Plate 29 is cut in a straight line along
line c—#, from h along an elliptic periphery across major
axis a—a, 180° therebeyond to major axis 4—a again,

and then through the extension width f——e, and thence in
a straight line e—c. The extension c—ki—Hh—c may or

may not be equal in dimension to extension c—f—e—c.
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In both plates 28 and 29, the individual extensions may

“havé’'an area up to as much as approximately 80 per cent

of the area of a quadrant of the ellipse. This same
proportion holds, in fact, for the extension of the plates
shown in Figures 3, 5, 6, 7, 8 and 9.

Ficures 8 and 9 show two related embodiments of
my invention in which the segments of the ellipse in-
clude a semi-ellipse, lying altogether on one side of the
major axis, together with an extension beyond the major
axis on either one side or both sides of the minor axis.
The embodiments shown in these two figures have ex-
tensions which are cut in a straight line from the inter-

 sections of the major axis with the elliptic periphery to

30

a point on the minor axis which is somewhat removed
from the major axis. In the embodiments of my in-
vention shown in Figures 8 and 9, the plates 30 and 31
are segments of an ellipse. In each case the major
axis a—a is indicated on the drawing, and so also the
minor axis b—>b. Plate 30, shown in Figure 8 is cut
in a straight line from each of the two intersections of
the elliptic periphery with major axis z—a to a point
on the minor axis out beyond the major axis, to pro-
duce somewhat more than a semi-ellipse, and a slot 4,
¢, ¢'’, ¢ is then cut back along the minor axis to the
major axis in order that two such plates, when used to-
gether to form a baffle, will abut at the intersections of
their respective major and minor axes. Figure 9 shows
plate 31, with an extension ¢, &, @, ¢ extending out be-
vond the major axis only on one side of the minor axis.
The triancular extensions depicted in Figures 8 and 2
are especially effective in preventing the shell fiuid from
preferentially channeling along the longitudinal axis ol
the cylindric heat exchange device in which the bafiles
are used. -

The various shapes of plates depicted in Figures 3, 5,
6, 7, 8 and 9 all have particular advantages according
to the specific situation in which they are used, the dis-
position of the shell fluid to preferentially channel

through some minor portion of the cross section of the
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heat-exchange device, the permissible pressure drop, etc.
The function of a tubular heat exchanger is to trans-
fer heat between two fluids, one of which passes through
the tubes and the other of which passes outside of the
tubes and within the walls of the exchanger shell. Such
an apparatus permits interchange of heat between the
two fluids while preventing any direct contact or mix-
ture of the two fluids. This invention is not directed o
the handling of the fluid passing through the tubes: it
concerns the handling of the shell fluid, i. e., the fluid
which passes outside of the tubes and within the ex-
changer shell. -
- In this invention shell fluid is introduced through
flanged inlet 2 in such manner as to pass through the
shell 1 and to effect during such passage the maximum
axéiount of heat transfer for the heat transfer area avail-
able. |
. 'The helical path of the shell fluid In its passage
through the heat exchanger shell results from the in-
terrelation, spatially, of successive baffies from the in-
iet end of the exchanger to the outlet end of the ex-
changer. As shown in Figures 1 and 2, my invention
involves the use of a series of bafiles, each baffle com-
prising two plates 6 and 7, each baffle in a series is posi-
tioned closely adjacent to the baffle that precedes it in
the series and to the baffle that follows it in the series;
the baffles in a series are positioned with no substan-
tial angular rotation between successive baffles, where-
by the planes of corresponding plates in successive
baffles assume parallel position and, with their com-
panion plates, form fwo centinucus channels of some-
what helical form from one end of the heat exchanger
shell to the other end thereof. As will be obvious from
Figures 1 and 2, the opposed planes of the two plates
of the first baffle divide the stream of shell fluid into two
separate streams which pass along successive baffles
from end to end of the exchanger as parallel streams.
Instead of plates 6 and 7, as shown in Figures 1 and 2,
the plates may be of the conformation shown in Figures

5, 6,7, 8 and 9.

80

85

Referring to Figure 1 the stream of shell fiuid enter-
ing a heat exchanger fitted with my system of baffiing
will be directed, in substantially equal parts, across the
nearer end of each of the two plates 6 and 7 constitut-
ing the first bafile, then in a somewhat circular or heli-
cal course along the plate, this curving course being
centered around the longitudinal axis of the exchanger
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shell. 'When the stréam passes off of the first plate it
passes m a channel formed by the under side of the

adjacent plate of the first baffle and the top side of a
plate of the second baffle. Specifically, the stream in-
dicated by a dotted line and identified by numeral - 11
will pass over plate 6 and then into a channel between
pPlates 7 and 15 and on into a channet between plates
14 and 20. The course of the second stream, indicated
by a dotted line and identified by numeral 12 will be
parallel to the course of stream 11 and always on the
diametrically opposite side of the exchanger shell. The
operation is the same, of course, when using baffles with
plates such as shown in Figures 5, 6, 7, 8 and 9.
_Various considerations may cause differences in the
the rate of flow in the two parallel streams. These
differences may result from the longitudinal strips 9,

from differences in the relative ararngement of the tubes

.-

- 1 . .
1

in different portions of the cross section of the exchanger,
and from the precipitation of fouling material. C
My invention is designed to provide for these. differ-
ences of resistance to flow in the two channels and the
provision which has been made is both simple and ade-
quate, and is a highly

rl;e = =

important element of my inven-
tion. My invention provides for the continual balanc-
ing of these differences, at a succession of points through-
out the length of the exchanger, by providing a substan-
tial area of contact 13 between the two streams, at each
baffle. Intermixing of the two streams occurs at the
unpartitioned area 13 between the two streams and at
every. similar point through the length of the exchanger.
This area of contaet simultaneously eifects a balancing

of the streams and a certain intermixing of the, streams

that equalizes the temperatures of the two., This in-
vention enables me to secure as much ag 15 per cent
more heat transfer per square foot of tube surface than
is obtained in conventional types of heat exhangers
and consequently permits an important reduction in
the size, tube surface, and cost of heat exchange equip-
ment, | )

The baffle structure: herein described: has particular
application to heat exchangers of the shell and' tube type
and is adapted to a wide application in the field, inchud-.
‘ing such specific apparatus as condensers, reboilers, etc.
as well: as that large class of devices known simply as
heat exchangers. In addition, while shell and tube heat
exchangers are frequently limited to use in systems
wherein shell fluid and: tube fluid are liquid only, no such.
restriction in use is contemplated in this apparatus. since
the disclosed apparatus will
the heat exchanging media are _
combination of liquid- and: gas. The term gas is here
used; of course, to embrace all' vapors. o

In this specification and-in the appended: claims I speak

liquids, gases, or any

6

the length thereof, each plate being pierced to receive

- a plurality of tubes, the two plates abutting at the inter-

10
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29,
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35,

40,

49:

function efficiently whether
o0,

of the various individual plates 6, 7, 25, 28, 29; 30 and’

31 as being in the form of “a segment of ‘an_ellipse.”
When I use the expression. “a segment of an ellipse™ I

mean thereby any portion of an eHipse less than a full:

ellipse, regardless of* whether the non-elliptic portion

of its periphery be a radins of the ellipse, a chord of the
ellipse, or have some other configuration,’ .
In this specification and in the appended- claims, when.
I use the term “plate,” I use it in its ordinary. sense, and’
mean thereby a flat piece of material.
- What I claim is: | - -
1. In a cylindric heat exchanger of the parallel. tube
type, a baffle system which comprises a plurality of
baffies, each baffle comprising - two plates; each plate being
in the form of a segment of an ellipse, the said segment

being a semi-ellipse, including- all of the major axis; of.

said ellipse, and an extension. beyond said major- axis.
along at least a portion of the length thereof; each plate.
~ being pierced to permit the passage therethrough of a
plurality of tubes; with the minor axes of the two plates.

of each. baffle in longitudinal alignment, with the. planes.
of the two plates at an angle to each other and at an " 5

e longitudinal axis of: the cylindric: heat ex-
and with the extensions of the two_plates, inter-.

angle to the
changer,
locking, | -

2. In a cylindric heat exchanger of. the parallel tube,
type, a baffle system which comprises a, plurality. of
baffles, each baffle. comprising. two, plates; each plate.
being in the form of a segment of an. ellipse, the said
segment being a semicellipse; including. all, of the, major
axis of said ellipse and an extension, of uniform. width
beyond. said major axis through. at least- a_portion of.

0D;

60;

64,

70
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 ment,. with the. minor axes

section of their major and minor axes, with the minor
axes of the two plates of each baffle in longitudinal align-
ment, with the planes of the two plates at an angle to
¢ach other and at an angle to the longitudinal axis of
the cylindric heat exchanger and with the extensions of
the twa plates interlocking. | | |
3. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a plurality of
baffles, each baffle comprising two. plates, each plate being
in the form of a_segment of an ellipse cut along the,
major axis thereof for one-half the length of such axis
and carrying an extemsion therebeyond along the re-
mainder of said major axis, each plate being pierced to
receive. a plurality of tubes; the two. plates. of each bafile

‘being positioned at an angle to each other and abutting

at the intersection of the major and minor axes, with
the minor axes of the two. plates. of each baffle in longi-
tudinal alignment, with the minor axes of the plates in
successive baffles lying in a single plane, with the planes,
of the two plates at an angle to. the longitudinal axis
of the cylindric heat exchanger, with extensions. of the
two plates interlocking, and with a plurality of longi-.
E.;l%nalj_ strips positioned in the. curved periphery of the.
affles. | |

4. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a plurality of baffles,
each baffle comprising two plates, each plate being in
the form of a segment of an ellipse cut along the major
axis thereof for one-half of the length of said axis and
carrying an extension of substantially. uniform width
along the remainder of said major axis, each: plate being
pierced to receive a. plurality of tubes; the two plates.
of each baffle being positioned’ at an angle to each other
and abutting one another at a_ point located substantially
midway on the major axes of said plates, with the minor
axes of the two plates of each baffle in longitudinal align-
ment, with the minor axes of the plates in successive
baflles lying in a single plane, with the planes of the two
plates at an angle to the longitudinal axis of the cylin-
dric heat exchanger and with the extensions. of the two.
plates. of the baifle interlocking. B | |
3. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises. a.plurality of baf] les,
each baffle comprising two plates, each plate being in
the form of a segment of an ellipse cut along the major
axis: thereof for one-half the: length of said: axis and carry-
Ing an extension of substantially: uniform width along
the remainder of said major axis, each plate being pierced
to receive a plurality of tubes; the two plates of each
b.aﬁle.-_. being. positioned: at an angle to each other and:
abutting one. another at a pomt located. substantially
midway: on. the major axes of said plates, with the minor
axes of the.two plates-of each baffle'in longitudin al align-.
: of the plates of successive
baffies lying in a single plane, with the planes of the.
two: plates: at an angle to each other and at an angle to
the longitudinal axis of'the cylindric heat exchanger and’
;vnih %e; extensions of the two plates: overlapping in in-
CrioCK,. | |

6. In a: cylindrit- heat exchianger- of the parallel tube
type;.a baffle system which comprises a: plurality of baffles,
cach baffle comprising two plates; each plate being in
the form: of a:segment of an ellipse, somewhat more than
a- semi-ellipse, and: with its- straight side. cut parallel to.
the major: axis thereof; with a notch cut along the. minor
axis: from the: straight cut sjde. of the segment. of the
ellipse to: the intersection of the. major: and, minor axes
thereof; with the two. plates of a baffle positioned at an
angle to- each other and: abutting at the intersection of
thelr_ major and minor axes, with: their minor axes in
longitudinal" alignment, the: minor: axes: of the plates of
successtve baffles lying in a single- plane, with' the planes
of the plates at an angle to the longitudinal axis of the
cylindric. heat exchanger, each plate. being pierced to
receive. a. plurality of tubes, '

7. In a. cylindric heat exchanger of the parallel’ tube.
type, a baffle system which. comprises: a plurality
baffles, each baffle. comprising two plates, '
being in the form of: a, segment: of: an ellipse; somewhat
more. than: a. semi-ellipse; and- with. its straight: side cut:
parallel to .the major. axis; thereof, with: a:notch: cut: alon o
the minor -axis: from: the -straight: cut: side of: the: segment-

| .

of. the.ellipse- to: the: intersection. of: the. major and: minor
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axes thereof; with the two plates of a bafflé positioned
at an angle to each other and abutting at the intersection
of their major and minor axes, with their minor axes m
longitudinal alignment, the minor axes of the plates of
successive baffles lying in a single plane, with the planes o
of the plates at an angle to the longitudinal axis of the
cylindric heat exchanger, each plate being plei_*ced_ {o
receive a plurality of tubes, and a plurality of longitudinal
strips positioned about the curved periphery of the baffles.

8. A heat exchange apparatus of the shell and tube 10
type which comprises two circular tube-sheets positioned
substantially parallel to one another and apart from one
another, each tube-sheet pierced with a plurality of holes
adapted to receive tubes; a plurality of tubes extending
in parallel from one tube-sheet to the other tube-sheet 15
and fastened thercinto with fluid-tight joints; a header
over each tube-sheet and a conduit connection to each
header:; a cylindric shell extending from one tube-sheet
to the other tube-sheet, surrounding the plurality of tubes
and made fluid-tight to said tube-sheets; a conduit con- 20
nection adjacent to each end of the cylindric shell; a
plurality of bafiles within the shell extending in series
from one end of the shell to the other end thereof, each
baffle comprising two plates; each of the two plates of a
baffle being in the form of a segment of an ellipse, cut
along the major axis thereof for one-half the length of
such axis and carrying an extension of substantially uni-
form width along the remainder of the major axis; each.
plate being pierced to permif the passage therethrough
of the said plurality of tubes which extend from one tube-
sheet to the other tube-sheet; the two plates of each
baffle being positioned alongside of each other with their
curved peripheries abutting the interior wall of the shell,
with the minor axes of the two plates in longitudinatl
alignment, with the planes of the two plates at an angle 59
to each other and at an angle to the longitudinal axis of
the shell, and with the said extensions of the two plates
interlocking, - | ' |

9. A heat exchange appartus of the shell and tube
type which comprises two circular tube-sheets positioned
substantially parallel to one another and apart from cne
another, each tube-sheet pierced with a plurality of holes
adapted to receive tubes; a plurality of tubes extending
in parallel from one tube-sheet to the other tube-sheet
and fastened thereinto with fluid-tight joints; a header
over each tube-sheet and a conduit connection to each
header; a cylindric shell extending from one tube-sheet to
the other tube-sheet, surrounding the plurality of tubes
and made fiuid-tight to said tube-sheets; a conduit con-
nection adjacent to each end of the cylindric shell; a
plurality of baffles within the shell extending in series
from one end of the shell to the other end thereof, each
baffie comprising two plates; each of the two plates of a
baffle being in the form of a segment of an ellipse, cut
along the major axis thereof for one-half the length of
such axis and carrying an extension of substantially uni-
form width along the remainder of the major axis; each
plate being pierced to permit the passage therethrough
oi the said plurality of tubes which extend from one
tube-sheet to the other tube-sheet; the two plates of each
baffle being positioned alongside of each other with their
curved peripheries abutting the interior wall of the shell,
with the minor axes of the two plates in longitudinal
alignment, with the planes of the two plates at an angle
to each other and at an angle to the longitudinal axis of
the shell, and with the said extensions of the two plates
interlocking; and longitudinal strips extending from the
first baffle in the series to the last baffle in the series and
affixed to each baffle to maintain them in spatial relation-
ship with each other, these longitudinal strips being
positioned close to the exchanger shell. |

10. A heat exchange apparatus of the shell and tube
type which comprises two circular tube-sheets positioned
substantially parallel to one another and apart from one
another, each tube-sheet pierced with a plurality of holes

adapted to receive tubes; a plurality of tubes extending
in parallel from one tube-sheet to the other tube-sheet

and fastened thereinto with fluid-tight joints; a header
over each tube-sheet and a conduit connection to each
header; a cylindric shell extending from one tube-sheet
to the other tube-sheet, surrounding the plurality of tubes
and made fluid-ticht to said tube-sheets; a conduit con-
nection adjacent to each end -of the cylindric shell; a
plurality of baffles within the shell extending in series 85
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from one end of the shell fo the other €nd thereof, each
baffle comprising two plates; each of the two plates of
a baffle being in the form of a segment of an ellipse, cut
along the major axis thercof for one-half the length of
such axis and carrying an extension of substantially uni-
form width along the remainder of the major axis; each
plate being pierced to permit the passage therethrough
of the said plurality of tubes which exiend ifrom one
tube-sheet to the other tube-sheet; the two plates of
cach batlle being positioned alongside of each other with
their curved peripheries abutting the interior wall of
the shell, with the minor axes of the two plates in longi-
tudinal alignment, with the planes of the two plates at
an angle 1o each other and at an angle to the longitudinal
axis of the shel, and with the said extensions of the two
plates 1nterlocking; and longitudinal elements extending
from the first banle in the series to the last bafile in the
series and affixed to each baitfle to maintain them in
spatial reiationship with each other.

11. A heat exchange apparatus of the shell and tube
type which comprises two circular tube-sheets positioned
suostantially parallel to one another and apart trom one
another, each tube-sheet pierced with a plurality of holes

adapied to receive tubes; a plurality or tubes extending

in parallel from one tube-sheet to the other tube-sheet
and 1asiened thereinto with fluid-tight joints; a header
over each tube-sheet and a conduit connection {o each
header; a cylindric shell extending from one tube-sheet
to the other tube-sheet, surrounding the plurality of
tubes and made fHuid-tight to said tube-sheets; a con-
duit connection adjacent to each end of the cylindric
shell; a plurality of baffles positioned within the shell
between the two ends thereorf, each such baiile compris-
ing two plates; each of the two plates of a baffle being

1n the form of a segment of an ellipse cut along the

major axis thereof for one-half the length of such axis
and carrying an extension of substantially uniform width
along the remainder of the major axis, each plate be-

ing pierced to permit the passage therethrough of the

said plurality of tubes which extend from one tube-sheet
to the other tube-sheet; two plates of each bafile be-
ing positioned alongside of each other with their curved
peripheries abutting the interior wall of the shell, with
the minor axes of the two plates in longitudinal align-
ment, with the planes of the two plates at an angle to
cach other, each plate of the pair being at approximate-
ly the same angle to the longitudinal axis of the shell,
and with the said extensions of each plate overlapping
the companion plate and interlocking.

12. A heat exchange apparatus of the shell and tube

1tvpe which comprises two circular tube-sheets positioned

substantially parallel to one another and apart from one
another, each tube-sheet pierced with a plurality of holes
adapted to receive tubes; a plurality of tubes extending
in parallel from one tube-sheet to the other tube-sheet
and fastened thereinto with fiuid-tight joints; a header
over each tube-sheet and a conduit connection to each
header; a cylindric shell extending from one tube-sheet
to the other tube-sheet, surrounding the plurality of tubes
and made fluid-tight to said tube-sheets; a conduit con-
nection adjacent to each end of the cylindric shell; a
plurality of baffles within the shell extending in series
from one end of the shell to the other end thereof, each
baftle comprising two plates, each of the two plates of
a baffie being in the form of a segment of an ellipse,
cut along the major axis thereof and carryving two ex-
tensions of substantially uniform width along the major
axis, each plate being pierced to permit passage there-
through of the said plurality of tubes which extend
from one tube-sheet to the other tube-sheet, the two
plates of each baffle being positioned adjacent each
other with their curved peripheries abutting the interior
shell wall with the minor axes of the two plates in lon-
gitudinal alignment with the planes of the two plates at
an angle to each other and at an angle to the longitudi-
nal axis of the shell, and with the said extensions of the
two plates interlocking. |

13. A heat exchange apparatus of the shell and tube
tvpe which comprises two circular tube-sheets posi-
tioned substantially parallel to one another and apart
from one another, each tube-sheet pierced with a plu-
rality of holes adapted to receive tubes; a plurality of
tubes extending in parallel from one tube-sheei to the
other tube-sheet and fastened thereinto with fluid-tight

joints; a header over each fube-sheet and a conduit con--
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nection to each header; a cylindric shell extending from
one tube-sheet to the other tube-sheet, surrounding the
plurality of tubes and made fluid-tight to said tube sheets;
a conduit connection adjacent to each end of the cylin-
dric shell; a plurality of baffles within the shell extend-
ing in series from one end of the shell to the other end
thereof, each baffle comprising two plates; each of the
two plates of a baffle being in the form of a segment of

an ellipse, cut along the major axis therecof for one-

half the length of such axis and carrying an extension of
substantially uniform width along the remainder of
the major axis; each plate being pierced to permit the pas-
~sage therethrough of the said plurality of tubes which
extend from one tube-sheet to the other tube-sheet; the
two plates of each baffie being positioned alongside of
each other with their curved peripheries abutting the in-
terior wall of the shell, with the minor axes of the two
plates in longitudinal alignment, with the planes of the
two plates at an angle to each other and at an angle
to the longitudinal -axis of the shell and with the said
extensions of the two plates interlocking.

14. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a series of baffles
each bafile comprising two plates, each plate being in
the form of a segment of an ellipse and including not
less than 180° of the ellipse, measured from the major
axis thereof, each plate being pierced to permit the
passage therethrough of a plurality of tubes; the two
plates of each baffle being positioned at an angle to
each other and abutting at the intersection of their major
and minor axes, with the minor axes of the two plates
of each baffle in longitudinal alignment, with the minor
axes of the plates in successive baffles lying in a single
plane, and with the planes of the two plates at an angle
to the longitudinal axis of the cylindric heat exchanger:
the series of baffles creating two similar and diametrical-
ly adjacent passageways of generally helical shape from
the first baffle of the series to the last baffle of the se-
ries, and the said passageways being in open com-
munication with each other. |

15. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a series of baffies,
each baffle comprising two plates, each plate being in the
form of a segment of an ellipse, including a semi-ellipse
lying altogether on one side of the major axis, each plate
being pierced to permit the passage therethrough of a
plurality of tubes; the two plates of each baffle being
positioned at an angle to each other and abutting at
the intersection of their major and minor axes, with the
minor axes of the two plates of each baffle in longitudi-
nal alignment, with the minor axes of the plates in suc-
cessive baffles lying in a single plane, and with the planes
of the two plates at an angle to the longitudinal axis
of the cylindric heat exchanger: the series of baffles
creating two similar and diametrically adjacent passage-
ways of generally helical shape from the first baffle of
the series to the last baffle of the series, and the said
pggsageways being in open communication with each
other.,

16. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a series of baffies,
each baffle comprising two plates, each plate being in the
form of a segment of an ellipse and including not less
than 180° of the ellipse, measured from the major axis
thereof; with the two plates of a baffle positioned at
an angle to each other and abutting at the intersection
of their major and minor axes, with their minor axes
in longitudinal alignment, the minor axes of the plates
of successive baffles lying in a single plane, with the
planes of the plates at an angle to the longitudinal axis
of the cylindric heat exchanger, each plate being pierced
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to permit the passage therethrough of a plurality of
tubes; the series of baffles creating two similar and
diametrically adjacent passageways of generally helical
shape from the first baffie of the series to the last baffie
of the series, and the said passageways being in open
communication with each other. -

1'7. In a cylindric heat exchanger of the multiple tube
type, a baflle system which comprises a plurality of baffles,
each baffle comprising two similar plates; each plate
being m the form of a segment of an ellipse, the said
segment comprising a semi-ellipse, including all of the

~said ellipse lying on one side of the major axis thereof,

and at least one extension beyond said major axis, the
said extension being bounded by a-radius of the ellipse
and the periphery of said ellipse and having an area not
exceeding twenty per cent of the area of the full ellipse,
a plurality of holes through each plate to permit the
passage therethrough of the heat-exchange tube; the
two, plates of each baffle abutting at the intersection of
their major and minor axes, with the minor axes of the
two plates of each baffie in longitudinal alignment, with
the planes of the two plates at an angle to each other
and to the longitudinal axis of the cylindric heat ex-
changer, and with the minor axes of the plates in succes-
sive baffles lying in a single plane. |

18. In a cylindric heat exchanger of the multiple tube
type, a baffle system which comprises a plurality of baffles,
cach baffle comprising two similar plates; each plate
being in the form of a segment of an cllipse, the said
segment comprising a semi-ellipse, including all of the
said ellipse lying on one side of the major axis thereof,
and at least one extension beyond said major axis, the
said extension being bounded by a line extending from
the intersection of the major axis with the periphery
of the ellipse to a point on the minor axis outside the -
semi-ellipse, and back along the minor axis to the major
axis, and having an area not exceeding twenty per cent
of the area of the full ellipse; a plurality of holes through
each plate to permit the passage therethrough of the
heat-exchange tubes; the two plates of each baffle abui-
ting at the intersection of their major and minor axes,
with the minor axes of the two plates of each baffle in
longitudinal alignment, with the planes of the two plates
at an angle to each other and to the longitudinal axis of
the cylindric heat exchanger, and with the minor axes

of the plates in successive baffles lying in a single plane.

19. In a cylindric heat exchanger of the parallel tube
type, a baffle system which comprises a plurality of baffles,
each baffle comprising two plates; each plate being in
the form of a segment of an ellipse, the said segment
being a semi-ellipse, including all of the major axis
of said ellipse, and an extension in the same plane beyond
said major axis along at least a portion of the length
thereof, each plate being pierced to permit the passage
therethrough of a plurality of tubes; with the minor
axes of the two plates of each baffle in longitudinal align-
ment, with the planes of the two plates at an angle to
each other and at an angle to the longitudinal axis of
the cylindric heat exchanger; the said baffle system defin-
ing two similar and diametrically adjacent helical paths,
in open communication with one another from the line
of the minor axes of the plates of one baffle to the line
of the minor axes of the plates of the next baffle.
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