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The present invention relaies to a tube ‘'spacing means
for heat exchangers wherein a plurality of tubes are
arranged as a tube bundle which must be supported and
spaced during operation. = Furthermore, the present in-
vention is directed to a tube spacing means which posi-
tively supports and spaces the tubes in the tube bundle
while at the same time providing for a very low pressure
drop thereacross.

Many heat exchangers have tube bundles in which a
plurality of tubes are arranged with very close spacing
therebetween. For example, heat exchangers used for
reheat steam attemperators have many small tubes spaced
on very close centers because of the high flow velocities
incurred in both the primary fluid within the tubes and
the secondary fluid outside of the tubes. Such tube
bundles often have a length of 30 to 50 feet and the tubes
must be supported and spaced along the length thereof.
1t is well known in the prior art to space tubes of such
heat exchangers by various means such as thin plates
inserted between adjacent rows of the tubes in the tube
bundle. However, such tube spacing means of the prior
art have incurred high pressure losses in the fluid flowing
outside of the tubes due to the fact that they extend across
the tube bundle in a single, common plane perpendicular
to the axis of the tube bundle. As a result of this ar-
rangement all of the fiuid flowing thereover had to pass
through areas in the tube bundle where the flow area
was reduced a substantial amount causing high pressure
losses. The reduction in flow area with tube spacers of
the prior art have ranged from 30 to 40% of the total
flow area. Imasmuch as such heat exchangers as reheat
steam attemperators require a minimum of pressure drop
to assure the lowest possible pressure drop in the sec-
ondary fluid system, commonly being a maximum of 5
p.s.d., the tube spacing means of the prior art accounted
for nearly half of this pressure loss; severely restricting
the arrangement of the remainder of the system.

Accordingly, the present invention is directed to an
improved tube spacing arrangement wherein the tube
spacers are inclined to the axis of the tube bundle so that,
at any given cross-section in the tube bundle, the tube
spacers do not unduly restrict the flow area on the shell
side of the heat exchanger. As a result of the arrange-
ment of the present invention the pressure drop incurred
by tube spacing arrangements of the prior art is substan-
tially reduced, simplifying both the construction of the
heat exchanger and the arrangement of the remainder of
the system, and reducing the operating costs of the sys-
tem as a result of the reduced pressure drop.

Accordingly, the present invention provides a tube
spacer arrangement for positively spacing a plurality of
tubes arranged as a tube bundle, the tubes being arranged
in a plurality of rows parallel to the axis of the tube
bundle, the spacer arrangement comprising an outer mem-
ber embracing at least a portion of the outer periphery
of the tube bundle and inclined to the axis of the tube
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bundle, and a plurality of spacing means extending be-
tween opposite portions of the embracing member through
the tube bundle between adjacent rows of tubes therein
and arranged to position and space adjacent tubes in
the tube bundle, adjacent spacing means between adja-
cent rows of tubes being displaced from each other at an
angle to the axis of the tube bundle at least as great as
the angle of inclination of the embracing member.

The various features which characterize the invention
are pointed out with particularity in the claims annexed
to and forming a part of this specification. - For a better
understanding of the invention, its operating advantages
and specific objects attained by its use, reference should
be had to the accompanying drawing and descriptive mat-
ter in which there is illustrated and described a preferred
embodiment of the invention,

In the drawing:

FiG. 1 illustrates a vertical section of a portion of a
heat exchanger tube bundle; and

FIG. 2 is a view of the tube spacer arrangement per-
pendicular to the view illustrated in FIG. 1.

In FIG. 1 is illustrated one quarter of a cross-section
of a heat exchanger having an outer cylindrical pressure
vessel 10 and a plurality of tubes 11 arranged therein as
a tube bundle. An outer metal ring 12 embraces the
outer periphery of the tube bundle, or as illustrated in
FIG. 1 one half of the tube bundle, and is inclined to the
longitudinal axis of the tube bundle as illustrated in FIG:
2. The angle of inclination of the outer embracing mem-
ber, or ring 12 to the axis of the tube bundle depends
upon the specific construction of the heat exchanger and
the fluid flow conditions therethrough, but will range be-
tween 35 and 45°. A plurality of relatively thin spacing
members. or sheets 13 extend between opposite portions
of the outer member 12 between adjacent rows of tubes
and are connected at each end to the outer member. A
plurality of tubular spacers 14 are connected to one
edge of the spacer sheets 13 and are arranged to contact
the four adjacent tubes providing the spacing and sup-
port necessary. Inasmuch as the outer member 12 is-
inclined to the axis of the tube bundle it will be ap-
preciated that the arrangement of the tubular spacers 14

" will also be inclined to the axis of the tube bundle so that
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the reduction in flow area at any given cross-section of
the tube bundle is much less than would be the case if
the tube spacer elements 13 and 14 were all arranged
in a.common plane perpendicular to the axis of the tube
bundle.

However, as clearly illustrated in FIG. 2, the spacer
elements 13 and 14 may be displaced at an even greater
angle than that of the outer embracing member 12 by
selectively connecting the spacer sheets 13 across the
width of the embracing ring 12. Thus each adjacent
spacer sheet 13 will be displaced a different amount from
the edge of the embracing ring 12 than is the next ad-
jacent spacer sheet.

Accordingly, the tube spacing arrangement of the pres-
ent invention provides for the positive spacing and sup-
port of a plurality of tubes in a tube bundle while at the
same time minimizing pressure drop thereacross result--
ing in more economic operation of the heat exchanger
system. Furthermore, with the present arrangement the
inclination of the spacer means to the axis of the tube
bundle is easily adaptable to various conditions requir-
ing differing minimum pressure drops.
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While in accordance with the provisions of the statutes
there is illustrated and described herein a specific embodi-

ment of the invention, those skilled in the art will under- -

stand that changes may be made in the form of the in-
vention covered by the claims, and that certain features
of the invention may sometimes be used to advantage
without a ‘corresponding use of the other features.

What is claimed is:

1. A tube spacer arrangement for positively spacing
a plurality of tubes arranged as a tube bundle, said tukes
being arranged in a plurality of rows parallel to the axis
of said tube bundle, said spacer comprising' an outer
member embracing at least m portion of the outer pe-
riphery of said tube bundle and inclined to the axis of said
tube bundle, and a plurality of spacing means extending
between opposite portions of said member through said
tube bundle betwesn adjacent rows of tubes therein and
arranged to position and space adjacent tubes in said tube
bundle, adjacent spacing means between adjacent rows of
said tubes being displaced from each other at an angle to

the axis of said tube bundle at least as great as the angle .

of inclination of said outer member.

2. A tube spacer arrangement for positively spacing a
plurality of tubes arranged as a tube bundle, said tubes
being arranged in‘a plurality of rows parallel to the axis
of said tube bundle, said spacer comprising an outer
member embracing at least a portion of the cuter pe-
riphery of said tube bundle and inclined to the axis of said
tube bundle, and a plurality of spacing means extending
between opposite portions of said member through said
tube bundle between adjacent rows of tubes therein and
arranged to position and space adjacent tubes in said tube
bundle, each of said spacing means including a relatively
thin member connected at each end to opposite portions
of said outer member, adjacent spacing means between
adjacent rows of said tubes being displaced from each
other at an angle to the axis of said tube bundle at least as
great as the angle of inclination of said outer member,

3. A tube spacer arrangement. for positively - spacing
a plurality of tubes arranged as a tube bundle, said tubes
being arranged in a plurality of rows parallel to the axis

of said tube bundle, said spacer comprising an outer mem- -

ber embracing at least a portion of the outer periphery
of said tube bundle and inclined to the axis of said tube
bundle, and a plurality of spacing means extending be-
tween opposite portions of said outer member through
said tube bundle between adjacent rows of tubes therein
and arranged to position and space adjacent tubes in said
tube bundle, each of said spacing means including a
relatively thin member connected at each end to opposite
portions of said outer member, said thin member having
means cooperating therewith to space adjacent tubes in
each row, adjacent spacing means between adjacent rows
of said tubes being displaced from each other at an angle
to the axis of said tube bundle -at least as great as the
angle of inclination of said outer member.

4. A tube spacer arrangement for positively spacing
a plurality of tubes arranged as a tube bundle, said tubes
being arranged in a plurality of rows parallel to the axis
of said tube bundle, said spacer comprising an outer
member embracing at least a portion of the outer periphery
of said tube bundle and inclined to the axis of said tube
bundle, and a plurality of spacing means extending be-
tween opposite portions of said outer member through
said tube bundle between adjacent rows of tubes therein
and arranged to position and space adjacent tubes in said
-ube bundle, each of said spacing means including a rela-
ively thin member connected at each end: to opposite
Jortions of said outer member, said thin member having
i spacer connected thereto and arranged to space adjacent
ubes in each row, adjacent spacing means between adja-
:ent rows of said tubes being displaced from each other
it an angle to the axis of said tube bundle at least as
jreat as the angle of inclination of said outer member.
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5. A tube spacer arrangement for positively spacing -
a plurality of tubes arranged as a tube bundle, said tubes -
being arranged in a plurality of rows parallel to the axis
of said tube bundle, said spacer comprising. an outer
member embracing at least a portion of the outer pe-
riphery of said tube bundle and inclined to the axis of said '
tube bundle, and a plurality of spacing means extending
between opposite portions of said outer member through.
said tube bundle between adjacent rows of tubes therein
and ‘arranged to position ‘and space adjacent tubesin -
said tube bundle, each of said spacing means including
a relatively thin member connected at each end to oppo-
site portions of said outer member, said thin member -
having a tubular spacer connected thereto and arranged
to space adjacent tubes in each row, said spacing ‘means
between adjacent rows of said tubes being displaced from
each other at an angle to the axis of said tube bundle
at least as great as the angle of inclination of said outer
member, -

6. A tube spacer arrangement for positively spacing
a plurality of tubes arranged as a tube bundle, - said
tubes being arranged in a plurality of rows parallel to
the axis of ‘said tube bundle, said spacer comprising an
outer member embracing at least a portion of the outer
periphery of said tube bundle and inclined to the axis
of said tube bundle, and a plurality of spacing means ex-
tending between opposite portions of said outer mem-
ber through said tube bundle between adjacent rows..of -
tubes therein and arranged to position and space adjacent -
tubes in said tube bundle, each of said spacing means
including a relatively thin member connected at each end
to opposite portions of said outer member, said thin -
member having a plurality of tubular spacers connected
thereto and arranged to space adjacent tubes in each
row, said spacing means between adjacent rows of said
tubes being displaced from each other at an angle to the
axis of said tube bundle at least as great as the .angle
of inclination of said outer member.

7. A tube spacer arrangement for positively spacing
a plurality of tubes arranged as a tube bundle, ' said
tubes being arranged in a plurality of rows parallel to
the axis of said tube bundle, said spacer comprising an
outer member embracing at least a portion of the outer
periphery of said tube bundle and inclined to the axis
of said tube bundle, and a plurality of spacing means
extending between opposite portions of said cuter mem-
ber through said tube bundle between adjacent rows of
tubes therein and arranged to position and space adjacent
tubes in said tube bundle; each of said spacing means
including a relatively thin member connected at each end
to opposite portions of said outer member, a plurality of
tubular spacers connected to one edge of each of said
thin members to space adjacent tubes in each row, said
spacing means between adjacent rows of said tubes being
displaced from each other at an angle to the axis of said
tube bundle at least as great as the angle of inclination of
said outer member.

8. A tube spacer arrangement for positively spacing
a plurality of tubes arranged as a tube bundle, said
tubes being arranged in a plurality of rows parallel to
the axis of said tube bundle, said spacer comprising ap
outer member embracing at least a portion of the outer
periphery -of said tube bundle and inclined to the axis
of said tube bundle, and a plurality of spacing means .
extending between opposite portions of said outer mem-
ber through said tube bundle between adjacent rows of
tubes therein and arranged to position and space adjacent
tubes in said tube bundle, each of said spacing means
including a relatively thin member connected at each end
to opposite portions of said outer member, a plurality
of tubular spacers connected to one edge of each of said
thin members to space adjacent tubes in each row, said
thin members being connected to said outer mémber at
a distance from the edge of said outer member different
from the next adjacent thin member so that adjacent
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spacing means between adjacent rows of said tubes are
displaced from each other at an angle to the axis of said
tube bundle greater than the angle of inclination of said
outer member.
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