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UNITED STATES PATENT OFFICE

This invention relates to improvements in heat
conducting elements which while not limited
thereto are suitable for use in building boiler
walls, heat economizers and the like.

. An object of the invention is to provide an ex-

tended surface element adapted to conduct heat

to a fluid circulating through a tubular member.
Tubes having continuous ribs or fins secured
thereto may be and have previously been used to
advantage for conducting heat to water circulated
through the tubes.

In devices of this character a temperature

"gradient will exist in various parts of the metallic
.structure.

Where the extended surface elements
are in. the nature of continuous ribs integrally

united to the tube structure there exists a pos-.

sibility that because of the temperature gradient
in different parts of the structure certain parts
thereof are stressed to a greater extent than other
parts.

This cond1’c1on is apt to transfer stresses from
the extended surface element such as an integral
rib or the like to the fluid carrying element or
tube. This may result in a weakening or frac-
ture of the tube adjacent the point where the r1b
is united thereto.

Our present invention aims to overcome this
condition by forming the extended surface ele-
ments of a plurality of rod-like extensions each
of which is adapted to expand and contract inde-
pendently of the others so that there is no additive
effect due to expansion or contraction throughout

: the length of the tube.
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The invention may be embodied in -a variety
of structures, a number of which are illustrated
in the daccompanying drawings to which refer-
ence may be had in connection with the following

_specification for the full disclosure of various

detailed features of the invention which will be
defined with particularity in the appended clalms

In the drawings:

Fig. 1 is a vertical section through a portion
of a boiler wall including heat conducting ele-
ments embodying our invention;

Fig. 2 is an enlarged perspective detail view
illustrating one form of heat conducting element;

Fig. 3 is a vertical section of an alternative

~form of boiler wall embodying the invention;

‘Fig. 4 is a perspective view at an enlarged
detail illustrating the heat conducting element
shown in boiler wall of Fig, 3;

Figs. 5 to 14 inclusive are views illustrating va-
rious modifications of the invention.

Referring first to Figs. 1 and 2, 10 is a heat
conducting element which is connected at top

and bottom respectively with headers 12 and 14
adapted to have water or steam circulated there-
through. The structure shown is stitable for use
as a boiler wall of the so-called water wall type.

For rapidly and efficiently transferring heat to 60
the water or fluid eirculating through the tube
10, we provide a plurality of rod-like extensions.
As shown in Figs. 1 and 2 these extensions are
short lengths 16 of rod or bar stock which are
welded as indicated at 18 at spaced intervals along 65
the lengths of the tube. In the arrangement of
Fig. 2 the element 10 is a tube about four inches
in diameter provided with diametrically opposite
rows of ¥ inch rods spaced about % inch apart
on centers so as to leave spaces of about Y4 inch 70
between adjacent rods. The several rods are
preferably butt-welded electrically to the tube
wall so as to make a good heat conducting joint.
With this arrangement each rod acts as an in-
dividual heat conductor to the fluid flowing 75
through the tube and further that the several
rods can expand and contract independently of
one another without transmitting any additive

stresses to the tube wall.

Fig. 3 illustrates an alternative embodiment of 80
the invention wherein each heat conducting ele-
ment 10® is provided at its opposite sides with a
double row of rods 162. The rods 162 as shown in
Fig. 3 may be arranged in staggered relationship.
The tubes will be connected with headers 12 and 85
14 as in Fig. 1. In this embodiment of the inven-
tion we have illustrated an outer layer of heat
insulating material 18 which may come about
flush with the center. of the outer row of rods as
shown by the dotted line. The rods 16* as shown 90
in detail in Fig. 4, may be either staggered or
arranged in pairs which line up with one another.

Fig. 5 illustrates a modified form of heat con-
ducting element wherein the rods 16® are square’
in cross section and are twisted, these being butt 95
welded to the tube.

Figs: 6 to-8 show a further modification where-
in the tube 10¢ has welded to diametrically oppo-
site' sides thereof a plurality of stampings which
are tapered from the point where they join the 100
tube to their outer ends. One of these stampings
is illustrated at 20 in Fig. 7. Before welding it is
usually rounded on the end as indicated at 22
s0 as to give a restricted area to facilitate the
electric welding operation. The outer end as 105
indicated at 24 is much narrower than the end 22.

Fig. 9 shows a horizontal section wherein a
number of tubes 104 are connected with suitable
headers indicated at 24, the several tubes being
arranged in staggered relationship with one an- 110
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other and each tube being provided with a plu-
rality of radial rows of rods as indicated at 26.

- Instead of the arrangement shown in Fig. 9,
in some cases, we may use stampings like that of
Fig. 7 arranged in radial arrangement as indi-
cated by the members 20* shown as welded to the
tube 10¢ in Fig. 10, .

Fig. 11 illustrates a slight modification of Fig. 10
wherein the tube 10f is provided with a multi-
plicity of stampings 20b. As here shown, the
stampings in one plane are staggered with respect
to those in plane next below. ’

Fig. 12 is a view similar to Fig. 9 illustrating a

- plurality of tubes 10% arranged in staggered rela-

tionship and communicating with common header
248, Radial extensions 28 are welded to the sev-
eral tubes. As shown in PFig. 13 these extension
members are in the form of rods which have been
flattened as indicated at 30 so as to dispose rela-
tively wide surfaces 30 in a horizontal plane. The

‘shank portions 32, of the members 28 are of cylin-

drical or rod-like form and are welded, electrically
to the wall of the tube, as shown in Fig. 13.
Instead of disposing the flat surfaces 30 in a
horizontal plane they may be disposed in a ver-
tical plane as shown in Fig. 14. The arrangement
of Fig. 14 will substantially close the spaces be-
tween adjacent members 28 as shown and when
the ends of adjacent members 28 come into sub-

.stantial abutment, as shown at 34 in Fig. 12, the

members 28 will in effect form a substantially
closed wall.

The heat conducting element of our invention
can be used to advantage in boiler walil and econo-

‘mizer construction. In such structures the tubes

will usually be of great length. By providing
rod-like extensions in rows extending lengthwise
of the tubes, each rod is free to expand and con-
tract individually. Hence there will be no addi-

‘tive effect tending to elongate or shorten the tube

due to temperature changes. Moreover, the rod-
like extensions, unlike ribs or flanges, are free to
move in universal directions relatively to  the
tube under influence of expansion or contraction.

This freedom minimizes the transmission of

stresses to the tube wall. The rods may be of
ordinary rolled steel stock cut to suitable length,
Such rods can be conveniently handled in an elec-
tric welding machine and an extremely tight

~joint can be secured between the tube and the

end of the rod. It is important to secure a good
heat conducting joint and such a joint is readily
secured by electrically welding the extensions to
the tube walls.

For use in the vertical water walls of the Murray

'type of boilers, as in Figs. 1 and 3, the extension

members are in two groups, single line groups in
Fig. 1 and double line groups in Fig. 3. These
groups are opposite to each other and are sep-
arated from each other by approximately half
the circumference of the tube so that when
erected, 'as shown, they will extend into the
spaces between the parallel tubes and provide
lateral extensions of the heating surface to cover
practically the entire projected area of the wall.
For such use, extensions on the intermediate
portions of the circumference of the tubes would
add nothing to the projected area exposed to
the radiarit heat of the fire, and it is preferable

' - to leave these portions of the circumference bare,

leaving a minimum thickness of metal (the wall
of the tube) through which the heat is trans-
mitted to the water or other liquid within the
tubes. i

The length of the welded joint parallel to the

1,029,444

axis of the tube is so short as to avoid trans-
mitting destructive heat-distortion strains to the
tube at the point of connection.

The tube of Fig. 2 has an outside diameter of
4 inches and a wall thickness of about 1; of
an inch and the length of the welded joint is
about ¥4 of an inch. For such tubes the length
of the joint should not be over 1 inch, and for
the largest tubes used in this class of work the
length should not be more than 2 inches; that
is to say, as & general rule, the length should be
less than four times the wall thickness of the
tube.

The extension members should be spaced close
to each other to secure the maximum absorption
of heat and transmission thereof to the tubes.
For this purpose the space between the bases of
these members should, for maximum effective-
ness, be not much more than the length of the
welded joint.

The length of the extension members is limited
by their conductivity and their resistance to heat.
Except for the cooling effect of the water or
other liquid within the tube, the ends of the ex-
tension members would burn off rapidly. Their
length should be within a limit at which the
cooling and heating forces are balanced. If
made longer they would soon be shortened by
burning off. If made shorter we would not se-
cure the maximum effectiveness in catching and
transmitting heat to the tubes.

In boiler installations experience has shown
that they should project from the tube a distance
somewhat less than the diameter of the latter.

In a previous application of Thomas E. Murray,
Ser. No. 550,903, filed July 15, 1931, there is de-
scribed and claimed a tubular unit having pro-
jeeting members. welded to a tube, these mem-
bers being in the form of flat plates with their
welded edges of substantially the full length of 115
the plate and of a thickness which is only a frac-
tion of their length. The present application
refers specifically to an improved form of weld-
ed projection of which the length (that is, the
direction parallel to the length of the tube) of 120
the welded end is reduced fo about equal its
thickness or less; being circular as in Figs. 1 to
4 and 12 to 14 or rectangular as in the other fig-
ures. A better heat-conducting joint can be
made with this shape of the joint end. Also these 125
joints, of the minimum feasible length, put less
strain on the wall of the tube in the making of
the joints. It has been found that the welding
of the projections to the tubes sets up very se-
rious contractile stresses in tie-tube wall which 130
are liable to rupture it under the strains of use,
and that such stresses are diminished by the lo-
calizing of the joints to as small a portion of the
length of the tube as practicable.

While we have described quite specifically cer- 135
tain details of construction in the various em-
bodiments of the invention herein illustrated it
is not to be construed that we are limited thereto
‘since various modifications may be made by those
skilled in the art without departing from the
invention as defined in the appended claims.

What we claim is:

1. A tubular unit of the character described
adapted to be exposed externally to high temper- 145
atures and to carry a liquid to be heated, con-
sisting of a long steel tube of small diameter
compared to its length and of small wall thick-
ness compared to its diameter and a plurality of
heat-conducting extension members welded to 150
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the outside of the tube and adapted to trans-
mit heat to the fube and thence to the liquid
within, said extension members being in two
groups separated from each other by approxi-
mately half the circumference of the tube, the
circumference being bare between said groups
and each member having its welded end of a
length about equal to its thickness.

2. A tubular unit of the character described
adapted to be exposed externally to high tem-

- peratures and to carry a liquid to be heated, con-
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sisting of a long steel tube of small diameter com-
pared to its length and of small wall thickness
compared to its diameter and a plurality of heat-
conducting extension members welded to the out-
side of the tube and adapted to transmit heat to
the tube and thence to the liquid within, said ex-
tension members being in two groups separated
from each other by approximately half the cir-
cumference of the tube, the circumference being
bare between said groups and each member hav-
ing its welded end of a length about equal to its
thickness and its outer portion in the form of a
flat comparatively thin plate.

3. A tubular unit of the character described
adapted to be exposed externally to high tem-
peratures and to carry a liquid to be heated, con~
sisting of a long steel tube of small diameter com-~
pared to its length and of small wall thickness
compared to its diameter and a plurality of heat-
conducting extension members welded to the
outside of the tube and adapted to transmit heat
to the tube and thence to the liquid within, said
extension members having welded ends of a
length about equal to their thickness and hav-
ing outer portions in the form of ﬂat compara-
tively thin plates.

4. A tubular unit of the chara.cter described
adapted to be exposed externally to high tem-
peratures and to carry a liquid to be heated,
consisting of a long steel tube of small diameter

compared to its length and of small wall thick- -

ness compared to its diameter and a plurality of

3

heat-canducting extension members welded to
the outside of the tube and adapted to transmit
heat to the tube and thence to the liquid with-
in, said extension members having welded ends
of a length aboui equal to their thickness and
having outer portions in the form of flat com-
paratively thin plates which extend in the gen-
eral direction of the length of the tube.

5. A tubular unit of the character described
adapted to be exposed externally to high tem-
peratures and to carry s liquid to be heated, con-
sisting of a long steel tube of small diameter
compared to its length and of small wall thick-
ness compared to its diameter and a plurality of
heat-conducting extension members welded to
the outside of the tube and adapted to transmit
heat to the tube and thence to the liquid with-
in, said extension members having comparative-
ly broad outer ends and comparatively narrow
inner ends welded to the tube,

6. A unit constituting part of a water tube
boiler, said unit adapted to be exposed externally
to high temperatures and to carry water to be
vaporized and consisting of a long steel tube of
the order of four inches diameter and of small 100
wall thickness compared to its diameter and a
plurality of heat-conducting extension members
welded to the outside of the tube and adapted to
transmit heat to the tube and thence to the wa-
ter within, said extension members comprising 105
substantially straight rods having their welded
ends of a length about equal to their thickness
and being spaced apart along the length of the
tube by distances about equal to the length of
the ‘welded joints, each of said rods being welded 110
at one end to the tube and free at the other
end so that it may expand endwise without strain
on the tube and so that it ensures a minimum
transmission of stresses between the rods and
the tube.
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THOMAS E. MURRAY,
JOHN H. LAWRENCE.
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