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Thomas E. Murray, deceased, late of Brooklyn,
N. Y,, by John F. Murray, Joseph B. Murray,
and Thomas E. Murray, Jr., executors, Brook-
lyn, N. Y., assignors to Metropolitan Engineer-
-ing Company, a corporation of New York

Original application May 23, 1924, Serial No.
715,369. Divided and this application July 15,

1931, Serial No. 550,903
18 Claims.

In a previous application No. 715,369, filed May
23, 1924 Patent No. 1,844,407, February 2, 1932,
there is described a wall for boilers or heaters
and a tubular unit adapted to be used therein
having a flange or flanges extending lengthwise
thereof so as to provide a heating surface ex-
posed to the heating gases greater than the sur-
face which is in contact with the water or other
fluid in the tube. The present application is a di-
vision thereof. The accompanying drawing illus-
trates embodiments of the invention.

Figs. 1 and 2 are respectively a horizontal sec-
tion and an upper part of an inside elevation of
the side wall of a boiler built with the tubular
units of the invention.

Fig. 3 is a diagram illustrating a method of
production of the flanged tubes.

Figs. 4, 5, and 6 are plans of varicus forms of
unit made in accordance with the invention.

Fig. 7 is a side elevation of the upper end of
onz of the units.

Referring to Fig. 1, the boiler wall is made
with an inner lining or screen comprising tubes i
with lateral flanges 2 extending across the spaces
between the tubes and overlapping each other so
as to form a bafile between them. OCn the out-
side of this screen is the wall of the boiler struc-
ture which may be of any usual or suitable ma-
terial and which as illustrated comprises refrac-
tory blocks or bricks 3 outside of which are tiles 4
of non-conducting material and an outer shell §
of sheet metal. The longitudinal fins extend
throughout such portions of the length of the
tubes as may be desired according to the design
of the boiler and preferably throughout the zone
of radiant heat where their conducting effect is
of greatest value. As shown in Fig. 2, they ex-
‘tend -substantially up to a header 6 into which
the upper ends of the tubes are introduced, leav-
ing the tubes without flanges for a sufficient
length to facilitate the making of the joints with
the header. The flanges may extend clear down
to a similar header below; or may be omitted at
the lower end where their cooling effect on the
fire bed might ke objectionable as illustrated,
for example, in the application No. 678,443 filed
December 4, 1923 now Patent 1,953,768 of April
3, 1934 and illustrating a boiler wall made with
such tubes. -

The fins on the tubes serve to transmit heat
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to the tubes and the water or other fluid therein,
and also to protect the masonry or other back-
ing of the wall from the heat of the flame. There
is.naturally a considerable expansion of the metal
by the heat and it varies at different points in
the wall. The flanges therefore, while they pref-
erably close the spaces between the tubes by over-
lapping at their edges, are not secured together
but are free to permit relative movement and
also to facilitate the repair of the wall in case
one or more of the tubes or flanges may be dam-
aged. To conduct the heat more efficiently to the
tubes, and to prevent their partial separation
from the tubes under the distortion produced by
the high temperature, the flanges should make
as strong a connection as possible to the tubes
and the area of the connection should be fully
equal to the section of the flanges. For this pur-
pose I propose to weld the edges to the tubes
and to provide a welded area at least equal to
and preferably greater than that of the longi-
tudinal section of the flanges.

In Fig. 3 there is illustrated a suitable method
of butt-welding 2 simple flange using the flash
welding method or the method described in the
Murray Reissue Patent No. 15,466 of October 10,
1822 in which a current of extremely high am-
pere strength for a very brief regulated period
of time is passed through substantially the en-
tire surfaces in contact while the parts are
pressed together. The tube i is clamped hetween
a pair of positive electrodes 10. The plate 2 is
clamped into negative electrodes il. The plate

.has its edge which is in contact with the tube

slightly beveled. The welding .current is passed g5
as explained and the parts are welded firmly with

a take-up sufficient to bring the joint to a greater
thickness than that of .the plate, as shown at 7
in Fig. 4.

Figs. 4 to 6 show a single flange on each tube, 49
and the invention may be applied in this way
with the single flange arranged to extend over all
or any desired part of the space between two
tubes. But, for a given spacing of the tubes, a
flange on each side is preferable since it does not 45
have to be so wide as a single flange would and
since it provides a shorter distance for conduction
of heat through the flange to the tube. Also,
instead of making the flanges as in Fig. 1 so wide
as to overlap, they may be made of less width and 50
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arranged to contact or even to leave a space be-
tween their adjacent edges. Also, besides the
side flanges illustrated, there may be one or more
flanges arranged along the front of each tube,
that is, the side of it which is exposed to the
furnace gases in order to provide a larger heating
surface; and one or more flanges arranged at
the back of each tube for connection to the outer
part of the wall and for other purposes.

The construction above described is covered in
application No. 715,369, now Patent 1,844,407
above referred to. According to the present ap-
plication the flanges, or one or more of them
where a plurality of flanges is employed, are
interrupted at intervals in their length. This is
particularly advantageous for units of consider-

_able length such as are required in modern high

duty boilers, for example. The interrupted con-
struction serves a greater convenience in appli-
cation of the flange to the tube and is particu-
larly important in that it permits distortion of

_the units without excessive strain on the welded

joints.

The flanges-may be of various shapes in cross
section. There are a number of standard rolled
shapes which are sultabie several of which are
illustrated in the aforesaid application No. 715,369
now Patent 1,844,407. There are numerous

. others that are available.
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In Fig. 4, the flange is a common rolled bar or
strip of rectangular cross-section and of about
the same thickness as the tube.and is united by
butt-welding at the joint 7. In the welding oper-
ation the root area may be increased as shown.
The tube is assumed to be ordinary seamless
boiler tubing. In Fig. 5, the flange 8 is made of
a bar tapered in cross-section with its wider edge
butt-welded at 8a. This is advantagecus in that
the increased width tends to compensate for the
increased amount of heat that the plate must
carry as it approaches the tube and gives greater
resistance against sidewise distortion strains at
the joint.

In Fig. 6 the flange 2 is made of a bar similar
to that in Fig. 4. Instead of butt-welding, how-
ever, the arc-welding method is applied to the
joint. Metal 8 is deposited by the electric arc

and welded to the flange and to the tube over:

areas which are at least equal to the longitudinal
section of the flange and preferably greater to
allow for any imperfections. This figure may be
taken to illustrate also a butt-weld 7 as in Figs,
4 and 5, supplemented by the arc-welds 9.

A single tube may be used in making up each

of the units, but the invention may be equally
embodied in units provided with two or more
tubes or passages.
" The tubes may be ordinary seamless boiler tub-
ing made of low carbon steel or they may be of
lap-weld or butt-welded tubing. And, particu-
larly where non-circular cross sections are desired
such as are illustrated in previous applications,
they can be made of sheet metal lengths stamped
into segments and welded together at their edges.
Tubes of the character described are generally

of considerable length and of comparatively small -

diameter, the length being measured in feet and

-the outer diameter being a few inches, 3 to 5

inches in.large installations. The wall thickness
is slight compared with the didmeter so as to
effect a rapid transfer of heat.

The drawing illustrates tubes With a wall thick- -

ness about one-twelfth of the diameter. In prac-.
tice boiler tubes are made even thinner. Stand-
ard 4-inch boiler tubes have a wall thickness of
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one-fourth of an inch or less and the thickness
is in increased proportion for larger tubes. The
sieel used for such tubes is of a certain composi-
tion designed to meet the pressures and strains
of use and also {0 permit manufacture by piercing,
drawing and rolling in the case of seamless tubes
and bending and welding in the case of tubes
made from skelp or strips. )

The flanged tube of this invention is so con-

structed as to preserve the original strength and

tightness of the tube against leakage under the
prevailing conditions of internal pressure. With
this aim, the construction is such as to maintain
the wall of the tube intact.

The flange is a scparate rolled strip or shape
which does not involve any break in the con-
tinuity of the wall of the tube. The inner edge
of the flange member is abuited against the con-
tinuous outer surface of the fube. The desired

wall thickness is not reduced at any portion of »

its circumference.

The flanges may be made of ordinary rolled
steel. But where they are to be subjected to very
high temperatures it is advantageous to use a

metal which is better adapted to resist deteriora- :

tion by oxidation at such temperatures. A num-
ber of such metals are known, largely alloys of
iron with nickel, chromium and the like. There
are also known methods of providing a surface

or skin on steel which will resist oxidation, gen- 3

erally by impregnating the surface of the steel
with some other metal or alloy. A good example
of such a process is that known commercially as
calorizing, in which the surface of the steel is

given a thin but continuous and very adherent :

coating or impregnation of aluminum, which is
partially alloyed with the steel. Under heat, the
aluminum is oxidized, forming a thin continuous
adherent coating of alumina which is very effec-

tive in resisting further oxidation. This method

applies best to rolled steel, but is applicable to
almost all other metals. Such a method has this
advantage, that the body of the steel retains its
original heat conductivity, which is greater than
that of most of the resistant alloys of nickel or
chromium.

The thickness of the flange should be increased

"toward the root roughly in proportion to its width

in order to theoretically take care of the quantity
of heat to be conducted. The actual extent and
rate of such increase in thickness would vary with
different conditions.

In some locations, particularly where the tube
is to be embedded or otherwise firmly held, it is

important to guard against buckling or similar :

distortion owing to the difference in the heating

[
[
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effect on the remote edge of the flange and also

on the cooler wall of the tube. Ii has also been
found that in the operation of welding serious
strains are set up in the completed unit which
tend to warp it in use and even to break or crack
the wall of the tube. A 20 foot tube has been

found to suffer a decrease of approximately a:

quarter of an inch in its length in the welding
of a continuous flange thereto. By making the
flange in separate short pieces the strain is
lessened and is distributed evenly throughout the

" length of the tube, both in the productxon and

in the use of it.

According to the present invention these diffi-
culties are avoided by interrupting the flange at
intervals in its length.. Fig. 7 shows the flange 2,
interrupted at intervals in its length by short
spaces §2, extending all the way to the tube. Or
such separation of the adjacent parts of the flange

(W]
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may exist for a part of its width, extending inward
from the edge sufficiently to meet the circum-

‘stances. Each of the flanges or pieces 2 may be

of any of the shapes in cross-section above re-

ferred to and may be applied by any of the weld-"

ing methods described, or produced in other suit-~
able ways.

The separate flange members of Fig. 7 may be
varied in length (that is, the general direction of
the length of the tube) and in the spacing between
adjacent members. Satisfactory proportions are

shown in Fig. 7 taken in connection with the plan-

views; the members being in the form of small
plates of about the same thickness as the tube
wall, of a length about equal to their width or
slightly less and of a spacing about equal to their
thickness or less.

A -suitable machine and method for applying

projections to the tubes are described in applica-
tion Ser. No. 589,347, filed by Hoffer, January 28,
1932.

Electric resistance welding -operations of this
type are important in order to produce & con-
tinuous homogeneous metallic path for conduct-
ing the heat from the projection to the tube; that
is, a path in which there is no interruption of
the continuity and homogeneity of the conducting
metal. At the same time resistance welding op-
erations pass the current through the parts to be
welded and heat them to a considerable degree. It
is this heating of the metal of the tube particularly
which sets up the strains referred to hereinabove,
and it is for units made by this particular welding
method that the present invention has its greatest
advantage.

Not only is the tube apt to be distorted by the
welding temperature, but also the projection.
Such distortion, or tendency to distort, sets up
internal strains in the projections. Metal under
such internal strain is more readily oxidized than
metal in which there is'no such strain.

With the comparatively small cross-section
projections illustrated herein, there are no sub-
stantial internal strains set up. Consequently,
they may be made to extend to a much greater
width or radial distance from the tubes than
where flanges or projections are used of such
a size as to be internally strained during the weld-
ing operation.

In the present invention the radial dimension
of the projections may be determined in advance
on the assumption that the metal is not strained
substantially and the ends of these projections
may be extended to a considerable distance and
still be proof against burning away; though with
a continuous flange of any substantial length in
the axial direction they would not be so.

With the continuous fins of the prior patents,
the strains induced by the welding operation have
been so great that it has not been safe to cut
away any portion of a fin at one side only of a
tube because of the strains on the other side.
Nevertheless openings through the fins are desir-
able for peep holes, air passages or the like. This
disadvantage is obviated by the present inven-
tion.

With the use of separate projections, as in the
present unit, one or more of these may be omitted
at one side withsut danger of injury or excessive
distortion arising from the provision of projec-
tions on the opposite side. .

Various modificaticns may be made by those
skilled in the art without departing from the in-
vention as defined in the following claims.

-3

- 'What is claimed is:

1. A tubular unit of the character described
adapted to be exposed externally to high temper-
atures and to carry a liquid to be heated, con-
stituling a complete unitary article of ‘manufac-
ture and consisting of a.long steel tube of small
diameter cempared with its length and of small
wall thickness compared with its diameter and
separately formed flange members each of which
is of less length than the tube and has a free
outer edge and each of which is separately welded
at its inner edge to said tube, said flange mem-
bers being in longitudinal alinement with each
other parallel with the axis of the tube and being
separated from one another by short intervals,

2. A tubular unit of the character described
adapted to be exposed externally to high temper-
atures and to carry a liquid to be heated, consti-
tuting a complete unitary article of manufacture
and consisting of a long steel tube of small diam-
eter compared with its Iength and of small wal]
thickness compared with its diameter and sepa-
rately formed flange members each of which is of
less length than the tube and has a free outer
edge and each of which is separately welded at
its inner edge to said tube, said fAange members
being separated frem one another by short inter-
vals, the thickness of the welded unit at the root
of the flange being greater than at the outer edge
of the flange.

3. A tubular unit of the character described
adapted to be exposed to high temperatures and
to carry a fluid to be heated, constitu’ing a com-
plete unitary article of manufacture and consist-
ing of a long steel tube of fmall diameter com-
pared with its length and of small wall thickness
compared with its diameter, and a line of sepa-
rately formed projecting members each of which
is of comparatively short length and has a free
outer edge and each of which is separately welded
at its inner edge to said tubo. said projecting
members being separated from cne another by
short intervals so that the line of such members

-forms an interrupted flange on the ou'side of the

tube.

4. A tubular unit of the character describeq
adapted to be exposed to high temperatures and
to carry a fluid to be heated, constituting a com-
plete uni*ary article of manufacture and consist-
ing of a long steel tube of small diameter com-
pared with its length and of smail wall thickness
compared with its diameter, and projecting mem-
bers composged of separate small plates of about
the same thickness as the tube wall, of a width
less than the diameter of the tube and of g length
(in the general direction of the length of the

© tube) about equal to their width, each of said

members being separately welded to said tube.

5. A tubular unit of the character described
adapted to be ‘expcsed to high ‘emperatures andq
to carry a fluid to be heated, coastituting a com-
plete unitary article of manufacture and consist-
ing of a long steel tube of small diameter com-
pared with its length and of small wall thickness
compared with its diameter, and projecting
members composed of separate small plates of
about the same thickness as the tube wall, of g
width less than the diameter of the tube and of a
Ieng'h (in the general direction of the length o
the {ube) about equal to their width, each of said
members being separatcly welded to said tube,
said members being separated at their welded
edeges by a distance about equal to their thickness
or less.
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6. A tubular unit of the character described
adapted to be exposed externally fo high temper-
atures and to carry a liguid to be heated, consist-
ing of a long steel tube of small diameter com-~
pared to its length and of smaill wall thickness
compared to its diameter and a plurality of heat-

conducting extension members welded o the out-.
side of the tube at points spaced apart from one

another and adapted to transmit heat to the tube
and thence to the liquid within, said extension
members being in two groups opposite to each
other and separated from each other by approxi-
mately half the circumference of the tube, the
circumference being bare between said opposite
groups.

7. For a water wall exposed to radiant heat at

" g side of 2 combustion chamber, a tube provided

20

with a series of separate longitudinally extending
and aligned fin-like projections secured thereto
at opposite sides therect, the ends of said sections

- being spaced slightly from each other to com-

25
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pensate for irregularities in expansion and con-
traction in poriions of said sections adjacent to
the tube as compared with portions thereof re-
mote from the tube, but said sections being dis-
posed in sufficient proximity to each other,
lengthwise of the tube, to provide a substantially
unbroken furnace chamber wall. -

8. A water tube of the character described hav-
ing a series of separate longitudinally extending
and aligned fin-like projections secured theretc,
the ends of said sections being slightly spaced
from each other to provide for irregularities in
expansion and contraction of said projections in
portions thereof remote from the tube as com-
pared with portions thereof adjacent to the tube,

but said projections being disposed in such man-.

ner as to provide a substantially unbroken fur-
nace chamber wall when used in combination
w1th other similarly arranged tubes.

--9. A .tube for the heating and circulating of

- wa.ter or other fluid, said tube having a series of

45

60
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numerous separate projections forming extended
heating surfaces, each being united -directly to
said tube by a separate electric resistance weld
providing a continuous homogeneous metallic
path for conducting heat, each weld having an
area small enough to permit application of the
projection without substantial strain upon or
deformation of the tube and the projection by the
welding operation or under subsequent exposure
to high temperatures and the projections being
applied- over substantially the entire exposed
length of the tube and having their outer ends
free so that they can expand separately under
heat, whereby the unit is adapied to stand ex-
posure to high temperatures without injury and

the projections are proof against burning away -

at ends remote from the tube.

10. In a boiler wall construction, a multiplicity
of upright tubes connected into the circulation of
the boiler spaced apart from one another and
connected at their ends, and metallic members
extending substantially across the spaces be-
tween said tubes and consisting in each space of
a series of comparatively small members sepa-
rate from each other in heat conducting engage-
ment with the tubes and slightly spaced apart so
that they can expand separately under heat.

- 11. The combination of a plurality of heat con-
ducting units for boilers, each unit comprising a
long small-diameter thin-walled steel boiler tube,
each having at least one longitudinally extending
series of small projections separate from each

. 8 029 437

other and welded to the tube with thelr outer
edges free.

12. A tube. for the heating and circulating of
water or other fluid, said tube having a series of
separate projections on its exterior forming ex-
tended heating surfaces, each projection having
a width (transverse to the tube axis) which is at
least as great as its length (parallel to the axis)
at its tube-engaging end, each projection being
united directly to the tube by a separate electric
resistance weld providing a continuous homogene-
ous metallic path for conducting heat, each weld
having an area small enough to permit applica-

tion of the projection without substantial strain

upon or deformation of the tube and the projec-
tion by the welding coperation or under subsequent
exposure to high temperatures and the projections
being applied over substantially the entire exposed
length of the tube and having their ends free so

that they can expand separately under heat, ,

whereby the unit is adapted to stand exposure to
high temperatures without injury and the pro-

jections are proof against burning away at ends

remote from the tube.

13. A tube for the heating and circulating of
water or other fluid, said tube having a series
of numerous separate projections forming ex-
tended heating surfaces, each being united di-
rectly to said tube by a separate electric resist-
ance weld providing a continuous homogeneous
metallic path for conducting heat, each weld
having an area small enough to permit applica-
tion of the projection without substantial strain
upon or deformation of the tube and the projec-

tion by the welding operation or under subse- :
. quent exposure to high temperatures and the pro-

jections being applied over substantially the en-

tire exposed length of the tube and having their

outer ends free so that they can expand sepa-
rately under heat, said projections being spaced as
closely to each other as is practicable without
interference when heated, whereby the -unit is
adapted to stand exposure t0 high temperatures
without injury and the projections are proof
against burning away at ends remote from the
tube.

14. The tube of claim 9, the projections being
parallel with each other and the series of projec-
tions being in a line parallel to the axis of the
tube.

15. The tube of claim 9, the projections being
of approximately rectangular cross-section with
their faces extending lengthwise of the tube.

16. A ‘tubular unit of the character described

adapted to be exposed externally to high tem- ;

peratures and to form part of the circulating
system of a boiler, constituting a complete uni-
tary article of manufacture and consisting of a
long steel tube of small diameter compared with
its length and of small wall thickness compared
with its diameter and separately formed outward
projections, separately welded at their inner ends
to the tube and separated from one another by
short intervals, said projections having a width
(transverse to the tube axis) which is at least
as great as half the diameter of the tube, the
outer ends of the projections being free so that
they may expand separately under heat and the
welded area being so proportioned to the width

as to avoid introducing substantial internal 7

strains on the tube and projection and to suffice
for transferring to the tube the heat absorbmg
capacity of the projection. .

17. A tube for the heating and cu‘culatmg of
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water or other fluid, said tube having a smaoth 75
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interior for unobstructed circulation of the water
and having numerous separate projections on its
exterior forming extended heating surfaces, said
projections being spaced as closely to each other
as Is practicable without interference when
heated and expanded, so as to provide a sub-
stantially unbroken wall.

18. A tube for the heating and circulating of
water or other fluid, said tfube having numerous

10 separate projections on its exterior forming ex-

tended heating surfaces, said projections having

small ends welded to the tube $6 as to avoid the
occurrence of substantial strains from the tube
and projections and said projections being spaced
as closely to each other as is practicable without
interference when heated and expanded, so as to §
provide a substantially unbroken wall.

JOHN F. MURRAY,

JOSEPH B. MURRAY,

THOMAS E. MURRAY, Jg.,
Ezecutors for the Estate of Thomas E. Murray, 10

Deceased. . :



