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5 Claims.
1

‘This invention relates to steam boiler construc-
tion, being chiefly adapted to water-tube locomo-
tive boilers and the like, especially such boilers as
employ forced-circulation boiler elements housed
within a shell which is wholly or in large part
Irege of the boiler pressure ; and the invention is
more particularly directed to the tube-securing
means in such boilers. Locomotives having such
types of boiler are disclosed in our copending ap-
plications, No. 223,528 filed August 6, 1938, and
No. 379,772 filed February 20, 1841, which appli-
cations include the feature of utilizing the pres-
sure-free shell as a major element of strength
and stifiness of the locamotive foundation. The
present specification consists of portions of the
disclosures of said two prior applications and por-
tions of the disclosure of copending application
No. 406,962 filed August 15, 1941. Said three ap-
plications have issued respectively as Patents
2,318,040, 2,346,715, and 2,346,716,

In general, one of the primary purposes of the
present, invention is to make feasible the utiliza-
tion on a large scale of ‘water-tube evaporating
surfaces in locomotive boilers and the like, where-
by to secure substantial improvements in econ-
omy, efficiency and steaming capacity within
given limitations of space, weight, safety, first
cost and maintenance.

A further object of the invention is to render
the boiler design more flexibly adaptable to ex-
isting limitations of proportion and size and also
to the preferred design criteria of the locomotive
chassis and other parts.

More specifically, it is an object of the inven-
tion to simplify and lower the cost of first con-
struction, maintenance and repair of locomotives
of the water-tube type, and especially of the type
having forced-circulation water-tube coils con-
stituting all or a major part of the radiant and
convection heating surfaces of the boiler; and to
improve the arrangement and location of boiler
elements with relation to each other and to the
shell, for the sake of convenience, .compactness,
ruggedness, safety and economy-—especially in &
boiler wherein the evaporating surface is subdi-
vided into a plurality of units which are prefer~
ably coupled to headers or the like and are indi-
vidually removable and replaceable.

Still further, since one of the problems stand-
ing in the way of the accomplishment of the fore-
going and related objects has bheen the difficulty
of firmly securing the boiler elements (including
water tubes, superheater elements, headers, and
other parts) while accommodating thermal ex-
pansion and -contraction—a problem which is es-
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becially severe in the locomotive field because of
the severe shocks and vibrations in service—the
present invention is specifically directed to ac-
complishing said opjects by improving and sim-
plifying the mounting, support and retention of
the elements of the boiler (particularly the tube
coils) in relation to the enclosing shell, while at
the same time simplifying the separate and inde-
Dendent removal and replacement of individual
tube coils or banks of tubes.

Still further, the invention contemplates the
attainment of the foregoing and other objects
and advantages by the features and details of
construction and arrangement ‘hereinafter fully
described with reference to the accompanying
drawings.

Figure 1 is a vertical longitudinal mid-section
through the forward portion of a locomotive boil~
er and associated parts, showing the grouping of
various internal boiler elements, the association
of the tube coils with the headers, and the posi-
tioning and support of the parts, in accordance
with one embodiment of the bresent invention.

Figure 2 is a transverse vertical section taken
through the main part of the boiler (of a modi-
fied form of locomotive) showing in elevation one
of the water and steam drums at each side, and
illustrating the mounting and support within the
shell of a plurality of banks of longitudinally-
extending tubes, in accordance with an alterna-
tive embodiment of the present invention.

Figure 3 is a detfail, taken in section through
two adjacent water-tube elements of the boiler
of Figure 1, and showing in elevation an inter-
connecting positioning clamp or saddle device
welded to said elements.

Figure 4 is a fragmentary elevational view of
the looped ends of two adjacent water-tube ele-
ments; and illustrating a pair of positioning or
saddle devices, constituting a feature of the in-
vention, adapted fo relatively position and to se-
cure said elements.

Figure 5 is an edge elevation of the assembly
of Figure 4, in association with securing means
located at a wall of the shell structure, the wall
being shown in section, illustrating how the se-
curing means is arranged to accommodate rela-
tive longitudinal expansion and contraction be-
tween the shell and the adjacent tubes,

Figure 6 is a view similar to Figure 4 but show-
ing-a modified pair of positioning devices.

Figure 7 is a left-hand view of the assembly of
Figure 6, with the tube elements shown in section.

Figure 8 is a right-hand view of the assembly
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of Figure 6, with the tube elements shown in sec-
tion.

Figure 9 is a fragmentary and elevational view
of a typical bank of boiler tubes and tube-sup-
porting and clamping means such as employed in
the boiler shown in Figure 2, but illustrating a
staggered arrangement of adjacent tube units as
a modification of the straight row arrangement
shown in Figure 2.

Figure 10 is a fragmentary enlarged side ele-
vational view of the structure of Figure 9, viewed
from the left of that figure.

Figure 11 is a sectional detail through one of
the walls of the structural casing or shell for the
boiler of Fig. 2, showing the closely spaced water
wall tubes of the boiler positioned in juxtaposi-
ticn to the inner face of said sheli, and illustrat-
ing the means of securing said tubes to the shell.

Figure 12 is a fragmentary section on the line
{9—12 of Figure 11, illustrating means for accom-
modating relative longitudinal expansion and
contraction between the shell and the adjacent
tubes.

By reference first to Figure 1, it will be seen that
a typical locomotive embodying the invention
comprises a longitudinally-extending pressure-
free shell, adapted to be superimposed on the
main framing of the locomotive. The usual loco-
motive saddle and cylinder structure (not shown)
may be employed to securely interconnect the
front end of the locomotive frame and the pres-
sure-free boiler shell. The shell itseif has at its
front end a heavy bracing casting {8a adapted to
cooperate with the locomotive saddle casting.
The remaining points of interconnection between
the shell and the locomotive main frame may
consist of flexible or movable joints (in the man~
ner fully disclosed in our said copending applica-
tions) whereby to accommodate longitudinal ex-
pansion and contraction of the shell relative to
the frame while maintaining joint solidity of
these structures in transverse directions.

As in the case of said copending applications,
the shell in its preferred form is a major struc-
tural element of the locomotive foundation, and
as it is free of the burden of withstanding the
boiler pressure its construction can be designed
primarily from the standpoint of securing rigidity
of the locomotive in all transverse directions.

The base of the shell, from the front end rear-
wardly to a point adjacent the front of the fire-
box region (not shown), comprises longitudinal
beams, some of which may conveniently be formed
of pairs of angle bars 29; the longitudinal beams
being interconnected by transverse channel and
I-beams 38 and 3t; and a deck plate 34 being se-
cured to the longitudinal and transverse beams,
in position to form g floor or bottom wall for the
enclosed space of the shell. Wall sheets 62 (a
fragment of one of which is seen in section in Fig-
ure 5) extend upwardly from the base of the shell;
and these, together with the deck plate 34 and the
top or roof construction hereinaiter described,
largely define the gas passageway for the prod-
uects of combustion from the region of combustion
to the region of discharge of said products, the
latter region being designed as a smoke-box 57.

In the region of the smoke-box the enclosure is
completed by a roof plate 63, an apertured front
plate 84 with reinforcing 65, and front smoke-box
cover 66. The base plate 34 is apertured at 61
to pass the exhaust nozzle (not shown) and the
smoke-box roof 63 is apertured at 69 to pass the
usual internal extension (not shown) of the smoke
stack 71, S
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Tn the intermediate region between the smoke-~
box and the fire-box, the roof plate is largely cut
away as indicated at 63a to form openings for the
tube coils. There is a series of tube coil sup-
porting frames, each composed of heavily-flanged
front, rear and side members 72, 13, 74 and 184,
having supplemental fransverse members 19 to
which the tube coils are secured. Substantially
dished cover plates 16, 16 and 16, having in-
ternal reinforcing webs 17, cooperate with the
rectangular frames just described, to form com-
posite beams for the firm support of the tube coils
from the main side structure of the shell. Studs
63b detachably secure the framing and cover
plates or lids to the roof sheet 63¢. Bolts or studs
§3c, in turn, detachably secure the lids 16, 16a, 160
to their frames. These parts will again be re-
ferred to, when we come to the description of the
tube coils and their mounting.

The structural shell which has just been de-
seribed preferably receives its protection from the
heat of combustion by being lined, through most
of the shell, with water-circulating tubes or coils
which constitute water-heating and steam-gen-

. erating elements of the boiler. According to the

present invention, these elements are arranged in
a substantially improved manner, whereby the
number of coil patterns required to complete the
lining is materially reduced, the making of joints
to the headers is simplified, the firm securing of
the elements while maintaining freedom for ex-
pansion and contraction is improved, and the re-
placing of elements is made easier.

The floor protecting elements of the boiler com-
prise sinuous tube coils 88F, the various passes of
which exteud longitudinally, in side-by-side re-
lation, to form the floor lining of the main deck
34 within the gas passageway extending forward-
ly toward the smoke-box. The inlet ends of the

. elements 88F are coupled to the vertical delivery

headers 180 which receive water from the for-
wardly extending pump delivéry lines i01. The
outlet ends of these coils 98F are coupled to the
vertical header pipes {02, which at the top have
transverse connection pipes 102’ coupled directly
to the drums 91. While only one drum and one
of each of said headers is illustrated, it will be
understood that these parts are duplicated at each
side of the locomotive (in accordance with the
disciosure of our copending application No.
379,772). Most of these parts are located outside
of the shell, at each side of the locomotive, al-
though the vertical outlet headers 102 are posi-
tioned within the shell.

Turning now to the lining for the side walls of
the main body of the shell, it will be seen that,
this comprises two groups of tube elements 831
and (83U. The side wall tube coils {63L have
their rear end loops adjacent the front of the
fire-box (not shown); i. e. they extend back only
10 the rear end of the side walls of the main gas
passageway. The upper side wall tube coils £830U,
however, preferably extend back into the fire-box,
and these coils therefore, being longer, are made
with fewer passes, as will be evident from Figure
1. At the front, the inlet ends {031 of all these
tubes are connected into the vertical delivery
headers (86, while their outlet or discharge ends
?52 connected into the vertical discharge headers

Turning now to the main body of convection
heating surface, it will be seen that this takes the
form of bundles of tube coils, indicated generally
at Cl and C2. Although these two groups are
of different size, they are otherwise similar, and
a detailed description of one will suffice, -
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The tube coil units 465 are of sinnous forma-
tien with their passes Tunning vertically, Each
unit lies in a single vertical lengitudinal pilane,
and laterally adjacent units are in abutting re-
lation, but their passes and bends are staggered,
as .shown, so that the gases ‘Passing toward the
smoke-0ox take sinuous paths between the in-
glividual elements of the tubes. Adjacent loops
of each unit are secured together as by welding
1o -dolibie-seated brackets or saddles 186. The
detail of this is seen in Figure 3.

At their lower ends, the front and rear.elements
of alternate units are respectively bent out of
line to permit the passing of water-cooled posi-
tioning tubes 167 transversely through
tire bank. At their uppPer ends there are two
means of support and positioning for the tubes
(in addition to the inter-tube clamps §88). First,
there are L-shaped lugs or hangers 128 welded o
the upper loops of the tube units and heoked onto
the flanges of the transverse beams 78, with free-
dom for sliding thereen if necessary. Second, the
transverse delivery and discharge headers 188
and {18, to which the inlet and cutlet ends of

the tube units are -connected, are seated in the s

side frame members
tube supports.

These headers are formed to a sguare cross-
section to facilitate the making of numerous tube
conrections thereto.
with their flat sides at such angles as to accom-
modate twe rows .of tube connections at .one
header face, with a minimum of bending of the
tube ends. The seating .of the headers in the
side frame
Tround inlet and output pipes 169°, i
in furn are coupled to the delivery and discharge
lines. The delivery lines receive their circulation
from pipes 143 which are connected into the up-
per ends of the front
the discharge lines gre connected directly into
the drums 81 (as seen in dotted Iines).

The foregoing arrangement of the main trans-
verse headers 189 and (18 has the further ag-
vantage of previding a series of Ccross-connections
between the circulating system on the right side
of the locomotive and the circulating systern on
the left side, each side being provided with g cir-
culating pump {14 (one of which is shown in Fig-
ure 1) so that, if one pump fails the complete
boiler will still be served by the other pump, as
is the case in both of our copending applications
referred to. Each bump takes water from a drum
91 through a main intake pipe 1{6. These two
pipes are cross-connected as shown at 117,

From the pump delivery pipe on one side of the
locomotive, water may be taken by any suitable
connections (such as those described in our co-
pendirg application No. 379,772) and delivered
into the transverse supporting pipes 187, which
latter aid in pesitioning the convection heating
units and the superheater. All these transverse
Supperting pipes may have their discharge out-
lets on the opposite side of the lecomotive, where
they may be connected by a similar series of pipe
connections into the intake side of one of the
pumps.

The foregoing description gives enough of the
major elements of the water-circulating system
for the purposes of the present case.

Steam is taken from the top of the drums 81
by means of steam bipes such as that indicated
at 125, each of which is coupled to an end of the
transverse steam inlet header 126 of the super-
heater unit S. Since this unit, in its general con-

74 and thus also serve as

9’, which

the en- -

In addition, they are set P

members 74 is preferably by means of =

vertical headers (80, and .
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struction, arrangement, and suppart, is similar to
the evaporating units Cl and €2, it need not be
cescribed in .detail. Ttg outlet header (not
shown) jpreferably contains the locomotive throt-
tle, and from same the steam pipes 128 extend
forwardly at each side of the locomotive, and
these at their front ends are bent .downwardly
for coupling to the steam chests for the cylinders.

As before stated, Fisure 3 shows ene of the
securing brackets or interpositioning saddles 106
between two tube elements i 05, as already de-
scribed with reference to ene of the ‘banks of con-
‘vection tubes. It will be noted that similar in-
terpositioning members are used in the super-
‘heater bank. Likewise, the lower Dortions of the
‘outermost passes of alternate superbeater ele-
ments :are bent slightly to provide clearance for
transverse water-cooled positioning tubes simi-
lar to the tubes 107 used in ‘positioning the lower
ends -of the convection tube banks. Similarly,
the superheater elements making up the bank are
‘hung by hook-like «devices from cross members
of the framing which cooperates with the super-
heater header 126 and the cover member 716b.

It will be apparent that by the beam-like cover
plate and ‘associated {raming, together with the
rigid cross-headers, all these bhanks of tubes .are
firmly supported from their upper ends; and they,
Wwith their headers, are in turn so closely asso-
ciated with the cover structure as to provide con-
siderable protection for the latter against the
heat of the produsts of .combustion, barticularly
since the cover stricture is outside of the direct
Path of the flowing gas stream. At the same
time, the tubes because of their sinuous arrange-
ment and their free suspension at the lower ends,
can readily accommodate exXpansion and contrac-
tion longitudinally, under thermal change: and
yet the interpositioning saddles and the trans-
verse positioning tubes 407 prevent undue dis-
placement and vibration of the tubes collsctively
or individually.

We turn now to the securing means for the lin-
ing tubes which He agsinst ‘the main wall sur-
faces of the shell. These securing -devices (indi-
cated in general at SD and SD’ in Pig. 1) take a
couple ‘of forms; nlthough their general arrange-
ment and appearance are similar. One form is
shown in Figures 4 and 5, and another form in
Figures 6 to 8.

Figures 4 and 5 show in detail the preferreq
method of securing 4n ‘place the loop ends of one
of the multi-pass tube-coil units. The securing
unit comprises a pair of saddles or straps 133 and
134, one short and one long, ‘the first of which is
welded to the inner or-adjacent tube elements of
two -abutting tube loops, the other being welded
to the outer or non-adjacent elements, Although
they lie on the same side of the tube coil, the
arrangement will readily be seen to be such as to .
brevent relative disalignment of the two loops in
either -direction from their common plane. At
the same time, these -devices permit free longi-
tudinal expansion and contraction of the coil ele-
One of the straps (in this case, the short
one) carries a stud 135 whieh extends Joosely
through an aperture 136 n the shell wall in a
manner to accommodate thermal expansion, and
is there secured by means of a washer {37 and a
key 138. A closure cap 139 can be welded in place
over this assembly, to prevent ingress of air or
egress of gases. The shell wall is dented or
humped outwardly at 140 to form a pocket to ac-
commodate the straps, whereby the tube coil lies
flat against the shell wal] 42,
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Tn the form of securing arrangement for the
opposite end of the tube coil, as shown in igures
6, 7 and 8, similar elements are employed, except
that the straps 133’ and {34’ are both long enough
to underlie four tube elements, and the stud is se-
cured to the one which is fastened to the outer-~
most elements of the group. At this end of the
coil, the outermost tube elements are adapted to
be connected to their inlet and discharge headers
(not shown in the detail figures) which fix said
connected ends of the tube, and these ends may
+hus be convenienily joined by the strap 134" car-
rying the securing stud 185’; whereas the two
parts forming the central loop are joined by the
strap {38, which, however, has a relative sliding
engagement with the outermost elements of the
coil, to permit expansion and contraction of the
central loop of the coil toward and away from the
headers. Thus, expansion and contraction of
the coil relative to the.wall of the shell, and also
contracticns and expansions of different parts of
the coil relative to each other, can take place,
without putting a strain upon the coil or its joints
with the headers; while at the same time each ele-
ment of each tube coil is maintained in protec-
tive juxtaposition to the shell wall, and is held
as against vibration, which would otherwise cause
excessive wear.

Reference will now be made to the alternative
embodiment of the invention, as illustrated in
Figures 2 and 9 to 12,

Figure 2 is a transverse section through a pres-
sure-free boiler shell generally similar to that of
Figure 1, but in which the main banks of con-
vection heating surfaces run longitudinally in-
stead of vertically. The base of the shell is formed
of main longitudinal girders 281, of considerable
vertical depth, which may extend substantially
throughout the length of the locomotive, one
such girder being adjacent each side, and the
two girders being interconnected at intervals by
means of transverse I-beams or other structural
members 2062, the joining of the structural parts
peing by any suitable means such as angle mem-
bers 203 and rivets 208. The longitudinal girders
are interconnected by a bottom plate 285 and
a deck plate 208, the plate 208 serving as the bot-
tom wall of the passageway for the products of
combustion, in other words as the boitom wall of
the metallic shell which encloses the evaporat-
ing means.

The maijor part of the metailic sheil is built up
upon the base just described, and is preferably
formed of steel sheeting. In the region of the
fire-box, the width is as indicated by the external
reinforcing angle hars 207, but in the region
from thence forwardly to the smoke-hox the over-
all width between the side walls 203 of the shell
is considerably reduced. This not only results in
a reduction in the cross-sectional area of the
passage for the products of combustion which are
cooled during their progress from the fire-box
to the smoke-box, but also provides the necessary
space exteriorly of the shell, at each side, for a
longi.tudinally-extending yow of upright water
and steam drums 289,

The side walls 288 of the gas passageway . are
secured to the base by longitudinal angle bars
268’ and are reinforced along their upper edges,
as by the reinforcing bars 219; and the roof or
top wall is made up of o removable cover plate
9{{ which has reinforcing flanges or framing 212.
The side walls 208 are additionally braced by
vertical fanze meinbers 213 and flanged tri-
angular bracing sheets 2i4. Additional flanges
215 may extend outwardly from the side walls
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and down to the base, and may be used for the
added function of supporting an enclosing sheath
adapted to house thermal insulating material.
Tn addition, the steam and water collecting and
storing means, preferably in the form of the ver-
tical drums 208 above mentioned, serve to add
to the strength and stiffness of the shell, by
being mounted rigidly, as by the base brackets
216, upon the lateral extensions of the base of
the shell, and by being secured firmly to the side
walls of the shell as at 217.

Figure 2 also illustrates some of the essentials
of the circulating system, such as the main pump
intake lines 218, pump deliverylines219,discharge
lines 220 from the water-tube banks to the drums,
and the steam take-off lines 221 from the drums
to the superheater header; put details of this are
not necessary to the present case, and can in any
event be had by reference to our copending par-
ent application No. 223,528. )

Turning now to the convection heating tubes
within the shell, it will be observed that the side
walls 268 are protected by finned tubes 222 which
These may consist of
sinuous tube coils, with return bends, and having
their terminal points connected to vertically dis-
posed inlet and outlet headers (not shown) which
may be similar to those illustrated in Figure 1,

The roof tubes ££3 lie close to the inner face
of the cover plate 2i{, and also extend longi-
tudinally. Thus the roof has separate protection
in this form, instead of being protected by the
main tube banks (such as Ct and C2 in the first
form). ‘The roof tubing 223 has inlet and cutlet
connections extending upwardly, as shown, for
coupling to transverse headers, one of Which is
shown at 224, so that the roof, the roof coils and
their headers are removable as a unit, upon un-
coupling of the pipe line connections to the
headers.

The main bulk of the convection surface of the
steam-generating means is in this embodiment
composed of longitudinally-extending tubing, ar-
ranged in bundles 228, which may have their inlet
and discharge ends coupled to headers in the
smoke-box (not shown).

Just as in the first embodiment, it is important
that the tubes be held as against vibration, kept
in their proper spacing, and arranged for con-
venient removal and replacement as unitary
bundles. Suitable apparatus for accomplishing
these purposes is indicated fragmentarily in Fig-
ure 2, and in detail in Tigures 9 to 12 inclusive.

Although the tubes in Figures 9 and 10 are
shown in staggered relation, it will be understood
that the tube clamps 332 shown therein may
readily be configured with their curved tube
seats 233 either in staggered relation or in straight
rows as indicated in Figure 9. A plurality of tube
units, or a pluraiity of passes of the same tube
unit, are positioned in superimposed relation by
means of the double-ended saddle members 234,
which may if desired be welded to the adjacent
tubes. Any suitable number of the tube units are
then clamped together between two of the mem-
pers 232, which have complementary tongues and
forks 235, 235, apertured to receive a wedging
key 237. At the corners of the assembled bundle,
the clamping members 232 have holes 238,
adapied to be slid onto and retained by hooked
bolts 238 (see Fig. 2) which pass through the walls
of the shell and are there secured as by nuts 240.
The accommodation for expansion and contrac-
tion may be between the bolts 239 and the bores
or holes 238, or between the hooked ends of said
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bolts and the apertures in the. shell wall through
which they extend.

4 sultable fastening for the ficor, wall and roof
tubes (for example the floor tubes 223° of Fig-
ure 2) is shown in Figures 11 and 12, wherein
it will be seen that saddle strips 241 extend at
right angles to the axes of the tubes, the tubes
being welded irr said saddles, Studs 242 pass out
through the wall 208 of *ha shell, and are secured
as by suitable muts 242. In order o allow for
relative longitudinal expansion between the tubes
and the shell structure, holes 244 through which
the studs pass may be made elongated in the di-
rection of the tube length, as shown in Figure 12,

An additional means of securing tubes in place,
particularly in cases where tubes are positioned
to extend in a direction perpendicular to the
length of the shelt, may consist of lugs or studs
integral with the bent ends of the tube units, such
lugs Being in turn secured to the shell as by pass~
ing throughr apertures similar to those already
described. This arrangement is not illustrated
in the embodiment of Fig. 2, but it will be read-
ily understood that hanger lugs such as those
numbered 108 in Figure 1 could be adapted to
this purpose, by forming them as studs and fit-
ting them loosely through the roof plate of the
shell, for example.

It will now be observed that in both embodi-
ments of the invention, the tubes are disposed
primarily for convenience of installation and re-
moval, for ready accommodation to thermal
changes, and for ease of making external connec-
tion to the internally housed tubes, rather than
to facilitate natural circulation. In fact, with
the sinuous tubes herein disclosed, effective nat-
ural circulation would be impossible. However,
the forced-feed water circulation employed, which
is adapted to circulate water at a rate substan-
tially in excess of the steaming rate, protects not
only the tubes and the shel] but also the tube se-
curing arrangements herein described.

As to both embodiments of the invention, the
horizontal disposition of the side wall tubes in
the main gag Passageway to the smoke-box per-
mits the use of long-coil units here as well as at
the floor, which not only simplifies their instal-
lation, hut also simplifies their connection to head-
ers at the front end. The fastening means for
the lining tubes are such as to assure close and
secure positioning of said tubes against the in-
side surfaces of the shell, which also avoids short-
circuiting of the gases behind the tubes, while
at the same time providing the hecessary free-
dom for expansion and contraction of the tubes
relative to the shell.

The main banks of convection tubes, whether
running vertically as in the first embodiment,
or horizontally as in the second, are firmly sup-
ported from the pressure-free shell (which is stiff
enough to take their weight), and held as against
excessive vibration, although permitted to ex-
pand and contract in a direction longitudinally
to the tubes, both with relation to the shell, and
as between different tube units.

Where the main convection banks of water
tubes, and/or the superheater, are arranged ver-
tically (as in Pig. 2), we secure greater ease of
individual removal and replacement. This ar-
Tangement also permits the use of sufficient cross-
ties at various points along the top of the shell 50
as to increase the strength and stiffness of the
latter. The support of these tubes against vi-
bration and consequent loosening and wear is
also thereby improved. Further, the headers can
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serve the additional combined functions of cross-
eonnections for the parallel circulating systems
connected to the duplicate pumps, and of sup-
porting means for the tube bundles and bracing
means for the shell. These headers are clamped
between the mounting frames and the cover
plates, and the frames in turn are secured over
the openings in the top of the shell, so that each
bank of tubes with its headers, supporting frame
and cever plate, ean be handled as a unit. By
withdrawing the transverse positioning tubes near
the bottom of the umnit, disconnecting the header
couplings, and unsecrewing the fastening studs at
the tep, the complete unit can he lifted right out
of the shell, which is of value not only in connec-
tion with repair or replacement, but also for the
burpese of cleaning. On the other hand, the
fastening means for the cover plates may be loos-
ened, and the plates removed separately, for pur-
poses of inspection.

From the foregoing description it will now be
readily understood how we achieve the objects
and advantages set out at the beginning of the
specification. Several forms of tube securing ar-~
rangements, characterized by firm interposition-
ing of the tubes by various saddle devices, and
fagtening means accommodating longitudinal ex-
pansion and contraction, have been illustrated
and described, and it will be evident to those
skilled in the art that still other forms may be
adopted without departing from the spirit and
scope of the invention as defined in the appended
claims.

We claim:

1. In a locomotive, a bundle of looped water
tube elements the loops of which are supported
as against displacement out of a plane containing
the axes of the tube elements but have freedom
for limited movement in said Plane, together with
means providing the support defined, said means
including a pair of saddle members fixedly se-
cured to a tube loop, one of said saddle members
being positioned to straddle a pair of tube lengths
across the loop connecting them, and the other
being positioned between the same tube lengths
at the opposite end of the bundle; said means
also including, for at least one of the saddle mem-
bers, a fastener extending at right angles to the
axis of the tube bundle and engaging a support
with limited freedom to move bodily with the
tube,

2. The combination, with a plurality of ele-
ments of a tube coil of sinuous configuration,
of a pair of interpositioning saddles lying on
one face of a group of elements spaced apart
longitudinally of said elements, one of said
saddles being fixedly secured to a pair of non-
adjacent elements but slidable relative to other
elements of said group, and the other being fix-
edly secured to a pair of elements between said
nen-adjacent elements, a fastening device on one
of said saddles, a support, and means of inter-
connection between said fastening device and
said support including a sliding connection con-
figured to accommodate relative movement in a
direction longitudinally of said elements, whereby
relative movement of different pairs of said group
may occur with differences in thermal expansion.

3. Positioning means for water tubes or the
like, comprising, in combination with g plurality
of elements of a tube coil of sinuous configuration,
a pair of siraps spaced apart longitudinally of
said elements lying on one face of a group of
elements crosswise thereof, one of said straps
being fixedly secured to a pair of non-adjacent
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elements, said non-adjacent elements being slid-
able relative to other elements of said group,
and the other being fixedly secured to a pair of
elements between said non-adjacent elements,
and at least the first mentioned strap being ex~

tended to overlie all four of them although being 5

fixed to only two of them, so that relative move-
ment of said two pairs of said group may occur
with differences in thermal expansion.

4, The construction of claim 3 with a fastening ;4

device on one of said straps having a sliding con-
nection with an adjoining support.

5. The cohstruction of claim 4, in which the
adjoining support is a wall plate having a re-
cess within which said straps lie.

PHEBE H. WOODARD,
Executrixz of the Estate of Wwilliam E. Woodard,

Deceased. :

ARTHUR H. FILANDER.
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