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UNITED STATES

Re. 18,748

PATENT OFFICE

THOMAS E. MURRAY, DECEASED, LATE OF BROOKLYN, NEW YORK, BY THOMAS E.
MURRAY, JR., JOSEPHE B. MURRAY, AND JOHN F. MURRAY, EXECUTORS, OF BROOK-
LYN, NEW YORK, ASSIGNORS TO METROPOLITAN ENGINEERING COMPANY, A COR-

PORATION OF NEW YORK

BOILER AND THE LIKE

Original No. 1,746,711, dated February 11, 1930, Serial No. 842,725, Sled June 1, 1928. Application for
reigsue filed May 19, 1930, Serial No, 458,838,

The invention relates in general to heaters
for various fluids and is designed particularly
for heating water or superheating steam in
boilers, In a previous application No.
642,427, he described a boiler construction
including tubes with plates or other heat-
conducting elements between them. The
present application is based specifically on
certain improvements over the structure of
the above application. It includes also cer-
tain separate features of novelty. :

The invention is illustrated in the accom-
panying drawings in which Fig, 1 is a per-
spective view with portions sectioned off
slI:owin an embodiment of the invention;

Fig. 2 is a horizontal section through the
combustion chamber of the boiler of Fig. 1;

Fig. 3 is a detail showing means for sup-

lying fuel and air to the combustion cham-

r of the boiler;

Figs. 4 and 5 are details of modified ar-
{)ap]gements for supplying fuel and air to the

oiler; :

Fig., 6 is a fragmentary view illustrating
the construction of tubular wall members
and closure members secured thereto;

Fig. 7 shows an alternative construction
ghich may be used in place of that'shown in
ig. 6; .

Fig. 8 is a fragmentary vertical section
through one wall of the boiler;

Fig. 9 is an enlargement of a portion of
the horizontal section, Fig.2; |

Fig. 10 is a vertical section on the line
10—10, Fig. 9. ‘

Referring in detail to the drawings, the
boiler includes front and rear headers 10 and
12 of usual construction connected by boiler
tubes 14 and a steam drum 16 connected by
nipples 18 to the headers 10 and by pipes 20
to the headers 12. The headers 10 are sup-
ported on a tubular member 22 extending
transversely for the full width of the boiler,
and similarly the headers 12 are supported
by a tubular member 24. The rear.trans-

.. verse member 24 is supported by a hollow

50

cross-member 27 forming part of the rear
wall 26 of the boiler, this wall being made
up of a plurality of tubular members 28

igacegd apart from one another as shown in
g. 2.

Each member 28 has a closure member se-
cured thereto which comprises an outwardly
extending longitudinal plate 30 and a plate
32 welded or otherwise secured to the outer
surface of the member 28, As shown in Fig.
6, the plates 30 of the adjacent members over-
lap one another and effectively close the space

‘between the adjacent members. These over-

lapping plates are not rigidly attached to one
another. but are merely loosely held in en-
gagement with one another 5o as to permit ex-
pansion and contraction of the wall.

The tubular members 28 are secured at
their lower ends to a hollow box-like member
34 forming in effect a lower sill for sup-
porting the wall 26, The tubular members
28 may be shouldered as at 36, Fig. 8, so as
to form a seat on the member 34 and the
joint may be welded or otherwise made
steam-tight. In some cases the ends of the

- members 28 will be rolled over as at 38 and

when this means of forming the joint is em-
ployed, the member 34 will be formed with
openings opposite thé members 28 to per-
mit the insertion of a rolling tool. Plugs
40 will be employed to close such openings.
The rear wall 26, including the cross mem-
bers 27 and 34 form a hollow or cellular
steam-tight structure which is adapted to
serve as a superheater. The wet steam from
the drum 16 passes through the pipe 17 to
the cross member 27 and is superheated b
contact with the hot surfaces of the mul-
tiplicity of members 28 forming the rear
wall. An outlet pipe 19 is connected to the

"lower hollow sill member 34 to convey the

superheated steam to the desired point.
he side walls 42 and 44 and the front
wall 46 are also each composed of a multi-

plicity of tubular members 28 spaced apart

as shown in Fig. 2, and the spaces between

70
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such members are closed by fin or plate mem-

bers 30 as shown in Fig. 6, and described
in connection with the rear wall 26. These
members are connected at their lower ends
with hollow sill members 48 and 50 at the
sides and with a sill 52 at the front end.
The front wall 46 which is carried by the
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member 52 supports at its upper end a hollow
cross member 54. Rearwardly extending
members 56 and 58 are connected with the
tubular cross member 54 by suitable nipples
and at their rear ends these members 56 and
58 are similarly connected with the mem-
ber 22. '

The members 56 and 58 are connected by
hollow members 28* similar in construction
to those above referred to and provided with
similar fin portions 30 so as to form a top
wall or rooF 60 over the forward portion of
the boiler forming in effect what in this art
is known as a Dutch oven.

The sill members 34, 48, 50 and 52 as above
described are of hollow construction and as
shown in Fig. 8 are in open communication
with th. tubular members 28 so that in effect
they form headers. The members 24, 54, 56
and 58 are similarly connected and also form
headers connecting with the tubular mem-
bers 28. This arrangement provides a con-
struction in which steam can be circulated
through the back wall to be superheated as
above described and water can be circulated
through the side and front walls of the boiler
and also through the roof 60 of the Dutch
oven portion. Keed water is supplied to the
boiler through one or more pipes connected
to any of the sill members, for example as
by means of pipes 62 shown in Fig. 1, enter-
ing the sides of the sill. members 48 and 52.

The comparatively cool water entering the
pipe or pipes 62 is circulated through the
sill members and through the tubular mem-
bers 28 of the several walls. The sill mem-’
bers 48 50 and 52 may each be connected with
a separate water supply or they may be con-
nected by pipe connections, not shown, so as
to permit of a circulation between the sepa-
rate sections; such #n arrangement being
shown and claimed in his co-pending appli-
cation No. 61,386, filed October 9, 1925. And
in his co-pending application No. 719.696
filed June 13, 1924, he showed and claime
a specially advantageous complete circulat-
ing system. The side walls 42 and 44 of the
boiler may extend up to the full height of
the tubes 20 so as to enclose the entire bank
of water tubes and the top of the boiler may
be closed in any suitable manner and suit-
able flues leading to the stack may be pro-
vided. These arrangements are not shown
in the drawings as the specific design forms
no part of the present invention and various
known arrangements can be adopted with-
out- departing from the invention.

At the corners where the walls 42 and 44

60 meet the end walls 26 and 46, the space be--

tween the adjacent tubular sections 28 is
closed by overlapping plates 30* similar to
the members 30 which close the spaces be-
tween the various members of the walls.
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64 within which combustion of fuel takes
place as hereinafter described.

Surrounding the inner walls which are
made up of the members 28, is an outer struc-
ture composed of side walls 66 and 68, front
and rear end walls 70 and 72. These walls
are separated from the hollow walls a short
distance so as to form a surrounding air
space 74. Openings 76 are provided in the
outer wall to permit air to enter the -air
space and means are provided for introduc-
ing air from this space into the combustion
chamber.

Asshown in Fig. 3, a conical sleeve 78 is lo-
cated between two of the members 28 and
forms a passage-way through which air can
flow from the air space T4 to the combustion
chamber 64 as shown by the arrows. A fuel
pipe 80 passes through the wall 70 and ex-
tends axially through the sleeve 78. Suitable
fuel such as oil, gas or pulverized coal is de-
livered through the pipe 80 or coal may be
introduced by hand or stoker, and this fuel
mixes with the air flowing from the space T4
through the sleeve 78 and combustion takes
place inside of the chamber 64. There may
be several of these burners according to re-
quirements and in Fig. 2 six burners are illus-
trated. Instead of passing the fuel pipe
through the sleeve 78 through which the air
passes, this pipe may pass directly through
the plates 30 between adjacent members 28
as shown in Fig. 4 and the air to support com-
bustion may pass through separate conduits
82 as shown. .

- The inner water tube wall and the outer
wall 66 thus form a channel with lateral open-
ings, and combustion air is supplied to this
channel and passes laterally out of it through
the openings 82 into the combustion cham-
ber. The flanged or finned tubes constitute
a wall of the passage or channel for the com-
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bustion air, the fins being interrupted to pro- -

vide ports between the water tubes for ad-
gleission of the air to the combustion cham-

r.

In Fig. 5, is shown a slightly modified ar-
rangement wherein the fuel pipe 80 is pro-
vided with openings 84 through which the
air from the air space 74 is drawn as the fuel
is forced into the combustion chamber.

Instead of closing the space between the-
adjacent tubular members 28, by means of
flanged members 30, 32 above described, there
may be used a formed plate as shown in Fig.
7 having an arcuate portion 33 and outward-
ly extending fins or plates 85 and 37. These
fins will contact with and overlap similar fing
on adjacent tubular members-28 as will be
understood.

From the foregoing it will be perceived
that the multiplicity of tubular members 28
provide means whereby the water or steam
may be circulated through the walls of the

65 The walls 42, 44, 26 and 46 enclose a chamber boiler, These members are connected at top
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front of the tubes and, lying in this in-
termediate space, are well in front of the
outer wall, no matter how closely this may
be brought up to the backs of the tubes. The
use of two such plates bridging each space
has an advantage in providing a short path
for the conduction of heat from the p{)ates
to the respective tubes. It is also an ad-
vantage to use sheet metal or rolled steel
shapes as indicated and to weld them to the
tubes. Such rolled steel Las a toughness and
durability which particularly adapts it for
the use in question, and by welding them to
drawn steel tubing a unit.1s produced which
is particularly well fitted to the conditions of
use. :

It is a matter of great advantage that the
plates between the tubes are exposed direct-
ly to the radiant heat of the burning fuel in
tie combustion chamber, so that the inner
sides of the tubes and the intermediate plates
present a wide exposure to such radiant heat
in proportion to the quantity of water flow-
ing through the tubes. The heating effect
obtained 1n this way 'is very much greater
than that which is obtained by circulation
of the hot gases out of direct line with the
burning fuel. The boiler of this invention
is particularly adapted for generating high
pressure steam and for utilizing the extreme-
ly high temperatures in - the combustion
chamber which can be obtained with the noz-
zle type of burners described, projecting
powdered coal or liquid or gaseous fuel into
the combustion chamber. The highest tem-
peratures obtainable in this way cannot be
used in ordinary boilers with masonry walls
forming the combustion chamber and ex-
posed to the radiant heat. By interposing on
the inner face of the masonry wall a water
wall of the character described, a boiler of a
given size can be run at a rating (of water
evaporated per hour) very .much higher.
Or for an industrial plant requiring a cer-
tain quantity of steam, the number of boilers
necessary can be considerably reduced com-
pared with the present standards.

The use of coal dust in connection with the
wall of water tubes has a particular value
which has been demonstrated in actual in-
stallations, The natural tendency of water
cooled walls is to absorb heat and thus impair
combustion and cause smoking.

A refractory surface heated to incandes-
cence has generally been regarded as import-
ant in assisting the rapid combustion of par-
ticles of coal dust. It hasbeen found in prac-
tice that the water wall of this invention,
with the water circulating rapidly there-
through: quickly takes on the appearance
of the old type refractory wall heated to in-
candescence, Thix iz due to a coating of very
fine lightly adherent ash from the jets or
flames of coal dust. In the old fashioned

18,748

refractory furnace such ash is deposited in a
plastic state forming a slag.

In the water cooled furnace of this inven-
tion the particles on striking the wall are im-
mediately cooled below the slagging temper-
ature (ify they were above that temperature)
and adhere to the surface like a coat of dust.
Since the ash does not adhere closely to the
metal, the conduction of heat of the latter is
not rapid and the temperature of the ash re-
mains considerably higher than that of the
metal. The ash builds out from the metal
and the outer portion attains a temperature
high enough to provide the incandescent sur-
face of re?ractory material which is import-
ant in the continuous maintenance of rapid
and complete combustion, with a minimum
of smoke. The layer of ash finds a limit in
thickness which prevents the surface par-
ticles from attaining a fusing temperature,
maintaining an approximate balance at
which the maximum evaporating effect can
be produced without objectionably retarding
combustion. The ash falls off the tubes at
times but immediately builds up again. It
is sufficiently adherent to the tubes to impart
the necessary heat to them but is not suffi-
ciently cohesive to build up to an objection-
able thickness.

His improved boiler is designed to produce
steam at a rate of several hundred per cent
of the usual rating based on area exposed to
the heatinf gases and requires for this result
a high volume of intensely hot gas. It be-
comes important therefore to prevent the ex.
posure of the usual masonry wall to the fire.
Experience shows that such walls are rapid-
ly deteriorated under modern high tempera-
ture firing. The metal fins or extensions of
his improved boiler form a shield which pro-
tects any outside sheathing.

Such extensions have an additional func-
tion to conduct heat to the water tubes so
rapidly as to utilize the intense heat of the
fire. In installations of this character the
distance to which the extensions may be car-
ried beyond the tubes is limited. It must be
so short that the heat is conducted to the
tubes sufficiently rapidly to prevent the outer
portions of the extensions from being burned
away or distorted sufficiently to crack them.
Such conduction of heat to the tube is affect-
ed by the area and the degree of contact of
the extension member with the tube, but is
chiefly dependent on the distance from the
tube to the remotest part of the extension.
Such distances puts a maximum limitation
on the distance between the tubes in the case
of high duty boilers (that is, steam genera-
tors as distinguished from mere water heat-
ers or the like). .

In practice, he found that the maximum
distance should not be substantially greater
than the outside diameter of the tubes. The
extensions beyond the tube, with such spac-
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and bottom by box-like members as, for ex-
ample, 24 and 34, Fig. 8, which serve as head-
ers and also as supporting members. The
hollow members 24 and 22 are connected by
suitable nippies with the boiler headers 10
and 12 as will be understood. Circulating
the feed water through the walls enables one
to use metallic walls instead of brickwork or
masonry walls heretofore used for station-
ary boilers, and this water, of course, ab-
sorbs heat which would be lost in construc-
tions where brick walls or the like were used.
The walls, therefore, in effect form a super-
heater for the steam, a preheater for the boiler
feed water, and also help to preheat the com-
bustion air; besides generating steam at a
high rate as hereinafter stated. However,
the invention mag be employed with any -of
the usual or suitable types of superheater for
the steam and preheaters for the feed water
and for the combustion air.

The members which close the spaces be-
tween the tubular members 28 serve to pre-
vent the escape of combustion gases from be-
tween the tubular members and also to con-
duct heat to the tubular members and the
water circulating therein.

The outer walls which surround the hollow
walls as described provide an air space for
preheating the air used to support combus-
tion. The use of such preheated air raises
the efficiency of the boiler and utilizes heat
which would ordinarily be lost by radiation
to the surrounding atmosphere in boilers
made according to the usual practice prior to
his invention.

The hollow wall construction herein de-
scribed can also be used for the floor of the
boiler as indicated at 28° in Figs. 2 and 9.
This is advantageous when liquid or pow-
dered fuel is used as it permits the circula-
tion of water through the floor bottom and
prevents the adhesion of slag thereto. This
1t does by keeping the temperature in the ad-
jacent zone below the point at which the re-
fractory mineral particles would be melted
or rendered plastic and capable of adhering
or sticking tightly to the metal bottom.

Such floors, with water circulating
through them, have an important effect sup-
plementary to the side walls in adapting the
hoiler to powdered coal or similar nozzle-
firing,

The chief purpose is to operate at a very
high percentage of rating so as to use the

“heat units released by the powdered coal

most efficiently. To generate steam at a high
rate, a flame would be used of siuch volume
and intensity as to sustain a temperature
which would melt or slag the mineral in the
fuel. This is prevented (in the zones im-
mediately adjacent to the walls) by the cool-

" ing effect of the water walls through which

65

a rapid circulation is maintained. The floor

or bottom also presents to the radiant heat in

3

the furnace a metallic surface of high heat-
absorbing and conducting character. The
heat units are utilized and removed so fast
as to moderate the temperature in the fur-
nace. Mineral ashes or other products of
combustion which fall on the bottom, even
though they remain exposed to the radiant
heat, are prevented from slagging and stick-
ing to the metal and are deposited in such
a comparatively dry condition that they can
be readily removed from time to time
through any usual or suitable openings.

These water floors, therefore, serve not
only to absorb and utilize a part of the heat,
but also to prevent excessive temperature of
the flame and to prevent slagging of the ashes
which are deposited on the foor.

The unit described, consisting of the tubu-
lar member 28 with longitudinal flanges 30
welded thereon may be used not only in the
walls and floors of boilers as indicated, but
also in various other structures and locations.
For welding the flange on the tube, arc weld-
ing or various other known welding methods
may be employed. The same is true of the
design shown in Fig. 7, with the flanges 35
and 37 formed by opposite portions of a com-
mon plate 33. And the opposite flanges of
such units may be in the same plane as in-
dicated in Figs. 6 and 7, or they may be set
at an angle to each other as in the corner
plates or flanges 30®. These separate units
are not claimed herein, being claimed in sep-
arate applications which he filed Nos.
715,369 and 720,734, ,

Fig. 9 is an enlargement of the portion of
the floor 28% shown in Fig. 2. In this floor
the form of flanged tubes shown in Fig. 7 is
used, with flanges 35 and 37 constituting op-
posite extensions of a common plate 33 weld-
ed to the tube. The edges of the flanges of
adjacent units are brought practicaligy to-
gether, with only the necessary clearance to
avoid their binding on each other and to en-
sure freedom of separate movement.

Such units are separately formed and then
assembled, the overlapping flanges being
free to move with relation to each other so
as to accommodate the distortion or unequal
expansion which occurs under the heat of
the furnace. Being unconnected, the - units
are readily assembled. Also they are capable
of separate replacement in case of injury to
any one of them.  Although they are prefer-
ably in contact as shown, they do not make
a gas-tight joint. The closuve is sufficient to

permit the circulation of air for preheating

it as described. . But such an air space be-
tween the inner and the outer walls 1s useful

in insulating the latter from excessive heat- 12

ing even without any circulation of air be-
tween them,

The solid heat-conducting plates between
the tubes are preferably welded to the sides
of the latter at points between the rear and
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ing, are of less width than the diameter of

the tubes and can be kept within such limits

as to avoid destruction by the fire. In a co-
pending application No. 642,427, filed Ma

5 31, 1923, he described a structure whic
is generally similar to that covered herein,
but with certain modifications and additional
features; the generic claims applicable to
both structures being made in the present

10 case.

In another application No. 61,386, referred
to above, he described and claimeti a steam

nerator having side walls of upright tubes

orming & complete enclosure of a combus-

18 tion engine. '

While there has been described t}uite spe-
cifically the details of the boiler illustrated
it is not to be construed that one is limited
thereto as changes in arrangement and sub-

20 stitution of equivalents may be made by those
skilled in the art without departing from the

_ invention as defined in the appended claims.

What is claimed is:

1. In a boiler or the like, a wall compris-

2 jng a multiplicity of pipes arranged in spaced
relationship alongside one another and each
pipe having a longitudinall exbendinf plate
secured thereto which overlaps the plate of
the adjacent pipe, said plates being arranged

30 to substantia l{ or approximately close the
space between the adjacent pipes and to con-

uct heat thereto, the pipes with their at-
tached plates being free to move with relation
to one another.

2. In a boiler or the like, a wall compris-
ing a multiplicity of tubular members ar-
ranged in a row alongside one another and
adapted to have a fluid circulated there-
through,; and means secured to said tubular
members for substantially or approximately
closing the spaces between them and conduct-
ing heat to the fluid in them, said conducting
means being free to move with relation to one
another, ‘

3. In a boiler wall construction, a multi-
plicity of tubular members spaced apart from
one another and connected together at their
ends to permit the circulation of water there-
through, plate members secured to the adja-
cent tubular members and arranged to sub-
stantially or approximately close the space
between said adjacent tubular-members yet
permit relative movement due to expansion
and contraction.

65 4. A boiler or the like comprising a num-
ber of soparately formed units comprising
tubular members with longitudinal flanges
united thereto, said units being assembled
parallel to each other with said flanges over-

60 lapping each other between the tubular mem-
bers and free to move with relation to each
other. L

5. In a boiler or the like, a wall comprising
a multiplicity of vertical pipes communicat-

® ing with horizontal headers, overlapping

40

50

members secured to said pipes to close the
spaces between them and to conduct heat to
the fluid in them, the pipes with their at-
tached plates being separate from one an-
other.

6. A boiler for generating steam at high
pressure rapidly comprising & furnace wall
exposed on its inner face only to the furnace

ases and comprising a number of separate-
y formed units consisting of vertically ex-
tending tubular members through which the
water of the boiler circulates with longitudi-
nal flanges united thereto, said units bein
assembled parallel to each other with sai
flanges substantially or approximately clos-
ing the space between the tubular members
said units being free to move with relation
to one another.

7. A boiler adapted for generating steam
at high pressure having a combustion cham-
ber with a wall comprising a multiplicity
of upright tubular members spaced apart
from one another and arranged for water
circulation therethrough, metal plates se-
cured to said members and exposed to the
radiant heat of the burning fuel and adapt-
ed to transmit heat to sa’d tubular members,
the tubular members being separately ex-
pansible in combination with burners of the
nozzle type for projecting powdered, liquid
or gaseous fuel into the combustion chamber.

8. A boiler adapted for generating steam
at high pressure having a combustion cham-
ber with a wall comprising a number of sepa-
rate units composoedp of tubular members with
longitudinal flanges united thereto, said
units being assembled parallel to each other
with said flanges between the tubular mem-
bers, said units being free to move with re-
lation to one another and being arranged
for water circulation through the tubular
portions thereof, said flanges being exposed
to the radiant heat of the burn‘ng fuel and
adapted to transmit heat to the tubular mem-
bers, in combination with burners of the noz-
zle type for projecting powdered, liquid or
gaseous fuel into the combustion chamber.

9. A boiler adapted for generating steam

.at high pressure having an outer furnace wall
‘and, between the outer wall and the combus-

tion chamber, an inner wall comprising a
multiplicity of tubular members (sipaced apart
from one another and arranged for water
circulation therethrough, metal plates se-
cured to said members and exposed to the
radiant heat of the burning fuel and adapted
to transmit heat to said tubular members, the
tubular members being separately expansi-
ble, in combination with burners of the nozzle
type for projecting powdered, liquid or gas-
eous fuel into the combustion chamber.

10. A boiler adapted for generating steam
at high pressure having an outer wall and,
between the outer wall and the combustion
chamber an inner wall comprising a multi-
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licity of separate units composed of tubu-
ar members with longitudinal flanges united
thereto, said units being free to move with
relation to one another, in comb nation with
burners of the nozzle type for projecting
powdered, liquid or gaseous fuel into the
combustion chamber.

11. A boiler having water tubes between
which the products of combustion pass and
a combustion chamber below said tubes and
having a forwardly offset portion below the

level of such tubes including sides of water

tubes and an arch of water tubes communi-
cating with those at the s'des, both said sides
and arch being exposed to the radiant heat
of the burning fuel and communicating with
the circulating system of the boiler., .

12. A steam generator including a combus-
tion chamber for the fuel having a wall com-
posed of substantially upright tubes connect-
ed into the circulation of the generator, said
tubes be’ng spaced apart a distance not sub-
stantially greater than their diameter, and
metal extensions from said tubes practically
closing the space between them so that only
the inner face of such wall is exposed to the
direct radiant heat of the burning fuel, the
tubes of said wall being separate from and
free to move with relation to one another.

13. A boiler having inclined, approximate-
ly horizontal, water tubes between which the
products of combustion pass and a combus-
tion chamber below said water tubes, with a
wall of said chamber comprising a multi-
plicity of upr'ght tubular members spaced
apart from one another and arranged for
water circulation therethrough, and metal ex-
tensions secured to said members and ex-
posed to the radiant heat of the burning fuel
and adapted to transmit heat to said tubular
members, said tubular members being sepa-
rate from and free to move with relation to
one another. -

14, A boiler having water tubes between
which the products of combustion pass and
a combustion chamber in advance of said
water tubes, with a wall of said chamber
comprising & multiplicity of tubular mem-
bers arranged for water circulation there-
through and exposed to the radiant heat of
the burning fuel, the boiler having a for-
wardly offset portion below the level of ‘the
tubes through which the products of com-
bustion pass. said offset portion including an
arch above the forward portion of the com-
bustion chamber, said arch comprising a
water wall exposed to the radiant heat of the
burning fuel and communicating with the
circulating system of the boiler.

15. A boiler having an overhead bank of
tubes throngh which the furnace gases pass
to heat said tubes by convection and having
below said bank of tubes, a combustion cham-
ber with an arch of water tubes and front,
back and side walls, all comprising vertical-

18,748

ly extending tubes connected into the cir-
culation of the boiler and exposed to the
direct radiant heat of the burning fuel and
presenting a complete metal face to the fur-
nace.

16. A steam generator including approxi-
mately horizontal water tubes heated hy con-
vection and a furnace with a combustion
chamber below said tubes and having a wall
composed of substantially upright tubes con-
nected into the circulation of the boiler, said
tubes being spaced apart a distance not sub-
stantially greater than their diameter, and
metal extensions from said tubes united
thereto with good heat-conducting joints and
practically closing the space between the
tubes and providing an mcreased area ex-
posed to the direct radiant heat of the burn-
ing fuel and conducting such heat to the
tubes, each of said extensions being limited
in width as a maximum to the diameter of
the tubes, the tubes and extensions consti-
tuting a substantially closed wall exposed
on the inner face only to the combustion
gases.

17. A hoiler adapted for generating steam
at high pressure having coal dust firing
burners and having a combustion chamber
wall of upright spaced steam generating
water tubes with metallic extensions form-
ing a continuous metallic face exposed to the
direct radiant heat of the burning coal from
said burners and adapted to collect a con-
tinnous coating of incandescent ash which
avoids excessive cooling of the flame.

18. A steam generator including in com-
bination approximately horizontal overhead
water tubes heated by convection and a fur-
nace having a combustion chamber below
said overhead tubes, side walls of said com-
bustion chamber being composed of rows of
ugright tubes connected into the circulation
of the generator and exposed to the heating
gases on the inner sides only of said rows of
tubes and the bottom being composed of sim-
ilar transverse tubes, in combination with
burners of the nozzle type for projecting
powdered, lignid or gaseous fuel into the
combustion cnamber, the bottom being ex-
posed directly to the heating flame.

19. A steam generator including in combi-
nation water tubes heated by convection and
a furnace having a combustion chamber,
side walls of said combustion chamber be-
ing composed of rows of upright tubes con-
nected into the circulation of the generator
and exposed to the heating gases on the in-
ner sides only of said rows of tubes and the
bottom being composed of similar transverse
tubes, in combination with burners of the
nozzle type for projecting powdered, liquid
or gaseous fuel into the combustion chamber,
the bottom being exposed directly to the heat-
ing flame.

., A steam generator including in com-
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bination water tubes heated by convection
and a furnace having a combustion chamber,
side walls of said combustion chamber being
composed of rows of upright tubes connected
into the circulation of the generator and ex-
posed to the heating gases on the inner sides

only of said rows of tubes, and the bottom’

of said combustion chamber comprising wa-
ter tubes connected into the circulation of
the generator and presenting a substantial-
ly closed metallic heat-absorbing face also
exposed to the heating gases in combination
with burners of the nozzle type for projeci-
ing powdered, liquid or gasous fuel into the
combustion chamber, the bottom of the cham-
ber being exposed directly to the heating
gases,

21. In a boiler wall construction, a multi-
plicity of upright steam generating water
tubes spaced apart from one another and
connected at their ends to permit the circu-
lation of water therethrough, and metallic
extensions on said tubes arranged to extend
substantially or approximately across the
spaces between said tubes yet permit relative
movement of the tubes due to expansion and
contraction.

22. In a boiler wall construction, a multi-
plicity of upright steam generating water
tubes spaced apart from one another and con-
nected at their ends to permit the circu'a-
tion of water therethrough, and metallic ex-
tensions on said tubes arranged to extend sub-
stantially or approximately across the spaces
between said tubes yet permit ready removal
and replacement ofy separate tubes.

23. In a boiler wall construction, a multi-
plicity of upright steam generating water
tubes spaced apart from one another and
connected at their ends to permit the circula-
tion of water therethrough, and metallic
members arranged to extend substantially or
approximately across the spaces between said
tubes so as to form an unbroken metallic heat-
absorbing surface constituting the inner face
of the wall, the said metallic members of the
wall being in heat-conducting but imperma-
nent engagement with each other. A

24. A boiler adapted for generating steam
at high pressure having an outer furnace
wall and, between the outer wall and the
combustion chamber, an inner wall compris-
ing a multiplicity of tubular members spaced
apart from one another and arranged for
water circulation therethrough, metal plates
secured to said members »anf exposed to the
radiant heat of the burning fuel and adapted
to transmit heat to said tubular members, the
tubular members being separately expansible,
in combination with burners of the nozzle
type for projecting powdered, liquid ot gase-
ous fuel into .the combustion chamber, the
space between said outer and inner walls
serving as a channel for combustion air, and
openings between the tubes of the inner wall

. wall, a group of tubes arranged to

7

for admitting air from said channel to the

combustion chamber. :

25. A boiler adapted for generating steam
at high pressure having an outer wall and,
between the outer wall and the combustion
chamber, an inner wall comprising a multi-
plicity of separate units composed of tubular
members with longitudinal flanges united
thereto, said units being free to move with re-
lation to one another, in combination with
burners of the nozzle type for projecting
powdered, liquid or gaseous fuel into the com-
bustion chamber, the space between said out-
er and inner walls serving as a channel for
combustion air, and openings between the
tubes of the inner wall for admitting air
l1{?)1'0:11 said channel to the combustion cham-

er.

26, In a finely divided fuel burning boiler
furnace, an outer wall, a group of water tubes
at the inner side of said wall arranged to
form with said wall a channel for combus-
tion air, with openings between the tubes for
admission of such air to the combustion
chamber.

27. In a finely divided fuel burning boiler
furnace, an outer wall, a up of finned
tubes at the inner side of said wall arranged
to form with said wall a channel for combus-
tion air, the fins being interrupted to provide
ports for admission of such air to tﬁ)e com-
bustion chamber. ,

28. In a pulverized coal burning boiler
combustion chamber, means introducing a
stream of pulverized coal thereinto, an outer
form with
said wall a channel with lateral openings and
means whereby combustion air may be sup-
plied to the channel to pass laterally thereout
of through said openings.

29, A boiler having a combustion cham-
ber with a wall of upright steam-generating
water tubes, the combustion space in said
chamber being practically unobstructed, said
wall presenting a substantially continuous
metal face composed at least in part of the
outer surfaces of said tubes, with openings at
intervals between the tubes forming passages
between a source of air and said unobstructed
combustion space and burners of the nozzle
type arranged to project powdered, liquid or
gaseous fuel into said unobstructed combus-
tion space.

30. A boiler having a combustion chamber
with a wall of upright steam-generating
water tubes, said wall presenting a substan-
tially contipuous metal face with burner

openings at intervals between the tubes, and .

burners of the nozzle type located in said
openings for projecting powdered, liquid or
gaseous fuel into the combustion chamber.
31. A boiler having a combustion chamber
with a wall of upright steam-generating
water tubes, said wall presentinﬁra. substan-
tially continuous metal face with air-admis-
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sion openings and burner openings between
the tubes, and burners of the nozzle type lo-
cated in said openings for projecting pow-
dered, liquid or gaseous fuel into the com-
bustion chamber.

32, A Doiler having a combustion chamber
with a wall of upright steam-engineering
water tubes spaced apart with metal fillers
between them, the combustion space in said
chamber being practically unobstructed, said
wall presenting a substantially continuous
metal face composed of the surfaces of said
tubes and fillers, with openings at intervals

between the tubes forming passages between .

a source of air and said unobstructed combus-
tion space, and burners of the nozzle type
arranged for projecting powdered, liquid or
gaseous fuel into said combustion space.

33. A steam generator having a combustion
chamber enclosed within a wall, a part of the
enclosing wall being composed of upright
steami generating tubes and the remainder
being composed of superheater tubes, said
wall presenting a substantially continuous
metal face to the heating gases within the
chamber.

34. A steam generator including in com-
bination approximately horizontal overhead
water tubes heated by convection and a fur-
nace having a combustion chamber below said
overhead tubes, said furnace being enclosed
within a wall, a part of the enclosing wall
being composed of upright steam generating
tubes and the remainder being composed of
stuperheater tubes, said wall presenting a
substantially continuous metal face to the
heating gases within the chamber.

In witness whereof, we have hereunte
signed our names.

THOMAS E. MURRAY, Jr,
JOSEPH B. MURRAY,
JOHN FF. MURRAY, '
Frecutors of the Estate of Thomas E. Mur-
ray, Deceased.
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