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In my application No. 642,725 and other
previous applications, I have described
boiler constructions using tubes which are
exposed directly to the radiant heat-of the

5 burning fuel 1n the combustion chamber,
whereby there is attained a heating effect
very much greater than that obtained by the
mere circulation of the hot gases out of
direct line with the burning fuel and where-

v by boilers ean be run at a very much higher
rating than has heretofore been possible.

The present invention is directed to boil-

ers operating on a similar principle. The
accompanying drawings illustrate an cm-
i bodiment of the invention. .
Fig. 1 is a horizontal section of the com-
bustion chamber; \
Fig. 2 is an enlarged detail thercof.
The combustion chamber is surrounded by
» a metal wall 1 and preferably a second wall
2 spaced outside of the first so as to leave
an air space for insulation and, if desired,
for preheating the air for combustion.
~Within the main walls there is an inner wall
» of tubular members spaced apart and pre-
senting to the radiant heat of the burning
fue] an area greater than that of the outer
or main wall, these tubes carrying water and
being connected to the main circulating sys-
) tem of the boiler (or to a separate circulat-
ing system. in some cases). ,
%Mious arrangements of the tubing may
be provided. In the case illustrated, I pro-
vide an outermost row of tubes 3, an inter-

mediate row of tubes 4 and'an innermost row

of tubes 5. The outer tubes 3 may be pro-
vided with flanges 6 on their rear faces over-
lapping so as to shield the main wall 1 and
to catch all the heat rays projected from the
burning fuel in the center constituting the
combustion chamber. The other tubes may
also be provided with flanges, but preferably
they are plain so that there shall be no inter-
ferences with the passage of the heat rays
between them.
The tubes of the outer row and those of
the middle row are separated from each
other by substantially the same spacing,
those of one row being staggered with rela-
tion to those of the other. The tubes 5 of

the innermost row are double-spaced and-

located In line between two of the tubes 5.
With this arrangement it will be seen that
there is a very large surface exposure to the
radiant heat from the central part of the
chamber. The dotted lines indicate the di-
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rections of the heat rays. The entire cham-
ber being filled with the flaming fuel, the
tubes 5 are exposed to direct radiant heat
over'about 1014 inches in a 12 inch circum-
ference as indicated by the line 7; for the
tubes 4 there is an exposure of about 9
inches in 12 as indicated by the line 8. Kor
the tubes 3, as indicated by the line 9, there
is an exposure of about 7 inches. The ex-

- posure ot the fins as indicated by the lines

10 and 11 is about 30% of the total area.
The total surface exposure is obviously much
greater than the area of the outer wall 1.
The figures given are -approximate, and
various other arrangements in principle and
location, and also in size of the tubes may
be designed so as to secure approximately
the same results:

"The furnace is arranged with nozzle burn-
ers 12 for projecting powdered, liguid or
gaseous fuel. This may be in volume suffi-
ciently to fill the chamber to substantially
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the height of the tubes with incandescent -

gases so as to get the maximum radiant
effect. ’ :

_The invention is particularly designed for
high pressure stationary boilers, though it
is applicable to various types of boiler.
The same principle may be employed with
less than four water walls, one or more of
the walls being of usual design and con-
struction and protected in known ways. In
that case the area of the tubular members
exposed to the radiant heat should be greater
than the projected area of the outer walls
against which they lie and may indeed be
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greater than the total area of all the otiter

walls. The outer walls may be provided, in
addition to the arrangement shown, with
ordinary insulating material on their outer
faces. For greater efficiency it will gener-
ally be desirable to surmount the arrange-
ment shown by the ordinary tubing to uti-
lize the heat units in the gases passing out
of the combustion chamber. Such tubing
above the chamber may be arranged in suc-
cessive lines staggered as explained in con-
nection with the drawing to secure a large
exposure to the direct radiant heat.

The boiler- of this invention can be
designed to run at an extremely high rat-
ing. A boiler is run at 100% rating accord-
ing to modern standards when each square
foot of surface evaporates 3.45 ousgs of
water from and at 212 degrees This is
an average figure for the entire heating sur-
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face. However, some parts of the surface,
those farthest from the furnace in the line
of draft of the gases, are very inefficient and
may not evaporate even one pound of water

er square foot. On the other hand, the sur-

ace directly exposed to the radiant heat of
the furnace is very efficient and may evap-
orate more than sixty pounds of water per
square foot.

According to this invention the boiler is
so constructed and arranged that the pro-
portion or percentage of the heating surface
which is directly exposed to the radiant heat
of the burning fuel may be considerably in-
creased as compared with boilers hertofore
buiit. The limitation of present boilers
with ordinary refractory walls is in the in-
ability of the walls to withstand the extreme
heat liberated from the fuel if it is at-
tempted to run the boiler at a rating consid-

‘erably increased beyond its normal capacity

according to ordinary standards. It 1s im-
possible to operate boilers of the common
type at more than two or three times their
normal capacity without deterioration of the
walls. When operating at such high ratings
efficiency is sacrificed, as the proportions of
the surface remote from the furnace are
not efficient. The boiler of the present in-
vention has the maximum amount of sur-
face exposed to the direct radiant heat of the
furnace and, therefore, in the most efficient
location. With this design the only limita-
tion of the capacity is the ability to supply
sufficient water through the tubes to protect
the metal thereof, and this may be accom-
plished by the use of suitable circulating
systems such as I have described in other
pending applications and by the use of larger
water and steam pipes than usual.
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. With the ordinary industrial boiler it is
dangerous to run beyond about 180% of its
rating because of the liability of the furnace
wall to fail at the higher temperatures re-
quired. . Boilers of the present design can
be run at a much higher rating, well above
200% of the standard, and this without in-
jury to the walls. :

- The different lines of tubes illustrated may
be all used for generating steam and may be
in one or in several different circulating sys-
tems. Or they may be used for different
purposes such as steam generating, water
heating, steam superheating and the like;
that is, some of them for generating fresh
steam, some for superheating and others for
heating feed water.

Though I have described with great par-
ticularity of detail certain embodiments of
my invention, yet it is not to be understood
therefrom that the invention is restricted to
particular embodiments disclosed. Various

modifications thereof may be made by those

skilled in the art without departing from the
invention as defined in the following
claim. :

What I claim is: :

A boiler adapted to generate steam a
high pressure having an outer wall and hav-
ing an inner wall comprising a multiplicity
of tubular members of substantially the same
diameter in rows at different distances from
the outer wall, with the members of the inner-
most row spaced farther apart than those
of the next row so as to permit greater sur-
face exposure of the latter to the radiant
heat of the burning fuel.

In witness whereof, I have hereunto signed

my name,
THOMAS E. MURRAY.



