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STEAM TEMPERATURE CONTROL
Barle C. Miller, Worcester, Mass., assignor to Riley
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" - Massachusetts ’ o ) 7
Filed Apr. 11, 1958, Ser. No. 728,005
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This ihvéntion relates to steam temperature comntrol

10

and more particulaily ‘to appdratus arranged to tegulate -

the ‘degree of superheat in a steam genérating unit.

In the past, there have been many methods used in con-
nection with steam ‘genérating unifs'to maintain the tem-
perature of the superheated steam at a fixed value, irre-
spective of changes in load on the unit. For instance,
the flow of ‘gases over the superheater elements has been
controlled by the ‘use of dampers; this practice has the
disadvantage of ‘béing- relatively insensitive and ‘produc-
ing relatively high exit gas temperatures at certain loads
so that the overall efficiency of the unit is decreased.
Superheat “tempersture ‘has also been controlled by de-
superheaters wherein the steam generating unit produces
superheated steam at the highest temperature necessary
at. a reduced load and the steani is cooled to produce the
desired steam-temperature -at highest loads; this has the
disadvantage of réquiring extremely. large superheater ele-
ments to take care of the extreme:conditions, Superheat
has also-been controlled by recirculating a ‘portion of the
gases from the back passes of the unit to the furnace
proper; this has the: disadvantage -of producing high dust
loading of the furnace gases with resultant cutting' and
deterioration- of  the boiler tubes and increase of power
requirements: -Another method of controlling superheat
that has-been proposed is the use of the so-called “tilting
burner,” in which case the flame in the furnace is directed
upwardly or downwardly to maintain the superheated
steam at a-constant value; the burners required. for this
practice are extremely complicated and expensive to build
and maintain. Other methods and apparatus for con-
trolling -superheat have been suggested which: are of lesser
importance than:those ‘described above, but there is no
practice which could be said to be a perfect one, since all
previously-known methods. of controlling -superheat suffer
from difficulties which render them less than ideal. These
deficiencies in the prior art have been obviated by the
present invention in a novel manner. I,

.- It is, therefore, an outstanding object of the present
invention.  to provide an apparatus for ‘thé control of

superheat in a steam_générating unit, which apparatus is -

inexpensive to matiufacture, and to maintain.

Another object of the invention is the provision of an
apparatus for the control of superheat whose operation
is pot detrimental to the overall operation of-the, steam
generating unit. .

Another object of the invention is the provision of an
-apparatus for the control of superheat which can be tised
for initial. adjustmeénts” of superheat made. niecessary by
inaccuracies in design 4nd ‘construction and - is also ex-
tremely sensitivé in maintaining superheat at ‘constant
temperature, irréspective of changes in load.

A still further object of the present invention is the
provision ‘of an apparatus. for the control of superheat in
Which'the mass flow of the stédm generating unit is not
increased. : o

A still further object of the invention is the provision
of a steam temperature control in which ‘at no-time does
the flamie impinge ‘on ‘the furnace walls and in which ‘slag-
“ging difficulties ‘dfe avoided. : : o

“With “theése”and other objects in"view, as will ‘be ap-

‘parent. to: those ‘skilled fin-the: art; the invention resides in
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the combination of ‘parts sef 6ith in the specification and
covered by the claims appended hereto. i
The character of ‘the invention, however, may be bést
understood by reference to certain of its structural forms,
as illustrated by the accompanying drawings, in' which:
Figure 1 is a side elévational view of & steam generat-
ing unit embodying the principles of the present inven-
tion, T : .
figlire 2 is a vertical:sectional ‘view of a portion of the
unit; E . ;
Figure 3 is a sectional view, somewhat enlargéd, of ‘a
burner used in-the practice-of the presént invention, )
Figure 4 is an enlarged view of a portion of the burner
shownin Figure 3, - o : -
Figure 5 is an erlargéd viéw of 2 portion of a modificd
burner, and o Lo )
‘Figures™ 6, 7, and 8 are schematic views of a steam
generating unit showing the opétration under various cori-
ditions. “ g S
In the specification which follows the ‘expressions “loni-
gitudinal,” “transverse,” and the like; reference is made to
those -directions as applied to a steam generating unit in
the ordinary practicé in that art and, in ‘general, réfer to
the flow of ‘gas-throtigh the nait, - ) :
Referring first- to Figures 1 and 2; wherein -aré best
shown the- general features of the inveition, the steam
temperature control designated- generally by the Teférence
numeral 16 is shown in’ use with-a steam gererating unit
11, -The steam generating ‘unit-consists generally of a
furnace 12 and a boiler 13- mounted on'a suppotting struc:
ture*14. The furnace 12-consists of 4. forward wall 15
and a rearward wall 16 which with side walls 17 define
a-combustion chamber 18. Underlying the combuistion
chamber is 2 slag basin 19 formed of refractory material.
The-forward wall 15-is provided with a nose 21 located
in its-lower portion-directly -overlying the-slag basin 19
and provided with a burner22. A similar nose 23 is pro-
vided on the rearward wall 16 and a burner 24 is mounted
on the dowawardly directed surface of the tiose. R
- The boiler 13 consists of an upper steam-and-water
drum- 235 joined by downcomer -tube 26 to a lower drum
27, both: drums extending transversely of the unit. Large -
downcomer pipes 28. extend from ‘the lower drum 27 to
a-header 29 extending around- the periphery of the slag
basin 19, Water wall tube :31 . extends upwardly from
the header 29 along: the forward wall 15, the: rearward
wall: 16, -and; the side walls 17; ‘these water wall tubes
-are connected-at-the upper part of the furnace to the
steam-and-water drum:25.- - A nose:32 extends forwardly
of the-furnace-at the upper part of the rear ‘wall 16 and
provides a restricted passage 33 between the -most for-
ward: portion and-the forward: wall 15. The nose 32
also serves -to define an upper .pass 34 between its upper
surface -and the roof 35 of the furnace. A refractory
wall 36 extends downwardly from the steam-and-water
drum 25 and serves to divide the rearward- portion of
the unit into back passes 37-and 38. - A duet leads from
the back pass- 38 to a dust collector 41 which; in turh,
is connected by a duct-4¢ to -one-side~of 4 rotary re-
generative air heater 42. . The outputside of the ajr heat-
er- i3 connected - through- an -induced "draft fan 43 to a
breeching 44 leading o -the stack; not.shown. :
A-forced. draft fan: 45 is ‘connected through theé: air
heater 42 to a duct 46 having branch ducts' 47 and 48
leading to-the burners 24 -and 22, réspectively. A -duct
49 leads from the -duct-46 to an attrition-type pulverizer
51 which receives -its ‘fuel from drum-type feeders 52.
Pipes 53 Jead from the output -of the pulverizer-51° to
the-burners 22 and 24. . S e St
As-is ‘evident in Figure 2, the steam-and-watér drum
28: is-provided -with-a: separator ‘of ‘the usual type and
tubes: 54 lead from the upper part of the steari-and-
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water drum fo a header 55 arranged beside the forward
wall 15 of the furnace. Below the header.55 is ar-
ranged another header 56 of a similar type and joining
these headers and lying within the furnacé against the
forward wall 15 are radiant superheater tubes 57." Tubes
58 lead from the header 56 to aheader 59 which is con-
nected through a convection superheater 62 lying in the
upper pass 34. The output of the superheater 62 is
connected to superheater platens 63 hanging downwardly
from the roof 35 into thé restricted passage 33 in the
upper part of the combustion chamber. The output of
the platen 63 is connected to a superheated steam header
64 which in turn is connected by a high-pressure pipe
65 to the turbine, not shown. The output of the high-
pressure section of the turbine, not shown, is connected
by means of a pipe 66 to a header 67 arranged adjacent
the rearward wall 16 of the furnace. .A similar header
68 is mounted above the headeér 67 and the two are joined
by a radiant reheater 69 which lies closely adjacent the
inner- surface of the rearward wall 16. The header 68
is connected by a pipe 71 to an input header 72 con-
nected to one end of a convection reheater 73 lying in
the upper. pass 34 between the superheater 62 and the
superheater platen 63. The output of the reheater 73
is connected to a reheater steam header 74 which, in
turn, is connected by means of a high-pressure pipe 75
to a low pressure section-of the turbine, not shown.

Referring next to Figures 3 and 4, wherein are best
shown the details of the burner 22, it can be seen that
the air duct 48 is connected to a housing 76. Centrally
of the housing is located a continuous spark ignitor 77
and a gun 78 for introducing pulverized coal into the
burner. The conduit 53 leading from the pulverizer 51
is connected to the gun and in the central part of the
gun is a gas gun 79 to insure ignition. The gas gun is
provided with a perforated nose 81 which extends slightly
forward of the innermost end of the fuel gun 78. Sur-
rounding the gas gun within the fuel gun 78 are coal-
spreader veins 82 which are so formed as to cause the
coal to be projected in a downward direction. As is
evident in Figure 2, the water wall tubes 31 are bent
rearwardly in the vicinity of the burner 22 to form pas-
sages for the flow of fuel and air. At the mouth of
the burper, below the gun 78 are located pivoted vanes
83 which are connected through a mechanical linkage
to an actuating rod 84. In the upper part of the burner
are located pivoted vanes 85 which are connected through
a mechanical linkage to an actuating rod 86. The burner
24 is similarly provided with a fuel gun 87, lower vanes
88 whose angularity is adjustable by means of an ac-
tuating rod 89 and upper pivoted vanes 91 whose angu-
larity is adjustable by means of an actuating rod 92.
In Figure 5 can be seen a modified version of a fuel gun
96 for use in a burner of the type described wherein an
oil gun 94 is provided in the central portion to insure
ignition of the fuel. Here again, a coal spreader 95 pro-
vides for the projection of the fuel in a predetermined
direction. o . -

Referring now to Figure 2, it can be seen that the
actuating rod 86 for the vanes 85 is connected to the
piston rod of a hydraulic linear actuator 96 while the
actuating rod 92 of the vanes 91 is connected to a
similar actuator 97. The actuator 96 is connected by
conduits 98 and 99 to a controller 101 and the lincar
actuator 97 is connected to the controller by means of
conduits 102 and 103. The air duct 48 leading to the
burner 22 is provided with a control damper 104 which
is’ connected for pivoting action through ‘a mechanical
linkage to the piston rod of a linear actuator 105 whose
piston is moveable under the control of conduits 106 and
107 by which it is connected to the controller 101. " In
a similar manner the duct 47 leading to the burner 24
is provided-with a pivoted- damper 108 which is con-
nected through a linkage mechanism to the piston rod
of a linear actuator 109 which is connected to the con-
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troller 101 by means of conduits 111 and 112. This-
superheated steam header 64 has inserted therein a tem--

perature indicating device 113 of the usual type which

is connected through a-line ‘114 to the controller 101..

A temperature measuring device 115 resides in the re-

heated steam header 74 and is connected by a line 116-

to- the controller 101. The controller 101 is of the

usual type used in temperature control applications, and’

is provided with apparatus which is well known in the
art for converting electrical signals in the lines 114 and
116 into hydraulic flow through the lines 106, 107, 98,
99, 111, and 112, 102 and 103, leading to the hydraulic
linear actuators associated with the apparatus; since the
controller is not part of the present invention in its de-
tailed form,-it is not felt that a specific description there-
of is necessary adequately to describe the present inven-
tion. *--- - :

The operation of the apparatus of the invention will
now be readily understood in view of the above descrip-
tion. Fuel arrives at the feeders 52 and is mixed with a
small amount of primary air coming from the duct 49 and
eriters the pulverizer 51 where it is comminuted. The
pulverized fuel passes through the conduit 53 to the
fuel guns 78 and 87 of the burners 22 and 24, respectively.
The pulverized fuel is projected into the combustion
clamber 18 in the general direction of the slag basin 19.

The lines of action of the fuel flow intersect at an imag-
inary point in the central part of the furnace a small dis-
tance above the basin 19. Air enters the unit through
the forced draft fan 45 and after being preheated in the
air heater 42 passes through the duct 46 into the separate
ducts 48 and 47 leading to the burners 22 and 24, respec-
tively. The air enters the burner housings and flows past
the pivoted vanes into the furnace. Some of the air is
controlled by the lower vanes 86 and 88 and this air
blends with the fuel coming from the fuel guns forming
a mass of turbulent fuel and air in the portion.of the
combustion chamber which underlies the noses 21 and
23. Ignition is maintained by the gas gun 79 whose igni-
tion in turn is insured by the continuous spark ignitor 77.
The air which passes over the vanes 85 and 91 also joins
the mass of turbulent fuel and air in the lower part of
the furnace overlying the slag basin 19 and takes part in
the combustion process. It is the nature of this particu-
lar design of furnace that combustion takes place almost
completely below the horizontal line defined by the inner-
most points on the noses 21 and 23. Gases pass from
this lower portion of the furnace up through the com-
bustion .chamber 18 and leave the chamber through the
restricted passage 33 and the upper pass 34, passing over
the superheater 63,.the convection reheater 73, and the
convection superbeater 74. While the gases pass up-
wardly through the combustion chamber 18, the radiant
superheater 57 and the radiant reheater 69 receive heat
by radiation. The gases then pass downwardly through
the back pass 37 over the convection superheater 61 and
upwardly through the back pass 38. They then pass
through the duct 39, the dust collector 41, the duct 40,
the air heater 42, the induced draft fan 43 and the
breeching 44. .

. - Feedwater enters the boiler 13 in the lower part of
the steam-and-water drum 25 and passes therefrom down-

wardly through the downcomer tubes 26 to the drum 27.
Some of the water arriving there passes downwardly
through the downcomer tubes 28 to the header 29 and
then flows upwardly through the waterwall tubes 31 where
it is converted to steam, which steam passes into the
steam-and-water drum 35 and is purified. Purified steam
passes out of the drum through the pipe 54 into the header
55, passes through- the radiant superheater 57 into the

‘header 56 and then goes upwardly through the tube 58 to

the convection superheater 61. “The steam then passes
through the convection superheater 62 in the upper pass

34 and. from theré through:the superheater platen 63 to

N
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(the superhieated steam header 64. At.that point the steam
temperature. is measured by the device 113 and the steam
passes. through the pipe.- 65 to the turbine. . After expan-
sion through the high-pressure .section of the turbine,

the steam s returned through the pipe 66 to the header .

67 and from there through the radiant reheater 69 to the
header:68. - Reheat steam then passes through the pipe
71 to the input header 72. From there the reheat steam
passes through:the convection reheater 73 to the reheated
steam header 74 where its:temperature is measured -by
the device 115. After that the steam passes through
the pipe 75-to the turbine.

Referring now to Figure 6, the condition 'is shown
wherein.the vanes 85 and 91 are directed toward one an-
other and the setting of the dampers 104 and 108 are the

-same so that the quantity of fuel is evenly divided between
‘the burner 22 and the burner 24. The air flowing through

the vanes 86 and 88 picks up a quantity of fuel from the

-fuel gun and generates a pair of flames which strike-one
-another and spread downwardly along the surface of the
-slag-bottom 19. The ‘air flowing through  the -vanes 85

and 91 also causes a centralizing of the.combustion proc-

-ess and a centralizing of ‘the gases flowing -upwardly
.through-the furnace. Actually, with the air flow through
.the vanes 85 and: 91 evenly matched in quantity and in

direction, the velocity of flow of gases between’the noses

"21 and 23 and -upwardly through the rest of the furnace

is fairly evenly distributed from the front wall.15 to the

-rearward wall’ 16. - The result is a rather long residence
stimeof the igas on an average in the furnace and a con-
;siderable -absorption of heat by the waterwall -tubes 31.

The result is that the gas passing over the-convection-su-
perheater-and the convection reheater is at a relatively low
:Furthermore, with-the :gas flow distributed

nace, the amount of radiation:absorbed by the radiant
reheater- 69  and the radiant.superheater 57 is small, even
-though the -residence time in- the -combustion chamber is
-fairly long. This is true because no-great concentration

:of gases is closely adjacent either of these radiant .ele-
-ments-and because the radiation-.absorbedis, of course,
-inversely .proportional to the square-of the distance.
*When, however, the vanes 85 are raised-and the vanes 91

are lowered, the situation portrayed in Figure 7 results.

LAssuming that the dampers 104 and 108 permit- equal
‘flow of air to the burners 22 and 24, the air-flowing from
.the vanes 85 will force the air fromthe vanes .91 -down-
~-wardly-and the pattern shown in the illustration- will take

place. ‘The result would be that the flow of gas-will be

-compressed toward the rearward wall 16 and the average
velocity of ‘the gas particles in the. furnace will- be in-

creased, thus:resulting in a shorter residence time in- the
“furnace and a higher temperature of gases leaving the fur-
nace and passing over the convection superheater and re-

“-heater. - Since the mass flow of particles-takes place closer -

to the radiant reheater 69.-and further -away -from -the

-radiant ‘superheater 57, it - would be “expected -that -the

radiant ‘superheat would be low whereas:the temperature

«dueto passage of steam through the radiant reheater 69
would be high compared to that found when the situation
~is ‘that -which "is portrayed in Figure 6. - However, the
:short residence time of the gases in the furnace will cause
:the temperature of reheat and superheat resulting from
- the convection sections to: be higher, so’ the net result
will be high superheat and high reheat.

It -should be
noted -that in! this situation the air passing through the
vanes 86 and 88 remains approximately.the:same, and-is

mot . appreciably disturbed by the adjustment of the vanes

85 and-91 so-that slag ‘on the slab ‘bottom 19 remains

molten-and in a pool, as is-desired. . The situation in Fig-':*
wure' 7-could be obtained in-a lesser degree, of course, by- .+
 Taiging: the vanes 85 and keeping the vanes 91 fixed where

“they- were before; for instance, in a horizontal position:

The etfect on: superheat and reheat would, of course, be
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smaller. - Another adjustment .which-ay besmade-is that
shown.in Figure-8 ‘wherein.the vares-91-are. raised and
the wvarnes 85 are lowered so that the flow of gases is-com-
press d toward the forward wall 15. Here again, the
average: veloclty of ‘the .particles of gas is substantlally
mcreased so-that the residence time in-the furnace is less
and- the  temperature .of . gases leaving -the furnace is
,greater _thus resulting in an increase of reheat-and super-
heat.in the-convection sections thereof . which-is greater
than that found with the situation. _portrayed in Figure 6.
However, in this. case, the radiant.superheater .57 will.re-
ceive a: greater amount of radiation whereas the reheater
69 will receive.less, . The result will be that radiant reheat
will be lowered below that-encountered in the situation
in Figure ‘6, whereas.the radiant. superheat will be raised
over the Figure 6 situation. The-overall. superheat and
reheat will,-of course, be high but the superheat will be
higher than that.encountered i in- Plgure 7 since-the radiant
superheater 57 has received more. radiant.heat- than -in
that case. However, the. overall reheat will be lower than

that encountered -in .the. situation .in’ ' Figure 7 since the

radiant reheater 69-has received less than in that situation.

‘The. operatlon shown in Figure 8 could, of.course, be

obtained by leaving the vanes 85. fixed; say ina .horizontal
position, and merely raising the vanes 91 to- dommate the

situation.

‘It can be. seen, then, that.by the tilting: of the vanes.in

.the manner indicated it is- possrble to-force the mass flow
-of gases -from .a. position in.the center. of the furnace to

positions -either near- the- rearward wall: or near the. front
wall. This.same. effect. may be. accomplished: by use of

.the dampers-104.and 168. When. the. dampers have equal
-settings :so that the flow .of air to.the burners 22 and 24
-is-equal, the mass flow of .gas will be more or less equally

distributed between. the front and rear walls and. the aver-
age velocity of ‘gas flow will be.low, thus giving a'long
residence time and.a low convection superheat.. The radi-
ation to the radiant-superheater aud reheater will be at an

-average:value. When the-damper 164 is opened and the

damper-168.is closed to-cause-a greater flow of air to the
burner 22 than to:the burner 24, the burner 22 will domi-
nate the sitvation:and force the mass.flow of gases to-
ward one of the walls of the furnace, so that the situation
porirayed -in either Figure 7 or Figure 8 takes place.
When .the. damper 108 is opened and the damper 104 is

-closed -so the air flowing through the burner 24 is ‘much -
“greater - than .that flowing - through the burner 22, the
" burner 24 -dominates and the position .of the mass flow

relative- to -the -walls is reversed from the situation de-

-scribed just-above.. The result then-is that.the residence

time of the gases in the-furnace-is very short.and the
temperature - passing :over - the - convection superheater
and reheater is very high;-the radiation to the radiant
superheater:57 is.greater- or lesser than that to-the radiant
reheater 69 depending, of course, on . which of the condi-
tions' shown in  Figures 7 and 8 prevails.

It -will be understood that the action ‘of -moving the
mass flow of gases back and forth in the furnace to in-
crease and decrease the residence: time and to bring the
mass flow in proximity or-lack-of proximity to certain
radiant elements is possible either by changing the angu-~
larity of air flow by means of the vanes-85 and 91 or-by

- changing  the amount of air distribution ‘to the two

burners. -Since in a furnace of the type shown the tem-
perature.in the lower part of the furnace below: the noses
21 and 23 is extremely high and combustion:takes place
by-a turbulent’ intermixing -of fuel-and air, ‘there -is.no
danger of lack ‘of ignition -due to the decrease of air:to
one burner and the increase to the other burner, as:might

.be true in .some ‘furnace designs. It will ‘be-understood

that-the control may ‘take place:either:by :movement - of

‘the dampers 104 and 108 or: by movement of:the vanes
85 and 91-or by use of both. _ Signals of -output radiant

reheat arrive ‘at the controller 101 through the lines 114
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and 116, and these signals are translated by the controller
into flow of oil through -the lines leading -to the linear
actuators. If,” for instance, both reheat. and superheat
are too low, the controller may permit oil to flow through
the lines to the linear actuators to move the pistons in
the cylinders so ‘that the vanes 85 are raised and the
damper-84 opened, while the vanes 91 are lowered and the
damper 108 is moved to a more closed position. ~This
will result in a greater overall superheat and reheat, but
the emphasis is on increase in reheat because the mass
flow will take place closer to the radiant reheater 69. If,

however, one wishes fo increase superheat more than one -

wishes to increase reheat, although at the same time both

must be raised somewhat, the opposite action will take

place; the controller will signal for the closing of the
damper 104 and the lowering of the vanes 85 at the same
time causing the linear actuators to raise the vanes 91
and open the damper 108 so that the situation shown in
Figure 8 comes about.

It can be seen from an examination of the specification
that in every condition of the furnace the slag pool in the
bottom 19 is operated upon in exactly the same way so
that the pool condition remains the same, irrespective of
the operation of the gases in the upper part of the fur-
nace and boiler.

1t is obvious that minor changes may be made in the
form and construction of the invention without departing
from the material spirit thereof. It is not, however, de-
sired to confine the invention to the exact form herein
shown and described, but it is desired to include all such
as properly come within the scope of claims.

The invention having been thus described, what is
claimed as new and desired to secure by Letters Patent is:

1. Apparatus for the control of superheat comprising
an clongated furnace; a nose extending from the rear wall
of the furnace partly across the furnace adjacent one end,
a pass leaving the said one end of the furnace, a convec-
tion superheater located in the said pass, a radiant super-
heater residing in a wall of the furnace, a pair of opposed
burners located at the other end of the furnace in the
front and rear wall, each burner having means for pro-
jecting .fuel therethrough in a fixed direction, means for
controlling the total air flow through the burners, and
means operative when the temperature of -superheat
changes from a predetermined value to cause a change in
air flow through the burners, so that the position of the
line of greatest mass flow is moved toward one burner and
closer to the radiant superheater and the temperature of

- superheat is returned to the said predetermined value.

2. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving one end of the
furnace in the rear wall, a convection superheater located
in the said pass, a radiant superheater located in the upper
part of the furnace closely adjacent a wall of the furnace,

"a pair of opposed burners located at the other end of the
furnace in the front and rear walls, each burner having
means for projecting fuel therethrough in a fixed direction,
a slag bottom located adjacent the burners and located so
that combustion takes place adjacent thereto, a nose ex-
tending from the rear wall partly across the furnace and
located between the burners and the said pass, means for

" controlling substantially the entire air flow through the
burners, and means operative ‘when the temperature of
superheat changes from a predetermined-value to cause a
change in air flow through the burners, so that the position
of the line of greatest mass flow is moved toward one
burner and the temperature of superheat is returned to the
said predetermmed value, but the condltlon of the slag
bottom remains unchanged.

3. Apparatus for the control of superheat comprising

- an elongated -furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in
the said pass, a radiant superheater located in the upper
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- part of the furnace closely adjacent a wall of-the furnace. .-

a pair of opposed burners located at the other end of the”

furnace in the front and rear walls, each burner having a
means for projecting fuel therethrough in a fixed direction,
a nose extending partly across the furnace at the rear wall
in a-position located between the burners and the pass,
each burner having a set of vanes for controlling the di-
rection of air flow, said vanes being pivoted for move-
ment about an axis transverse to the length of the furnace,
and means operative when the temperature of superheat
changes from a predetermined value to cause at least one
set of vanes to move to a position such that its angularity
relative to the axis of its burner is different from the
angularity of the position occupied by the other burner,
so that the position of the line of greatest mass flow is
moved toward one burner and the temperature of super-
eat is returned to the said predetermined value.

4. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in the
said pass, a radiant superheater residing in a wall of the
furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having a means for projecting the fuel therethrough in a
fixed direction, a nose extending partly across the furnace
at the rear wall in a position located between the burners
and the pass, each burner having a set of vanes for con-
trolling the direction of air flow, said vanes being pivoted
for movement about an axis transverse to the length of
the furnace, and means operative when the temperature
of superheat changes from a predetermined value to cause
at least one set of vanes to move to a position such that

-its angularity relative to the axis of its burner is different
“from the angularity of the position occupied by the vanes

of the other burner, so that the position of the line of
greatest mass flow is moved toward one burner and closer
to the radiant superheater and the temperature of super-
heat is returned to the said predetermined value.

- 5. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in
the said pass, a radiant superheater residing in a wall of
the furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at the
rear wall in a position located between the burners and
the pass, a slag bottom located adjacent the burners and

“located so that combustion takes place adjacent thereto,

each burner having a set of vanes for controlling the direc-
tion of air flow, said vanes being pivcted for movement

“about an axis transverse to the length of the furnace, and

means operative. when the temperature of superheat

-changes from a predetermined value to cause at least one

set of vanes to move to a position such that its angularity
relative to the axis of its burner is different from the
angularity of the position occupied by the vanes of the
other burner, so that the position.of the line of greatest

“mass flow is moved toward one burner and closer to the

radiant superheater and the temperature of superheat is
returned to the said predetermined value, but the condition
of the slag bottom remains unchanged.

6. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in the
said pass, a radiant superheater residing in a wall of the
furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having means for projecting fuel therethrough in a fixed
direction, a nose extendmg partly across the furnace at
the rear wall in a position located between the burners
and the pass, a slag bottom located adjacent the burners

~and located so that combustion takes place adjacent

thereto, each burner having a set of vanes for controlling
the direction of air ﬁow, said vanes- being pivoted for

.‘movement about an axis transverse to the length of the
75

furnace, and means operative when the temperature of
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superheat changes from a predetermined value to cause
at least one set of vanes to move to a position such that
its angularity relative to the axis of its burner is different
from the angularity of the position occupied by the vanes
of the other burner, so that the position of the line of
greatest mass flow is moved toward one burner and closer
to the radiant superheater, the average residence time in
the furnace is decreased, the temperature of gases entering
the pass is increased, and the temperature of superheat is
returned fo the said predetermined wvalue, but the condi-
tion of the slag bottom remains unchanged.

7. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in the
said pass, a radiant superheater residing in a wall of the
furnace, a pair of opposed burners located at the other end
of the furnace in the front and rear walls, each burner
having a means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at the
rear wall in a position located between the burners and
the pass, each burner having a means for controlling sub-
stantially the entire amount of air flowing therethrough
and damper means operative when the temperature of
superheat changes from a predetermined value to cause
the damper associated with one burner to move to in-
crease the flow of air therethrough, so that the position
of the line of greatest mass flow is moved toward the said
one burner and the temperature of superheat is returned
to the said predetermined value.

8. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in
the said pass, a radiant superheater residing in a wall of
the furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having a means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at
the rear wall in a position located between the burners
and the pass, each burner having a means for controlling
substantially the entire amount of air flowing therethrough
and damper means operative when the temperature of
superheat changes from a predetermined value to. cause
the damper associated with one burner to move to increase
the flow of air therethrough and the damper associated
with the other burner to move to decrease the flow of air
therethrough, so that the position of the line of greatest
mass flow is moved toward the said one burner and the
temperature of superheat is returned to the said prede-
termined value, but the condition of the slag bottom re-
mains unchanged.

9. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in
the said pass, a radiant superheater residing in a wall of
the furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having a means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at
the rear wall in a position located between the burners and
the pass, each burner having a damper for controlling
substantially the entire amount of air flowing therethrough,
and control means operative when the temperature of
superheat changes from a predetermined value to cause
the damper associated with one burner to move to in-
crease the flow-of air therethrough and the damper asso-
ciated with the other burner to move to decrease the flow
of air therethrough, so that the position of the line of

10

15

20

25

30

35

40

45

50

66

60

65

greatest mass flow is moved toward the said one burner

and closer to the radiant superheater and the temper-
ature of superheat is returned to the said predetermined
value, but the condition of the slag bottom remains un-
changed.

10. Apparatus. for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in

70
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the said pass, a radiant superheater residing in a wall of
the furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having a means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at the
rear wall in a position located between the burners and
the pass, a slag bottom located adjacent the burners and
located so that combustion takes place adjacent thereto,
each burper having a damper for controlling substantially
the entire amount of air flowing therethrough, and control
means operative when the degree of temperature of super-
heat changes from a predetermined value to cause the
damper associated with one burner to move to increase
the flow of air therethrough and the damper associated
with the other burner to move to decrease the flow of air
therethrough, so that the position of the line of greatest
mass flow is moved toward the said one burner and closer
to the radiant superheater and the temperature of super-
heat is returned to the said predetermined value, but the
condition of the slag bottom remains unchanged.

11. Apparatus for the control of superheat comprising
an elongated furnace, a pass leaving the rear wall at one
end of the furnace, a convection superheater located in
the said pass, a radiant superheater residing in a wall of
the furnace, a pair of opposed burners located at the other
end of the furnace in the front and rear walls, each burner
having a means for projecting fuel therethrough in a fixed
direction, a nose extending partly across the furnace at
the rear wall in a position located between the burners
and the pass, a slag bottom located adjacent the burners
and located so that combustion takes place adjacent
thereto, each burner having a damper for controlling
substantially the entire amount of air flowing there-
through, and control means operative when the temper-
ature of superheat changes from a predetermined value
to cause the damper associated with one burner to move
to increase the flow of air therethrough and the damper
associated with the other burner to move to decrease the
flow of air therethrough, so that the position of the line
of greatest mass flow is moved toward the said one burner
and closer to the radiant superheater, the average resi-
dence time in the furnace is decreased, the temperature
of the gases entering the pass is increased, and the tem-
perature of superheat is returned to the said predeter-
mined value, but the condition of the slag bottom remains
unchanged.

12. Apparatus for the control of superheat, comprising
an elongated furnace having front, rear, and side walls
and having two opposed abutments extending entirely
across the front and read walls adjacent the lower end of
the furnace, a pass leaving the upper end of the furnace,
a convection superheater located in the said pass, a radiant
superheater located in the upper part of the furnace
closely adjacent a wall of the furnace, a pair of opposed
burners located on the downwardly-facing surfaces of the
abutments, each burner having a means for projecting
fuel therethrough in a fixed direction, each burner having
a means for controlling the total amount of air flowing
therethrough and damper means operative when the tem-
perature of superheat changes from a predetermined value
to cause the damper associated with one burner to move
to increase the flow of air therethrough and the damper
associated with the other burner to move to decrease the
flow of air therethrough, so that the position of the line
of greatest mass flow is moved toward the said one burner
and the temperature of superheat is returned to the said
predetermined value.
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