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This invention relates to the generation and 
Superheating of vapor by burning Combustible 
gas, and more particularly to an apparatus 
whereby the temperature of Superheated vapor 
may be accurately controlled despite wide varia 
tions in the rate of Vapor generation. 
When steam is to be used for power purposes, it 

is the common practice to employ a steam boiler 
and an associated Steam Superheater, these parts 
being constructed and arranged to utilize the 
heat derived from the combustion of fuel. In 
many such installations the Superheater receives 
all or a very Substantial part of its heat by coin 
vection from the combustion gases after they 
have left the furnace, the furnace itself usually 
having Water Cooled Walls to absorb radiant heat. 
When a steam generating unit of this type is in 
operation, it is found that the temperature of 
the steam leaving the Superheater Will Vary With 
changes in the steam output. This is undesir 
able, and many attempts have been made to 
maintain a Substantially constant steam ten 
perature, but the prior arrangements have been 
Subject to various disadvantages. In Some cases 
dampers are required to control the flow of hot 
gases, but it is difficult to provide dampers which 
Will close tightly when necessary and which will 
Withstand the Severe operating Conditions. In 
jection of Water into the Steam is a known prac 
tice, but unless the Water is distilled it Will con 
taminate the steam. DeSuperheaters of the in 
direct contact type are expensive and often re 
quire complicated piping. 

It is accordingly one object of the invention 
to provide a comparatively simple, inexpensive, 
and dependable apparatus for generating and 
Superheating vapor to a predetermined tempera 
ture by burning combustible gas. 

It is a further object of the invention to pro 
wide a novel apparatus for controlling the tem 
perature of superheated vapor, such as to avoid 
the disadvantages of the prior art. 
With these and other objects in view, as will 

be apparent to those skilled in the art, the in 
vention resides in the combination of parts set 
forth in the specification and covered by the 
claims appended hereto. 

Referring to the drawings illustrating One emi 
bodiment of the invention, and in which like ref 
erence numerals indicate like parts, 

Fig. 1 is a vertical Section through a gas burner 
and a portion of an associated furnace wall; and 

Fig. 2 is a vertical longitudinal section through 
a steam generating and Superheating unit, with 
the burner of Fig. 1 mounted in operative posi 
tion thereon. 
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The embodiment illustrated comprises a fur 

nace or combustion chamber 0 having a front 
Wall , a rear Wall 2, and two opposed side 
Walls 4 (one only being shown). A horizontal 
Water drum 5 is located adjacent the top of the 
rear Wall 2, and a Small horizontal water drum 
or header f6 is located adjacent the top of the 
front wall . A horizontal steam-and-water 
drum 8 is mounted above the rear water drum 
f5 and is connected thereto by a bank of upright 
Water tubes S. Two rows of water tubes 20 ex 
tend upwardly from the front portion of the 
Water drum 5 and then forwardly to the drum 
6. A row of water tubes 22 leads upwardly and 

rear Wardly from the drum 6 to the drum 8 and 
Serves to Support a roof 23. A Superheater 24 
is mounted above the water tubes 20 and beneath 
the roof 23, the rear ends of the superheater tubes 
being connected to the drum 8 to receive steam 
therefrom, and their front ends being connected 
to a steam outlet header 25. A baffle 27 extends 
upWardly from the drum 5 behind the upright 
portions of the water tubes 29, and a baffle 28 
extends downwardly from the drun f 8 behind 
the two front rows of water tubes 9. A Wall 30 
is located behind the rearmost row of Water tubes 
f9. A soot hopper 3 is provided between the 
bottom of the wall 30 and the water drum 5, and 
a gas outlet duct 32 is provided at the top of the 
Wall 30, this duct having a damper 33 therein. 
Rows of water wall tubes 35 and 36 are associated 
With the front and rear walls and 2 respec 
tively, and a row of water wall tubes 37 is as 
SOciated With each of the side walls 4. As so 
far described the steam generating and super 
heating apparatus is of a well-known construc 
tion. 
In order to obtain the heat necessary for op 

eration of the apparatus, combustible gas and 
air are introduced into the furnace as two ele 
ments for combustion to mix with one another, 
thereby producing a flame and hot gaseous prod 
lucts of Combustion. Steam is generated in the 
Various Water tubes, particularly in the tubes 
which are in position to receive and absorb heat 
radiated by the flame, and this lowers the tem 
perature of the combustion gases. The steam 
travels through the superheater 24, which is in 
a position to receive heat from the hot gases 
mainly by convection. 
For the purpose of controlling the temperature 

of the Superheated steam, we vary the luminosity 
of the flame and thereby vary the rate at which 
heat is radiated therefrom to the surrounding 
Water tubes. In this manner we are able to alter 
the temperature of the gases reaching the Super 
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heater and thus obtain control of the Superheated 
Steam temperature. In order to make possible 
the required variation in flame luminosity, We 
preferably direct portions of one of the combus 
tion elements in two separate paths. One of 
these paths is such as to bring about a compara 
tively slow mixing of the elements and a luminous 
flame. The other path is such as to bring about 
a comparatively rapid mixing of the elements 
and a non-luminous flame. The fame luminosity 
is controlled by varying the relative rates of fioW 
in the respective paths. 

Referring now particularly to Fig. 1, it will be 
Seen that the front Wall of the furnace is pro 
vided with an opening 40 for the admission of 
the fuel and air. In front of this opening there 
is mounted a burner box 4f forming a plenum 
chamber to which air is supplied under pressure 
from a suitable source through a duct 42 equipped 
with the usual dampers 63. Air flows rear Wardly 
from the box 4 through an opening 45 in the 
rear Wall thereof and thence through the fur 
nace wall opening 4. This air stream is prefer 
ably caused to spin about the axis of the open 
ing 40, in known manner, by means of angularly 
positioned Vanes or louvers 6 located within the 
box 4f: A fuel nozzle 48 is axially aligned with 
the fullnace wall opening 40 in position to dis 
charge a comparatively large jet of combustible 
gas rearwardly therethrough. This gas will nix 
with the surrounding air rather slowly, producing 
a highly luminous flame within the furnace. A 
Conical baffle 49 may be mounted on the rear end 
of the nozzle to deflect the aii Steam away from 
the fuel jet and thus still furtheir delay the nix 
ing. If desired, a few Small openings 53 may be 
provided through this baffle. Between the builin 
er box 4 and the wall , and surrounding the 
Wall opening 40, there is mounted a gas ring 52 
in the form of a hollow torus having a series of 
orifices 53 from which comparatively small jets 
of combustible gas are directed inwardly toward 
the axis of the ring and at a slight angie rear 
Wardly toward the furnace. Since these gas jets 
travel inwardly across the air stream which foWs 
through the opening 49, the gas and air will mix 
very rapidly, producing a Substantially non 
luminous flame within the furnace. 
By controlling the relative proportions of fuel 

gas delivered to the central nozzle i8 and to the 
ring 52 we are able to vary the luminosity of the 
flame and thereby control the temperature of the 
Superheated Steam. Warious forms of apparatus 
may be employed for this purpose. In the par 
ticular enbodiment illustrating there is provided 
a three-way valve 55 having a valve member 58 
Controlled by an operating level 57. This valve 
has an inlet 59 which is supplied with fuel gas by 
a pipe 60, an outlet 62 which is connected to the 
gas ring 52 by a pipe 63, and an outlet 65 which 
is connected to the central nozzle A8 by a pipe 66. 
In Order to provide automatic control for the 
valve 56 there is shown a power relay 8 of a 
Suitable and well-known type having an alm 69 
connected to the valve lever 5' by a link it. A 
temperature responsive bulb 2 is mounted within 
the Superheater outlet header 25 and connected 
to the relay 68.by a small tube 3. This bulb may 
be of a known type containing a volatile liquid. 
which will vary the fluid pressure at the relay 
68 if any variation occurs in the steam tempera 
ture. 
The operation of the invention will now be ap 

parent from the above disclosure. A suitable 
combustible gas, such as natural gas, will be de 
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4. 
livered through the pipe 60 to the three-Way 
valve 55 at a rate required by the current de 
mand for steam. Some of this gaS will flow 
through the pipe 63 to the gas ring 52 and be dis 
charged from the orifices. 53. The remainder of 
the gas will fiow through the pipe 66 and be dis 
charged from the nozzle 48. Air from the duct 
42 will flow past the dampers i3 and the louvel's 
36 to the opening 45 and thence through the Wall 
opening i9, mixing with the gas to produce a 
flame and hot gaseous products of combustion 
in the furnace it. These hot gases will travel 
lip;y&rdy past the tubes 28 into contact with the 
superheater 24, downwardly behind the bafile 27, 
and upwardly behind the baffle 28 to the Outlet 
duct 32. Steam will be generated in the various 
heat-exposed Water tubes and released in the 
drum 8, whence it will travel through the Super 
heater 24 to the header 25. If the temperature 
of the steam in this header increases above a 
desired vaiue, the bulb f2 will increase the fluid 
pressure transmitted through the tube 73 to the 
relay 58, whicil will respond by lowering the arm. 
69 and the valve lever 57. This will turn the 
valve member SG in a counter-clockwise direc 
tion to cause a greater proportion of the fuel gaS 
to flow through the central nozzle 38, thereby 
increasing the luminosity of the fiane. This 
wili increase the radiation of heat from the flame 
to the watei' tubes Surrounding the furnace and 
thus reduce the temperature of the hot gases 
reaching the Superheater, So that less heat Will 
be transinitted by convection to the steam and its 
temperature will be lowered. Similarly, if the 
Steai teigerature drops appreciably below the 
desired value, the buib i2 will decrease the fluid 
preSSure transmitted through the tube 3 to the 
relay 8. Consequently the relay arm 69 will 
move upwardly, lifting the valve lever 52 and 
turning the Valve meniber 3S in a clockwise di 
rection. This will increase the proportion of the 
fuel gas fiowing through the gas ring 52, and de 
crease the luminoSity of the flame. Hence less 
heat Will be radiated from the flane to the Sul 
I'Ouilding Water tubes, the temperature of the 
hot gaseS reaching the superheater will be in 
Creased, more heat Will be transmitted by con 
vection to the Steam, and the temperature of the 
Steam will be raised. In this manner, the steam 
temperature may be accurately controlled. 

it Will be recognized that the invention pro 
Vides a highly advantageous apparatus for con 
trolling the temperature of Superheated vapor in 
Vapoi generatorS filed by gas. The apparatus is 
Comparatively Simple and inexpensive. If de 
Sired, the relay G8 may be omitted, and the valve 
lever 3i may then be controllied manually. Any 
movement of this lever, whether produced auto 
inatically or manually, will effect a very prompt 
adjustment of the vapor temperature. 

Having thus described our invention, what we 
claim as new and desire to secure by Letters 
Patent is: 

1. Apparatus for generating and superheating 
vapor Complising Walls forming a furnace, a 
burner to introduce a combustible gas and air 
as tWC elements of combustion into the furnace 
to produce a flame and gaseous products of com 
buston, the burner providing two separate con 
duits for portions of one of said elements, one 
conduit being Such that the portion of the ele 
ment discharged therefrom will mix rather slowly 
with the other element to produce a compara 
tively luminous flame and the other conduit be 
ing Such that the portion of the element dis 
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charged therefrom will mix rather rapidly with 
the other element to produce a comparatively 
non-luminous flame, means to control the rela 
tive rates of flow in the two conduits and the 
resultant flame luminosity, vapor generating ele 
ments in position to absorb heat radiated by the 
flame, and a vapor superheater in position out 
of the presence of the vapor generating ele 
ments to receive heat mainly by convection from 
the said gaseous products. 

2. Apparatus for generating and Superheating 
vapor comprising walls forming a furnace, a 
burner to introduce a combustible gaS and air 
into the furnace to produce a flame and gaseous 
products of combustion, the burner providing 
two separate conduits for portions of the gas, 
one conduit being such that the portion of the 
gas discharged therefrom will mix rather slowly 
with the air to produce a comparatively luminous 
flame and the other conduit being such that the 
portion of the gas discharged therefrom will mix 
rather rapidly with the air to produce a Com 
paratively non-luminous flame, means to control 
the relative rates of gas flow in the two conduits 
and the resultant flame luminosity, vapor gen 
erating elements in position to absorb heat radi 
ated by the flame, and a vapor Superheater in 
position out of the presence of the Superheater 
to receive heat mainly by convection from the 
said gaseous products. 

3. Apparatus as set forth in claim 2, in which 
a three-way valve is provided to control the rel 
ative rates of gas flow in the said two conduits. 

4. Apparatus as set forth in claim 3, in which 
means is provided to control the three-way valve 
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automatically in response to variations in the 
temperature of the vapor leaving the superheater 
to cause more gas to flow through the Said. One 
conduit when it is desired to lower the super 
heat. 

5. Apparatus for generating and Superheating 
vapor comprising walls forming a furnace, a 
burner to introduce combustible gas and air into 
the furnace to produce a flame and gaseous prod 
ucts of combustion, the burner including a noz 
zle arranged to discharge a large jet of gas free 
from air and a hollow gas ring Surrounding 
said nozzle having a series of orifices arranged 
to discharge small jets of gas free from air 
transversely of the gas from said nozzle into an 
air stream flowing through the gas ring, means 
to direct gas in controlled relative proportions 
to the central nozzle and to the gas ring, vapor 
generating elements in position to absorb heat 
radiated by the flame, and a vapor superheater 
in position out of the presence of the vapor gen 
erating elements to receive heat mainly by con 
vection from the said gaseous products. 
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