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more particularly to vapor generators of the type
having a combustion chamber or furnace fired
With pulverized fuel, the fuel being burned in
Suspension.
In Such apparatus it is a common practice to
provide a pulverizer to prepare the fuel, which
is conveyed to the furnace by a current of so
called 'pirimary' air. Additional or so-called

5. Water tubes 6 extend rearwardly from

the front drum 5 to the steam-and-water drum

0, these tubes serving to support the roof

of the boiler setting. A furnace or combustion
chamber 9 is located in front of the lower drum

"secondary” air is supplied to the furnace at the

O

stream, and to use this air stream to supply bot

15

rate required to complete the combustion of the
fuel. It is also customary to utilize the flue gases
which leave the heating surfaces of the vapor
generator to raise the temperature of an air

if, this furnace having a front wall 20 extending
upWardly to the front drum 5, a rear Wall 2
extending upwardly to the lower drum f, and
two side Walls 22 (one only being shown). Water
Wall tubes 24 are associated with the front wall

the primary air and the secondary air require
ments. The heated secondary air improves the
combustion conditions, and the heated primary
air is of great assistance in drying the fuel and
in facilitating the pulverization thereof.
In installations which burn fuels of unusually
high moisture content, the prior arrangements
are not entirely satisfactory. In such installa
tions it is desirable to heat the primary air to
considerably higher temperatures than the sec

2

right Water tubes 2 connecting the drums. A
row of water tubes 4 extends upwardly from
the front portion of the lower drum fi and then
forwardly to a Small transverse drun or header

This invention relates to vapor generators, and

20 and are connected at their upper ends to the

front drum 5. Water Wall tubes 25 are asso

ciated with the rear Wall 2, and the upper por

tions of these tubes are bent forwardly to con
20

nect With the front drum 5. A suitable pull
verizer 27 delivers pulverized fuel through a pipe
28 to a burner 29 mounted adjacent an opening
30 in the front Wall. 20.

The gaseous products of combustion from the
furnace 9 are guided in a proper course through
25 the boiler by means of suitable baffles. As shown,
a baffle 32 extends upwardly from the lower drum
Ondary air. Furthermore, in the case of Steam
f along the tubes 4 to direct the gases upwardly
generators Operating at comparatively low pres
between the front portions of the tubes 4 and
Sures the flue gases are relatively cool, and it
25, adjacent the front drum 5. A baffle 33 ex
may be desirable to heat the primary air to a
teinperature exceeding the normal temperature 30 tends downwardly from the steam-and-water
drum 9 along the front portion of the tube bank
of the flue gases. This is not possible with ap

2, so that the gases are directed downwardly

paratus as ordinarily constructed heretofore.

between the baffles 32 and 33 and into the lower
It is accordingly one object of the present in
portion of the tube bank. An upright baffle 34
Vention to provide a vapor generator fired with
pulverized fuel and particularly adapted for oper 35 is located directly behind the tube bank to co
operate with the baffle 33 in defining a passage
lation with high moisture fuel.
through which the gases may low upwardly in
It is a further object of the invention to pro
contact with the tubes 2 and thence into a pas
vide a steam generator fired with pulverized fuel
sage 35.
and capable of operating satisfactorily with high
moisture fuel even when generating steam at 40 Somewhat above and to the rear of the steam
and-water drum there is provided a primary
relatively low preSSures.
air heater comprising a casing 3, a front bank
With these and other objects in view, as will
of upright tubes 38 extending through the cas
be apparent to those skilled in the art, the inven
ing, and a rear bank of upright tubes 39 extend
tion resides in the combination of parts set forth
ing through the casing. The gas passage 35

in the specification and covered by the claims ap

4.5

pended hereto.
Referring to the drawings illustrating one emi
bodiment of the invention, and in which like ref

erence numerals indicate like parts, the single

figure is a vertical longitudinal section through
a steam generator arranged for pulverized fuel
firing.
The embodiment illustrated comprises a trans
verse steam-and-water drum O, a transverse

water drum

therebeneath, and a bank of up

50

55

leads directly to the lower ends of the front tubes

38. At the top of the casing 3 there is pro
vided a box A which Serves to direct the gases
from the upper elds of the front tubes 38 into
the upper ends of the rear tubes 39. After fow
ing downwardly through the rear tubes, the gases

enter a passage 42 behind the passage 35. The
casing 37 has an air inlet 44, an air outlet 45 and
two staggered horizontal baffles 6 to direct air in
three passes across the tubes 33 and 39. The out

3
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let 45 is connected by a duct 4 to the fuel pull
verizer 2. Beneath the primary air heater 35
there is provided a secondary air heater con

the casing 49, and this air will flow upwardly in
contact with the tubes 50 and thus be heated in

a desired manner. From the upper end of the
casing 49 a part of the heated air Will travel
through the duct 54 to the burner 29, under Con
trol of the damper 55, and enter the furnace as
Secondary air for combustion purposes. The re
mainder of the heated air Will flow past the

prising a casing 49 through which there extends
a bank of vertical tubes 58 with their upper ends
in communication with the passage 42 and their
lower ends in communication with a passage 5.
ihis passage 5 may lead to an induced draft fan
or stack (not shown). Air is delivered to the

damper 58 and through the duct 57 to the fan
lower end of the casing 49 by a forced draft fan () 59 and thence into the casing 37. This air Will

63, and the heated air may escape from the upper
end of the casing 49 to the burner 29 through. .
duct 54 provided With a damper 55. Heated air

may also escape from the upper end of the cas
ing 9 through a duct 57 provided with a damper
58 and ieading to a fail 59, the latter Serving to

travel around the baffles 46, making three passes

acroSS the tubes 38 and 39, and then through the

duct 47 to the pulverizer 27, where it will serve

as primary air to dry the fuel and convey the
5

discharge the air through the inlet iá of the pri

temperature. Of the mixed gases in the passage

rary air heater.
In Some installations, utilizing high moisture

35 may be varied as desired, and in this manner
the temperature of the primary air entering the
duct 47 may be controlled. If necessary, for ex

fuel, and particularly with steam generators op

erating at low preSSures, the flue gases which

ample when burning very wet fuels, the primary

have traveled upwardly in contact with the water
tubes 2 may be at a temperature lower than

that which is desirable for the primary air. In

Order that the primary air may be heated suffi

ciently, means is provided to by-pass a controlled
portion of the flue gases, out of contact with the
Water tubes. For this purpose the secondary
air heater casing 49 is spaced rearwardly from
the baffle 34 to provide a vertical passage 6 con
nected at its upper end with the passage 35.
Gases may enter the lower end of the passage

2s

i. A vapor generator comprising liquid-con
taining elements, a primary air heate, a Sec
ondary air heater, means to Supply air to the

lower edge of the baffle 34, which is spaced from
the Water drum . A hopper 62 is provided be
hind the drum to collect any fly-ash which
is discharged from the gases as they enter the
passage 6. Dampers 64 and 65 are provided in

secondary air heater to be heated thereby, means
to conduct part of the heated air from the sec
ondary air heater to the primary air heater to
be heated thereby, a passage through which hot
gases may flow in contact with the said liquid
containing elements and thus be appreciably re
duced in temperature, a by-pass for said passage
through which hot gases may flow and be dis
charged at a temperature appreciably exceeding

the lower portion of the passage 35 and located
respectively behind and in front of the baffle 34,
to control the proportionate flow of gases on op
posite sides of this baffle.
The Operation of the invention will now be ap

the temperature of the gases leaving the said
passage, means to control the relative rates of
gas flow in the paSSage and the by-pass, means
to conduct all the gases from both the passage

50

55

60

to Supply air to the secondary air heater to be

heated thereby, means to conduct part of the
heated air from the secondary air heater to the
primary air heater to be heated thereby, a pas
Sage through which hot gases may flow along
the tube bank in contact with the tubes and thus
be appreciably reduced in temperature, a by
paSS for the passage which hot gases may enter
by flowing directly across one end of the tube

Which flow upwardly in front of the baffle 34.

place of use.

and the by-pass directly to the primary air
heater, and means to conduct the gases from the
primary air heater to the secondary air heater.

2. A vapor generator comprising a bank of sub
stantially parallel liquid-containing tubes, a pri
mary air heater, a secondary air heater, means

gases will be considerably hotter than the gases

heat absorption from the gases, and this steam
Will be withdrawn from the upper drum O to a

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

portions of the water tubes 2 and beneath the

Consequently the dampers e4 and 65 provide a
means for varying the temperature of the mixed
gases in the passage 35. All of these mixed gases
fiOW upwardly through the tubes 38 to the box
4, thence downwardly through the tubes 39 to
the passage 42, and downwardly through the
tubes 50 to the passage 5f. Steam will be gen
erated in the various water tubes by reason of

air temperature can be made to exceed the tem
perature of the flue gases approaching the
damper 65. The primary air fan 59 renders it
unnecessary to maintain sufficient pressure in
the secondary air supply to overcome the resist
ance of the primary air heater. Thus the load
on the secondary air fan 53 may be appreciably
decreased.

Stj

6i by flowing rearwardly directly across the lower

parent from the above disclosure. Fuel and air
Will enter the furnace 9 through the opening
3), and combustion will take place, the gaseous
products of combustion flowing upwardly
across the front portions of the water tubes 4
and 25 and then rearwardly and downwardly be
tween the baffles 32 and 33 to the lower portion of
the Water tube bank 2. Here the gases will di
vide in accordance with the relative adjustments
of the dampers 64 and 65, a portion of the gases
flowing upwardly in contact with the tubes 2
between the baffles 33 and 34 to enter the passage
35, and the remainder flowing upwardly through
the by-pass 6 to enter the passage 35 and there
mix with the first portion. Since the gases in
the passage 6f have by-passed most of the heat
absorbing surface of the water tubes 2, these

same through the pipes 28 to the burner 29.
By adjustment of the dampers 64 and 65 the

65

70

bank without appreciable reduction in tempera
ture, means to control the relative rates of gas
flow in the passage and the by-pass, means to

conduct all the gases from both the passages
and the by-pass directly to the primary air
heater, and means to conduct the gases from
the primary air heater to the secondary air
heater.

3. A vapor generator comprising a bank of
upright liquid-containing tubes, a primary air

heater, a secondary air heater, means to supply

The fan 53 will supply air to the lower end of 5 air to the secondary air heater to be heated

5
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preciably reduced in temperature, a by-pass for
the passage which a portion of the hot gases may

thereby, means to conduct part of the heated air
from the secondary air heater to the primary
air heater to be heated thereby, means to de
liver hot gases to the tube bank adjacent one
end thereof, a passage through which a portion

enter by flowing directly across the lower end
of the tube bank Without appreciable reduction
in temperature, means to control the relative
rates of gas flow in the passage and the by-pass,
means to conduct all the gases from both the
paSSage and the by-pass directly to the primary
air heater, and means to conduct the gases from

Of the hot gases may flow along the tube bank

in contact with the tubes and thus be appreci
ably reduced in temperature, a by-pass for the
paSSage Which a portion of the hot gases may
enter by flowing directly across the said end of
the tube bank without appreciable reduction in
temperature, means to control the relative rates

of gas flow in the passage and the by-pass, means
to conduct all the gases from both the passage
and the by-pass directly to the primary air
heater, and means to conduct the gases from the
primary air heater to the secondary air heater.
4. A vapor generator comprising a bank of up
right liquid-containing tubes, a primary air
heater, a secondary air heater, means to supply

O

heater.
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the primary air heater to the secondary air
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