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[57] ABSTRACT

Waste incineration apparatus and method are pro-
vided having two serially connected combustion:
chambers for incineration of- solid, semi-solid and
liquid waste material, each of which comprises com-
bustible components. The combustion chambers are
relatively positioned so that heated gaseous fluids
produced by combustion of substantially only solid
and semi-solid waste introduced into the first chamber
are discharged into the second chamber for enhance-
ment of combustion of liquid waste introduced into
the second chamber. These gaseous fluids which are at
a relatively high temperature include those that enable
or support combustion of liquid waste and may also
include those that are combustible when combined
with additional combustion air with these gaseous
fluids intermixing with liquid waste entering - the
second chamber thereby enhancing the combustion
characteristics of the liquid waste. Preferably, com-
bustion in the first chamber is carried out in the
presence of a substantial amount of excess air result-
ing in complete combustion and preheating of the
remaining combustion air prior to its entry into the
second combustion chamber. ~Alternatively, com-
bustion in the first chamber is controlled by limiting
the amount of combustion air admitted to that neces-

-sary to effect burning of the solids or semi-solids but

not sufficient for combustion of the gaseous fluids
evolved as-a result of that combustion process thereby
forming a combustible gaseous fluid.

23 Claims, 7 Drawing Figures

37

> /\
Z8 27 2
{

53 Pos AN Y
< \l )\

=g

Y

W

G s\

. 2]3’ T\.— ,‘g 32
5

T e

v
i

s
9




PATENTEDHAR27 1973

7
7(2.2]
a7l

Tl
7

n7
#
78

3,722,433

SHEET 1 OF 4

a5

14
7

77a
‘—__\l -
(75 =7

. ~ Q o
o R
[\ E T
m
. e L
l”" RS N
==t o
i;ﬂ:l v g
8 0% 1
8 8§ 8§ o
N/
S % > X
E\‘jl — u—i )
A ] L] ]
I\
N @
[ﬂ:ﬁﬂé;ﬂ N N
J L - - \ \ -
A
) \
—~ Tl
. H?'_'Jt:_;},i.'i—?
K
o
¥
L IMNVENTOR
¥ S Ralph J. Aramer

By
Maboney, Miller & Stebens
B‘/W 8,%/‘%4/



PATENTEDMAR2 T 1073 3,722,433
| SHEET 2 OF 4

Fﬂg 2

I
:f) |
8 %
©
v
N
R 5 ;
o> F
‘\‘
23 N ) &
NV \ A
e g SER
o || g, ——————
88—
Lb
) ‘cgl §:\\
B R 8T
] G
| e
Ne] !
DN § &
S |19 ‘ |
R
& /
o © Oi )
-
‘t\\' m 2
_ INVENTOR

5, Falph J. Kramer
Mabthoney, Milkr & Stebens

Y b AE_Hlens



PATENTEDMAR2T 1373

53

38

55

SHEET 30F 4

3,722,433

.

.

‘~ 26

///
/f

R /\
22>

16y -5 V., B 162 3¢
14
166 =
% 20 g R
B
35 =

"
T T oo I

Fﬂg" 4

B el (
4,88 L Z
447 3 ‘88 - " e
- 1
766
T ¢
- 7
L 64\\
<
102 L
AR ISREA R R T T R B L L L R R TR R LAl 7 l

/NVENTOR
5 Ralph J. Hramer
y

Mahoney Mitler £ Stebens

“obt o M.



Mg5

PATENTEDMAR2T1973

SHEET 4 OF 4

FIT TS
VIS PITA

7 racs
WP

LI SUEC o v )
W]

¥
Y AT P4

=

R

60

Z

75/

881

3,722,433

44

LR % 2
e L T T I T T T

60’

S

Fﬂg 7

A
(8)
LN

- ,Z /
Lo AL AP IA
N

N\,
I
N
AR
N

116 7 45‘

/

AN

- 7 v >
E A AR AT LI III Al Ts |
<

78

N
7
/ N AR
N

g \)
.
N
<
|

...........

INVENTOR
Ralph J. Hrramer
By ‘

Matrony, Milfer & Stebens

2 odo - Hlone



3,722,433

-1

METHOD AND APPARATUS FOR WASTE
INCINERATION

BACKGROUND OF THE INVENTION

Heretofore, incineration-type waste disposal systems
and apparatus were designed for and capable only of
independently incinerating specific portions of the
respectively separated solids, semi-solids and liquids.

5

Each form of waste has its own particular combustion 10

characteristic which is variable within a specific range
and dependent on the characteristics of the combusti-
ble component or components included in the waste. In
view. of this difference in waste combustion charac-
teristics, it is a common practice to separate or
segregate waste types as to solids, semi-solids or liquids
and to then independently process each type waste by
respective incineration apparatus. that is specifically
designed for and capable of handling only a single type
waste. This prior practice has resulted-in relatively
uneconomic incineration apparatus and techniques
that favored other waste disposal systems that are less
desirable.

BRIEF DESCRIPTION OF THE INVENTION

The apparatus and method for waste incineration of
this invention enables incineration of both solids and
liquid wastes with economic feasibility. The apparatus

of this invention comprises two combustion chambers-

which are specifically designed for combustion of solid
waste and liquid waste, respectively, but are serially in-
tercoupled so that gaseous-fluid products of com-
bustion from incineration of solid waste in the one
combustion chamber along with heated excess com-
bustion air is introduced into the second combustion
chamber and intermixed with the liquid waste. The
heated combustion products and combustion air which
are at a relatively high temperature and, when inter-
mixed with the liquid waste, result in raising of the tem-
perature of the liquid waste and consequently im-
proved combustion.
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Alternatively, combustion of the solid waste may be -

controlled by limiting. the combustion atmosphere so
that gaseous fluids evolved or generated as products of
combustion retain a substantial combustible com-
ponent and combustion thereof is completed in the
second combustion chamber along with the liquid
waste. In addition to supplying combustible com-
ponents to aid and enable combustion of the liquid
waste, these combustible components are at a relatively
elevated temperature and further enhance incineration
through elevation of the temperature of liquid waste in-
termixed therewith for more complete combustion of
the liquid waste without necessity of adding support
fuel as is the case with prior art apparatus where liquid
wastes have a relatively low combustlble component of
the order of 30 percent.

These and other objectives and advantages, will be
readily apparent from the following detailed descrip-
tion of an embodiment of this invention and the accom-
panying drawings:

IN THE DRAWINGS

FIG. 1 is a top plan of a diagrammatically illustrative
embodiment of an incineration apparatus of this inven-
tion along with axuiliary supportive equipment.
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FIG. 2 is an end elevational view of the apparatus
taken along line 2—2 of FIG. 1.

FIG. 3 is a vertical sectional view of the first com-
bustion chamber taken along line 3—3 of FIG. 1.

FIG. 4 is a fragmentary vertical sectional view taken
along line 4—4 of FIG. 1.

FIG. § is a vertical sectional view taken along line
5—-50of FIG. 1.

FIG. 6 is a vertical sectional view taken along line
6—6 of FIG. 1.

FIG. 7 is a vertical sectional view taken along line
7—17 of FIG. 1.

Having specific reference to the several FIGURES of
drawings, waste incineration apparatus embodying this
invention is illustrated and clearly demonstrates the
method for more effectively and efficiently incinerating
waste that includes both solids and liquids although
segregated for separate injection into the apparatus.
This apparatus comprises the basic components of first
and second combustion chambers that are designed
and specifically adapted for incineration of solid waste
and liquid waste, respectively. These two combustion
chambers designated generally by the numerals 10 and
11 are serially connected such that the gaseous-fluid
products of combustion generated in the first chamber
are routed through the second combustion chamber to
assist in the combustion of the liquid waste introduced
into the second chamber..In the illustrated embodi-
ment, these two chambers are of an elongated configu-
ration having respective longitudinal axes and are rela-
tively oriented with the longitudinal axis at right angles.
Solid wastes introduced into the first combustion

. chamber 10 generate gaseous-fluid products of com-

bustion that are at a relatively high temperature which
then flow into the second combustion chamber 11 ad-
jacent one end thereof and then flow longitudinally
through the second chamber intermixing with the
liquid waste to raise the temperature thereof and may
undergo further combustion. Excess combustion air in
the first chamber is also heated and transferred to the
second chamber along with the products of combustion
and assists in elevating the temperature of the liquid
waste as well as enabling combustion thereof. The
products of combustion resulting in the second
chamber are exhausted through an opening at the end
opposite the first combustion chamber and the ex-
tremely hot gases are treated to lower their tempera-
ture and remove solid ash particles as well as prevent
escape of excessive quantities of undesirable gasses to
the atmosphere through a smoke stack 12.

Referring specifically to FIG. 3, a preferred type of
first combustion chamber 10 is shown in vertical sec-
tion for better illustration of the several components
and their general operation. This chamber which may
be generally rectangular in transverse section com-
prises a steel plate outer shell 13 mounted on a support-
ing structure with the interior surfaces of the vertical
walls and the top preferably lined with a refractory 13a.
Included in this chamber is a reciprocating grate as-
sembly 14 having fixed elements 15 and relatively
movable elements 16 disposed: in the lower portion of
the chamber and forming a surface on which the solid
wastes are supported during combustion. Reciprocat-
ing grate assemblies are well known in the art and.it will
suffice for the purpose of describing this invention to
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indicate that the grate is preferably downwardly
inclined from the charging end toward an ash gate 17
thereby providing gravitational assistance in movement
of solid waste and resultant ash toward the ash gate.
Also, the movable grate elements 16 may be divided
into at least two groups (16a and 16b) that are
mechanically coupled with an actuating mechanism 18.
This mechanism 18 comprises an elongated actuating
bar supported for axial reciprocating movement and an
operator 19 such as a fluid cylinder and piston unit con-
nectable with a suitable fluid control system (not
shown). A ‘“lost motion’ connection 20 is utilized
between the mechanism 18 and the grate elements in
one group 165 to provide a difference in rate of move-
ment of waste over the grate with the waste being
moved relatively more rapidly by the group 16a grate
elements.

Charging of solid waste into the first combustion
chamber is effected at the upper end of the inclined
grate assembly 14 through an inlet aperture 25 formed
in an end of the chamber and provided with a movable
gate 26. This gate 26 is movabie vertically from the il-
lustrated closed position by means of a selectively
operable mechanism 27 that may be of a fluid actuated
type. A A suitable hopper 28 is constructed exteriorly
of the chamber 10 for receiving a quantity of solid
waste S as from a waste conveyor 29. A fluid actuated
charging mechanism 30 may also be provided with this
mechanism selectively operable to displace the charge
of solid waste S in the hopper 28 through the inlet
aperature 25 and onto the grate assembly 14 when the
gate 26 is vertically displaced to an open position. The
upper end of the hopper 28 is also perferably provided
with an air lock gate 36 which seals the first com-
bustion chamber 10 against introduction of air during a
charging operation. This air lock gate 36 is coupled
with a selectively operable actuating mechanism 37.

Combustion of the solid waste is supported by under-
fire combustion air supplied by means of a forced-draft
fan 31 having an atmospheric air inlet and a discharge
32 exiting into a distribution chamber 33 formed
beneath the grate assembly 14. The distribution
chamber 33 is of a configuration to prevent combustion
air other than that supplied by the fan 31 from reaching
the solid waste supported by the grate assembly 14. A
flow control valve 34 may be provided in the fan
discharge 32 to permit selective adjustment of the com-
bustion air available to support combustion of the solid
waste in accordance with the method of incineration of
this invention. An access opening 35 with a closure
may also be provided in the distribution chamber 33 at
a lowermost point to facilitate removal of ash or other
debris that may accumulate within the distribution
chamber.

Incorporated with the first combustion chamber 10 is
the ash gate 17 formed as the bottom of a receptacle 38
for ash or other solid debris resulting from the com-
bustion process or solids included in the waste that are
not combustible. The ash receptacle 38 and ash gate 17
are disposed in following relationship to the material
traversing the grate assembly and includes a removable
closure member 39 permitting periodic removal of the
ash and other debris collected as into a transporting ap-
paratus T for removal to a remote disposal point. A
swinging ash grate 40 is positioned in the upper part of
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the ash receptacle 38 to collect non-combustible solid
waste or debris while permitting the normal ash leaving
the reciprocating grate assembly 14 to enter the ash
receptacle. The swinging ash grate 40 may comprise a
pair of opposed grate elements normally projecting
across the receptacle but selectively movable to a posi-
tion for removal of solid materials and debris through
the ash gate 17 but not necessarily into the same trans-
porting apparatus T for the ash residue. Other means of
disposal may be more appropriate for these solid
materials.

Also formed as products of combustion from in-
cineration of solid waste in the first combustion
chamber 10 are gaseous fluids comprising several ele-
ments or compounds including the following: CO,, CO,
0,, N,, HCI, SO,, §0,, NO,, NO. Some of these ele-
ments or compounds are either capable of supporting
combustion of other materials or may be combustible
themselves with the relative quantity of each, including
whether existing in any amount, is dependent on the
composition of the specific solid waste entering the first
combustion chamber and the degree of combustion as
controllable. through the quantity of combustion air
provided. In accordance with this invention, these gase-
ous fluids, along with entrained fly-ash are routed into
the second combustion chamber 11 for utilization in a
subsequent combustion process. A discharge outlet 43
is formed in the first combustion chamber 10 to permit
outflow of these pgaseous-fluids with this outlet
preferably formed in the end of the chamber opposite
the inlet aperature and at a location for optimum fluid
flow. A suitable duct 44 interconnects the discharge
outlet 43 with the second combustion chamber 11 to
introduce the gaseous-fluids at a desired point.

While the first combustion chamber 10 has been
described as only receiving solid waste, it will be un-
derstood that some semi-solid waste may also be ad-
vantageously incinerated in this chamber. Such semi-
solid waste may be introduced along with the solid
waste, but specific auxiliary apparatus may be provided
for introducing semi-solid waste. For example, this ap-
paratus may comprise a distributor or header tube 48
extending transversely across the first combustion
chamber 10 in relatively elevated relationship to the
grate assembly 14. A plurality of nozzles or discharge
orifices 49 are provided in spaced relationship along
the header tube and are designed and oriented to direct
semi-solid waste onto the solid waste and ash or residue
carried by the grate assembly 14. Assistance in distribu-
tion of the semi-solid waste, designated generally by the
letters SL, is provided by an air jet produced by escape
of air under substantial pressure from a supply conduit
50 through a plurality of nozzles 51 with one nozzle
being associated with each of the discharge orifices. A
fluid pump 52 connected with the header tube 48
forces semi-solid waste SL accumulated in a suitable
reservoir (not shown) through the header tube 48 and
out of the orifices 49. The air supply conduit 50 is con-
nected to a source of pressurized air (not shown).

At times, it is desirable to control the temperature of
the gaseous-fluids exiting the first combustion chamber
to the extent of decreasing their temperature which
may readily exceed 2000° F. Such temperature control
may be accomplished through addition of water by
means of a header tube 53 extending transversely
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across the top of the combustion chamber 10 in
preceding relationship to the discharge outlet 43. A
plurality of horizontally directed spray heads 54 are
provided along the header tube 53 to properly disperse
the water and the header tube is connected to a source
of pressurized water (not shown).

Temperature control in addition to modification of
the chemical composition of the gaseous-fluid products
of combustion exiting the first combustion chamber 10
may be effected by the addition of overfire air. Overfire
air, may be provided by an auxiliary forced draft fan 5§
having a discharge connected through appropriate duct
work 56 to distributor nozzles 57 mounted in the walls
of the chamber. These discharge nozzles are disposed
to generally limit overfire air to region above the solid
waste undergoing combustion so as not to affect the
combustion. process controlled by the underfire air.
Addition of overfire air will not only tend to reduce the
temperature of the products of combustion but will
enable more complete combustion of some of these
products. While only two distribution nozzles 57 are
shown in FIG. 3 of the drawing, it will be seen in FIG. 2
that additional nozzles are located at the opposite side
of the combustion chamber.

The second combustion chamber 11 comprises an
elongated steel shell 60 lined with a refractory 61 and
preferably horizontally disposed on a suitable support
structure. This chamber may be of rectangular cross-
section with the opposed ends closed by respective end
walls 62 and 63 also lined with the refractory 61. An
inlet opening 64 is formed in the end wall 62 and con-
nected with the duct 44 for introducing the gaseous-
fluid products of combustion discharged from the first
combustion chamber 10 into the second. A liquid inlet
65 is also provided in the end wall 62 for introducing
liquid waste interiorly of the second combustion
chamber and may advantageously comprise a rotary
burner 66 of known construction and oriented to
disperse the liquid waste in droplet form (generally
designated by the letter L) in a predetermined pattern
projecting - axially through the second -combustion
chamber 10 toward the closed end wall 63. A liquid
waste pump 67 connected with a liquid waste reservoir
(not shown) supplies the liquid waste at a predeter-
mined pressure to the rotary burner 66 through an in-
terconnecting conduit: 68 for effecting the desired
dispersion of the droplets of liquid waste L. A rotary
burner of this type is also provided with aspirating air
with the source thereof comprising a forced draft fan
69 connected to the burner housing by a conduit 69a.

As can be best seen in FIG. 4, the rotary burner 66 is
disposed vertically above the inlet opening 64 whereby
the gaseous-fluid products of combustion and heated
excess combustion air from the first combustion
chamber 10 are better enabled to intermix with the
liquid waste L. These gaseous fluids are at a relatively
high temperature and will tend to flow upwardly as well
as being induced to flow longitudinally of the second
combustion chamber. The heat contained by the gase-
ous fluids will be at least partially utilized in increasing
the temperature of the liquid waste with the result
being that the liquid droplets L will tend to be
vaporized with the mixture of vaporized liquid waste,
products of combustion, aspirating air and excess com-
bustion air forming a highly combustible mixture. This
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intermixing occurs in a region immediately following
the rotary burner 66 and this region may be designated
as a gasification zone. The extent of the gasification
zone is dependent on factors such as the specific com-
position of the liquid waste and temperature as well as
composition and temperature of the gaseous fluids
received from the first combustion chamber. Con-
sequently, the relative arrangement of the rotary
burner 66 and gaseous-fluid inlet opening 64 for a par-
ticular incineration apparatus will be partially depen-
dent on the specific wastes to be incinerated and the
construction may be modified to provide optimum in-
termixing and gasification.

Following the gasification zone is-a combustion zone
where the intermixed gaseous fluids and vaporized
liquid wastes are burned. Again, the specific location
and extent of the combustion zone in a particular in-
cineration apparatus will be dependent on charac-
teristics peculiar to the waste being incinerated. Once
ignited, combustion of the vaporized liquid waste with
intermixed gaseous fluid will be sustained within the
combustion zone. Additional or secondary combustion
air may be supplied to the second combustion chamber
to assure complete combustion resulting in substan-
tially only gaseous fluids with only a minimal amount of
solids such as fly ash.

Gas flow is axially through the second combustion
chamber 11 with the ultimate products of combustion
exiting through an exhaust opening 70 to the smoke
stack 12.. The exhaust opening 70 is preferably formed
in a vertical side wall of the second combustion
chamber adjacent the end wall 63 to avoid direct radia-

tion of flame heat through the exhaust opening.

Enhancement of this gas flow is effected by an induced
draft fan 71 interposed between the exhaust opening 70
and the smoke stack 12. The induced draft fan 71
produces a negative pressure in the second combustion
chamber and which may also be effective in inducing
gas flow from the first combustion chamber 10.

As previously indicated, secondary combustion air
may be required to attain the desired complete com-
bustion. For this purpose, a first overfire air fan 72 is
provided having a discharge conduit 73 which is cou-
pled with a pair of header ducts 74 extending longitu-
dinally - along the top of the second combustion
chamber 11. Several feeder ducts connecting with the
header ducts 74 and longitudinally spaced therealong
connect with the combustion chamber to direct secon-
dary combustion air into the intermixed gaseous-fluids
from the first combustion chamber and the liquid
waste. The number of and location of feeder ducts 75
as well as the quantity of secondary combustion air
required is dependent on specific characteristics of the
waste, solid, semi-solid and liquid, as well as the com-
bustion process in the first combustion chamber and
the necessity of secondary combustion air, or the
amount thereof, must be determined for each incinera-
tion apparatus.

To further increase the versatility and adaptability of
the incineration apparatus to a wide range of waste
compositions, a second source of overfire combustion
air may be provided as in the illustrative embodiment.
This second source includes a forced draft fan 724 with
discharge conduit 73a¢ and similar interconnecting
ductwork. This ductwork includes a pair of header
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ducts 74a extending longitudinally of the second com-
bustion chamber and a plurality of feeder ducts (not
seen in the drawings) interconnecting the header ducts
with the combustion chamber. As can be best seen in
FIG. 1, the two overfire air systems generally supply
respective halves of the second combustion chamber
with the first normally always operated and the second
operated as dictated by the specific waste composition.

It may also be advantageous to preheat the seconda-
ry combustion air prior to its entry into the second
combustion chamber. Preheating is readily accom-
plished through inclusion of a heat exchanger 76 of an
appropriate type in the discharge conduit 73 of the first
overfire air fan 72. The heat exchanger 76 may either
be steam or hot water operated as determined by
degree of heat deemed adviseable and is provided with
inlet and outlet conduits 77 for the heating medium.
Optionally, a similar heat exchanger may be included in
the second overfire air system but is not shown in this
illustrative embodiment.

In some instances, the combustion apparatus and
combustion process of this invention may resuit in an
ultimate gas discharge containing quantities of solid
particles or gasses deemed objectionable and their
discharge directly into the atmosphere may be a viola-
tion of antipollutant regulations. Accordingly, ap-
propriate auxiliary gas treatment apparatus may be in-
terposed between the smokestack 12 and the exhaust
opening 70 in the second combustion chamber 11. One
such auxiliary treatment apparatus may be a gas tem-
pering chamber 78 wherein the extremely high gas tem-
perature of the order of 2000° F is substantially
reduced to the range of 600°-700° F and the solid parti-
cles entrained in the gas and carried out of the com-
bustion chamber such as fly ash are separated for
disposal. A typical gas tempering chamber 78 having an
inlet or upstream end receiving the gasses and particles
discharged from the exhaust opening 70 and an outlet
or downstream end, may comprise a baffle 79 disposed
in the chamber to cause the gas to flow in a downward
direction during traversal of the chamber and a water
spray system 80. The water spray system 80 includes a
plurality of spray heads 81 connected to a source of
pressurized water (not shown) and adapted to direct
water uniformly through a first section of the chamber.
This water spray not only cools the gas but carries the
solid particles (such as fly ash) downwardly toward the
bottom of the chamber which may have inclined walls
thereby forming a collection zone for the water which
now carries fly ash. A waste outlet 82 is incorporated at
the lowermost point for either periodic or continuous
withdrawal of the water and solids. '

The induced draft fan 71 is connected with the gas
tempering chamber at the downstream end ‘and forces
the now solid-free gas either directly into the
smokestack 12 or into another gas treatment apparatus
as in FIGS. 1 and 2 illustrative of a preferred embodi-
ment. This gas treatment apparatus is a gas scrubber 83
designed to remove or chemically neutralize those
gasses that may be harmful or otherwise undesirable if
exhausted into the atmosphere. Since gas scrubbing ap-
paratus is well known to those skilled in this art, further
description or illustration is omitted as the necessary
details are readily obtainable from previous publica-
tions.
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The second combustion chamber 11 is primarily
designed for incineration of liquid waste which has a
characteristically low ash content. It is for this reason
that this chamber is not provided with ash or debris
removal means as is the first combustion chamber 10.
However, solid waste or semi-solid waste also having a
relatively low ash characteristic may, in some in-
stances, also be directly introduced into the second
combustion chamber. Introduction of solid and semi-
solid waste is illustrated as being accomplished at two
longitudinally separated points along the axis of the
chamber with FIG. 5 being an exemplary illustration of
the waste feeding apparatus 85 and 86. Each comprises
a substantially closed hopper structure inclined
downwardly in the direction of the chamber with the
structure projecting into an opening 88 formed in the
chamber wall thereby aiding gravitational flow of the
waste into the chamber and provided with a charging
opening 87 at the opposite or upper end. Waste may be
transported to the hopper structure 85 or 86 from a
respective collection hopper (not shown) by an as-
sociated conveyor 90 discharging into the charging
opening 87. An air lock including selectively movable
gates 91 and 92 is also preferably installed in the
hopper structure of each waste feeding apparatus 85
and 86 to effectively seal the combustion chamber
against entrance of atmospheric air during a charging
operation. The air lock gates 91 and 92 are provided
with respective actuating mechanisms 93 and 94 that
are operated in conjunction with each other and are
shown more completely in FIG. 6.

Location of the waste feeding apparatus 85 and 86 is
dependent on the heat characteristics of the specific
waste. Waste having a relatively high heat value would
be advantageously supplied by the apparatus 85
disposed at the beginning of the combustion zone while
waste having a relatively low heat value is better sup-
plied by the apparatus 86 further downstream in the
combustion zone.

The relatively high temperatures developed in the
combustion zone, temperatures of the order of 2600°F,
result from the advantageous coupling of the two com-
bustion chambers 10 and 11 in series relationship and
this high temperature gas is useful in facilitating
disposal of glass waste with a possible recovery for
recycling. Glass waste -which may also include com-
bustible waste residue may be introduced into the
second combustion chamber 11 in the high-tempera-
ture combustion zone where the glass will melt and can
be collected. An auxiliary glass waste feeding apparatus
is indicated generally at 95 in FIG. 1 with the feeding
and glass collection structure shown in greater detail in
FIG. 6 and comprising the same structure as feeding
apparatus 85 and 86. As in the auxiliary waste feeding
apparatus 85 and 86, this apparatus 95 includes a sub-
stantially closed hopper structure inclined downwardly
in the direction of the combustion chamber 11 with the
structure projecting into an opening 88 formed in the
vertical wall of the chamber and provided with a charg-
ing opening 87 at the opposite or upper end. An air
lock including selectively movable gates 91 and 92 is
also preferably installed in the hopper structure to seal
the combustion chamber during a charging operation
with the gates operated by respective  actuating
mechanisms 93 and 94. Glass waste may be transported
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from an associated collection hopper 89 by a conveyor
90 discharging into the charging opening 87.

A collector 102 for molten glass is formed of a
refractory in the lower part of the combustion chamber
with a discharge orifice 103 formed in the chamber
wall and provided with a removable plug 104 for
periodic removal of the molten glass. Other systems for
recycling of glass may also be devised.

The liquid waste inlet 65 is designed and located for
introducing into the second combustion chamber 11,
liquid waste having a preferred combustible com-
ponent of at least 30-40 percent. Where the liquid
waste as initially received may have a substantially
lower combustible component, it may be necessary or
at least desirable from an operational standpoint to in-
crease the relative combustible component of the
liquid waste entering the inlet 65 by separating the
liquid waste into at least two parts to bring the com-
bustible percentage of the one part up to this preferred
range. The other part then having an extremely low
combustible component may be separately introduced
as liquid waste near the exhaust opening 70 where com-
bustion will occur and be utilized in cooling the ex-
tremely hot gasses resulting from the combustion
process with any included combustible components
also being burned. In general, the liquid wastes in-
troduced at this point contained such a low combusti-
ble component as to be unable to sustain combustion
and are preferably introduced at this point in the com-
bustion process.

The inlet 105 for this portion of separated liquid
wastes comprises a rotary burner 106 similar to that
previously described and illustrated and mounted in the
side wall of the second combustion chamber as can be
best seen in FIG. 1. A liquid waste pump 107 is con-
nected to the burner by a conduit 108 with. the pump
having an inlet communicating with a supply of the
separated liquid waste with this supply not being
shown. A source of aspirating air is also provided for
this rotary burner 106 and includes a forced draft fan
109 having a discharge outlet coupled with the burner
by a conduit 110. '

Economy of operation is enhanced by incorporation
of a waste heat boiler into_the system with the heat
energy utilized to operate auxiliary apparatus as-
sociated with incineration apparatus. Auxiliary ap-
paratus of this type may include the heat exchanger 76
included in the first overfire air source but is not
limited to this apparatus. A boiler 115 for this purpose
is. shown in FIGS. 1 and 7 of the illustrative embodi-
ment and is positioned in immediately following rela-
tionship to. the exhaust opening 70 of the second com-
bustion chamber 11. A housing 116 is provided for the
boiler with gaseous fluids discharged from the second
combustion chamber 11 passing through the housing
and into the gas tempering chamber 78. The specific
boiler construction is determined by the -auxiliary
power requirements and as in the illustrated embodi-
ment, may be of the type having upper and lower
headers interconnected by a multiplicity of tubes. Inlet
and outlet conduits 117 and 118 are provided for
supply of feed water and for discharge of either hot
water or steam. For example, conduits 117 and 118
may be coupled with the inlet and outlet connections
77 and 77a of the heat exchanger 76 to form a closed
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system. It will be noted that the boiler may be ¢ither a
hot water or steam type as determined most desirable
in a specific installation. The boiler 115, in addition to
providing waste heat recovery, also reduces the tem-
perature of the gaseous fluids thereby reducing the
operational requirements of the gas tempering
chamber 78.

As previously described  in conjunction with the
structural explanation of the incineration apparatus of
this invention, the basic'method involved in attaining
the advantageous incineration of solid and liquid waste
is utilization of two separate combustion chambers that
are serially interconnected in a manner whereby com-
bustion of solid waste in a first combustion chamber
materially enhances combustion of liquid waste in a
second combustion chamber. Products of combustion
from the solid waste comprises gaseous fluids that may
include elements or chemical compounds that are use-
ful in support of combustion of liquid waste as well as
some compounds that are capable of further com-
bustion.

In accordance with the preferred method of this in-
vention, overfire air is supplied for combustion in the
first.combustion chamber 10 so that there is 200-300
percent excess combustion air. This results in substarn-
tially complete combustion in the first chamber with no
carbon monoxide or other hydrocarbons in the gaseous
fluids transferred to the second combustion chamber.
Where the underfire air is insufficient for complete
combustion of the solid waste in the first combustion
chamber and results in products of combustion that are
combustible, the presence of overfire air in the in-
dicated proportion will result in further combustion of
these components with the excess air being heated and
therefore aiding in the combustion process in the
second combustion chamber. 11. In addition  to
enabling complete combustion in the first combustion
chamber and providing combustion air for the second
combustion chamber, the overfire air supplied to the
first combustion chamber is effective in reducing the
temperature of the gaseous fluids exiting the first
chamber and results in a consequently lower tempera-
ture in the second combustion chamber. Lower tem-
peratures prolong the life of the apparatus and are
desirable whenever permitted by. the specific com-
bustion process.. For example, temperatures of the
order of 3000° F. are possible in the second combustion
chamber when omitting cooling of the gaseous fluids
discharging from the first combustion chamber. Addi-
tional cooling of gaseous fluids discharged from the
first combustion chamber may be effected by subject-
ing these fluids to a water spray as.they exit the first
chamber.

The combustion air that has been preheated in the
first combustion chamber is discharged into the second
combustion chamber along with other gaseous fluid
products of combustion and transferred to the second
combustion chamber. Liquid waste is introduced con-
currently into the second combustion chamber and in-
termixed with the combustion air and gaseous-fluid
products of combustion resulting in better vaporization
of the liquid waste and substantial increase in the tem-
perature thereof thereby enhancing the combustion
process. Intermixing of liquid waste that is normally at
a low ambient temperature of the order of 50° F with
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gaseous fluids at a relatively high temperature, easily
within the range of 2000°-3000° F, greatly aids
vaporization of the liquid waste for better combustion
as well as increasing the temperature of the liquid waste
to enhance ignition.

In accordance with the alternate method of this in-
vention, combustion of the solid waste in the first com-
bustion chamber is controlled to provide gaseous-fluid
products of combustion that also aid combustion of
liquid waste in the second combustion chamber. This
control is accomplished through limiting the amount of
underfire combustion air supplied to the solid waste to
that necessary for combustion of the solid waste in
burning of the carbon and driving off combustible
gasses where this is necessary to attain optimum com-
bustion of the liquid waste. In addition to producing
gaseous fluid products of combustion that may include
combustible components, these products of com-
bustion are heated to a relatively high temperature.

The gaseous-fluid products of combustion at an
elevated temperature are transferred to the second
combustion chamber and liquid waste is introduced
and intermixed with the gaseous fluids. This enables
combustion of liquid waste that may only have a com-
bustible component of 30-40 percent and would not
otherwise be capable of disposal by incineration
without the addition of support fuel which is not
economically feasible.

Combustion in the second chamber may also be con-
trolled through the addition of combustion air for
either sustaining combustion of the liguid waste or
limiting the temperature rise. Also, solid waste having a
low ash characteristic may be introduced into the
second combustion chamber for incineration concur-
rently with the liquid waste.

It is readily apparent from ‘the foregoing detailed
specification that novel waste incineration apparatus
and method are providéd and which are capable of
more efficient incineration of a wide range of waste.
This method and apparatus enables incineration of
both solid and liquid waste in a single apparatus.

Having thus described this invention, what is claimed
is: : ’

1. A waste incineration apparatus comprising

A. a first combustion chamber having-a charging
aperture for receiving therethrough solid waste
containing combustible material and including pri-
mary air inlet means providing an inflow of com-
bustion air to said chamber for combustion of the
solid wastes thereby producing gaseous-fluid
products of combustion at elevated temperatures
and a discharge outlet for removal of the products
of combustion from said chamber; and

a second relatively clongated combustion
chamber having a liquid inlet disposed in one end
thereof for introducing liquid waste comprising
combustible components interiorly of said second
chamber, and directing the liquid waste longitu-
dinally thereof, a gaseous-fluid inlet connected in
fluid communicating relationship with the
discharge outlet of said first combustion chamber
and positioned relative to said liquid inlet for inter-
mixing of the gaseous-fluid products of com-
bustion with the liquid waste for combustion
thereof, (and) an exhaust opening formed in said
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second combustion chamber relatively remote to
said liquid inlet and toward which the liquid waste
is directed to permit removal of combustion
products, and at least one solid waste inlet
disposed intermediate said liquid inlet and said ex-
haust opening.

2. Waste incineration apparatus according to claim 1
wherein said first combustion chamber includes secon-
dary combustion air inlet means relatively disposed
therein to admit combustion air for intermixing with
the gaseous fluid products of combustion for heating
thereof and further combustion of the combustible
components in the gaseous fluid products of com-
bustion.

3. Waste incineration apparatus according to claim 1
wherein said primary air inlet means is selectively con-
trollable to limit inflow of combustion air to that
producing gaseous-fluid products of combustion having
combustible components.

4. Waste incineration apparatus according to claim 1
including means controlling the temperature of the
gaseous fluid products of combustion through a water
spray device disposed in said first combustion chamber

> adjacent the discharge outlet thereof.

5. Waste incineration apparatus according to claim 1
wherein said first combustion chamber includes a grate
for support of the solid waste during the combustion
thereof and said primary air inlet means supplying com-
bustion air to solid waste from beneath said grate.

6. Waste incineration apparatus according to claim §

‘wherein said primary air inlet means supplying com-

bustion air includes a closed chamber beneath said
grate, a forced draft fan coupled with said closed
chamber for forcing air into said closed chamber and
valve means selectively operable to control air flow
into said closed chamber.

7. Waste incineration apparatus according to claim 5§
wherein said first combustion chamber includes an ash
removal gate disposed at a discharge end of said grate
and wherein said grate is operable to advance solid
waste therealong toward said ash gate.

8. Waste incineration apparatus according to claim §
wherein said first combustion chamber includes charg-
ing means for solid waste disposed at a charging end of
said grate opposite said ash gate and charging means
for semi-solid waste disposed in- said combustion
chamber to introduce semi-solid waste onto an upper
surface of said grate and solid waste carried by said
grate.

9. Waste incineration apparatus according to claim 1
wherein said liquid inlet is a rotary burner introducing
the liquid waste in droplet-form that vaporizes as it in-
termixes with the gaseous-fluid products of combustion
from said first combustion chamber.

10. Waste incineration apparatus according to claim
1 wherein said second combustion chamber includes
secondary combustion air inlet means disposed to
admit combustion air for intermixing with the liquid
waste and gaseous-fluid products of combustion.

11. Waste incineration apparatus according to claim
10 wherein said secondary combustion air inlet means
includes a forced draft fan for forcibly introducing
secondary combustion air mtcrlorly of said second
combustion chamber.
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12. Waste incineration apparatus according to claim
11 wherein said secondary combustion air inlet means
includes a plurality of inlet orifices disposed in relative-
ly spaced relationship longitudinally of said second
combustion chamber. ‘

13. Waste incineration apparatus according to claim
10 wherein said seconddry combustion air inlet means
includes a preheater for elevating the temperature of
such secondary air prior to introduction into said
second combustion chamber.

14. Waste incineration apparatus according to claim
1 wherein said exhaust opening is disposed at right an-
gles to the longitudinal axis of said second combustion
chamber thereby preventing direct radiation of flame
heat through said exhaust opening.

15. Waste incineration apparatus according to claim
1 including a fan coupled with said second combustion
chamber in communicating relationship with said ex-
haust opening for inducing fluid flow through said first
and second combustion.

16. Waste incineration apparatus according to claim
1 including means removing solids from a gaseous fluid
stream coupled with said second combustion chamber
at said exhaust opening. )

17. Waste incineration apparatus according to claim
1 including waste heat recovery means coupled with
said second combustion chamber at said exhaust open-
ing and interposed heat exchanging relationship in the
gaseous fluid stream exiting through said exhaust open-
ing.

18. A method of incinerating segregated solid and
liquid wastes comprising the steps of

A. incineration in a first. combustion chamber of

solid wastes producing gaseous-fluid products of
combustion at an elevated temperature,

B. transfer of the gaseous-fluid products of com-
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bustion chamber at a point within a zone of com-
bustion for the liquid waste and gaseous-fluid
products of combustion.

19. The method of claim 18 which includes the step
of introducing secondary combustion air into the first
combustion chamber for intermixture with the gaseous-
fluid products of combustion for complete combustion

- thereof and for providing combustion air at a tempera-
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bustion from the first combustion chamber to a .

second combustion chamber,

C. introduction of liquid waste in droplet form into
the second combustion chamber and intermixture
with the gaseous-fluid products of combustion,
(and) : :

D. combustion of the intermixed liquid waste and
gaseous-fluid products of combustion in a com-
bustion  atmosphere permitting substantially
complete combustion(.),and

E. introducing solid waste into the second com-
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ture for the second combustion chamber.

20. The method of claim 18 which includes the step
of cooling the gaseous-fluid products of combustion
prior to transfer thereof from the first combustion
chamber.

21. The method of claim 18 which includes the step
of introducing additional combustion air into the
second combustion chamber.

22. The method of claim 18 including the step of

controlling the combustion air supplied to the first
combustion chamber to prevent complete combustion

of the gaseous-fluid products of combustion.

23. A waste incineration apparatus comprising

A. a first combustion chamber having a charging
aperture for receiving therethrough solid waste
containing combustible material and including pri-
mary air inlet means providing an inflow of com-
bustion air to said chamber for combustion of the
solid wastes thereby producing gaseous-fiuid
products of combustionat elevated temperatures
and a discharge outlet for removal of the products
of combustion from said chamber; and

a second relatively elongated combustion
chamber having a liquid inlet disposed in one end
thereof for introducing liquid waste comprising
components interiorly of said second chamber and
directing the liquid waste longitudinally thereof, a
gaseous-fluid inlet connected in fluid communicat-
ing relationship with the discharge outlet of said
first combustion chamber and positioned relative
to said liquid inlet for intermixing of the gaseous-
fluid products of combustion with the liquid waste
for combustion thereof, an exhaust opening
formed in said second combustion chamber rela-
tively remote to said liquid inlet and toward which
the liquid waste is directed to permit removal of
combustion products, and a second liquid inlet
disposed downstream from said first mentioned
liquid inlet.

B.



