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INCINERATION

CONICAL BURNERS

It
!

MULTIPLE-CHAMBER INCINERATORS FOR
BURNING WOOD WASTE

INTRODUCTION

Although a small part of the wood waste produced
from lumber mills and wood-working industries
canbe processed into useful products such as chip
board, fireplace logs, and paper, the bulk of this
waste is disposed of by incineration, open burning,
or hauling to a durnp. The most satisfactory air
poltution solution is, of course, land{ill disposal.
The final choice of the method of disposal is pri-
marily determined by economics and by the air
pollution regulations existing in the locale.

There are, in general, three methods of burning
wood waste. Theseare (1)} open burning, that is,
burning ina pilewithout any surrounding structure;
{2)burning in single-chamber incinerators, includ-
ing the tepee and silo structures; and (3) burning
in multiple-chamber incinerators. Of these, the
latter is the most satisfactory from an air pollu-
tion standpdint.

Open burning with no control over combustion air
produces more air contaminants than single-cham-
berincinerators dowith regulatedair supply. The
tepee and silo single-chamber incinerators also
differ in combustion efficiency and emission of air
contarninants.

«

Tepeeincineratorsare simple structures consist-
ing usually of nothing more thana sheet metal shell
supported by|structural steel members in a shape
similar to that of an Indian tepee. They are usu-

allylocated at lumber mills and have limited con- |

trol of primary combustion air. Many units em-
ploy blowers to supply air to the base of the burn-
ing pile to increase the burning rate. The metal
shellis cooled by peripheral air, which flows up-
ward and over the inside surfaces. Excessive
combustion air admitted in this manner prevents
good control of the combustion process and results
in excessive smoke and other air contaminants.

A silo incinerator consists of a steel cylindrical
chamber lined withhigh-duty refractory materials,
The top of the cylindrical chamber usually tapers
toa smaller diameter and extends upward, form-
ing a stack to promote draft, Air is admitted .
through louvers located near the base of the struc-
ture. Hightemperatures can be maintained in the
refractory-lined chamber, resulting in higher com-
bustionefficiencies than inthe tepee units. Single-
chamber siloincinerators are not, however, satis-
factory where air pollution is a serious problem,
and have been found to emit particulate matter in
excess of 12 pounds per ton of wood waste burned.

Section AP-42 Section 2.3
Description of the Refuse Reference Number

7
Wood waste is prodﬁced by tridustryina great many
sizes and shapes ranging from f{ine sander dust to
large pieces of lumber. Physical propertiesﬁand

- combustion data for several common woozls are

givenin Table 118. Green lumberatthe mill varies '
widely in moisture content. For example, green
redwood may contain over 50 percent moisture by
weight, while construction-grade lumber such as
Douglas fir contains from 10to 25 percent moisture
depending uponits age. Kiln-dried wood may con-
tain as little as 5 or 6 percent moisture.

THE AIR POLLUTION PROBLEM

Burning of wood waste in open areas and at dump
sites or in single-chamber incinerators is accom-
panied by dense clouds of smoke, fly ash, and dis-
agreeable odors. Basically, theseair contaminants
are caused by incomplete combustion and are dis-
charged in the form of particulate matter, alde-
hydes, hydrocarbons and organic acids,as well as
smoke and fly ash, They are usually present in
the greatest concentrations after the lightoff peri-
od or during times of heavy charging.

While single-chamber silo incinerators have been
found to have particulate emissions in excess of
12 pounds per ton of wood waste, the particulate
discharge irommultiple-chamber incinerators de-
signed to burn small wood particles ranges from
1-1/2toé-1/2 pounds per ton of wood waste burned,
as shown in Table 119. Smoke is visible from a
well-designed multiple-chamber incinerator only
for a few minutes after lightoff and is occasionally
accompanied by minute amounts of fly ash,

AIR POLLUTION CONTROL EQUIPMENT

Air pollution from the burning of wood waste can
be reduced toa minimum through the use of multi-
ple-chamber incinerators. By promoting com-
plete combustion, multiple-chamber incinerators
produce considerably less air pollutien than is
emitted from single-chamber incinerators or by
openburning. Multiple-chamber incinerators dis-
cussedinthe remainder of this part of the chapter®
are designed to burn all forms of wood waste--
from large pieces of lumber to sawdust particles
that may comprise from 10 to 100 percent of the
total weight of the charge, The designs of me-
chanical feed systems are also included since the
feed system must be properly integrated with the
design of the incinerator to promote maximum com-~
bustion.

DESIGN PROCEDURE

The fundamental principles of combustion discussed
in the first part of this chapter are applicable to
designing these incinerators. Where 10 percent
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Table 119, SOURCE TEST DATA FOR MULTIPLE-CHAMBER
INCINERATORS BURNING WCOD
Test No.
Item Units ) 2 3 P 5

Incinerator capacity tb/hr 150 350 . 7350 1, 000 3,000
Normal burning rate lb/hr2 170 300 740 i,05%3 2,910
Moisture content of refuse wt % 10 5 10 25 10
Stack volume scfm 420 557 3,260 3, 300 15, 300
Secondary chamber temperature; °F 1, 600 1,400 1, 500 1,850 1,600
Particulate matter grisct 0. 058 0.038 0. 095 0.23! 0. 11

at 12% '

co,
Particulate matter 1b/tonP 2.0 1.4 3.2 6.6 3.6
Sulfur diexide 1b/tonP 0 0 0 o | 0
Carbon menoxide . lb/tonb 0 0 1] o 1 0
Organic acid--as acetic’ 1b/tond 0.8 1.2 0. 54 0.85 ] 1.2
Aldchydes--as formaldehyde 1b/tonb 2.0 1.9 0.8 3.0 l 6.0
Hydrocarbons~-as hexane ppim 9 9 9 ? 9

ABurning rate based on stack anzlysis.

bPounds af contaminants per ton of wood burned.

or more of the wood waste is in the form of saw-
dust and shavings, it must be fed at a continuous
rate by a mechanical feed system.  Diiferences in
some design factors from those given at the be-
ginning of this chapter for hand-charged general-
refuse incinerators generally reflect the higher
temperatures developed from the exclusive and
continuous mechanical charging of wood, and dif-

ferences in the distribution of combustion air.

The gross heating value of kiln-dried wood is 9, 000
Btu per pound and is represented by the upper.
curves of Figures 310 and 311, These curves can
be used to. determine grate loading and average
arch height, resgpectively. Other design factors
differing from those for general-refuse incinera-
tors are givenin Table 120. These design factors
include secondary chamber cross-sectional areas,
inlet air port sizes; and other values and propor-
tions. !

-An illustrative problem at the end of this part of

the chapter shows how these factors are used to
design a muitiple-chamber incinerator with 2 me-
chanical feed system. The calculations in this

problem fall intothree general categories: (1) Com-.

‘bustion calculations based upon refuse composi-
tion, projected air requirements, and heat trans-
(2) gasecus flow calculations based upon the
products of combustion at elevated temperatures;
and (3) dimensional calculations based upon equa-
tions determined empirically from source testing.

fer;

Chemical properties and combustion data for av-
erage wood and Douglas fir, given in Table 118,
and similar values for other kinds of wood can be

5
used todetermine the weights, velocities, and av-
eragetemperatures of the sroducts of combustion,

For caleculation purpeses, the burning rate and wood
waste composition are assumed constant, and the
incinerator is considered to be under relatively
steady-state conditions. Calculations are always
basedupon refuse that is the most difficult to burn.
Heatlosses by radiation, heat stored in refractory,
andheat content of the residue are assumed to av-
erage 20 to 30 percent of the gross heating value
of the refuse during the f{irst hour of operation.
These heat losses drop to !0 to 15 percent after
4 or 5 hours of operation.

Todetermine the cross-sectionalflow areas of the
secondary ports and chambers, only volumes and
temperature levels of the products of combustion
are required. The temperature gradient in which
the products of combustion cool as they pass from
the flame porttothe stackare averages based upon
source tests of similar incinerators.

The calculated overall average gas temperature
should be abeout 1, 300°F based on 200 percent ex-
cess combustion air and the 20 to 30 percent heat
losses. Thecalculated temperatures arenotilame
temperatures and do not indicate temperatures at-
tained in the flame port or mixing chamber.

Indraft velocities through the ignition chamber air
ports areassumed to average 900 fpm, equivalent
to a velocity pressure of 0.05 inch WC, while in-
draftvelocities throughthe secondary air ports av-
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Table 120. DESIGN FACTORS FOR MULTIPLE-CHAMBER
INCINERATORS FOR BURNING WOOD WASTE
. . Allowable
Ttem and symbol Recommended value and units s
, . dewviation
Primarv combustion zone:
Grate loading, LG 10 Log R.; 1b/hr-ft2 where R, equals| t 0%
, [the refuse combustion rate in Ib/hr
{refer to Figure 310}
Grate area, Ap R+ Lg; fel + 100
Average arch height, Hy 4/3 (AG)“’“; ft {refer to Figure 31} | ----
and + 10% curve)
Length-to-width ratio (approx):
Retort Up te 500 Ib/hr, 2:1; over 500 Ib/hr, -————
1.75:1
In-line Diminishing from abeut 1. 7:1 for ----
750-lb/hr to about 1:2 for 2, 000~
Ib/hr capacity. Oversqaure ac-
ceptable in units of more than 111t
ignition chamber length
Secondarv combustion zone:
Gas velocities:
Flame port at 1,900°F, Vyp 50 ft/sec + 209
Mixing chamber at 1,550°F, Vayc | 25 ftfsec + 20%
Curtain wall port at I, 500°F, 20 ftfsec + 20%
Yewp
Combustion chamber at 1,200°F, |5 to 10 ft/aec; always less than ————
Yeco 10 {t/sec
Mixing chamber downpass length, Average arch height, it + 20%
LMC' from top of ignition chamber
arch to top of curtain wall port
Length-to-width ratios of flow
cross sections: .
Retort, mixing chamber, and Range: 1. 3:1 to 1.5:1 -———
combustion chamber
In-lin= Fixed by gas velocities due to ———-
. constant incinerator width
Combustion ajr:
Air requirement, batch, or con- Basis: 200% excess air. 100% -———
tinuous charging. excess air admitied into ignition
N E2Y chamber; 50% theoretical air
’ Y through mixing chamber air ports
i and 50% theoretical air through
- ‘edrtain wall air port or side
air ports.
Combustion air disiribution, % of
total air required: i
Cverfire air ports 60% \ e
Underfire air ports 6% N EETTS
Mixing chamber air ports 177 -
Curtain wall port or side ports 17% ----
Por! sizing, nominal inlet,
velocity pressure, and velocity
(without oversize factors), in, WC .
or fpm:
COverfire port 0.051 or 900
Underfire port 0.051 or 900
Mixing chamber port 0. 062 or 1, 000
Curtain wall port or side port 0,062 or 1,000
Furnace temperature: -
Average temperature, combus- I,300°F * 20°F

tion products at 200% excess air

Auxiliary burners: -

Secondary burner (if required)

2,500 to 5, 000 Btu per 1b of
moisture in the refuse

Draft requirements:
Theoretical stack dralt, DT

Available primary air induction
draft, D, {assume cquivalent to
inlet veiocity presgure)

Natural draft stack velecity, Vg

0. 15 to 0,35 in, WC

0,05 to 0. 10 in. WC

Leas than 25 ft/sec at 1, 100°F
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erage 1,000 fpm {0.0¢ in, WC}. The incinerator
drafi system shoxld be designedto produce a nega-
tive static pressure of at least 0. 05 inch WC in the
ignition ckamber,

Primary air ports for continuously fed incinerators
are sized {or indzction of theoretical plus 100 per-
cent excess air. Tenpercentoithis airis admitted
through ports located below the grates, and 90 per-
cent, ,above the grates. Addidonal primary air
canbe adrnitted by opening the charging door when
necessary. Airis induced into the mixing cham-
ber not only to support combustion but also to cool
the combustion gases and prolong the service life
of the refractories. Mixing chamber air ports lo-
cated in the bridge wall are sized to admit 50 to
100 percent of theoretical air. Air is sometimes
admitted to the combustion chamber through air
ports located in the curtain wall and sized to ad-
mit an additional 50 percent of theoretical air.

Although some combustion air enters the ignition
chamber along withthe sawdust from the poeumatic
conveving system, this air usually amounts to less
than 7 pcrcent of the total combustion air and can
be neglectedin determining the size of the primary
air ports. Airports are designed with the factors
given in Table 120,

Unless the woodrefuse is extremely wet, auxiliary
gas burnersaremnot required in the ignition cham-

Figure 317. A 2,000-!b-per-hour, in-line multiple-chamber
incinerator (Metro Goldwyn Mayer, Inc., Culver City, Lalif.).

bertoinitiate and sustain combustion. I products
stuch as rubber, olly rags, and plasticsare present
inappreciable gquantizies in the wood wastes, they
produce partially oxidized compounds that require
high temperatures for complete secondary com-
bustion. Thus, secondary burners should be in-
stzlled in the mixing chamber with axiomatic con-
trols to maintain the required high temperatures
under all phases of operation.

incinerotor Arrangements

Ineinerators for burning wood use both in-line and
retortstyles asshownin Figures 317 and 318, In-
cinerators with capacities of less than 500 pounds
per hour are usually constructedas retorts, Units
ranging from 500 to 1,000 pounds per hour may,
however, follow either the in-line or retort style
for the arrangement of chambers. In-line styles
are recommendedfor incinerators with capacities

“in excess of 1,000 pounds per hour beczuse of not

onlythe inherenthigher costs of the retort but also
the difficulties-in cooling the internal walls. A
retort-type incinerator with a prefabricated steel
shell is shown in Figure 318. A single-chamber,
silo-type incinerator can be converted to multiple
chamber byattaching a dutch oven consisting of an
ignition chamberendz mixing chamber 2s depicted
in Figures 319 and 320,

Figure 318. A 150- Ib-per-hour, retort multipie-chamber
incinerator (Acme Woodcraft, Los Angeles, Caiif.).




+ 440 ' INCINERATION

Figure 318. A 1,000-(b-per-hour, in-line
multiple-chamber incinerator (silo con-
version)  (Orban Lumber Co., Pasagena,
Calif.).
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Figure 320. Schematic diagram of an in-line mul tipte-chamber
incinerator (silo conversion).
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Inthe design of the sile conversion, the size of the
ignition chamber and mixing chamber attached to
an existing silois limited by a maximum allowable
gasvelocitvof 10 {ps through the horizontal cross-
sectional base of the silo, or by the effective draft
developed by the stack. Effective draft, in turn,
is limited by the height of the silo and its internal
dimensions.

I{ the attachment of an ignition and mixing cham-
ber to a silo results in a gas velocity through the
base of the silo of less than 5 fps, a refractory
tunnel withacross-sectional area.equal to the cur~
tainwall port area should extend from the curtain
wall halfwayacross the base of the silo. The tunnel
acts as an extension of the mixing chamber and
provides additional flame residence time and turbu-~
lence necessary to complete the combustion pro-
cess. )

L

DESIGN PROCEDURE FOR MECHANICAL FEED SYSTEMS

During the development of the multiple-chamber
incinerator, hand charging of sawdust and inter-
rnittent delivery of sawdust fromlocal exhaust sys-
tems serving woodworking equipment were found
to smother the flames periodically in the ignition

" chamber and thus cause excessive smoke, To

overcome this problem, 2 feed system was devel-
oped for delivering small wood particles to the ig-
nition chamber at a constant rate and thus sustain
continuous burning over the entire surface of the
pile. This system, illustratedin Figure 321, con-
sists basically of a surge bin for holding sawdust
and wood chips from local exhaust. systems serv-
ing woodworking equipment. Screw or drag con-
veyors in the bottom of the surge bin move the wood
waste at a uniform rate to the pickup point of a
pneumatic conveying system. The pneumatic con-
veyor transfers the waste to a cyclone where the
waste drops into the ignition chamber.

Surge Bin

Bins usuallyfabricated of sheet metal are designed
in such a way as to augment gravity flow of saw-

. dust and wood chips te the conveyor at the bottom

ofthe bin, Waste is produced in a wide variety of
sizes and shapes, ranging from f{ine sander dust
tolarge chips fromhoggers. Gravityflow of mate-
rial is a complex function of the composition, size,
shape, density, packing pressure, adhesive guali-
ties, and moisture content. For example, pine
woed shavings do not flow as easily as hardwood
shavings of identical size and shape do because the
resin content of the pine wood imparts an adhesive-
ness hindering the flow., The flow characteristics
of a particular wood waste afe, therefore, of pri-
mary importance in the final selection of the shape
of the hin. :

WODDOWORK ING
EXHAUST SYSTEW
CYCLONE

CLBTH FILTER

/-vm

— HIGH-EFE | CLENCY

FEED SN CYCLONE 7
V1BRATOR J

b
SCREY
\"’/ CONVEYER 1
rﬁ' ~EXHEUST
AR DUCT ‘ l?\ FAN

Figure 321, -Diagram of a mechanical feed system.

Wood wastes that exhibit poor flow characteristics
shouldbe handled in bins constructed with vertical
sides and screw or drag conveyors covering the
entire flat bottom of the bin, as shown in Figure
322, Ifthe woodwastehas fairly free {low charac-
teristics, a binwith four vertical sides and a slop-
ing bottom maybe used, as shown in Figure 323,

The included .angle between the vertical side and
sloping bottom should notexceed 45 degrees. Wood
waste that exhibits idezl flow characteristics may
use a vee-bottom bin, as depicted in Figure 324,
Theincluded angle between sloping sections should
notexceed 60 degrees for most efficient .operation.

Although good bin design 2ssists the flow of saw-
dust to the conveyors, bins with sloping bottoms
require mechanical agitators or vibrators to pre-
vent bridging. Vibrators are generally superior
for this purpose since reciprocating and rotating
bzr agitators tend to shear and bend out of shape
under heavyloads. Tobemosteffective, vibrators
areusually mounted about one-fourth of the distance
{rom the base of the sloping bottom of the bin, which
is usually constructed ofalarge, unsupported sec-
tion of sheet metal. This method of construction
permits transmission-of vibration more easily than
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transmission from sloping sections rigidly sup-
ported with stiffened angles or steel structural
members. If the bottom is s0 large as to require
sometype of external cross-sectional support, the
support memhbers should be attached only af the
edges of the sectian.

H
1
EY
[
d
a

A

Figute 322, Yertical-sided feed Gin with four parabiel
screw conveyors (Srown Saltwnm Furmituie Ca., Los
Angeles, Calif.).

Vibrators operating continyously may cause the
wood waste to pack and bridge in the bottom of the
bin. To remedy this condition, the frequency of
vibration or the amplitude of the vibratory stroke
may be changed, or a mecharical timer may be in-

stalled toactuate the vibrators at desired intervals.

Screw or Drog Conveying

Serewor drag conveyors are placed in the bottom
of a feed bin to remove sawdust and shavings from
the bin at a regulated rate, Screw conveyors are
preferred, excepnt wherelong, tough, fibrous shav-
ings are to be conveyed. Since material such as
this would bind in conveyor flights, the more ex-
pensive drag conveyor rmust be used.

Screw conveyors with variable pitch are recom-
mended over screws with uniform pitch because
they permit more even loading of the s¢rew along
the entire length and thus minimize the compress-
ing of sawdustand shavings causing bridging above
the discharge end of the screw. Because rela-
tivelylarge pieces of wood may enter the convey-~
ing system, sc¢rew convevors should be at least &
inches in diameteT to ensure their passage.

Regulation of the {low of wood waste is dependent
upon the bulk densiry of the waste to be handled as
well as upon the number, diameter, and speed of
the screw conveyors. The bulk density of mosi
wood wastes varies from 4 to 12 pounds per -cubic
foot, depending upon the kind of wood prncessad
and the shape of the particles. Determination of
the density must be based upon sawdust in its com-
pressed format the hottom of the bin,. rather than
inalooseform. Once the density has been estab-
lished, the type of bin selected, and number of
screws determined, the diameter and speed of the
screws canbe calculated. Pravisions should also
be rmade for a gear head or varidrive to regulate
‘the speed of the conveyors sa that they supply wood
waste overa range of 33 to 100 percent of the burn-
ing capacity of the incinerator.

To prevent sawdust from being aspirated into the
poneurpatic conveying system fasterthan the normal
delivery rate of the screw, conveyors should ex-
tend atleastthree screw diameters beyond the end

Figure 323. Feed bin with sloping hettom
(California Meulding and Trim 3fg. Ca.,
los Angeles Calif. ).
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Figure 324, Feed bin with vee bottam (Orhan
Lumber Co., Pasadena. Calif.).’

oithe bin, andthe shrouds should be installed over
the extended section, as shown in Figure 325,
Shrouds are usually adjusted after the uait is in
operation, to provide optimum clearance over the
flights and prevent binding.

Pneumalic Conveying

While general design features for pneumatic con-
veying systems are discussed in the preceding
chapter, a number of specific features should be
considered in designing pneumatic conveying sys-
tems for wood waste incineration.

Prieumatic conveying systems are generally de-
sigred for a ratio of 2/3 cfm of conveying air per
hour per pouné of sawdust to be burned., About 10
percent ol thisconveying air should be admitted to

- the incinerator along with the wood waste to assist

in spreading the particles evenly over the entire
grate area anc to mairtain active flame over the
surface of the borning pile, The emount of convey-
ing 2ir entering the ignition chamber may be regu-
lated by installing either a butterily damper in the
topoutiet duct of the cyclone separator, or spiral
vanes withia the cone of the cyclone zeparator.

Sawdust pickup and conveying velocgities should be
at least 3, 000 'pm to prevent sawdust blockage in
the ductwork. Blower motors should he cversized
to accommeodate occasional surges of sawdust
through the pnemmatic conveying system.

E
k

9 T S

Figure 325. Screw conveyor w
Los Angeles, Calif.).
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th shroud (Acre Woodcraft,

Cyelone separators used in conjunction with the
blower are of the small-diarpeter, high-efficien-
cy type with sepaTation fzctors that exceed 100, as

described in Chapter =.

Aflap-type damper ecuipned with a counterbalance

weight should be instalied a7t the botiom cutlet of

the cyclone separator. 7This damuer is adjusted

to close automatically whez the blover is nof in

operation, which prevents the not gases of the ig-
24

=3
nition chamber from damagiz
1

s

g the sreet metal of
the cyclone separator and zlsoprevents smoke from
being emitted to the atmosphere irom the top of
the cyclone. This damper should he coastructed of
1/4-inch stainless steel plate since it is subject to
intense radiation from tne burrning pile. By con-
struction of 2 square -shaped damper with 2 square
duct extending below, the dzmper is &ble to swing
out of the way of the Zzliing wood waste. The

damper should be large erough to form a tight,
overlapping seal with & smcoth, stainless steel
flange located below the rousd cuct at the bottom
of the cyclone separater. '

To ensure proper operazrion. the equipment should
be electrically interlocked o start simultaneously
or in the following order: {!} 3lower, (2) convey-
ors, (3) vibrators or agiiztors.

STANDARDS FOR CORSTRUCTIOR

While structural feztures of wood-burning incin-
eratore are similar to those of generali-refusc in-
cinerators, wood-huerning incirerarors must be de -
signedfor greater stresse - strains caused by
increasecd thermal expansizn resulting from higher
temperature operation. e raciories, thereiore,
are sclected to resist not only normal abrasion

S a&na
i
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from charging but also erosion, spalling, and slag-
ging resulting irom high-temperature, high-veloc-
ity flame impingement.

Refractories

Super-duty plastic refractory or super-duty fire
clay firebrick are recommended for the interior
walls and arches that corme into direct contact with
flames and hot gases, since temperatures usually
exceed 2,C00*F. Expansion joints with 1/2-inch
minimum width should be izstalled for every 6-foot
sectionof refractory. T:ese jointsmust be sealed
completely with high~duty ceramic packing with
minimum service temperatures oi 2, 506°F, Pack-
ing of this type is necessary 1o prevent ashes from
collecting 'in the open joints and fusing in such a
way as tc render the joint useless.

Thefirst 10 feet of stack rmust be lined with high-
duty firebrick or an equivalent castable refractory,
The remainder of the stack may be lined with a
lower duty material sirce flame impingement in
this area does not normally occur. The charging-
door and other access doors, with the exception
of the ash pit cleanout doors, should be lined with
120-pound-per-cubic-foot, ASTM Class 24, cast-
able refractory.

s

The minimum heights for free-standing firebrick

walls of giver thickness are as follows,

Thickness of walls, in. Unsubsported height, ft
, 4-1/2 4
: 9 ' 10
: 13-1/2 L 14

Firebrickwails extending above these heights should
be held tc exterior supports with stainless steel
anchors thzt permit a differentizl rate of expan-
sion, Walls constructed of plastic refractory should
be anchored to exterior structural steel members
on 18-inch centers.

Arches may be constructed of firebrick or plastic
refractory. Firebrickarrangedtoformé60-degree
arches should be limited to a maximum span of 5
feet 10 inches for 4-1/2-inch thickness and 8 feet
for 9-inch thickness. Arches with spans greater

than 8 feet should be constructed of suspended, .

super-duty, fire clay shapes or super-duty, plas-
tic refractory. Plastic refractory used for this
purpose mustbe suspended from refractory cones
or stainless steel anchors spaced not more than
15 inches zpart.

Grates

Two materials satizfactory {or construction of

gratesareczitironanc castable refractory. Cast

iron grates are available in a wide variety of sizes
and shapes. They are of much heavier construc-
tionthanthose used irn. comparable general-refuse
incinerators, tominimize deformationathightem-
peratures. Whereblocks or scraps of wood are to
be burned, bar- or channel-shaped grates.should
be employed, but when wood waste accumulated
from woodworking equipiment is to be burned, pin-
hole grates should be installed. Typical pinhole
grates consist of 6-inch-wide by 24-inch-long by
3/4-inch-thick slab sections of cast iron with 1/2-
inck holes on 2-inch centers. Grates of this type
are capable of retaining small wood particles that
might otherwise fall unburned into the ashpit.
i

Refractory grates are nearly always constructed
in the form of 60-degree sprungarches. On incin-
erators of 250-pound-per-hour capacity or less,
grates are constructed of ASTM Class 24 refrac-
tory 5to 6 inches thick, with l-inch holes on 5- to
6-inch centers. ASTM Class 27 castable refrac-
tory6to 8 inches thick, with 1-inch holes on 6- to
9-inch centers is used in larger incinerators.

Caution is required in operating incinerators with
castirongrates. Underfire airmust not be unduly
restricted nor should the ash pit be allowed to {iil
within | foot of the grates. Heat buildup in the ash
pit {rom either condition can cause the grates to
warp and sag. Misoperation of this type does not
deform grates constructed of castable refractory.
Thesegratesare, however, susceptible to damage
from careless stoking and cleaning.

When most of the charge consists of sawdust or
similar small wood particles delivered by a uni-
form feed system, a solidhearth should be installed
at the rear of the ignition chamber to prevent the
introduction of excessive underfire air at this lo-
cation. As the size of the incincrator increases,
hearths are sometimes installed along the sidewalls
also to prevent excessive underfire air. Inany
event, the hearth’area should not exceed 30 per-
cent of the total horizomtzl area of the primary
ignition chamber.

Exterior Wolls

Incinerators canbe constructed withexterior walls
of red brick or steel plate. Red brick exteriors
areusually constructed of two layers of red brick
bonded bya reinforced concrete center. Exterior
steel plate may be of the thin, corrugated type used
toback plastic refractory, oras heavy as 10 gauge .
to support interior brick construction.

Air Parts ¥

Combustion air port controls should be constructed
of cast iron not less than 1/Z inch thick. These
ports should {it rightlyv to reduce air lcakagetoa
minimum.
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OPERATION OF INCINERATORS

Certain differences exist beiween the operation of
wood-burning incinerators and general-refuse in-
cinerators. The operator of a general-refuse in-
cinerator generally relies on auxiliary burners to
maintain temperatures for maximum combustion
inthe secondary chamber. The operator of a wood-
burning incinerator, without provisions for auxil-
iaryburners, is able to maintain adequate secon-
dary chamber temperatures by proper charging
and control of combustion air,

Generous .amounts of clean dry paper are mixed

with the wood for the initial charge. After theigni-

tion chamber is ore-half to two-thirds full, addi-
tional paper is placed on top of the pile to ensure
quick flame coverage at the surface. It is impor-
tant, in keeping smoke to a minimum, that only
clean dry paper and dry scrap wood comprise the
initial charge. After charging is completed, the
paper is ignited near the front of the chamber and
the charge door is closed. All combustionair ports
arealmost completely closed to restrict combus-
tion air,

Asburning proceeds, the incinerator passes through
the most critical period of its operation. By ob-
serving the emissions from the stack, the neces-
saryadjustments can be made promptly to reduce
or eliminate smoke. Gray or white smoke emit-
ted after lightoff indicates that the incinerator is
cold. This smoke can be minimized or eliminated
byclosing all air ports. Smoke of ‘this color usu-
ally ceases withina few minutes after lightoff when
flames completely cover the refuse pile and {ill
the flame port. A few minutes later, black smoke
may appear, resulting from a lack of adequate
combustion air. These emissions can usually be
eliminated by opening primary air ports and then
the secondary air ports, If additional combustion
airis required, it may be supplied by opening the
charge door, i

Although each incineratcr has its own operating
characteristics, the overfire and underfire air

ports can usually be opened 5 to 10 minutes after,
lightoff, and the secondary port, 20 to 30 minutes
later. If openingof the secondary ports results in
gray or white 'smoke emissions, the ports should
be closed immediately since the incinerator has
not yet reached its norimal operating temperature.

After zatraining mormal cperating temperatures,
maximuem combuestion is maintained by placing the
mechanical feed systerm in operation or by hand
charging at regular intervals.

ustrative Froblem
Problem:
Design a multiple-chamber incinerator to burn

}, 000 pounds of Douglas fir waste per hour with a
maximum moisture content of 10 percent.

1 445
Solutien:
1. <Composition of the refuse:
Dry combus-
.. tibles (1,000 1b/hr)(0.50) = 900 lb/hr
" Moisture {1,000 Ib/hr}{0.10) = __ 100 ib/hr
Total 1, 000

N
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Gross heat input:

From Table 118, the gross heat of combustion
of 1 pound of dry Douglas fir is 9, 050 Btu/lb
{900 1b/hz)(9, 050 Bru/lb) = 8,140,000 Btu/hr

Heat losses:

{2) Assume radiation, convection, and storage
heat losses are 20 percent of gross heat
input:

(6. 20){8 M 40, 000 Btu/hr) = 1,625,000 Btu/h:

==
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{b) Evaporation of contained moisture:

W
The gross heat of vaporization of water at
60°F is 1,060 Btu/lb

(100 1b/hr)(1, 060 Btu/lb) = 106,000 Btu/hr

{c} Evaporation of water formed by combus-
tion:

Trom Table 118, thereis 0. 563 lb of water

formed from the combustion of 1 pound of
dry Douglas fir.

0.5631b H,O

(900 lb/hr)( TS " ) {1, 060 Btu/lb)

= 537,000 Btu/hr

(d) Total heat losses:
a + b & ¢ = total losses
1,625, 000 Btu/hr + 106,000 Btu/hr +

537,000 Bra/hr = 2,268,000 Btu/hr

Net heat avzilable:

8,140, 000 Btu/hr - 2,268,000 Btu/hr =
5,872,000 Btu/hr

Veight of products of combustion:

From Table 118, there is 13.86 1b of com-
bustion products from 1 pound dry Douglas fir






