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I N T R O D U C T I O N  

Although a small  par t  of .the wood.waste produced 
f rom lumber mills and wood-workiq industries 
canbe processed into useful products such a s  chip 
board,  fireplace logs,  and paper,  the bulk of this  
waste is disposed of by .incineration, open burning, 
o r  hauling to a dirmp. The most  sat isfactory a i r  
pol1utio;l solution is ,  of course,  landfill disposal. 
The final choice of .the method of disposal i s  p r i -  
maril l-  d e t e r m b e d  by economics and by the a i r  
pollution reguletions existing in  the locale. 

There a r e ,  i n  general .  three methods of burning 
woodwaste. T h e s e a r e  (1) open burning. that is, 
burning i n a  pile without any surrounding s t ructure:  
(2 )  burning in single-chamber incinerators,  includ- 
ing the tepee and s i lo  s t ructures;  an3 (3 )  burning 
in multiple-chamber incinerators.  Of these,  the 
la t ter  is the most  satisfactory f rom an a i r  pollu- 
tion standpoint. 

Open burning with no control over combustion a i r  
produces more  a i r  contaminants than single-cham- 
ber  incinerators dowith regulated a i r  supply. The 
tepee ar.d si lo single-chamber LTcLerators a lso 
differ in combustiox efiiciency and e.mission of a i r  
conLaminants. 

Tepeeincinerators a r e  simple struct;res consist-  
ingusuallyofnothingmore thana sheet metal  shell  
supportedbyjstructural  s teel  members  in a shape 
s i i i l a r  to that of an Indian tepee. They a r e  usu- 
allylocatedat lumber mills and have limited con- 
t rol  of pr imary  combustion air .  Many units e m -  
ployblomers to supply a i r  t o  the base of the burn- 
ing pile to increase the burning rate .  The metal  
she l l i s  cooled by peripheral  a i r .  which flows up- 
ward and over the inside su r faces .  Excessive 
combustion a i r  admitted in this  manner prevents 
good control 05 the combustion p rocess  and resul ts  
in  excessive smoke and other a i r  contaminants. 

A silo incinerator consists of a s teel  cylindrical 
chamber l h e d  with high-duty r e f r ac to ry  mater ia ls .  
The top of the cylindrical chamber usually t ape r s  
t o a  smaller  d iameter  and extends upward, f o r m -  
ing a stack to  promote draft. Air is admitted 
through louvers located near  the base of the s t ruc -  
ture .  High temperatures can be maintained in the 
refractory-lined chamber,  result ingin higher com- 
bustionefficiencies than in the tepee units. Single- 
chamber si lo incinerators a r e  not, however, s a t i s -  
factory where a i r  pollution is a ser ious problem. 
and have been found t o  emit particulate mat ter  in 
excess of 12. pouyds j e r  ton o i  wood xvaste burned. 

Wood waste is produced by iridustrgin a g r e a t  many 
s i zes  and shapes ranging f r o m  fine sande r  dust to 
l a rge  pieces of lumber. Physical p rope r t i e s  ,and 
combustion data fo r  s eve ra l  common  WOO:^&. a r e  .. 
given in Table 118. Green lumber a t  the mill varies ’ 

widely in  moisture content. F o r  example. g reen  
redwoodmay contain over 50 percent m o i s t u r e  by 
weight, while constrriction-grade lumber such a s  
Douglas fir contains f r o m  10 to25 percent moi s tu re  
dependinguponits age. Kiln-dried wood m a y  con- .. , 

tain a s  l i t t le a s  5 o r  6 percent  moisture. 

. 

THE AIR POLLUTION P R O B L E M  

Burning of wood waste in open a r e a s  and at dump 
si tes  or  in single-chamber incinerators is accom-  
paniedbydense clouds of smoke. fly ash. and  dis- 
agreeable odors. Basically, t hesea i r  contaminants 
a r e  causedby incomplete combustion and are dis- 
charged in the form of particulate m a t t e r ,  alde- 
hydes, hydrocarbons and organic acids.as well  a s  
smoke and fly ash. They a r e  usually p r e s e n t  in 
the greatest  concentrations after. the lightoff pe r i -  
od or during t imes of heavy charging. 

While single-chamber silo incinerators have  been 
found to  have particulate emissions in e x c e s s  of 
12 pounds per  ton of wood waste, the par t iculate  
discharge f rom multiple-chamber incinerators  de- 
signed to burn small  wood particles ranges  f r o m  
1-112to6-112pounds per tonofwood waste burned, 
a s  shown.in Table 119. Smoke is visible f r o m  a 
well-designed multiple-chamber incinerator only 
f o r  a f e w  minutes a f t e r  lightoff and is occasionally 
accompanied by minute amounts of fly ash.  

AIR P O L L U T I O N  CONTROL E Q U I P M E N T  

A i r  pollution f rom the burning of wood was te  can 
be reduced toaminirq- through the use of multi-  
ple-chamber incinerators.  By promoting com-  
plete combustion, multiple-chamber incinerators  
produce considerably l e s s  a i r  pollution than i s  
emitted from single-chamber incinerators or  by 
openburning. Multiple-chamber incinerators dis-  
cussedin  the remainder of this pa r t  of the chapter’  
a r e  designed to  burn a l l  f o r m s  of wood was te- -  
f r o m  l a rge  pieces of lumber to  sawdust pa r t i c l e s  
that may comprise f r o m  10 to  100 percent of the 
total weight of the charge.  The designs of me-  
chanical feed systems a r e  a l so  included s i n c e  the 
feed sys t em must be proper ly  integrated with the 
design of the incinerator to promote maximum com- 
bustion. 

D E S I G N  PROCEDURE 

The fundamental principles of combustion d iscussed  
i n  the f i r s t  part  of this chapter  a r e  applicable to 
designing these incinerators .  Where 10 pe rcen t  



I t e m  

Incinerator capacity 
Normal burning r a t e  
Moisture content of refuse 
Stack volume 
Secondary chamber  temperatur t  
Particulate m a t t e r  

Particulate m a t t e r  
Sulfur diaside 
Carbon monoxide 
Organic acid--as acetic 
Aldehydes--as formaldehyde 
Hydrocarbons - -as hexane 

'. 

aEurning r a t e  based on s tack a n  

Units 

l b l h r  
lb/hra  
Wt % 

1.600 
g r l s c i  0 .05  
at  12% 

2.0 

lbltonb 0.8 
2 . 0  

PPm 

v s i s .  
bPounds of contaminants p e r  ton of wood burned. 

or m o r e  of the wood waste is in the form of saw- 
dust and sharings, it must be f e d  a t  a continuous 
rate bl-a meclranical feed system..  Differences in 
some design factors f rom those given a t  the be- 
ginning of this chapter f o r  hand-charged general-  
re fuse  incinerators generally reflect  the higher 
temperatures  developed f r o m  the exclusive and 
continuous mechanical charging of wood, and dif-  
f e r e n c e s  in the distribution of combustion a i r .  

The g r o s s  heating value of kiln-dried wood is 9,000 
Btu p e r  pound and is represented by the upper.  
curvesofFigrues  310 and 311,  These curves can 
be used to. determine grate  loading and average 
a r c h  height, resFectively. Other design fac tors  
differing from those for  general-refuse incinera- 
t o r s  a re  givenin Table 120. These design factors  
include secondary chamber cross-sect ional  a r e a s ,  
inlet a i r  port s i ze s ;  and other values and propor- 
tions. 

-An il lustrative problem at  the end of this  par t  of 
the chapter shows how these fac tors  a r e  used to 
design a multiple-chamber incinerator with a m e -  
chanical feed system. The calculations in this 
problem fal l intothree generalcategories:  ( 1 )  Com- 
'bustion calculations based upon refuse composi- 
tion, projected air requirements,  and heat  t rans-  
fer;  (2 )  gaseous flow calculations based upon the 
products of combustion at  elevated temperatures.; 
and ( 3 )  dimcnsional calculations based upon equa- 
tions dctermjned ei i ipir ical ly~from source testing. 

Chemical pro9erties and combustion data f o r  av- 
e ragc  wood and Douglas fir, given in Table 118, 
and s imi la r  v d u e s  for  other kinds of wood can be 
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> 
used todetermine the weights, velocities, and av- 
e rage  ta-perahl-es of the s r o d c c t s  of combustion 

FOT calculationpurposes. t he  bu-L+g rate  and wood 
waste composition a r e  z s s u n e d  constant. and the 
incinerator is considered to be 3Lnder relatively 
steady-state conditions. Calculations are  always 
baseduponrefuse that is the most difficult to burn. 
Heat losses  by radiation, heat s tored in refractory,  
andheatcontentof the residue a re  assumed to av-  
e rage  20 t o  30 percent  of the g r o s s  heating value 
oi the refuse during the first hour of operation. 
These heat losses  drop  to 10 to I 5  percent  af ter  
1 o r  5 hours  of operation. 

Todetermine the cross-sectionalfioiv a r e a s  of the 
secondary ports and cbarnbers. ozly volumes and 
temperature  levels of the products of combustion 
a r e  required. The temperature  gradient in which 
the products of combustion cool as :hey pass  f r o m  
the flame port  to the s tack are averages based upon 
source  tests of similar incinerators.  

The calculated overall  a\.erage gas temperature  
shouldbe about 1 , 3 0 0 " F  base6  on 200 percent ex- 
c e s s  combustion air and the 20 to 30 percent  heat 
losses ,  The calculated tempera tures  ar'e not f lame 
temperatures  anddonot indicate zemperatures a t -  
tained in the flame port  or misi?.g chamber.  

Indraft velocities through the ignition chamber a i r  
ports  a r e  assumed t o  average a00 fpm, equivalent 
to a velocity pressure  of 0.05 inch WC, while in- 
draf tveloci t ies  through the secondarya i r  ports  av- 
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Table 120.  DESIGN FACTORS FOR MULTIPLE-CHAiMBER 
ISCNERATORS FOR BURNNC WOOD WASTE 

Item and ivmbol  

Grate area. AG 

Average  a r c h  height. HA 

Le>g:h-to-s+dch ratio (Ipproxl: 
Retort 

In-lile 

Secondrrv combustion IO"*: 
Gas Fc!ocifies: 

Flame port 1 1  1.900*F. VPp 

Mixing chamber at  1,550'F. 

Cumin w i l l  p o n  at 1.500.F. 

Combustion chamber at I .  2OO'P. 
VCWP 

"cc 
.Mixing chamber  d o v n p i s a  length. 
LMc. from top  of ignition chambe,  
a r c h  to top of curtain wall port  

Length-to-uidth ratios of flow 
cross sec.ians: 

Retort. mixing chamber.  and 
c ~ s i i o n  chamber 

L,-liTlc 

Combustion air: 
A i r  requirement. batch.  01 con- 
tinuous charging..- 

r. 

-i 

Camburtion a i r  diriribution. % o! 
total air required:  

0"crfirc a i r  por t s  

c u r l a i n  wall port or s i d e  ports  

Underfirc air ports 
Mixing c h i m b c r  air  ports 

P o l l  r i r i n p .  nomina1 i n l r f .  
vc:ociiy p r e s e u r r ,  and velocity 
(without o r c r s i r e  facfor,l. in. IVC 
07 fpm; 

Overfire port 

c u r t a i n  Vll l  PO'' or .id. port 

Undei f ire  pori  
Mixing chamber port  

Fvrnilcc i e m p e i i l u i e :  
Average t~mpcraL*re.  combus-  
tion producw a t  200% cxccss air 

E c o n d i r y  burner  (il requiredl  . 
Auxiliary burner,: 

Draft reguircments:  
Theoret ical  s tack  drafl .  DT 

Available primary air  induclion 
dral:. DA (assume equivalent fO 

S ~ N r r l  draft stack vcloci ly .  Vs 

h ! C l  'elocily p'cslurel  

Recommended value'and units 

10 Lag Rc: Ib lhr - l f2  where 8,. equal, 
the re fu ie  combustion rite in Ib lhr  
(reler Lo Figvre 3101 

ac + k: itz 

413 
and + 10% curve1 

u p  to 5W Iblhr .  2:l: over 500 Ib/hhr, 

Diminishing lrom about 1.7:1 for 
75O-Iblhr to about I:2 lor 2 .000-  
I b l h r  capaci ty .  Oucrqaure  a<- 
ccpfablc  in unit, of more than 1 1 - l t  
ignition chamber  length 

f t  (refer to Figure 111 

1.75:1 , 

50 f t l s e c  

2 5  f t l r c c  

2 0  rt/*cc 

5 to 10 ftlscc: 'Iway* IC,, than 
IO f f l l e c  

Average a r c h  height. It 

Range: 1. I:L to 1 . 5 : I  

Fixed by gas velocities due to 
constant incinerator width 

B a s i s :  200% excess air .  l O O h  
excess air  admitted into ignition 
chamber :  50% theOrCtiCaI air  
through snixing c h a m b r r  air  ports  
and 50% Lhrorrtical air  through 
curfa in  wall a ir  pori  or side 
ai ,  po'ts. 

60% 
6 6  
17% 
17% 

0 . 0 5 1  or 900 
0 .051  01 900 
O.Ob2 or 1. 000 
0 . 0 6 2  01 1.000 

I ,  30O'F 

2 . 5 0 0  to 5.000 Bfu p e r  Ib of 
m o i s i u ~ ~  in the refuse 

0. I LO 0 . 3 5  in. w c  
0 . 0 5  t o  0.10 in.\YC 

Leas  than 2 5  f t / sec  a t  I .  IOO'F 

I lowabie 
eviatirm . .  . -  .: 

. .  
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e r a g e  1.900 f?m (.O.DG h. WCj. The inci:ierator 
draft sys tem shodd be designed to producc a nega- 
t ives ta t icpresscre  o f a t  l e a s t  0.05 inch IVC in the 
ignition c k m b e r .  

P r i m a r y  a i r  ports for  continuouslyfed incinerators 
are  s i r e d  f o i  indnction oi  theoretical  plus 100 per- 
cent excess  a i r .  Ten percent  of this air is admitted 
through ports  located belowthe gra tes ,  h ld  90 per -  
cent, ,above the gra tes .  AdditioDal pr imary  air  
canbe admittedby opening the charging door a h e n  
necessary.  A i r  is induced into the mixing cham- 
bernot  onlyto sopport combustion but a lso to cool 
the combustion gases and prolong the service life 
of the refractories.  Mixing chamber air ports lo- 
cated in the bridge wall  are  s ized to admit 50 to 
100 percent  o i  theoretical a i r .  Air is sometimes 
admitted to the combustion chamber  through air 
ports located in the curtain \;all and sized to a.d- 
mi: an additional 50 percent of theoretical air. 

Although some combustion air  enters  the ignition 
chamber  along with the sawdustfrom the pneumatic 
convcying systern, this a i rksua l ly  amounts to less 
than 7 pcrcent  ah the total  conbustion air and can 
be neglected in ckterrnining the s ize  of the pr imary  
a i r p o r t s .  Airports  a re  designed with the factors  . - .. ..~ 

_.  ber to in i t ia te  and suszah cxnbtistion. li sroducu; 
s c c h a s  rubber,  oiiyrags, r - . i ? lzs t icsare  present  
inrppreciable  quanti*es i? the r o o d  \<-asies, they 
produce partiallT oxidized compounds rhat r e q u i r e  
h i g i  temperatures  for cornplete s e c o n i a r y  com- 
bcstion. Thm,  secazdary burners  should be ic- 
?,falledinthe mixing chamber with arromztic  con- 
t r o l s  to maintain the required hizh tem2eratures  
u n d e r  all phases of o?eration. 

Incinerotor  A r r a n g e m e n t s  

Lzckera tors  forburning wood use both &-line and 
rerortstylesasshowninFigures 317 and 319.  In- 
cinerators  with capacities of less than 500 pounds 
per hour a r e  usually constructedas retorts.  Vnits 
ranging f r o m  500 to 1;OOO pounds per  hour may, 
however, follow ei ther  the in-line or r e t o r t  style 
for the arrangement  of chambers.  I n - f i e  s tyles  
are  recommendedlor  incinerators  4 t h  capacit ies 

. i n e x c e s s  of 1 , 0 0 0  pmands per hour beczzse of not 
onlythe inherenthigher costs of the r e t o r t  but also 
t h e  difficulties-in cooling the internal aalls. A 
re tor t - type inkf ie ra tor  with a prefabricated s teel  
she l l  is shown in  F igure  318. A single-chamber,  
s i l o - m e  incin'erator a n  be converte6 t o  multiple 

I. given in  l ab le  120. & d e r  b v a t t a c h k e a  nLdch oven c o x i s t i n e  of an - - 
Unless the \voodrefuse is es t remely wet, auyiliary 
gas b u r n e r s  aremot required in the ignition cham- 

ip2ition c h a m h e r a n i z r L x k p  chamber e s  depicted 
'-1 Figures  319 an6 32% 

r. ..<. .. , .<.: 
, . . _.._i- 

Figure 31 7. A 2,OOC-1 b-per-hour. in- I i ne MI t i p l  e-chamber 
incinerator (hktro boldryn kbyer, Inc.. Culver C i t y ,  Calif.). 

F i w e  318. A 150-Ib-per-hour. r e t o r t  rmltiple-chamber 
incinerator (Acne  Woodcraft. Los AngEles. Cal i f . ) .  
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Figure 319. A 1.000-lb-per-hour. i n - l i n e  
m u l t i p l e - c h a m b e r  incinerator ( s i l o  con- 
version) (Orban L u m b e r  Co.. Pasaeena. 
Car i 1 . ) .  

F gure 320. Sch?nat!c oiagrrn o f  an n.1 ns 7 . t  pie-chnoel 
ircl?erator ( S I  I o  canrerslcn). 



Inthe designofthe s i lo  conversion, the s i ze  of the 
ignition chamber and mixing chamber attached to 
an esis t ing silo is l imited by a mbximum allowable 
gas vrlocityof lOfps through the horizontal c ross -  
sectional base of the si lo,  o r  by the effective d r a f t  
developed by the stack. 
is l imited by the height of the silo and its internal 
dimensions. 

Effective draft ,  in turn,  

If the attachment of an ignition and mixing cham- 
ber  t o  a si lo results in a gas velocity through the 
base of the silo of less than 5 fps ,  a re f rac tory  
tunnel withacross-sectionalareaequalto the cur -  
tainwall  port a r e a  should extend f r o m  the curtain 
wall halfwayacross the b a s e  of the silo. The tunnel 
acts  as an extension of the mixing chamber and 
provides additional f lame residence time and turbu- 
lence necessary to complete  the combustion pro- 
cess.  '\ - 

D € S I G N  PROCEDURE FOR M E C H A N I C A L  FEED S Y S T E M S  

During the development of the multiple-chamber 
incinerator ,  hand charging of sawdust and inter-  
mittent deliveryof sawdust f romlocal  exhaust sys-  
tems serving woodworking equipment were found 
to s m o t h e r  the flames periodically in the ignition 

overcome this problem. a feed system was devel- 
oped for delivering small wood particles to the ig- 
nition chamber  a t  a constant ra te  and thus sustain 
contiquous burning over  the entire surface of the 
pile. This system, i l lus t ra ted inFigure  321, con- 
s i s t s  basically of a s u r g e  bin for holding sawdust 
and wood chips f rom loca l  exhaust. sys tems serv-  
ing woodworking equipment. Screw o r  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 t ransfers  the was te  to a cyclone where the 
waste drops  into the ignition chamber. 

, 

. c h a m b e r  and thus cause  excessive smoke. T o  

Surge Bin 

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

. dust and wood chips t o  the conveyor at the bottom 
of the bin. Waste is produced in a wide variety of 
s izes  and shapes, ranging f r o m  fine sander  dust 
to la rge  chips f romhoggers .  Gravityflow of mate-  
r ia l  is a complex function of the composition. s ize ,  
shape, density, packing pressure ,  adhesive quali- 
ties. and  moisture content. F o r  example, pine 
wood shavings do not f low a s  easily as hardwood 
shavings of identical s i z e  and shape do because .the 
resin content ofthe pine wood imparts  an adhesive- 
ness hindering the flow. The, f1,ow characler is t ics  
o f a p a r t i c u l a r  wood waste  a r e ,  thcrefore ,  of pr i -  
m a r y  importance in t!ie f inal  selection of the shape 
of the bin. 

... 

H I G H - E F F I C I E N C Y  
C I C L O H i  

Figure 321. Diagran of a mechan~tal  feed system. 

iVood wastes that exhibit TOO= flow character is t ics  
shouldbe handled in bins constructed with .vertical 
s ides  and screw o r  drag conveyors covering the 
.entire f l a t  bottom of the bin, as shown in F igure  
322. If thewoodwasrehas f a i r l y , f r e e  flour.charac- 
t e r i s t i c s ,  a h i n w i i h i o E v e r t i c a 1  sides and a slop- 
. iqgbot tommaybe used, as shown ir. Figure 323. 
The included .angle between the ver t ical  side and 
sloping bottom shodl r .o tesceed  4 3  degrees.  Wood 
waste that exhibits ideal flow char rc te r i s t ics  may 
u s e  a vee-bottorn bii.  a s  depicted in Figure 324. 
The.included angle benveen sloping sections should 
not exceed 60 degrees io', most  efficient .operation. 

i l though good bin design rssists the flow of saw- 
dust to the conveyors, bins.with sloping bottoms 
require  mechrnical agitaiors o r  vibrators  t o  p r e -  
vent bridging. Vibrators are pener.ally superior  
!or this purpose s i x e  reciprocating and rotating 
b a r  agitators tend t o  shear  .and bend out of shape 
under heavyloac!s. To be most  eifective, vibrators  
a r e  usuallymounted ahout one-fourth of the distance 
f rom t h e  base of the s lopi ig  bottom of the bin, which 
is usuallyconstructed o i a l a r g e ,  unsupported sec-  
tion of sheet metal. This method of construction 
permits  t ransmissionof  vibrat ionmore eas i ly  than 



t ransmiss ion  f rom sloping sections r ig id ly  sup- 
ported with stZfened angles o r  s t ee l  s t ruc tu ra l  
members .  If rhe bottom is so l a rge  a s  t o  r equ i r e  
sometype  of externalcross-sect ional  support, the  
support members  s h o d d  be attached only a t  the 
edges ,of the section. 

Figure 322, Vertical-sideb feed bin with four parallel 
screw conveyors (%ow Sal-n Furn i ture h.. Lns 
Ange!es. Calif. j. 

Vibrators operating co;rtinuou'sly. may  cause  the 
wood waste to pack  and bridge in k$e bottom of the 
bin. To remedy this condition, the frequency of 
vibration or the amplitude of the vibratory s t roke 
may be changed, o r  a mechanical t imer  may  b e  in- 
stalled toactuate the vibrators a t  desired intervals.  

S c r e w  o r  D r a g  Conveying 

Screwor  drag conveyors a r e  placed in the bottom 
o f a f e e d b i n  to remove sawdust and shavings f r o m  
the bin a t  a regu!ated rate.  Screw conveyors a r e  
preferred,  exceptwherelong. tough, f ibrous sbav- 
ings a r e  to be conveyed. Since mater ia l  such a s  
this would bind in conveyor flights, the m o r e  ex- 
pensive drag conveyor must be used. 

Screw conveyors with variable pitch a r e  recom- 
mended over s c rews  with uniform pitch because 
they permit m o r e  even loading of the sc rew along 
the entire lengthand thw minimize the compress-  
ing of sawdustand shavings causing bridging above 
the discharge end of the screw. Becacse  rela-  
tively large pieces of v-ood may enter  the convey- 
ing system, sc rew c-zveyors should be at  least  b 
inches in diameter io e n s u r e  their  6assage. 

Regulation OE the flow of wood-ste is dependeat 
upon the bulk densiry of the sa& tu be handled a s  
well as upon the number, diameter. ar.d speed 01 
the s c r e w  conveyors. The  b& density of rnos: 
wood wastes varies  f rom 4 to IL pounds p e r  cubic 
foot, deperrding upon the kind of ivood p ro ie s sed  
and the shape of the particles.  Determination of 
thedensitymust bebasedupon saa-dust in its com- 
p r e s s e d f o r m a t  the hottom of &bin, r a t h e r  than 
i n a l o o s e f o m  Once t h e  densitp has been estab- 
lished, the type of bin selected. and number of 
s c rews  d e t e m m e d ,  the diametesand  speed of the 
screws canbe  calculated. Provisions should also 
be made for a gea r  head or  -rive to regulate 
'the speed of the conveyors so that they supply wood 
w a s t e o v e r a r a n g e o f  33 to  100 percent of the burn- 
ing capacity of the incmerator .  

To prevent sawdust f rom being aspirated into the 
pneumatic conveying sys t em fasterthan the normal 
del ivery r a t e  of the sc rew,  conveyors should ex- 
tend a t l e a s t  t h ree  s c r e w  d iameters  beyond the end 

F igu re  323. Feed bin with sloping bottom 
(Cal i forn ia  hloulding and Trim Afg. Go.. 
LOS Anaeles CzIif.1. 
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Figure 314. Feed bin with vee bottom (Orban 
LLllber Ca.. Pasadena. Calif . ) .  

oi,t;-.e bin. and the shrouds should be instal!ed over 
the extended section, a s  shown in  Figure 325.  
Shrou6s z r e  usually adjusted after the unit is in 
operation, to provide optimum clearance over the 
flights and pret-ent b7lnding. 

P n e u m a t i c  C o n v e y i n g  

While genera l  design features f o r  pneumatic con- 
ve3ing sys tems are  discussed in the preceding 
chapter, a number of specific features  should be 
considered in designing pneumatic con\.eying s y s -  
tems for wood w a s t e  incineration. 

Pneumatic,  conveying systems are generaliy de- 
sigzed !or a ratio of ? I 3  cfm of conveying air pe; 
hoxrper  1 ~ 0 ~ 3 6  of szwdust to be burned. About 10 
percent  o l  this.conveyiiig a i r  should be admitted to 
the incineratoralong 4 t h  the wood waste to a s s i s t  
in spreading the part ic les  evenly over the ent i re  
grate area anc to maictain active flame o\.er :he 
scrface of theburning pile. The an-oun'. si comev-  
i!:g a i r  enteriny the ignition charr..irer rnhy be rsgu-  
lated by instrlling either a butterfly damper  in  the 
topoutiet  diict of the cyclone separa tor ,  o r  sp i r a l  
--azes \r,ithi:i the cone oi the cyclone .?eparator.  

Szvdcst piihlp and conveying, velocities shouid be 
at least  3,  000 fpm to prevent sawdus: blockase h> 
the i u c ~ w o r k .  Elowermotors  should b e  c;.ersizc.? 
i o  accon:-nodatt occasional surges  of sa\dilSt 
through kktz pneumatic conveying system. 

Figure 325. Screw conveyor with skroud ( k c z  Woodcraft. 
10s Angeles. Cal'id.). 

< 

Cyclone separa tors  use? in conjunction with the 
blower are  of the small-diam-ete;, 'r.i:h-efficien- 
cy type with sepa>atioxfacrors that exceed 100, as 
descr ibed in C h a p e r  4. 

i Cap-type drrnper ec.ci??eiritt. E co.;nterbalance 
weight should be k.5taC& z i  :he boztorn outlet of 
the cyclone separator .  ,=.is dzm?e: is adjusted 
t o  close automatically -;her. Lhe b!ov:er is noi in 
operation, which prevects the hot gases  of the ig- 
nition chamber f r o m  canzz-kg  the sk.eet metal  of 
the cyclone separator  andalso?re\-er ts  smoke f r o m  
being emitted to the a*-osp!lere irom the top of 
the cyclone. This damper s h o u X  he coxstructed of 
l/.?-inch stainless steei312te s k c e  it is subject t o  
intense radiation from- t>.e brrnine piie. By con- 
s t ruc t ionoia  square .sh+?elr;amper \-:it5 a square 
duct extending below, t k e  dstll?er is zble to slving 
out of the way of the <s! ikg ii.oo? -Taste. 
damper should be large er.vigt fo f o r m  a tight, 
overlapping sea l  with E s n c o r h ,  stainless s teel  
flange located below t k  r o - ~ c  cccr ar the bottom 
of the cyclone separaro:. 

To  ensure proper operit.lo:.. %e eqci?me-,t should 
be e lec t r ica l ly in t f r loc~ed  :o stir: simultaneously 
o r  in the following orCe7: (!) 3?ower,  (2)  convey- 
o r s ,  (3) vibrztors  3: agii~t^:s .  

The 

STANDARDS FOR CONSTRUCTION 

- 1 -  ,. c.1e 2 

era tors  a r e  sir?iiar to tkose 3f generri-;e:usc in-  
cL-.crators, wood-burnLiz incir.errtors n u s t  be dc- 
signedfor grea te r  s:res;e+ s n i  szrziis caused by 
incr rasee  thermal  expansion resu!rir.g f r o i n  highcr  
temperapare operation. 2eirac:o:ies. thereiorc ,  
i r e  selected to res isr  r.01 oniy nerinal abrasion 

s t ructural .  ferzilres oi u.ooi-bu:ni?g incin- 
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f r o m  chargingbut a l so  erosion. spa!lit?g, and slag- 
ging resulting i ro r .  high-temperature.  high-veloc- 
ity flame impingexent.  

Refractories 

Super-duty p las t ic  re f rac tory  o r  super-duty fire 
clay f i rebr ick  a r e  recommended f o r  the in te r ior  
walls andarches  that come i?to d i rec t  contact r i t h  
flames and hot gases ,  s ince temperatures  usually 
exceed 2 , C O O " F .  Expansion joints with 1/2-inch 
minimum&d'h s h o d d b e  h s t a l l e d f o r  every 6-foot 
section of re f rac tory .  T5ese  joints ITiust be sealed 
completely +th high-dxm-7 ceramic  packing with 
minimum serv ice  te.?lperatures oi2.5OC'F. Pack-  
ing of this type is necessary  ro  prevent ashes  f rom 
collecting 'in the ope- jo-kts and fusing in  such a 
way as to render  the joint useless .  

T h e f i r s t  10 f ee t  of stack must  be lined with high- 
duty f i rebr ick  o r  an  equivzlent castable refractory.  
The remainser  of the stack may be lined with a 
lower duty mater ia l  s icce  flame impingement i n  
this a r ea  does not norma?ly occur.  
door an2 other access  doors,  with the exception 
of the a sh  pit cleanout doors ,  should be lined with 
120-pound-~er-cubic-foot, ASKM Class  24, cas t -  
able refractory.  

The minima! nz!gkts f o r  iree-standing f i rebr ick  
walls of pis-er t % c : b e s ~  a r e  5 s  iollos;s. 

Thickness of walls. in. 

The charging- 

. ,  

Unsubor t ed  h e i m  

4-112 4 
. 9 10 

13-1!2 .: 14 

Firebrickwalls  extending above these heights should 
be held to exter ior  supports with stainless steel 
anchors that permi t  a di'ferential rate of eapan- 
sion. 
be anchores to  exter ior  s t ruc tura l  s teel  members  
on 18-inch centers .  

Arches may be constructed of f i rebr ick or plastic 
re f rac tory .  F i rebr ickar ranged  to f o r m  60-degree 
a rches  should be l imited to a .maximum span of 5 
feet !O inches f o r  4 - l / ? - inch  thickness and 8 ieet 
for 9-inch thickness.  Arches with spans grea te r  
than 8 feet should be constructed of suspended, . 
super-duty,  f i r e  clay shapes o r  super-duty,  plas- 
tic refractory.  Plast ic  re i rac tory  used fo r  this 
purpose must be suspended from r e f r ac to ry  cones 
o r  stainless s tee l  anchors  spaced not more than 
15 inches &?art. 

Walls cois t ructed of plastic re f rac tory  should 

i rongra t e s  a r e  available i n  a wide var ie ty  of sizes 
and sbaper .  They a r e  of much heavier construc- 
tion than those used i.. corn-parable genera l - re fuse  
incinerators ,  tominimize deformation a t  high tem- 
pera ture i .  Vihere blocks o r  sc raps  of wood a r e  to 
b e  burned, ba r -  or  channel-shaped g ra t - s  .$ho$ld 
be employed, but when wood 'piaste accumulated 
fromwoodworking equipment is to be burned, pin- 
hole grates  should be installed. Typical pinhole 
gra tes  consis t  of 6-inch-vide by 24-inch-long by 
3/4-inch-thick s lab sect ions of cas t  i r o n  with I / 2 -  
inch holes on 2-7lnch centers .  . .  Grates of this  type 
a recapable  of retaining smal l  wood par t i c l e s  tha: 
might otherwise fal l  unburned into the ashpi t .  

Refractory gra tes  a r e  near ly  always constructed 
in the form of 60-degree sprung arches.  On incin- 
e ra to r s  of 250-pound-per-hour capacity or l ess ,  
g ra tes  a r e  constructed oi ASTM Class 24 r e f r ac -  
to ry  5 to 6 inches thick. with I-inch holes  on 3- to 
6-inch centers .  ASTM Class  27 castable  re f rac-  
t o r y b  to 8 inches thick. with I-inch holes  on 6- to 
9-inch centers  i s  used in l a rge r  inc inera tors .  

Cautionis required in operating inc inera tors  with 
cast  i rongra tes .  Underf i rea i rmust  not b e  unduly 
restr ic ted nor should the ash pit be allowed to fill 
within 1 foot of the g ra t e s .  Heat buildup in the ash 
pit from either condition can cause the gra tes  to 
warp and sag. Misoperation of this type does not 
def0r.m gra tes  constructed of castable refractory.  
These gra tes  a r e ,  however. susceptible to damage 
f r o m  care less  stoking and cleanins. 

When most  of the charge  consists of sawdust o r  
s imi la r  small  wood par t ic les  delivered by a uni- 
fo rm feed system, a sol idhearth should b e  installed 
a t  the r e a r  of the ignition chamber to prevent  the 
introduction of excessive underfire a i r  a t  this lo-  
cation. A s  the s ize  of the incincrator increases ,  
near ths  a r e  sometimes installed along the sidewails 
a l so  to prevent excessive underfire a i r .  In any 
event, the hearth'area should not exceed 30 p e r -  
cent of the total horizontal  a rea  of the pr imary  
ignition chamber. 

E x t e r i o r  W n l l s  

Incinerators can be cons?ructed wi ihexter ior  walls 
of red  br ick o r  s teel  plate. Red br ick ex ter iors  
a reusua l ly  constructed of two layers of r e d  brick 
bonded bya reinforced concrete center. Exter ior  
s teel  plate maybe oi the thin,  corrugated type used 
tobackplast ic  re f rac tory .  o r a s  heavy as 10 gauge 
to support inter ior  b r i ck  construction. 

A i r  P a r t s  

Combustionair port  controls  shouldbe constructed 
of cast  iron not iess than 1 / Z  inch thick. These 
ports should fi t  tightly to reduce a i r  lcaksge to a 
mi-iniun. 

8 
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O P E R A T I O N  O F  INCINERATORS Solurion: 

Certain differences exis t  beaveen the operation of 
wood-burning incinerators a n d  general-reiuse in- 
cinerators.  The operator  of a general-refuse in- 
c inerator  generally relies on aLxiliary burners  to 
maintain temperatures f o r  mas imum combustion 
inthe secondarychamber.  The operator of awood- 
burning incinerator, without provisions for auxil- 
ia ryburners .  is able to maintain adequate secon- 
dary chamber  temperatures  by proper  charging 
and control  of combustion air. 

Generous .amounts of clean d r y  paper are mixed 
with the \\.ood for  rhe init ial  charge.  
tion chzmber  is one-half to avo-thirds full, addi- 

quickflamecoverage a t  the sur,face. I t  is impor-  
tant, i n  keeping smoke to a minimum, that only 
clean d r y  paper and d r y  s c r a p  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. A l l  combustion air ports  
are a lmost  conipletcly closed to r e s t r i c t  combus- 
tion air. 

As burning proceeds, the incinerator passes  through 
the m o s t  critical period of i ts  operation. By ob- 
serving the emissions f r o m  the stack, the neces-  
saryadjustments can be made promptly to reduce 
o r  eliminate smoke. Gray  o r  white smoke emit-  
ted a f t e r  lightoff indicates that the incinerator is 
cold. This  smoke can be mii imized or  eliminated 
byclosing a l l  air ports. Smoke of this color usu- 
ally c e a s e s  withina fewminutes  af ter  lightoff when 
f lames completely cover the refuse pile and fill 
thef lame port. A few minutes l a t e r ,  black smoke 
may appear .  resulting f r o m  a lack of adequate 
combusrion air. These emissions can usually be 
eliminated by opening p r i m a r y  air ports and then 
t h e  secondary air' ports. If additional combustion 
a i r i s  required. i t  may be supplied by opening the 
charge door. 

Alt!!ouxh each incinerator has  i ts  own operating 
characterist ics.  the 07-erfire and underf i re   air^ 
ports c a n  usually be opened 5 to 10  minutes after, 
lightoff. and the secondary port, 20 to 30 minutes 
later. If opening of the secondary ports resul ts  i r  
gray or white'smoke emissions,  the ports  should 
be closed immediately since the incinerator has  
not yet reached its normal  operating temperature .  

After attaining normal  o?erating temgeratures ,  
m a s i m u n  combustion i s  xaintained by placing the 
mechanical feed sys tem in operation or  by hand 
charging a t  regular hterval's. 

l ~ ~ u s l r a l i v e  Problem 

Problem: 

, 

2. 

After  the igni- 

tional paper  is placed on top of the pile t o  ensure  3. 

~ 

4 

Cdmposiyion oi the refuse:  

D r y  conibus- 
tibles ' (1,000 lb/hr)(O. 40) = 900 l b / h r  

Moisture (1, 000 lb/hr)(O. IO)'= -QX.lb/hr 
Total 1,000 

Gross  hear input: 

€ rom Table 118, t h e g r o s s  heat of combustion 
of 1 pound oi d r y  Douglas f i r  is  9,  050 Btu/lb 

(900 lb/hr)(9,050 B t d l b )  = 8, 1-10. 000 B t u b r  

Heat losses: 

Assame radiation, convection, and s torage 
heat losses  are 20 percent  of g r o s s  heat 
input: 

(0. 20)(8>140, c. 000 Btu/hr)  = 1,625,000 Btu/h: 

Evaporation of contained moisture:  

... .- . 
i 

The g r o s s  heat  0; -v-s?orization 0: water a t  
6 0 - F  is 1, 060 Btuilb 

(100 lb/hr)(l . ,  060 Btuilb) i 106, 000 Btu/hr  

Evaporation of water  formed by combus- 
tion: 

F'romTable 118, t h e r e i s  0.563 lb of water  
formed f rom the combustion of I pound of 
d r y  Douglas fir. 

0.563 lb H,O 
(900 lb/hr)(  Ib - ) (1 ,  060 Btu/lb) 

= 537,000.Btu/hr 

(d)  Total heat  losses:  

a + b i c = total losses  

1,625,000 Btu/hr  I 106, 000 Stu/'nr t 

j37.000 Btu/hr = 2,263,000 Btu/hr 

Design a multiple-chamber incinerator lo  burn 
1 ,  000 poilnds of Douglas iir waste per  hour with a 
maximLm moisture content of 10 percent. 

Xet heat available: 

5, 140, C O O  Btu/hr - 2,268,000 Btu/hr  = 

5, 872, 000 Btu/hr 

YJeiSht of products of combustion: 

F r o m  Table 113, there  is 13.66 Ih of corn- 
bustionproducts f rom 1 pound d r y  Douglas f ir  




