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Engi neer i ng and Desi gn

I NCI NERATORS

Mobi l i zat i on Const r uct i on

1 . Pur pose . Thi s manual pr ovi des gui dance f or t he desi gn of i nci ner at or s f or

combust i bl e wast e mat er i al s at U. S . Ar my mobi l i zat i on f aci l i t i es .

2 . Appl i cabi l i t y . Thi s manual i s appl i cabl e t o al l f i el d oper at i ng

act i vi t i es havi ng mobi l i zat i on const r uct i on r esponsi bi l i t i es .

3 . Di scussi on . Cr i t er i a and' st andar ds pr esent ed her ei n appl y t o const r uct i on

consi der ed cr uci al t o a mobi l i zat i on ef f or t . These r equi r ement s may be

al t er ed when necessar y t o sat i sf y speci al condi t i ons on t he basi s of good

engi neer i ng pr act i ce consi st ent wi t h t he nat ur e of t he const r uct i on . Desi gn

and const r uct i on of mobi l i zat i on f aci l i t i es must be compl et ed wi t hi n 180 days

f r om t he dat e not i ce t o pr oceed i s gi ven wi t h t he pr oj ect ed l i f e expect ancy of

f i ve year s . Hence, r api d const r uct i on of a f aci l i t y shoul d be r ef l ect ed i n

i t s desi gn . Ti me- consumi ng met hods and pr ocedur es, nor mal l y pr ef er r ed over

qui cker met hods f or bet t er qual i t y, shoul d be de- emphasi zed . Lesser gr ade

mat er i al s shoul d be subst i t ut ed f or hi gher gr ade mat er i al s when t he l esser

gr ade mat er i al s woul d pr ovi de sat i sf act or y ser vi ce and when use of hi gher

gr ade mat er i al s woul d ext end const r uct i on t i me . Wor k i t ems not i mmedi at el y

necessar y f or t he adequat e f unct i oni ng of t he f aci l i t y shoul d be def er r ed

unt i l such t i me as t hey can be compl et ed wi t hout del ayi ng t he mobi l i zat i on

ef f or t .
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1- 1 . Pur pose and scope . Thi s manual cont ai ns i nst r uct i ons and

. i nf or mat i on f or t he desi gn of i nci ner at or s f or combust i bl e wast e

mat er i al s, i ncl udi ng gar bage . The desi gn of r ubbi sh i nci ner at or s wi l l

be based on t he use of nat ur al dr af t . Auxi l i ar y bur ner s wi l l be

necessar y i n some cases .

1- 2 . Sel ect i on of si t es . Si t es f or i nci ner at or s wi l l be sel ect ed f or

conveni ence wi t h r espect t o t he housi ng ar ea t o be ser ved and f or

accessi bi l i t y f r om t he exi st i ng r oad net . The l engt h of aver age

one- way haul , i n gener al , wi l l not be mor e t han 3 mi l es . Wher e

addi t i onal r oads ar e necessar y, t hey wi l l be over t he most di r ect

pr act i cal r out e t o t he si t e . I n al l cases, t r avel on and acr oss

pr i mar y r oads wi l l be hel d t o a mi ni mum. Si t e l ocat i on wi l l be at

l east 1, 000 f eet f r om i nhabi t ed bui l di ngs and out of t he pr evai l i ng

wi nd di r ect i on t owar d bui l di ng ar eas . Dr ai nage condi t i ons wi l l be

adequat e f or r unof f and t o accommodat e dr ai ns f r om t he i nci ner at or

pl ant t o sani t ar y sewer s .
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2- 1 . Def i ni t i ons . Def i ni t i ons of t er ms i n t hei r appl i cat i on t o t hi s

manual ar e as f ol l ows :

a . I nci ner at or . A speci al t ype of st r uct ur e f or t he r educt i on of
r ef use t o i ner t gases and sol i ds by bur ni ng .

b . Fur nace . That par t of t he i nci ner at or i n whi ch combust i on t akes

pl ace, i ncl udi ng t he i gni t i on chamber , mi xi ng chamber , combust i on

chamber , and char gi ng hood i f pr ovi ded .

c . Ar ch . The ar ched cei l i ng of t he f ur nace over t he i gni t i on,

mi xi ng, and combust i on chamber s .

d . Gr at e . The cast i r on ( C. I . ) gr at e on whi ch t he dr y mat er i al i s

bur ned .

e . Hear t h . An i ncl i ned f l oor on whi ch t he wet mat er i al i s dr i ed

and bur ned . I t may be const r uct ed of f i r ebr i ck or of cast i r on gr at e

bar s .

f . Ef f ect i ve gr at e ar ea . The gr at e ar ea pl us t he ef f ect i ve ar ea of

t he hear t h i n t er ms of gr at e ar ea .

g . I gni t i on chamber . The space bet ween t he gr at e and t he ar ch and

bet ween t he hear t h and t he ar ch .

h . Mi xi ng chamber . The chamber adj acent t o t he i gni t i on chamber

wher e t he gases mi x bef or e passi ng t o t he combust i on chamber . Thi s i s

of t en cal l ed t he down pass .

i . Br i dge wal l . The wal l at t he end of t he gr at e or hear t h bet ween

t he i gni t i on chamber and t he mi xi ng chamber .

j . Combust i on chamber . The f i nal chamber of t he f ur nace wher e

combust i on of t he gases i s compl et ed .

k . Tar get wal l . The wal l bet ween t he mi xi ng chamber and t he

combust i on chamber .

1 . Fl ue . The hor i zont al connect i on bet ween t he combust i on chamber

and t he st ack .

m. Damper . The ver t i cal movabl e r ef r act or y sl ab i n t he f l ue f or

dr af t cont r ol .
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n . Damper box . The box over t he damper f or housi ng i t i n i t s open

posi t i on .

o . Char gi ng hood . A st r uct ur e di r ect l y over t he i gni t i on chamber

pr ovi ded wi t h a door , t hr ough whi ch t he f ur nace i s char ged wi t h

r ef use .

p . Char gi ng t hr oat . An ext ensi on f r om an openi ng i n t he ar ch t o

t he char gi ng f l oor , t hr ough whi ch t he f ur nace i s char ged wi t h r ef use .

2- 2 . Types of i nci ner at or s . Two t ypes of i nci ner at or s ar e consi der ed

i n t hi s sect i on : t ype I - gar bage and r ubbi sh i nci ner at or s and t ype

I I - wet gar bage i nci ner at or s . St andar d desi gns have been pr epar ed f or

t ypes I and I I , dr awi ngs f or whi ch ar e l i st ed i n appendi x B . Type I of

t hese st andar d desi gns i s a gener al pur pose i nci ner at or and i s t he most

sui t abl e f or t he pr esent - day needs at a maj or i t y of i nst al l at i ons . I t

wi l l bur n r ef use consi st i ng of al l r ubbi sh or , by pr oper cont r ol of t he

damper , a mi xt ur e of 65 per cent r ubbi sh and 35 per cent gar bage by

wei ght . Type I I wi l l bur n a mi xt ur e of 65 per cent wet gar bage by

wei ght and 35 per cent r ubbi sh wi t hout t he use of auxi l i ar y f uel .

However , t hi s t ype i s not desi gned t o wi t hst and t he hi gh heat r el ease

t hat woul d r esul t f r om bur ni ng r ef use cont ai ni ng a hi gh per cent age of

r ubbi sh and wi l l not be const r uct ed except when t he condi t i ons ar e

def i ni t el y unsui t ed t o t he use of t ype I .

2- 3 . I nci ner at or capaci t i es . Requi r ement s wi l l be based on t he

expect ed wast e f r om t he par t i cul ar post . At an aver age t r oop

cant onment , t he per capi t a wast e wi l l appr oxi mat e 1 . 5 pounds of

r ubbi sh, 0 . 50 pound of non- edi bl e gar bage, ( ci t r us peel s, cof f ee

gr ounds, et c . ) and 2 . 0 pounds of edi bl e gar bage per day . Quant i t y

det er mi nat i ons, however , wi l l be based on an act ual sur vey whenever

pr act i cabl e . Capaci t y wi l l be pr ovi ded f or 25 per cent excess over t he

aver age hour l y needs i n or der t o make al l owance f or i r r egul ar i t y i n t he

del i ver y of r ef use t o t he i nci ner at or . For exampl e, i f 4 t ons ar e t o

be bur ned i n 8 hour s, t he i nci ner at or wi l l have a capaci t y of 1, 250

pounds per hour . Capaci t y f act or f or t r oop expansi on wi l l not be used,

as t he i nci ner at or can be oper at ed 16 hour s per day i f necessar y, 8

hour s r emai ni ng f or . cool i ng and cl eani ng .

	

Li t t l e or no economy wi l l

r esul t i n desi gni ng speci al i nci ner at or s of si zes i nt er medi at e bet ween

t he si zes i ndi cat ed on t he st andar d desi gns l i st ed i n appendi x B .

2- 4 . Basi c desi gn r equi r ement s . The i nci ner at or wi l l be desi gned f or

t he sever est condi t i ons t hat may r easonabl y be expect ed . For i nst ance,

a t ype I i nci ner at or may be r equi r ed t o bur n r ef use consi st i ng of al l

dr y mat er i al and no gar bage . The desi gn, t her ef or e, i nsof ar as i t

i nvol ves heat r el ease, gas quant i t i es, vel oci t i es, et c . , wi l l be based

on bur ni ng onl y dr y mat er i al s . A dr yi ng hear t h wi l l be pr ovi ded f or

t he occasi ons when wet mat er i al s ar e t o be bur ned . The desi gn wi l l

conf or m t o t he f ol l owi ng basi c r equi r ement s :

2- 2



EM 1110- 3- 176

9 Apr 84

a . Tot al f ur nace vol ume . The t ot al f ur nace vol ume wi l l be such

t hat t he heat r el ease per cubi c f oot of f ur nace vol ume wi l l not exceed

18, 000 Bt u per hour .

b . Hear t h ar ea . The hear t h ar ea wi l l be appr oxi mat el y equal t o t he

. gr at e ar ea f or t ypes I and I I i nci ner at or s .

c . Ef f ect i ve gr at e ar ea . For t ype I i nci ner at or s - 0 . 022 squar e

f oot f or each pound of r ef use per hour ; and f or t ype I I - 0 . 04 squar e

f oot f or each pound of r ef use per hour . I n det er mi ni ng ef f ect i ve gr at e

ar ea, t he hear t h may be consi der ed t o be 60 per cent ef f ect i ve i f made

of f i r ebr i ck and 80 per cent i f made of gr at e bar s .

d .

	

Gas vel oci t y .

	

A maxi mum of 15 f ps t hr ough t he combust i on

chamber and a maxi mum of 35 f ps t hr ough t he mi xi ng chamber , f l ue, and

st ack .

e . Combust i on- chamber vol ume . At l east 30 cubi c f eet per pound of

gas pr oduced per second, i ncl udi ng excess ai r r equi r ed f or cool i ng

pur poses .

f . Combust i on- chamber t emper at ur e . Suf f i ci ent f or compl et e

combust i on but not t o exceed 1, 600 degr ee F . ( 2, 059 degr ees F .

absol ut e) . Thi s can be cont r ol l ed by use of t he damper and by t he

i nt r oduct i on of excess ai r .

g .

	

Combust i on t i me . A mi ni mum of 1 . 5 seconds, t ot al t i me r equi r ed

f or t he gases t o pass t hr ough t he f ur nace .

h . St ack hei ght . Suf f i ci ent t o pr ovi de t he necessar y dr af t and

det er mi ned by t he f or mul a :

D

H - 0 . 52B

C

1 -
Ta Ts

i . Dr af t . Suf f i ci ent t o di schar ge t he gases of combust i on and

r equi r ed excess ai r . The t ot al dr af t r equi r ement s wi l l be det er mi ned

i n accor dance wi t h t he f ol l owi ng al l owances f or l osses expr essed i n

i nches of wat er :

Vel oci t y head : 0 . 119BV2

14 . 7Ts

Fr i ct i on l oss t hr ough t he st ack and f l ue : ( 1 . 1 x 10 - 6 ) T s W2LP

Loss t hr ough each 90 degr ee t ur n i n t he gas passage : comput ed as a

st ack or condui t , t he l engt h of whi ch i s 12 t i mes t he squar e r oot of

2- 3

A3
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t he ar ea of t he openi ng . Loss t hr ough gr at e : var i es accor di ng t o t ype
of gr at e, quant i t y, and t ype of r ef use bur ned, quant i t y of ai r and
at t ent i on gi ven t o st oki ng . Under aver age condi t i ons t hi s l oss may be
consi der ed t o be 0 . 25 i n t ype I i nci ner at or and 0 . 15 i n t ype I I when
t he f ur nace i s oper at i ng at r at ed capaci t y .

Abbr evi at i ons of t er ms used i n t he pr ecedi ng f or mul as ar e :
Ta - At mospher i c t emper at ur e i n degr ees F . ( absol ut e) .
Ts - Aver age st ack- gas t emper at ur e i n degr ees F . ( absol ut e) .
H - St ack hei ght above t he gr at e ( f eet ) .
A - Aver age i nsi de cr oss- sect i onal st ack ar ea ( squar e f eet ) .
B - Bar omet r i c pr essur e ( psi ) .

D - St at i c st ack dr af t ( i nches of wat er ) .
V - Gas vel oci t y ( f ps) .

W - Wei ght of gas i ncl udi ng excess ai r ( pounds per second) .
L - St ack hei ght above f l ue pl us l engt h of f l ue ( f eet ) .
P - I nsi de st ack per i met er ( f eet ) .

2- 5 . Pr el i mi nar y desi gn . A pr el i mi nar y desi gn wi l l be made f i r st and
t hen checked and adj ust ed t o assur e compl i ance wi t h t he basi c desi gn
r equi r ement s . For t hi s pur pose, t abl e 2- 1 may be ut i l i zed . The desi gn
of an i nci ner at or i s i l l ust r at ed i n appendi x A .

Tabl e 2- 1 . Pr el i mi nar y Desi gn Fact or s

2- 4

Type of i nci ner at or

Ef f ect i ve gr at e ar ea per pound of r ef use

per hour ( squar e f eet ) 0 . 022 0 . 04

Rat i o of hear t h ar ea t o gr at e ar ea 1 1

Ef f ect i veness of hear t h ar ea i n t er ms

of gr at e ar ea ( per cent ) :

Fi r ebr i ck hear t hs 60 60
C . I . gr at e bar s 80 80

Hor i zont al cr oss- sect i onal ar ea of mi xi ng

chamber i n t er ms of ef f ect i ve gr at e ar ea 25 20
( per cent )

Hor i zont al cr oss- sect i onal ar ea of

combust i on chamber i n t er ms of ef f ect i ve

gr at e ar ea ( per cent ) 60 30

Cr oss- sect i onal ar ea of f l ue i n t er ms of

ef f ect i ve gr at e ar ea ( per cent ) 25 10



Tabl e 2- 1 . Pr el i mi nar y Desi gn Fact or s ( Cont ' d)

Type of i nci ner at or

Cor ps of Engi neer s

2- 6 . Desi gn anal ysi s . A desi gn anal ysi s wi l l accompany al l r equest s
f or aut hor i t y t o const r uct i nci ner at or s and al l i nci ner at or pl ans and
speci f i cat i ons, ot her t han st andar d pl ans and speci f i cat i ons . The
anal ysi s wi l l i ndi cat e t he t ype of mat er i al t o be i nci ner at ed and t he
basi s upon whi ch t he capaci t y r equi r ement s wer e est abl i shed .
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. Cr oss- sect i onal ar ea of st ack i n t er ms of

ef f ect i ve gr at e ar ea ( per cent ) 22 10

Rat i o of hei ght of ar ch above gr at e t o
wi dt h of f ur nace not t o exceed 1 1



MATERI ALS AND EQUI PMENT CONSI DERATI ONS

3- 1 . Gener al consi der at i ons . The st r uct ur al desi gn and t he

. speci f i cat i ons r el at i ng t o mat er i al s and t o const r uct i on wi l l pr ovi de

f or st ur dy const r uct i on of al l par t s of t he i nci ner at or . I n t hi s

r espect , t he ef f ect s of expansi on and cont r act i on due t o

hi gh- t emper at ur e change wi l l be consi der ed . The t ype of const r uct i on

wi l l , i n gener al , be as i ndi cat ed on t he st andar d dr awi ngs and i n t he

gui de speci f i cat i on l i st ed i n appendi x B .

3- 2 . Fur nace . The f ur nace wi l l be const r uct ed wi t h an i nner and out er

shel l . The wal l s of t he i nner shel l and t he ar ch wi l l be appr oxi mat el y

9 i nches t hi ck and const r uct ed of hi gh- dut y f i r e- cl ay br i ck or

const r uct ed of r ef r act or y pl ast i c mat er i al havi ng equi val ent qual i t i es .

Fi r ebr i ck wi l l be l ai d i n hi gh- t emper at ur e, ai r - set t i ng, bondi ng

cement . The ar ch wi l l be cover ed wi t h a 2- 1/ 2- i nch l ayer of i nsul at i ng

mat er i al .

	

The si de wal l s of t he out er shel l . wi l l be 8- i nch common

br i ck wal l s secur el y br aced t o pr event set t l i ng and cr acki ng . The

br aci ng wi l l consi st of upr i ght cor ner angl es and i nt er medi at e upr i ght

channel buck st ays, t i ed wi t h r ods and hor i zont al st eel angl es . The

t i e r ods wi l l be ent i r el y out si de t he i nner shel l and wi l l not be i n

cont act wi t h t he r ef r act or y mat er i al at any poi nt . The t op, f or mi ng a

par t of t he out er shel l , wi l l be r ei nf or ced concr et e . I f t he t op i s

not needed as a f l oor or as a r oof f or pr ot ect i on agai nst t he weat her ,

i t may be omi t t ed and t he ar ch cover ed wi t h a 4- i nch l ayer of common

br i ck on t op of t he i nsul at i ng br i ck . Ther e wi l l be no physi cal

connect i ons bet ween t he i nner shel l and t he out er shel l except t he

skewbacks of t he ar ches, wher e t he out er shel l wi l l be pr oper l y br aced

t o t ake t he ar ch t hr ust , and except ar ound openi ngs . The i nner and

out er shel l s wi l l be separ at ed by sui t abl e i nsul at i ng mat er i al or ai r

space . The br i dge wal l and t ar get wal l wi l l be 13- 1/ 2- i nches t hi ck i n

i nci ner at or s of 1, 000 pounds per hour capaci t y or l ar ger and 9 i nches

t hi ck i n smal l er si zes .

3- 3 . St ack . The st ack wi l l be const r uct ed wi t h an i nner shel l of

f i r ecl ay br i ck f or t he ent i r e hei ght and an out er shel l of common

br i ck . The out er shel l wi l l be separ at ed by a 2- i nch ai r space f r om

t he i nner shel l and wi l l have no physi cal cont act wi t h i t at any poi nt .

The st ack may be squar e or ci r cul ar ; however , t he cr oss- sect i onal ar ea

wi l l be t he same f or ei t her shape .

3- 4 . Damper . The damper wi l l be a movabl e ver t i cal sl ab const r uct ed

of r ef r act or y mat er i al , st eel shapes, and t i e r ods . I t wi l l be l ocat ed

i n t he f l ue and wi l l f i t f r eel y i n gui de gr ooves . Sui t abl e means, such

as a chai n hoi st or cabl es, pul l eys, and count er wei ght s, wi l l be

CHAPTER 3
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pr ovi ded f or r ai si ng and l ower i ng t he damper . A damper box wi l l be
pr ovi ded f or housi ng t he damper i n i t s open posi t i on .

3- 5 . Fur nace door s . The si ze, t ype, and l ocat i on of t he f ur nace door s
wi l l be det er mi ned wi t h a vi ew t owar d conveni ence of i nci ner at or
oper at i on . The f ol l owi ng comment s r el at e t o t he door s of i nci ner at or s
of 1, 000 pounds per hour capaci t y or l ar ger : Types I and I I
i nci ner at or s r equi r e means of char gi ng t he dr yi ng hear t h wi t h wet
mat er i al . Thi s can be accompl i shed t hr ough a char gi ng t hr oat ext endi ng
f r om t he f ur nace ar ch t o t he oper at i ng f l oor above . A r emovabl e l i d
wi l l be pr ovi ded f or t he char gi ng t hr oat . The char gi ng of t he gr at e
wi t h dr y mat er i al i s best accompl i shed t hr ough a gui l l ot i ne t ype of
door . I n a t ype I i nci ncer at or t hi s door wi l l be i n t he si de of a hood
t hat ext ends above t he oper at i ng f l oor and i s di r ect l y above t he gr at e .
Bot h t ypes I and I I wi l l be pr ovi ded wi t h a gui l l ot i ne f i r i ng door i n
t he si de wal l i mmedi at el y above t he gr at e . The gui l l ot i ne door s and
t he l i d on t he char gi ng t hr oat wi l l be const r uct ed of r ef r act or y
mat er i al . Cast i r on f ur nace door s appr oxi mat el y 18 by 24 i nches wi l l
be i nst al l ed i n t he si de wal l of t he f ur nace j ust above and opposi t e
t he dr yi ng hear t h and at t he f i r i ng- f l oor l evel opposi t e t he mi xi ng
chamber , t he combust i on chamber , and t he ash pi t . The char gi ng hood,
t he char gi ng t hr oat , and al l openi ngs wi l l be adequat el y l i ned wi t h
r ef r act or y mat er i al .

3- 6 . Gr at e . The gr at e wi l l be cast i r on . The t ot al ar ea of t he
openi ng wi l l be such t hat t he l oss of dr af t t hr ough t he gr at e and
r ef use wi l l not exceed t he al l owances i ndi cat ed i n par agr aph 2- 4 .

3- 7 . I nci ner at or l ayout . Faci l i t i es wi l l be car ef ul l y pl anned f or t he
r eady di schar ge of t he r ef use f r om del i ver y t r ucks di r ect l y on t he
char gi ng f l oor or on a pl at f or m wher e i t wi l l be r eadi l y accessi bl e f or
char gi ng i nt o t he f ur nace . Space wi l l be pr ovi ded on t he char gi ng
f l oor f or st or i ng r ef use when t he r at e of del i ver y exceeds t he f ur nace
capaci t y f or bur ni ng . Fl oor dr ai ns wi t h r emovabl e, cast i r on, sl ot t ed
dr ai n cover s wi l l be pr ovi ded on bot h t he char gi ng f l oor and t he f i r i ng
f l oor .

3- 8 . I nst r ument at i on . For pur poses of cont r ol l i ng t he t emper at ur e
wi t hi n saf e l i mi t s f or t he r ef r act or y mat er i al , t he combust i on chamber
wi l l be pr ovi ded wi t h an i ndi cat i ng- r ecor di ng pyr omet er . A dr af t gage
of t he i ncl i ned t ube t ype t hat wi l l i ndi cat e t he dr af t i n t he
combust i on chamber i n i nches of wat er i s desi r abl e .

3- 9 . Heat r ecover y equi pment . Gar bage cans, when empt i ed at t he
i nci ner at or , wi l l be soaked i n hot wat er , t hen spr ayed wi t h hot wat er
i nsi de and out si de . Wat er may be heat ed f or t hi s pur pose by means of a
hot - wat er pi pe l ocat ed i n t he combust i on chamber and connect ed t o a
hot - wat er st or age t ank of r equi r ed capaci t y .



APPENDI X A

SAMPLE DESI GN PROBLEM

A- 1 . Pr obl em. Desi gn a nat ur al - dr af t i nci ner at or f or bur ni ng an

aver age of 2, 000 pounds of mi xed r ef use per hour consi st i ng of 35

per cent nonedi bl e gar bage cont ai ni ng 50 per cent wat er , and 65 per cent

r ubbi sh cont ai ni ng 10 per cent wat er and 15 per cent sol i d i ner t s ;

at mospher i c t emper at ur e, 60 degr ees F . ( 519 degr ees F . absol ut e) ;

combust i on chamber t emper at ur e, 1, 600 degr ees F . ( 2, 059 degr ees F .

absol ut e) ; aver age st ack t emper at ur e, 1, 500 degr ees F . ( 1, 959 degr ees

F . absol ut e) . The chemi cal anal ysi s of 1 pound of t he r ef use on a

moi st ur e f r ee and sol i d i ner t s f r ee basi s i s assumed t o be as f ol l ows :

Car bon, 0 . 47 pound ; hydr ogen, 0 . 07 pound ; ni t r ogen, 0 . 04 pound ; oxygen,

0 . 42 pound .

A- 2 . Pr el i mi nar y desi gn . A t ype I i nci ner at or shoul d be used t o

pr ovi de t he r equi r ed ser vi ce . Usi ng t he pr el i mi nar y desi gn f act or s i n

t abl e 2- 1 and t he capaci t y r equi r ement s set out i n par agr aph 2- 3, t he

pr el i mi nar y desi gn i s as f ol l ows :

Desi gn capaci t y - - - - - - - - - - - - 2, 000 x 1 . 25 - - - 2, 500 pounds per hour

Ef f ect i ve gr at e ar ea - - - - - - - 2, 500 x 0 . 022 - - 55 . 0 squar e f eet

C. I . gr at e ar ea ( assumed) - - - - - - - - - - - - - - - - - 36 squar e f eet

Hear t h ar ea ( f i r ebr i ck) - - - - ( 55 . 0 - 36) - - - - 31 . 7 squar e f eet
0 . 6

I nsi de wi dt h of f ur nace

To pr ovi de t he above ar eas, t he di mensi ons wi l l be :

Lengt h of C. I . gr at e - - - - - - - - - - - - - - - - - - - - - - - 6 f eet 0 i nches

Lengt h of hear t h - - - - - - - - - - - - - - - - - - - - - - - - - - - 5 f eet 6 i nches

Lengt h of mi xi ng chamber - - - - - - - - - - - - - - - - - - - 2 f eet 3 i nches

Lengt h of combust i on chamber - - - - - - - - - - - - - - - - 5 f eet 8 i nches

Wi dt h of f l ue - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3 f eet 6 i nches

Hei ght of f l ue t o cr own of

ar ch - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 4 f eet 0 i nches

	

.

Si ze of st ack - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3 f eet 6 i nches squar e
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( assumed) - - - - - - - - - - - - - - - -

Hei ght of f ur nace ar ch

- - - - - - - - - - - - - - - - 6 f eet

above C. I . gr at e - - - - - - - - - - - - - - - - - - - - - - - - - 6 f eet

Hor i zont al cr oss- sect i onal

ar ea of mi xi ng chamber - - - 55 . 0 x 0 . 25 - - - - 13 . 75 squar e f eet

Hor i zont al cr oss- sect i onal

ar ea of combust i on chamber 55 . 0 x 0 . 6 - - - - = 33 . 0 squar e f eet

St ack cr oss- sect i onal ar ea - 55 . 0 x 0 . 22 - - - - 12 . 10 squar e f eet

Fl ue cr oss- sect i onal ar ea - - 55 . 0 x 0 . 25 - - - - 13 . 75 squar e f eet
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The above di mensi ons ar e t he di mensi ons shown i n f i gur e A- 1 .

A- 3 . Check of desi gn . To assur e conf or mance wi t h t he basi c
r equi r ement s of par agr aph 2- 3, a check i nvol vi ng heat r el ease, heat

bal ance, quant i t i es of gases, vel oci t i es, dr af t , et c . , shoul d now be
made of t he pr el i mi nar y desi gn . The ar eas, vol ume, and di mensi ons
shown on St andar d Pl an No . 414 : 43- 369 and f i gur e A- 1 ar e used i n t hi s
check . The speci f i c heat s, heat s of vapor i zat i on, and mol ecul ar

wei ght s of t he var i ous subst ances ar e t aken f r om st andar d handbooks .

The heat absor bed by var i ous gases as t he t emper at ur e r i ses over a

speci f i ed r ange can be ascer t ai ned by use of f i gur e A- 2 . The f ol l owi ng

i l l ust r at es t he met hod of checki ng t he desi gn . The oxygen r equi r ement s

f or compl et e combust i on of 1 pound of moi st ur e- f r ee and sol i d

i ner t s- f r ee mat er i al of t he st at ed chemi cal anal ysi s ar e :

For bur ni ng car bon t o C02 - - - - - - - 0 . 47 x 32 / 12 - - - - - 1 . 25 pounds

For bur ni ng hydr ogen t o H2O - - - - - 0 . 07 x 16 / 2

	

- - - - - . 56 pound

1 . 81 pounds

Less oxygen i n r ef use - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 42 pounds

Oxygen t o be suppl i ed by ai r - - - - - - - - - - - - - - - - - - - - - - - - - - 1 . 39 pounds

The ai r r equi r ed t o f ur ni sh t he above amount of oxygen i s 1 . 39 di vi ded

by 0 . 23 or 6 . 04 pounds ( oxygen i n ai r i s 23 per cent by wei ght ) . The

ni t r ogen i n t hi s quant i t y of ai r amount s t o 6 . 04 x 0 . 76 or 4 . 59 pounds .

Ther ef or e, t he pr oduct s of combust i on of 1 pound of moi st ur e- f r ee sol i d

i ner t s- f r ee r ef use wi l l be :

H2 0 - - - - - - - - - - - - - - - - - - - - - - - 0 . 07 x 18 / 2 - - - - - - - - - 0 . 63 pound

C02 - - - - - - - - - - - - - - - - - - - - - - - 0 . 47 x 44 / 12 - - - - - - - - 1 . 72 pounds
N2 - - - - - - - - - - - - - - - - - - - - - - - - 0 . 04 + 4 . 59 - - - - - - - - - - - 4 . 63 pounds

Tot al wei ght of gases - - - - - - - - - - - - - - - - - - - - - - - 6 . 98 pounds

For condi t i ons of bur ni ng al l r ubbi sh wi t hout wet gar bage, t he sever est

condi t i ons under whi ch t he f ur nace wi l l be r equi r ed t o oper at e i nsof ar

as heat r el ease i s i nvol ved, t he pr oduct s of combust i on of 1 pound

r ef use, t aki ng i nt o consi der at i on t he cont ent of 10 per cent wat er and

15 per cent sol i d i ner t s ( 0 . 75 pound on a moi st ur e- f r ee, sol i d

i ner t s- f r ee basi s) , wi l l be :

H20 - - - - - - - - - - - - - - - 0 . 10 / 0 . 63 x 0 . 75 - - - - - - - - - - - - 0 . 57 pound

C02 - - - - - - - - - - - - - - - 1 . 72 x 0 . 75 - - - - - - - - - - - - - - - - - - - 1 . 29 pounds

N2 - - - - - - - - - - - - - - - 4 . 63 x 0 . 75 - - - - - - - - - - - - - - - - - - - 3 . 47 pounds

Tot al wei ght of gases as pr oduct of combust i on - - - - 5 . 33 pounds

The heat of combust i on of 1 pound of moi st ur e- f r ee and sol i d

i ner t s- f r ee r ef use ( usi ng Dul ong' s' f or mul a f or t he det er mi nat i on of

A- 2
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cal or i f i c val ues) wi l l be 14, 500 x 0 . 47 + 62, 000 [ 0 . 07 - ( 0 . 42/ 8) ]

equal ' t o 7, 900 Bt u . The heat of combust i on of 1 pound of t he r ef use,

t aki ng moi st ur e and i ner t sol i ds i nt o consi der at i on, wi l l be 7, 900 x

0 . 75 or 5, 925 Bt u . A por t i on of t hi s heat combust i on wi l l be l ost

t hr ough r adi at i on and sol i d i ner t s, a por t i on wi l l be absor bed i n

- heat i ng and evapor at i ng wat er , and a por t i on ( t he l ar ger por t i on) wi l l

be absor bed i n heat i ng t he gases . I n f i gur e A- 2, whi ch may be used i n

t he det er mi nat i on of t he heat absor bed by var i ous gases, t he di f f er ence

bet ween Bt u per mol ( def i ned as m pounds wher e m denot es mol ecul ar

wei ght ) at t wo t emper at ur es i n quest i on i s t he heat absor bed by t he gas

as i t s t emper at ur e r i ses f r om t he l ower t o t he hi gher val ue . Bt u per

mol di vi ded by t he mol ecul ar wei ght ( not at omi c wei ght ) gi ves Bt u per

pound . I t shoul d be not ed t hat , f or i nst ance, t he char t i s gr aduat ed

i n degr ees F . zer o on t he scal e bei ng 32 bel ow t he f r eezi ng t emper at ur e

of wat er and not absol ut e zer o whi ch i s used i n most heat f or mul as .

The heat l ost or absor bed wi l l be as i ndi cat ed i n t he f ol l owi ng heat

bal ance :

Evapor at i ng wat er f r om 60 degr ees F .

- - - 0 . 57 x 1122

	

- - -

	

640 Bt u

Heat i ng wat er vapor f r om 212 degr ees F .

t o 1, 600 degr ees F . ( wei ght mul t i pl i ed

by t he di f f er ence i n heat cont ent per

mol at t he t wo t emper at ur es di vi ded by

mol ecul ar wei ght )

- - - 0 . 57 x 12, 300 / 18

	

- - -

	

390 Bt u

Heat i ng C02 f r om 60 degr ees F .

t o 1, 600 degr ees F .

- - - 1 . 29 x 17, 100 / 44

	

- - -

	

502 Bt u

Heat i ng N2 f r om 60 degr ees F .

t o 1, 600 degr ees F .

- - - 3 . 47 x 11, 200 / 28

	

- - - 1, 388 Bt u

Radi at i on t hr ough f ur nace wal l s,

assumi ng a l oss of 1, 000 Bt u

per squar e f eet per hour and a

t ot al r adi at i ng sur f ace of 350

squar e f eet

- - - 350 x 1, 000 / 2, 500

	

- - -

	

140 Bt u

Heat i ng 300 gal l ons of wat er per

hour f r om 60 degr ees F . t o 180

degr ees F . f or can wash

- - - 300 x 8 . 33 x 120 / 2, 500 - - -

	

120 Bt u

Loss t hr ough sol i d i ner t s ( assumi ng

a speci f i c heat of 0 . 20 and a

t emper at ur e of 600 degr ees F . )

- - - 0 . 15 x 0 . 20 x ( 600- 60)

	

- - -

	

16 Bt u

Subt ot al - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3, 196 Bt u

Bal ance t o be absor bed by excess ai r ( 5, 925 - 3, 196) - - - 2, 729 Bt u

Tot al heat of combust i on ( as above) - - - - - - - - - - - - - - - - - 5, 925 Bt u

A- 5
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The excess ai r t hat wi l l be r equi r ed t o absor b 2, 729 Bt u so t hat t he

combust i on chamber t emper at ur e wi l l not exceed 1, 600 degr ees F . ( see
f i g A- 2 f or heat absor bed bet ween 60 degr ees F . and 1, 600 degr ees F . )

wi l l be 2, 729 x 28 . 9 / 11, 200, whi ch i s equal t o 7 . 04 pounds .

Ther ef or e, t he t ot al wei ght of gases per pound of r ef use bur ned ( t he

pr oduct s of combust i on pl us t he excess ai r used f or cont r ol l i ng maxi mum

t emper at ur e of t he combust i on chamber ) wi l l be 5 . 33 + 7 . 04 whi ch i s

equal t o 12 . 37 pounds . As t hi s gas has a mol ecul ar wei ght whi ch i s

pr act i cal l y t he same as ai r , i t wi l l be consi der ed ai r f r om t hi s poi nt

on . The vol ume of 1 pound of ai r at 60 degr ees F . ( 519 degr ees F .

absol ut e) and 14 . 7 psi bar omet r i c pr essur e i s appr oxi mat el y 13 . 1 cubi c

f eet . Usi ng t he f or egoi ng comput at i ons, f or mul as, quant i t i es,

t emper at ur es, et c . , t he f ol l owi ng det er mi nat i ons ar e made :

8 . 59 pounds

446 cf s

13 . 1 f ps

	

`

31 . 8 f ps

33 . 0 f ps

Aver age vol ume of gas

passi ng t hr ough t he

st ack - - - - - - - - - - - - - - - 8 . 59 x 13 . 1 x 1, 959 degr ees

/ 519 degr ees - - - - - - - - - - - - - - - 425 cf s

Vel oci t y t hr ough st ack

- - - - - - - - - - - - - - - - - - - - - 425 / ( 3 . 5 f eet x 3 . 5 f eet ) - - 34 . 7 f ps

Heat r el ease per hour

per cubi c f oot of

f ur nace vol ume - - - - - - 5, 925 x 2, 500 / 930 - - - - - - - - - - 15, 925 Bt u

Combust i on t i me ( t ot al

f ur nace vol ume excl udi ng

char gi ng hood di vi ded

by vol ume of gas pr oduced

per second) - - - - - - - - - 720 / 446 - - - - - - - - - - - - - - - - - - - - 1 . 61 seconds

Combust i on chamber vol ume

per pound of gas pr oduced

per second - - - - - - - - - - 5 f eet 8 i nches x 6 f eet x

7 f eet 11 i nches / 8 . 59 - - - - - 31 . 4 cubi c f eet

Dr af t l oss i n st ack and f l ue

( L = 51 . 5 f eet + 9 f eet = 60 . 5 f eet )

- - - - - - - - - - - - - - - - - - - - - 1 . 1 x 10 - 6 x 1, 959 x 8 . 59 x

60 . 5 x 14 / 12 . 25 3 - - - - - - - - - - 0 . 073 i nch

Vel oci t y head - - - - - - - - - 0 . 119 x 34 . 7 2 x 14 . 7

/

	

( 14 . 7 x 1, 959) - - - - - - - - - - - - - 0 . 073 i nch

A- 6

Tot al wei ght of gas pr oduced

per second - - - - - - - - - - 12 . 37

Tot al vol ume of gas passi ng

t hr ough t he combust i on

chamber - - - - - - - - - - - - - 8 . 59

/ 519

x 2, 500 / 3, 600 - - - - - - - -

x 13 . 1 x 2, 059 degr ees

degr ees - - - - - - - - - - - - - - - - -

Vel oci t y t hr ough combust i on

chamber - - - - - - - - - - - - - 446 / ( 5 . 67 f eet x 6 f eet ) - - -

Vel oci t y t hr ough f l ue

- - - - - - - - - - - - - - - - - - - - - 446 / ( 3 . 5 f eet x 4 f eet ) - - - -

Vel oci t y t hr ough mi xi ng

chamber - - - - - - - - - - - - - 446 / ( 2 . 25 f eet x 6 f eet ) - -



Loss t hr ough f i ve t ur ns t hr ough

openi ngs whi ch have an aver age

ar ea of 14 squar e f eet and an

aver age per i met er of 16 f eet

t aken as a st ack whose hei ght

i s 5 x 12

	

14 or 224 f eet

- - - - - - - - - 1 . 1 x 10 - 6 x 2 059 x 8 . 59 2 x

224 x 16 / 14 1 - - - - - - - - - - - - - - 0 . 218 i nch

Loss t hr ough gr at e ( assumed) - - - - - - - - - - - - - - - - - - - - - - - - - 0 . 250 i nch

Tot al dr af t r equi r ement s

- - - - - - - - - 0 . 073 + 0 . 073 + 0 . 218

+ 0 . 250 - - - - - - - - - - - - - - - - - - - - - - 0 . 614 i nch

Requi r ed st ack hei ght

0 . 614

	

56 . 7 f eet

0 . 52 x 14 . 7 0/ 519 - 1/ 1, 959)

whi ch i s 1 f oot l ess t han t he hei ght above gr at e shown i n f i gur e A- 1 .

Fr om t he above anal ysi s t he desi gn compl i es wi t h par agr aph 2- 4 .
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APPENDI X B

STANDARD PLANS AND SPECI FI CATI ONS

The f ol l owi ng st andar d pl ans and speci f i cat i ons ar e avai l abl e f or

t he const r uct i on of i nci ner at or s when aut hor i zed : :

Type I . Rubbi sh and Gar bage I nci ner at or s :

I nci ner at or , 2, 500 pounds per hour capaci t y :

414 : 43- 368 ( f or mer l y 672- 310) .

414 : 43- 369 . ( f or mer l y 672- 311)

414 : 43 . - 370 ( f or mer l y 672- 312) .

414 : 43- 371 ( f or mer l y 672- 313) .

414 : 43- 372 ( f or mer l y 672- 414) .

I nci ner at or s, 1, 250 pounds per hour capaci t y :

414 : 43- 375 .

414 : 43- 376 .

414 : 43- 377 .

414 : 43- 378 .

414 : 43- 379 .

Type I I . Wet - Gar bage I nci ner at or s :

3 t ons i n 8 hour s capaci t y - nat ur al dr af t :

414 : 43- 227 .

414 : 43- 227 . 1 ( 700- 4437) .

414 : 43- 227 . 2 .

5 t ons i n 8 hour s capaci t y - nat ur al dr af t :

414 : 43- 320,

414 : 43- 321 .

414 : 43- 322 .

414 : 43- 323 .

414 : 43- 324 .

414 : 43- 325 .

414 : 43- 326 .

414 : 43- 327 .

414 : 43- 328 ( 700- 4443) .

414 : 43- 329 .

Speci f i cat i ons f or t he i nci ner at or s l i st d above ar e cover ed i n

Mobi l i zat i on Gui de Speci f i cat i on ( MOGS) 11171 . 2, I NCI NERATORS,

GENERAL PURPOSE, FI ELD ERECTED.
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