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:E Development and Theory 
"0 

Cto '" u 
~ "SHY highly den "IO)1ed :lrl pa~ ;o;l''' t hl'ough tm) sta !!;cs of pro!!;re:-;s~~ 

::l oc _ ~ and has it:; IJc,l!;inninp;,.: in ::'iUllW lll' W con\'i ct ion; a~, for (·xample, pmYe I'E 
._"'" 'CLC ' ...- for illdu,.;tl'ial purpose,.; ('an he gl'lwrn tecl from ~ t r :llTl, In t he earlier stap;e 
tj ~ 
'" OJ effur1,; arc lwc(~~"arily (,()lll'C'ut rated on 1he di~Go\'('ry of means to realize -..c>oJ...rn• _0; thi" ('ol1\'i<:1 iun , and the applian('c;:; fuund "tu \\'ork" are g('n('rall~ ' I1IOJ'!.' 

~ '" '"~ OJ' Ie,.: :,:, (, ]'Ildl', In Ill(' latcr :;tag(' thc cffort " lin' shiftl,d til the dC' vd o])JUcu t. 
"0 .... 

OJ 0 of rdill('1l1l'nts to U\'('!'('OlJll' ol Jj(,('t iollll b l(, r( ~:;ul1" , to improH' quality and'" . to iIH'!'('as(' qll ~llItity, Th(, ('Ol\ ;:11'1l('tinJ) of tlw m odern high-prC::isure IHJih-r:s!~ 
-0 Co 
~ rn II:!" followcd a similar line of d(,\'plopllIl:llL 
0 0ua> At first , effort;; \\'crc COllcl'lItr:lted principally on the d<,\,e\opnwllt. 
'" 

..,. 
. of tlw no\\' typical arrangenw nts of the IH'ating surfaee togetlwr with 

....C '" to those slmdllral d!'tails that are n (-'( '('SSl\TY fo r safety and maint('lI~\Il <:e, 
c..c 

:~ 

o_ .. In rc'c('nt y('ar;o;, I be (, floris ba \'C b('( ' 11 cunfined to those s('el1Lingly • OJ 

_c;=c minor dl'tuib that anN't that \'('r~ ' important re,-ult- tllC' all-o\'cr eost 
00.0 

-..c u uf PO\\'('I',
.. o 0:1 

~>oJ Rin<:e tlie l)()ilC'l' is :In allxiliary tu the steam engine, tlj(~ ir bist oric ::d 

'" d('\'( 'lojll1\cnt , a~ far us ";1('am pres::i ur<'s an' ('011('('1'11('<1, Ita;.; l)('('n parallel.:::..,; 
"':::S The fin't steam cllgiu(' of tlll' pistoll typc adually cUllstruct( 'd , the ill\'(~ n

.J:: 
-c or .. tion of ~(' \\'('onl('11 and Cawley ",hit h ~(' ('IIlS to ha\'e bccn pat('nted in . _ 0 

rn U";('...E- 170,), did not make of the " pUSIUlli!; POII'('r ) ' of sl e:\rn, The top of 
"';::== ~ 
,g~ til<' pi;;toll II' a" al\\'ays 0])('1\ to tll(' allllo;.;pll<'re \\'hile tIt(' cylinder ,;pa('(' 
.. Ill' lo\\' was altL'1'1Iatdy r-illec! with ;.;te:lIl1 , at abullt ailllosphcrie prc' ;';SlIrc' ,o o .... ",hidl 11'<1'; !alt'!' "o1HI('Il~i'(1 tu " lift. orr" 11w iJa c.k ]1r('s~ur(' , t}1\I,; GllU sing 

,!!; 

1:>1) 
motiull uf tlll' pi;;tUIl, Thi s \\

• c , 
' :t ,; !'('a!l\, a \'HCllllm engin(', '" "0 

>oJ Late r, in 17(i;J, ,laml',; \\'att im·Pllt cd lhl' s('pamtc l'ollll(' IlSCr , put a 

'" eylindcl' l.lC:at! Oil t 11(' ~<:\\'Gorncl1 engine, admitted the ~t eam belw('(:1l'ell 

~ l'ylilLdl'1' head and pi::;ton, and t hu,; produccd the fir::;1. pross\Il'e engine, 
incidentally, he laid thc l'oulllla t ion for t he pressure boiler. 

Forty' J'ear:; later , ::; t ealll ]ll'l's::;ure:i had (Ta\\'h;d from that of the 
:ll lll ll:-phel'C to aiJQtlt fi.\'(~ pounds p('r :,;qllare in('lt~ It ",as a pressure 

( I 



,) 
1\'1)U1(' JWON II"!lTJ~N Te rRE nOJU~ J~ 

e\'(,11 I1HHlestl y Ie"" than tllis that, cO Jl::;t. ihlted tlw motin' powor for t.he 
first yuyagc of a ~i.(!lLlllb oat ' til(' ('I('lTllont iu l KOi, 

Bet \n'Cll HI,30 and 1SUO, according to Tuur,;ton, tlJl' cllstomary 
preSSllres for new engine,; \HI::; from 20 to 2;~ pO\lnd~, In Itl7li, at the 
Ccntcnnia1 Exhihition at Philadelphia , the fourtC('ll boilcr:" tiler(' exhihited, 
whiclJ r('r)l'c~s('nil'd the ht~st practice ~lt tlwt time, \HTC ic::;kd at iO pounds. 

Note the header construction, the horizontal drums, the straight, inclined 
tubes, the elliptical hand holes and the effident cross baffling 

In 1\)00, LiO pounds pressure \\'u s considered high for land plants , while 
toda.y t.he (,llstomary prc:-;Sllre for the larger plants i~ from li,j to 2:iO 
pounds per sqllare in('h, 

T~l.lt high prp:-;slll'l' alonc doc:" not di,;tinglli,.;h the modern hoiler fr0111 
it,., prec!r'('C',.;sor", Thn t )'('lllC1HlollS inc]'c'asc ill 11Itlilllfai'tlll'in,g, and ill the 
do1I1C'"t ie and industrial u"es of elceil'ie power ha", crea lI'd an insistent. 

Ll nJ\RATJON OF 8TE!lJI FROJf 'lTJJF:S 3 

demand f()), tl1OS(, T'Chlll'rnC'nts which hay(' to do ",ith cost or production, 
('('rtainty of ,,('l'vicc and ('(' (JllOmi('al usc of jlrolH'rty , Thlls, the faet tllUt 

a lJoilcr gan' good suti,;fal'tion hn'nty-lin? yeal's ago argues nothing as 
to ili-; :;llitahility fur the: nC'C'd" of lhe- IJl'('sc'nt day, 

Thl' Edge :dool' hoil(')' \\'as d('sig11cd to lIH'et lllod('nl conditions, 
The f-irsi Ul\(' ()f tlli ", t:qw \\'a,.: lJilil t in um ",liull'- in 18\);') alHI ]!I'o\'('d highly 
:-ati:-;fai'tol'.", :-:ill(,(' thell tlir')'(' hay(' fnl1 (J'.\'('d tlw natural iUljJm\'l')TI('ntB 
in "tt'lj('itll':d d('lail" alld ill IIH'th()(j,.; ()j' IIwlllli'al'illrillg, 1)l1t1l1(' ol'iginal 
pl'in('ipho, \\'Ilidl \\'ill 1)(' ('xplailll'd jlj'('s('ni 1,1', 1m,; lJe('l\ adhel'cd to, 

H('(llll'('d to it" "iIlJjlli-"d forlll, a st(':UIi huili'r i" a pi:ttc ()f metal \\'iih 
hot gas un out' sid(' arid ('uld wa1 ('I' OIl the other, 1hI: t('1'IIlS hut and ('old 
heing lllcn'ly I'l'latiyl', .\.s i,.; \\'(,11 k llU\\' 11, \\'h1'1.1 the t('111])(;1'at m'(' of the 
hot ~idc uf' a plate )'('loai11" ('Oll,.;tallt, 111(' Ull.j()UlIt or hcat\\'Lil'!1 \\'ill lJ(~ ('OIl

dude''] thl'()llg:h ihe pi:tl(' \\'ill \'al',1' \\'ith the t('llll)('l'atuJ'(' or the cold "iile. 
That i,.:, 1),1' 1()\\'('l'ing: ill(' t(' lllpcratll],(" of t hr' ('(lId "id(' mOl'e h('at \yill 1)(, 
tl'<ln;o;lIliit('d, a11d \'i('(' \'(,1'sa, ~Ul\' i1\(' t('mjl('raitlJ'(' ()f tlte ('old "ide u1' the 

plate is dqH'llil('llt 011 til!' ('(llHlll(' t i\'i!y (if lite :-;lllJ"ialiCC ill cuntact \\'i t h 
that "id('; fu!', if llie Ii('at that pas,,('" througll the plate is (;ondlll'icd 
a\\'ay rapidly , the tr'llljl(,l'atUl'l' of till' culd "id(' \\'ill be J'elatin'ly low 
hut, Oll t he othe)' hand, if th(~ heat is condllcted away slmy]y the 1.1'111
l)('rat\1['(' of tll(' ('old "ide \\'ill he I'dati\'('ly high, :-:ir[('c \nlter is a much 
hC1 ((or c'Olllllli'tor of I)(,<li tban "tC:llll, it foll()\\,;; tllat the rapid j'('llloy::tl 
of "t('alll frUlI! cunlact \\'ill! tllC' 1J('~ltillg: ~Ilrfa('e , \\"he['(' it i ~ gell crat.ed, 
and it,; l'('pla('('Ul('lti \\'it h \\'at(')' \\'ill iW']'('H":(' tlw trall~rrlissioll of beat 

intu tltl' l)oiler: that i,." tlj(' c<lpacit,l', alld thcrefore ihe cHici('ll('Y for a 
giV~ 11 uutput, \\'ill lJe iucl'eased, 

Dut inl'l'ca,.:C'd capacity and dl1ei('n(,}, arc not the only desirablc rc~mlts 
obtained hy kceping the heatillg ,.,urInee \\'ct. SincC', as stated alJO\'l', 
t h(' i('llllwratme of thc' cold sidl' of the plate \\'ill ri:-;(' if the suh:-;tancc on 
that "ide i" a JJO()), coudllct!)r uf heal, it fulh.l\\':-; that the aY(' ragc t\.'lll

pl'rutill'l' uf tlJ(' plat(' \\'ill abo )'i:-;c at thl' "ante tillle- that i,.:, the plate 
will 1)(' (j\'('rl[('ul( ,d, \\'hich ~1('(,()llnt:-; f(]j' Idisti'rs and Lllll'lIO:' during for('cd 

firillg, Tlwrdu]'(', from till' tlm.:e :-;talldjJoint ::; uf ('apacity, cffil'iency and 
('u"t uf lllailltl'lIancc there lllll,.:t hc a miuimlllll of ret a rdatioll to the C',~C'ape 
of sl('alll frolll the tllbes. 

lIo\\' is this accOlllplished ill the Edge ;,\1001' boiler'? It \\'ill bu seen 
that 11](' distincti\'(; i'ca.ture uf this boil('l' i;; the ext('usioll uf the beadcl's, 
at full \\'idth, \\'ell abo\'(' tlt(' t()P" of tlil' dl'llIJl~ ;;O lbat, ('ontrary to the 
usual eon~truetioll , the drunt~ \\'iill their full Ul'ea cnter the hcadC' ]' ~ , giv
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ing a Il11H.:h larger thl'Oat as t'hU I\'ll ill th(' al', ' {) mpa n~-il!i!: i!lus t raLiun , 
'Ill(' impol'tanl'c of this grcatly iu(')'ea;"ed t h roat, :1 l'ra from a tl}('orctica l 
fitalldpo inl j,; c:1sily ,.;( '('n, 

The principal distinguishing feature of the Edge Moor boiler 
is the unrestricted (OOIme<'lion between header and drum 

Consider ,,-hat huppen::: het W('l'll the injeet ion of a partide of water 
by Ihe feed pump and its sUil,.;('qIH'llt rCll1o\'<.tl in tlw Conn of steam. 
At sume plaIT ill the boikl' tills pal'tieie of \\' uter reaches the maximum 
temp!'J'ature at ,,-hieh watel' can exist ;1:; a liquid ill th e :;a llll: \'es:-;cl wit b 
steam at a ('on,;tant ]lI'(,":":llI'(), Suoll!' r or !aI CI' , it pa"s('s intI) one of the 

tu lJl'': , 1.'0111('''; ill (,Oll t ad with the hot slll'fae(' and i:; l.rall~fol'l1l('d iIlIO 
stl~ a lli. 

~\)". Ihi s t l' tlll!<f() \'l na1. inll i" a.l'I' ol1l]l:ln i( ~d by U vp\,y ~ \'~'at increutin in 
\'UIUIIII,'. At. 1:3,:) POU IHI ,.; Pl'c;,,:,,;u\,(' UIlL' ('ul)ie inch of ,,'ut!'\' expand:; into 

150 cubic incll t'~ of ,.;IC:1 I11 ; at highc' !' pr('~slll'c t he \'a t io of \'olume is 
SOIIl C' ,,-hat reclUI'I'J but i,.; :iti ll \"(~ry large . I u (' ()n~C'ql]('llCe , the ,.;team 

).!;cl1cralct! in thc tllll!' Illll~1 IC'[L \"!' tl1\' tulle at :l \'cry Jrluth f""tl'l' rai l: 
than 1111' 1I'~11('1' ('OIl1i n).!; illto i1. :\ ()W t ILL' fa~tl'l' a Huid IUO\'(',;, the gJ'('atcr 
is the fl'i('1 ional \'1'"i":1UIII:<; II'hi('h f'dard s it s passag(' and, Silll' l! the 

I '[W()F OF ('() h'IOWT.\- /,·""S OF f)X:)filX , ) 

I'l':,i,;(an('(' to the floll' of fluids 1-:11'il";; a,.; :,()w e ]lo,,-cr of the \'do('it.", alld 

"in(,I' \'l'hll'ily Inu,,1 dCI'l'I'n",(' a,; arl'a il1"I'('a~(':" I Ill' ral ion alit .I' of lIwkill)! 
throat :lI'( ' H:' lur).!;l' 10 rnillimizr the liilll1r:1II('(' to till! liheration or "j(,:UH 

is I-cry :lJlparrnt. 
HOW(' I'N,i l i" al,,-ay,.; 1\"(' 11 to ('lIc('k j ill'ory " 'itll pratti('e, For tllii' 

purpo,.;"" til(' re';\l!i:-; or :lllllloribti\'l' tc"f,.: ar(' ill'J'(' gil·('11. Silll,(, tlll' Ii'll(' 

f1llH'1 iOIl (If n lJoill'r i,.; tu all";l) rl ) IlI':ti f rom til(' 1-\:1";1':' produ(,ed ill thl' 
('ollllJll,.:ti"n l'lwlllhl'l'. 1111' illd(,x to 1\)(' dli('it'IlI'.\- ()f a\HJ ill' l' i;; till' tt'l1I
]IN:lt UJ'{' of e,;('apillj.!; /La,.;e:, wltt 'll t \}('y l'ontaill :I high lH'I'I:t'ntugr uf 
(,:1l'i JOu tlioxitll' , II'hi('h i,; proof t hat til(' tl'lll]1C'I':lttll'l' of ).!;:lSt':-; i,.: a cumw
qllCI1C'I' of alJ;o;ol'pt iun ill 111<' hoil!' r and 110t of intillTatiu\1 of ('old air ncar 
the brrc('hing. T allie I f:hom< tllal gas tl'111]lCl'ahll'l'''; han' iJr!'n ol>tailll'<1 
le'::,s tlwn GO° al)O\-(' 1he tl'lll]wratII J'(' of the ,,:tillJ'atrd steam, ,,'hjeh is 
I:ond ll!'i\'c proof of the I:orr<'ctne.... ,.; of the priJlcipll'''; nntl('rlyilJg Edge 
1\lour tl c'sjgn, 
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T able II is intl'lldcd t o "bow, prilIlurily, the efficiencies obtained wit h 
Edge ~\lo()J' hoilers in different sec tions of th(' cUlintry. The efliti encies 
given urc t he GO/lIUi l ied etfi ciem:ics of tlw boilf' r ~Uld firing equiplIlent , cxclu
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sivc of t he firing auxiliaries, as dctvrmincd in pract.ice a nd as defin ed in 
the P ower T c:-:t Code ()f t hc ruul'ri(,:ln Society of i\<I Cl: hanieal En~ill C'('rs. 
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s E DGE lHOOR lI" A 1'b'U 1 'Um~ JJOlLb'U 

('Durst' , not only the 10:-;:-; dul' t o ('~eLlp.ill~ ('url )011 Jll(Juuxid( ·, lli c l u~ ~ frollJ 

exec"" ail' , the luC' :-; h Ull I (·o lldJll,.;tiI JI(' lu till' a"h pi t, ete ., whil'll an' (·!.turg(·
al)le to the furnace, o rill).!; ('qUiPIl( ' lIt awl firing la lJ( l1' . hut: nbu the ull ~lnlil
abl(' heal' sueh a,: ill(' "hy drogell I(),.:s. " By s('pa rat(' analysis of 111(' per

fornnulc e of till' lJoikr alOlw, (:xdudin g tIll' lu,.; ,:('" eha r.lrl' abh· to firing awl 
unavnilalJ!e Ill'at, t he (,ffiei (' IH')' (Jf till' Ed~(· -:\!.OOl' boiler La::' been found 

to be mu ch in I' X(' (,O'S uf t he cumbined I·JTi eicl1cy . 

As rega rd,.; high un~rl ()ad capucit y , Table· III shows that t ests hn ye 

been madl' up to :328.0 1'( '1' CCIlt. of J'CLtillg lJa,.;cd on ten square feet of \\'ut cr

heating surface p CI' Ilori'cpO\\"(;r . 

Allot her feature of boiler p C' rforrnan cc which must not he on'rlookcd 

is quality of st eam. -:\IaIlY nffi(·ial 11'::' \0: of Edg(· :;\10ur buill' r :::: haH' ".hO\\1l 

tha.t ullui'ually dry ;.;t eam ii' deliY('rl'd- k s:; tkm 1 per eCllt . of moisture 

1Jc ing n ' ry (·Ollllllon. 

'L\.U LJ·; lll -CM' .\ CITY TE~T~ OF E D' ;I'; :\'\OUi( BO ILJ-:l( ~ 

Dur :l liOll n,, 1(',J Jlt ·r (,(' n t. 
f) a l t' of H . l '.K aHil.' alld I()('atio n oi l.i a l1t o f t , ':--t /':l!"Jill" it y u f r":.ltil lJ! 

tl.'.~ t d " yt· }Opi·d11 r,. H . !' de \' f'\ opl'u 

Union Electric L ight, & Power Co .. 19]() ·1 ;j l ~ 121\. ) 2-1-1.2 
~ t. L out:;, ~1 u. 

liniun Eleetrie Light &: Power Co., I 1fJl7 2 .55 ~ 1 ~:H :l:~8 . Ii 
~t. l.ou is , .\10. 

Sanita ry lJi~t.ri <:t of C llieago, Hl1ti ·1 ..J\l\) \Ill 1!H . ;; 
C hioago . 111. 

Consolidated G'lS, 1-:1. Lt. &: PI'. Co., Hl13 S 7;~n IS:!!) :!-IS.5 
BaltllUure. ':\ld . 

Com;oliciatec\ G a~ , E 1. Lt. &: PI'. Co., Hn3 2 73(; 2:340 :H 7 .D 
13altil1J~) rl ·. ::\l d . 

COllsolidated G aS, EI. Lt. &: Pl'. Co., I 1!J15 12 11)4, :! 172 2:;G .l 
J.:! :dtilllo n ·, :.'-old . 

1\ ('''' York I:l l N lIIl Co., 1017 241 ) Wl O :1070 21)7. 0 
:\t ' W York C it y 

Kcw York Steam Co., l!H7 10 WOO :!;'j \lli :!5!1. {j 

~ ew York C it y 

l\1aterials and Worklnanship 


r-[",HE dded s of an 

ineuITed de;,ign 

('an Ill'vcr }w (,OlJ1

pC ll~at( ,(l fIJI' hy \\'urk

mall~h ir ) Ol'"t l'u c.L m a l 

fea t ur e ,; , hU\H?vcr 

good. B ut \\·!ten it 

is rceognized t hat. t !te 

prineiples of design 

permit. a rcaliza tiun 

of the h('st J'l ~sults, 

it i::: llext in order t o 

look into t he va rious 

provisions fur :::afdy Triple riveted, double butt strapped drum 
showing U-plates on the inside 

-the primary re 

quiremeut, for ;te(;essibili t y for eieanillg- which affects the effieien cy a nd 

lahor cost , and for ('ollvenien('('s for quickly taking a boiler out, of scn'ic 

and putt.ing it back-which affects t.he labor cost and the fixed charges. 

Every drum is tested at the works with waler under pressure to assure tightness 
of rivctinj! before shipment 

!I ) 
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12 EDOE .1f()() H If . l 'f'ER ,/, URt.: HOJ LEN 

:\11 rivcts arc of sLanclard 

soft ql veL hl'OllgLt to t h(~ 

propel' heat IX'forB riH,ting, 

ciriYell hy all hydraulic riv

("tel' \\-hcreH'r po,,;::il)lc, or by 
a pncmnntic hammer, and 
Iwld nnt.il hlack. The tight-

1](,;::S of till joint !S is proved 

ill t.h e final shop tests. 
TIl<' a(·(.:ompanyillg en

g;rayin!-(::; sho\\- dearly t Ill' 

.manner of >, taying the head

ers. Just. as for effceti \'C' 

designs in IJuilding: and bridge 

eonstrnction, it. IJccomes 

IH.'('cssary to make use uf 

builidlp girders instead of 

rolled beams, so in lloill'r 

cOl1struetion it is n(~cessary 

to J'('S() l't to stayed surfaces 

\yh('ll the space limitations 

of small couk,incrs, c;ylin

rlrical and spheri('al \\'all ;;, 
a ud lohe um:crtaint.ius uttcnd

il1/;!: ihpir (,Ollst rudion, stand 

in the \my of carrying out a 

de"ign that \\'ill give add('d 
strength and d ficiell<:Y. 

\. cable built up of 
st.raw Is of small wire i" 
far strong( 'J' and more reli
able t Itan a solid \\·ire of 

tlle same l'J'us::;-,;cdion, 1,(,
cause of the OTcater ecr- . , 

>=> An example of hIgh-class workmanshlJl. The 
tainty uf the stre.ngt h of hydraulic riveter is used wherever 

all parts . The ~ame is t rue possible 

for built-up hoilpl' b l'ariel's as ag:lillst those east or forg(~ (l to a s ingle 

piee(', TIll' "tatisties of Uw hoiler insm:tu('(' ('olll)l tllli cs with l'('gul'(l to 

the cause::; of H,ccidents fully OiuJ)stautiate thi:o puill t . 

'I'll E 8 'I' . 1 J'I NG' Uf IH}.4 LJEUS 13 

The b u 19:<'s o jl]1()s it e the dl'\ llll s of Edge 111 001' boilcl'S a rc eff~,... t,ively 

8tayrd IJY eight st(,d hol t s, 2~ illehc's in diameter, anchorl'd through 

stel,l C-plates rin'tcd 
to t he inside of the 

drum. The joint in 

j Itt' header plute is 

nHl.dc llcrmun<:'ntly 

t ig:ht by the ns!" of 
nn a nne:dcd copper 

C'one-n li t whicII is 

drawn into the con

ic-al IlOlc in the plate 

hy s('['ewing up on 
the out"ide nut be
fore tIll-' stayl)l)lt is 

aneho!'ed. 
The ut her pa rts 

of t.he header aj'(~ 

stayed by bolt ::; of 
proper cros::;-:sectiol1. Edge Moor headers are stayed in a most effective manner 

inst ailed as foll o\\-s : 
Afr N the stayllult Iloles are drillprl awl thl\ lwader 11latns arc riveted 

together, the beade!'::; arc set. on edge , and opposit e ~tflyb () lt. holes ill 
both plat es arC' first reanwd and 
then taplwd by tlw continuol1 s 

t ran'l of a "peeial eomhilH'« 
reamer and long tap \\-hich p assc's 

t hrough the staybolt holes in b oth 

plnl c::' alld 1I1\.Is tbreads t he oppo
site pla tes as if they were ill UJC 
Sa.lll(' pief'c of metal, lllaking; it. 

p(l~:<il)le to sere II' ill t h(l stay bolis 
\yithout fOl'eing. Stayholts Gut 

to size and threaded throughout 

their lengt h arc then sCTe\\'ed in 

place and the projcet.ing ends 

a\'(' rivetcd o\"('\' and caulked toHollow staybolts are IIsed when the tubes are 

to be dusted from front or rear make the joints tight. 
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The Handhole Plate 


fl100 often, boilers are bought" by the horscpower." Considcrut ion::; 
other than the price and the heating surfacc arc given seant thought, 

Elliptical handholes make it possible to remove any cover without disturbing 
any other cover rcsuItinj.( in a saying of t.ime and gaskets 

with the rcsult that scvoral time,; the additional cost. of a superior boiler 

may l)c \\"ustcd annually for extra f\lel and maintrnancl' . 
A feature or Edge' :\I()or constr1lction that afTretf': maint(' llalll"l", and 

CllC " 'orthy of ('specinl not iee is tIl(' hanrlho]e platt'. Eyrry halldllolt' i~ 

elJipti('ul to make it possihk to pas,; ('YNY ('llYN through its O\\"n li and
( I~) 

1' ,\ /('/' S ()F .L\' /W(; I'; lI()()H 1II'.',I/J IW 

lillk , ill,;t(,:td ur i'rom (jll(' hole to :.II](Itl]('r , as ill tho,;(' boil('I''; 11'111 ' 1'(', for 

1lie sake of ('III 'l.L)(,IlWg tll(' cu;-;1 of ('()Jl ;-;tnl('\ iUII , 1l10st uf tl](" boks ban' 

BcHom Trou2h 

PARTS OF AN EDGE MOOR HEADER 


Visitors al our shOllS arc impressed with the workmanship thaI gh'cs 

Edge :\1oor boilers distinction 


brt' ll made l'ir('lIlar wit h an P11iptical ur heart-shaped bole b(,'n' and tlll' r!' 

to {'lHlllle t lIt, ('ov('r~ to be removed. Sueh dwupcll.f'rl eonstrlletion requi res, 



---

1 m GH JIOU1t WA 'f'l!J ll T U SH BU/J...ER 

Punched 
Forged 

Machined 
Every handhole plate is fabricated in three stages 

', i JJW G..J.TI XG A H .1XJ)/ffJLR N A'rE 17 

of COUl"se, much extra la bor to opeD 
anti dUKe l1p u boill'l" duri ng tIl(' inspec
tiOIl allt! dl'~llIing period:". 

It " 'iI11)(> !loti('c'd 11wt the coyer" 
bear ap::,.iJI ,;t thc' in,;idl' ()f tlw header 
Viall ' \\'1Ii('lllllllkl':' 1"hl'i1' fn ct ul'of ~uJct.\

illc\l'P"llIl l' 111, or 11lt:. stl'c'np:th of t il!' 
stnrl" ()I' dugs. SI IOlilrl , h~' «('('ident, a 
stud Im':!k ,,-lwl1 heing ;:OP t. up \\"bile- a 
boilt-r i>:l lI11df'r pr('~S l1J' (" t 11(' joint \r ill 
still 1'l'll1:1i!l 1ight , ror the C:0 \,(:1' b livid 
al!;Uinsl l' he 111atl' by the illtern~.tl prc's

Elliptical holes are first punched in the blank 
plate by means or a combined puncb SlIl'e. X 0 special make of ga;;kc,t is 

and spacing mcchaniF:m 
l'l'cI'lirprl \\"it b Edgc i\Ioor bui icJ's. 

The purcbascr Ulll) U>:lC any sat is
factury gal'kc,t , pro\'idcd it is mad" / 

~-...... 
' ~ I--~ 

to tit the ('on:!'. - -
>~-' ..... . 

Heturning to tltc con>:ltru('tion of . .', . 
, 

the handhoJe plate, it \\'ill be s('en 
that the edges of the holes are flanged : __"~_. ~I,t I fJ-t·.. IIinward. This is clone by meun;:: uf 
dip;; 1Iftc' r gllide boles ha\'c bcen • - ~ I. I l _ 

.- "'pUlleil l'd ill t he platt, and it haf; h'-l'1l 

Ill'a ll 't! to til(' prOPC'1" t l'II1]WI'Ut Ul"l ' 

for tiallgiug. After the lianging, 111(' ~ 
The plate is then hented to a cherry red and 

the holes arc forged to shape between 
multiple dies 

plate is :-;('Jlt to a ,;pI'eiully COl1

structcd 111111 ti pie ~pilldJe mal'hin(~ 

\\" l1i('h ra Cf''; the uptul'IIcd edges t o 
smooth, plant' s UJ'fa(' ('~ . The fla.nging 
greatly stillcns the plate tu l't'!'ist. 
t]l(' internal pr('~su!'(' of t11e\\"ate1' 

a.nd to prcYCut the olpringing of the 
face;; of the band holes \yhi.le the 
plates arc Iw in!!: sd up against tht~ 

A multiple spindle mnchin" faces the edges and gaskets-a \\'orkmanlike construction,
automatically spaces ;md drills the 

hole. for staybolts assuriug tight jo ints. 

http:illtern~.tl
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Miscellaneous Details 

O
~B; of tllC llniqllc Sll'lldural dcbil:-: of til e Edgo :'\10ul' boiler i::; tllC~ 

, patentee! pipe (;OllllC'l'tOl'. I'Ll;'; Ltk('s tlH' plat: C' or lll(' C'Olll llJ1Jlli y useu 
rmni'ol'cing )lad \\'l!Cl'C\'()l' t.lwl'e is n ul, suilil'icllt. tliick 1JC::;"; or 11ll'1al for 

~ 
3 

2 

4 


5 

PATENTED EDGE MOOn PTPE CONNECTOR 

1. Pipe connector 2, Plate 	 to be reinforced :3, Lock nut 4. Lock nut on 
cunnector 	 5. Connector in place before c:lulldng 6. Connector after eauJldng, 

showing pipe.s in JJlace 

lIlt' larger pipl' C'olllwdiuns, For attar:lling lite fl'ell-\\,ulC'l', \\':Iil'l'-colurnn 
and smi'ac(' blow-oil piping, thes(' l'Olllll,'l' lUl''' :11'{.' ideal. Th('y are Hwdl' 
of Dted, an! \'cry Silllpk in cOll"tl'lll'tioll and ]J]'c:;('nt U ,,'orklilallJilc 
appearanCl', 

The method of imtallatiol1 if' as follow,.;: Hdl'lTilJl!; 10 Ill(' l'ngra\'ing 

at)()vc, a straight circlllar hole .2 is filA hOl'C'd through the plate to Il l' rl'in
forced, The connl'l'to]' 1 it> then pnssNI through thi;; holc , lU' at ,j, and lucked 

ill place LlY the nut 3, as ::;hown in Ii, This nut is t.hreaded for an ('a,~y fit, 
( I;>;) 

['1/' 8 rOANIWTO I,'S AND 	UP'1'AKE 

These connect()rs. for feed water and water ('olullln pipinl!. are a decided 
improvement on the commonly used reinforcing pads 

so i t muy !,(, ::icl'l:wod Ujl IJY h:1nd. FilJ;dl~-, the lJC'\'C'lkd c'dgc oj' tho (;011 

nccjclr is fullc]' C'd and cU ltlk<'d uga inst- j he plat e to lllaj,c a j i!!;hi joillt;, 
The J'ull(')'ing caU:5es the eOI1lH~<:to )' to fit Sl lllg aguiut't Ih(' plat e and is 

e<}llintlcnt to sc)'c \\'ing up the lock nut "'itlt considerable foree, so llllleh 
so that the (,Ol1l1Pctor can only be rcmoved b,Y cllttillg; the nllt apart. 

Uptake and damper furnished when the gases are to pass out of the lop 
of the setting 

(h'ing to the ease: with which connectors ma.y hc installed, they 

are c5pc(' ially suitable [m any additional ('ol1lwc:tions that lllay IK' desired 

timing or ufter crC'ctioll, They aI'(' to 1)(' found lm1:)" on Edg(' -:'f uo]' hoill'!'''; 
Uli th e putcnt is the exclusive property of the Edgc l\Ioor Iron Company. 
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Standard method of suspending Edge Moor boilers 

Edge' XrOOI' IJoilers are either supported by columns 01' hung from 
oyerhcad IJcall1s. The method :::clectcd for an insta llation ,,·ill dc]wnd 
Oil tlw spec ial conditions to be met. In all methods the columns tcrmina 

in east iron base' plates "pt ill t he' foundations and ar<~ not COlIl1l'('t Cc\ to 
nor do they rest OU , tlj(~ hrieJ.~\\'OJ'k of tlw setting . 

\Ybcn builer,; arc' supported or hung from the sides, th e' initia l Can

nee' t ion j" :1 ~J)('('iuJly constru (,l (' t\ st P('] t ee rin'ic'd t o 1.11<' side trough of 
th(' header. Thi~ is h() lte'd 1.0 1ht' cOI1IH)d ing angk s on lll(' ('oIUI1lIl sup

ports or, ill the suspended type, t o t he ste'e! " Il' ('\'(' t hrough \\'hi eh t he 
hanger bolt pass<'s. Tllis bult tl'rulinates ut \H)t It (, Itcl" in hall-fa (;ed nuts 

which fit into eOITl:spunriingly recessed washers to fuc ilitut e readjustment 
when the builer expand!') or ('ont ra ctR. 

The design of other detail !') s liCit a~ fro~t casti n),!;s, manhole doors 
tube dusting fraIm's and par!.s, de ., conforms to the high eh arad('r of th 
boiler proper. The eustolllary fittings are of tl1(~ lJest standard makes. 



~'j)(;8 Jf(JOl(. wX/'J;;n 'JTIJ J~ /i01Lnt fi'lWNl' ~lAD Hli , lH J)UUWi 2:1 

.\ " tIJ!',,(' 1'IJ~ra\' in~s ;;ho\\', 
t h!.' (!!'i :lib aIT(,!,t ing tIll' !'xier

Jlal ap lH'u],:tnl'(' of tbc Edge 

::'1100]' l)()ill'r han: been de

I'ign!'d t () combine stl'engtl l 
,,-itb utility lind pl!'a"ing :(p
p(,111':11)(,(' , The end;; of the 
longit udinal wall;; t('l'Iujnaic at 

both frollt and rCar in pila;;1t'I'::l 
built IIp of ,,{('c' l allg!!',.; :1 nd 

platcs. Tic rods CUJlu!.'d front 

and 1'( ':1 1' pi last ers tu stl'!'ngt h (, ll 

t he ,yall agHin~t ('('atkin/!;. 

For in"lllat iol1 and apprar

ancc, and for I1 llivk acccS» to all 

of tll (' kmt!Il!lI('s of tile front 

hcadcr, a "trullg: and attradi\"o 

meta l rolling door, suc:1t Hii is 

often sc'('n at entran('r" to 

warchou"c',; [lilt! othc' l' fin'-proof 

:4rlldurC'::' , is .lJIOllllt('d 1)('t\\"c('11 

the front pi]a"u:r", TIt(, door 

rolls up\\'ard ill tu a !,ylinclril'al 

shell and i" thc 'I'c 'fo l'(' C'llliJ'(,ly 
out of till' 'ray \l'h C'll op('n. 

Opposite the rrar ]H'ad!'r 
sectional doo)''' , built IIp of I'll \'

rugat('( l iron, :Irc 1I:,('d. 1'11('';(' 

an' fJU('d ,,-itlt h:mdJc.s "0 llJ('~' 

may 1)(' cOHn'lli(,ll t I," tuk('ll () 11t 
Hear view of a batlery of boilers 

and "ct tu Olle "i de. 

The' lljJj)(')' parts uf tIl(' h!'~l!lc r~ ~ll'!' ll 'i ll a ll y C()\-! ,)'('d ",ith non

cOIldnctillg cU "( 'rillg, al)(lllt l,,-u inclIes th ick, neatly 1roweled to a ha rd 
fillish. The "paces hctwC'cn heaclc'I''' unci brickwork are packed ,,-ith 
asbc::;t.os fibt'c~ to \1r(:'\'el1t leakage of ai r. 

Standard front of an Edge Moor boiler 

http:asbc::;t.os
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'rite ('ornplicat ions 1 bat UI'(' apt to al'i;-;(' d 11l'ing cret1 iUll ar(' ;l,Voided 

as much a ~ pO::isiblt' by fitting: tlw difkn'nt part ,; ill til(' shop :.l11d reducing 

1 he fidel \\'ork to a minimum. As tlte illustration j)r\O\\- "IH)w,:, t he headers 

and drums of eaell Loiler (the one shown is u four-drum boiler haYin~ 

10,490 square feet. of water-hea.t ing surface) are put togptbpr in the 

asspmbling shop, uecuratcly aligued, and thcn the holl's for C(HUll'l:tinb 

the drums to t hc' headers an' drill<' d contimlOm;\y through the lappoct 

joint" to a:::;,;W'c a jJcrfcct lJlah·h of hull';;. Tile header:,; and drums ar 

aft<'r\Yard iuk<-11 apart and prepared fur ship1Uent,. 

All headers and corresponding drums are invariably assembled in our shops. 

This is done upside down for convenience in drilling the holes 


through header flanges and drum ends 


'Yith the exception of th n \'(:ry smallest ""izes, Edge ~IOor boilers ar 

shipped from the work" ill "knoeked-c1ulI'n " l-ondition. Parts a re of such 

size and weight that tb('y (-an be easil y J'(' lUOYl'd from the cars and truns

port('d to till' I)uih-r fOlludatiolls, \\' ll(~ther ill ba~rllll 'llt, at ground lcyd or 

in upper stories . The field erection is simpl(' , l'l'ljuires vcry lit tle skillcd 

lahor and may lw l:arried out with great expedition. By means of tJ-w 
method of ('orllwding drulll~ to headers, aU riveting in t.he field is avoide.d 

and only a vcry lit Llc caulking is required. 

,) ... 
l:J()IU~N::; LU,tf)l!lD F(JU Sllll '.1!EN '1' ... <J 

Typical loading of large Edge Moor headers 

Shipment of three 600 horsepower boilers leaving the works 
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Showing bare baffle plates. Four-pass setting. 
U. S. Navy Yard. Mare Island, California 

Showin!! plastered bame plates. Three-pass setting. 
l\Iav<'rick Mills, East Boston, l\Iass. 

Baffling and Stokers 


'j-, nE druwings \\'b it:h foll l) \\' ~!J ow a \'uridy of comhinations of c1 iffcr
. <'lit I~' haffl r d b 19(' :-Ioor boih-I' ~ ~d \I' j( Ii some uf t })(' rl'pn'sentat i \'c 

1~· p(·" of ..10k ing und COl Ilb ll;-;tiOl\ rl r' \' i('P;: nnw i 11 U ~.('. The 1,:c1 ).!:c ~ loo r 

11'11 11 ClIlI l p ~l1l~' cl op!'; n ot hllild ll or n '('ol nnw ll d an ~ ' p:llt if' l1l:.ll' ma lw of 

",tuker ]) ut , "ill ('r' ('\'e)'y ,,1ukillg dl'\,jc(' millall y I'c(l'li r(' '; ,;OI11( ' "i]w cial modi 

~ 

O- TILE r S.ED Fr>!! D Cl] n zosT.IL B ,IFFU; ::; 

Ii('a lioll;: uf tl J(' IJu il (' r "l'tt in ~ fu r t ile 1)(',.;1 1I11i1 11L11<' n~" lIl t s, l hi :-; company 
\\ ill ~I !I( lIy ('u-OPl'l':l tl' \ 1' it h h\l i ]d(' r~ uf ;-; t ok('rs an d \1' it L p ro,,] lcd in' ]111 r

·Ita",'!'''' ill jointly \\'orking out t he llHl"t [ ll'UrIli,;jllg arrullg('Jupnt rur (' \'rry 
(·a~l' . 

TIl(' t ~' p(' !' of buffii ng and ('IJrn b inMiull" "hr)\nl arr only i:l f('w of t hos(' 
tha I ],11\'( ' gin·n "aii,,!'ael-ioll. TIll'Y an ' on ly iUl(' lll lcd t o 1)(' slJggesti \'l~ 

:111 <1 t(, , !ittl\' lll l\\' ('a~ il y bli!:(" :-i o()r b()il ('r~ <.: un he mod ifiC'd t o meet 
10(';11 I ·(m,hli ,, " ~ . 

fh~--i~-) 

1''' I-I I W I.I ~ ( : T'I.I : l 'IlH F r. _I T .\ R C' IIEs 

.\ ~ "ItIl\\'11 jp lhl' ilJlI" lrtl lio ll ~. "li(lriz(J ll tal kdll ('~ " Li nd " flat urell es" 

a1'1 , h 'lli t 111' IIf"pl 'I·i ;d ti ll' II'Li('h ('U ll I JI' l' a ~ij \, ill"bll('d tl il i l repl aced, 
Tit" I"")" , Ilam(.~, U,; "ho\\'n 01 1 ]1 :t~(' 2G, I '() ll " i ~t uf ~ 1 ' t ' l iOll al ( ' a ~1 i ron p lates 
'"I ,IIl II I, ..id\., IJf \\'hi" h is pl:t"tcn~d It h i~h hcat-l\> i::'ting: a"hc~to" ( 'Cl1ll' n t 

\~'III "I ( 11:11'<1"11": :.I nri <:li ng,.: t o tl 1(: plate", .\.11 adY:t ll t agc of llri ~ ('on:;true
1.11l1\ i- I b. tl tit" haffle,, ' 111:1) hI: ea".ijy kCIJt tight. Th(~ rroll1 bee of the 
hr..;1 l'alll" i;.; 1111(~,1 wit h rell ('wuhlc til e marie t o fit aroll ll,1 l he tube" and 
",1. II , 11\;., ., . 


,,(, - , 
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I-urced.dral't, front underfeed stoker and natural draft. chain grate stokers under 

Edge Moor boilers. Laclede Gas Li llht ('0 . , Sc Louis , Mo. 


11; ii::: :2:: 

FnO I\ T Yn:w (II' rrrt." \IT. WIT'J, I F n l\r ['J)- D I( .\I " I', 

( "",..."..fl- HI ;T(ll n\ r " ' IJI·. IH ' I , I.f) :-''I'{) 1\. 1 It 
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It \\,ill b~ noticed in th e following c1rawiJlgs t h a l tlIt, l.um illg (':111 ],(' 

arranged so ilwt g::,I";I'S may pa,.;;;; uut at tli(' fruJJ 1 (,[ tll(' tup "I' nw "'l' l t in il:, 

or at tIl(' 1'(':11' of t.he t.op of 1.lw 1;1'i'1'ing, or at the rear uf 1 he uottunl of 
the sl'tting, 

~ 

TIIH,E,E C!(U::;!";-P,I;;" :::;LTn8 (;-(~ . I;;I' ;; OFF .1'1' FHOYI'- S !l)E On:RFJ;: ED ~TO Kr:R 

1\(J lUallllfacturer of boilen; uall gin: the lJCst dCIy ice touoilC'r llsers uy 
limi ting himself to one or two "standard" lypes ()f lmflliJlg, because n. 
YIl(' or IndUing tllat will giYC' good fl'O'ults \\'ith one kind of fu<'l or stoker 

IDay give' poor r('s\Ilt~ Wlll'll t.h Ui:5(' arn di rYcrcnt, A" au example, Oil' tom
h in,tl ion arch showll ill tbe IIj1pC'r pari of page 28 will giv(' (,:\ (.' (,11(,111 

re:-;ult:-; \\,ith t;()ft ('oal l.ut. will tlccTca,;u buill cffici('II(,Y ,JIlt! capacity whell 

ilte ('oul is anthraeit(" 011 tlw 001('1' liand, til(' liai-lIiup; t'itpwn ill tIl(' 

10 \\'('1' pmt or 1be ,;am(' pag(~ 'will gin' cXl'dl(,lIt efficicllcy and :::Jlloke l (' ~~ 

('ollllJll stion \\'hell till' coal i.~ ant hracit (' IJllt \\,ill hI' Yl' ry indbl'icllt and a 

R[}) o ke nuisnnce \"hell the (:oalis sort l)il UJWIlO\lS, l1('w'e the InlfI-li og of 
a h oiler nlll st 1)(: ('ardully ,;clel'1 r-d tu iit (':tel! particlIlar ('a,;(', 

11 i,; sOll1eti1l1(,;-> ,;upposed tlw t till: fluor "jlUl'(' rCC[lIin'd hy huil!,]'s 

is mudified I'Y 111P horizuutal ecntcr-to-('('nl<'i' "paci Ill!; of tIl<! t III ' 0", '1 Iw t 

PLOON ,')1',1('1': NE(jU!H.1I'lJ :a 

th l"; 1;- not ,,0 \1'111'11 11)(' [\]('1 to 1)(' ],llrn t, (l requires :l grate is easily seen . 

\ "ll'UII! )!I'lwrator ('oll"i,-l": or h\'I, parts wlli('ll llay!' ('Itt in,ly difT('rclIt 

functions- the grat e and f\Jnl<\(',C' ef'()h'c t.1w llcal; 111(' l,oikr 1I/!8M/i" it 

11 is therefore plain that tlte first sicp in t.he 1;cl('(;tioll ui' a skam generator 

- - - - --- -  ---  - - ---,, 

~ 

'I'll/Ita. ('1""""-1' .\';'; ;": C'l"JT\ II - CASE" on AT REAJ(-CIL\I~ C)(ATE 

I,. Itl d..:l'vl'llJinc till' "izl' ur grate l1ece:s:sary for the prUjH)1' cOllllm:stioll of 
the tAill lat l'd aillouul of ('():d to he InmH'd, and till' :;;ec()nd "t('p j,; t o 
('lu,OI"" II hoil('r that \\,ill fil thai grate modmnically as \\'1'11 as thl'nllaiJ~' . 
.\" :111 "x/lIl1p ll" ;; lll'POC''' it is (h,,.irl'([ to ,;(:ied a l,oikr for th(' ('onti llUOi1S 

d"li\-, 'ry !Ii' "U ':l l ll ('C)1!i Y,I\vl!i 10 2;j() lJflil(']' hor::;('po\\'('r. SlljlPOS(' , 1'1IJ'1 her, 
tha11 1ll' "(':1111; 1>1' ll Kl' d \\,ill han' H IH'at v aitH' 01' J 1,200 B, T, G, [Jl'I'PUIlJH.1 , 

and 111:11 jill' l'll!ubilll'rl dlil,i('IW\' or ti l!' !-!,('Il('ratur will 1)(' 72 p er ecni. 
Th('l l t ill ' :<1 uk i II!! !In' in' lllll,.:t he 'able to bl~'ll a1 least 

250 n, 1'. X 3·\. 5 lhR. X \170,4 B. T, U . 

U,72 X 11,20U 13. T. U 

O J' 1\111.\; fll'llrl(l-; ur coal jlCl' hour 



').) JW(,'H JWOH W.1'/'HU 7THE lW /l, EI:"

-:\o\\' RUPP0:';C: tlJat the type ur ;.;tuking d e \' il'(' 1"(1 ],(, 11:"( '11 alld (Itt' ftlf 

nace draft (u l' a:-;h-pit ]JI'c';.;sal'e'j anlilah1e \I'ill pen-nit of tI le (;un1 ill llOl1 :> 
corn]!llsi ion of 20 pound;; of ('onl])('r sqlwre foot 1)1" grate SUl'faC'l' P('I' Iluur, 

'1'11('1'1 tIll' amount of grat(e ::;urfaGl' req\lired \,-ill lw SHUi -7- 20 01' 40,n 

square fed" 

-% 
U 

TI.iI'I':E C1!Ui'S-l'.\}''; ){I,: n : ll';I,:n "ET'1'l,\t;-(; .\SE'; (IFF -\'1' Fno'\1~hw,\T 


O YJ:: IU' I': I::D S TOKU{ 


:-;ill c'C' 01(' kll/!t h (If 1hl' "tlJker or I!rall' i:,; ddf'rJllill ('d Ily Ill(' d!'"ign , nr 
by till' stokinp: coudit iullS, and i,., illdl'pl'ndl'lli of 111(' hoil!'r , it foll()w,; that 

as ;tlltJlI :I"tlt( ' grall' S\ll'ifll'(' if; Ik't('l'J)lillt'd 111(' width of flll'IWe(' is al"lJ dl'tl' l'
Willl'd , alJd tbis width, from I he fOl'cl!uilll! rC' w'<t )tlin,i.!; , i::; illdql<'lldl'lti of 

tiny arrall!!:cUl(,lIt of boi.ll'l' t\lhl'';. If, in tIl e a],o\,(' I'X:llllplc , the lellgth 

of graie i,; tak(' n 11 1' (j fp(, t , tlt e flll'llal'C \"illtll \I·ill hI' -to,\) -7- () OJ' 0 .8 k el: 

and Ull' propel' boiler fo)' thi:; ill ~ tallatioll 1Il1!,;t lun'!' all inside width of 

61Ming approximately eq llal to t hi". ,\'itlt I he widtlL of Il0ikr fix C'd by 
i Ill' a m O\lllt til" t'oal tu he hUl'll Ud HUt! ;.:tokillg ([('"i('(' to jl(' ll :,,;< 'd, tlt e 

ad\"Ulia}.!J' of Oll e (k ,; i}.!:11 of boiler oYe!.' anuther <1"; l'q!;al'd" fluor "plLl 'e, 

.. ).)FA I,'[ ItBU~ (l1!11TE 8 UffF. \('R 
0/-) 

111\1';' dq ll'lld un 11](' length or I'rtting , FoJi.unatd y . the dcsign of the 

&J!!,' ~l()or hoilL'r (end" to makc' the' lengtJI of :,;ettillg a minimum. 
It !'bo\llel not he S\lPll()Sl'd that fo), ('very EdgL' ~Ioor boiler of a gi\"en 

l':lting; then' i:i but Olll' l1rrangemC'nt of tul)('" and b\lt one furnace \yidth . 

TIll' tahle gi\,1'11 b(,low illustrates tlw latit\lde of arr::l11gl'llwnt of tubes that 

i,; applic'uhlt- to all ratings. It is ;:;cen that there arc fin; sizcs of boiler:i 

Edge :\ioor boilers with natural draft, frent overfeed stoliers 
Lardner's Point Pumping Station, City of Philadelphia 

T \,Ju' !-i11 ()WI'>:G Fin; ST.\SD.\fW SIZES OF EJ)(:t~ :\I oon BUIU:I(.~ von A :"irn!l XAJ. 

H.\T!xu OF 40() HOH::; ], PUWEIt. 'l' u l.n:::; , \IU; IS ~~l'. Lo:-:t;. 
T>1': N (;TIl OF CHAn: T ,\KE1\ .\'1' H FT. 

'1" 11 ,.: .. 
IIIH)' 

T !d " 
\'.i rl c 

11!.'!l lit l ~ 
~u r frlC'O Furnu('o wid tb Cru l l' 

Hlrf~ II' Q 
Balin of 

11. ;-;'. t u C.R. Fl UeT'Sp a l>e 

-~~ ;-'q ,- f-I.- ~rt 
IIj 1" .. 400S s' '.'" 

" IiI\. 0 liO.7 :!:H.Li 

I:, J.l 4(J()!) ~' 10 ~ " 71 . ~ 57.1 :(11.;' 

H 15 4074 !j' (j ~" il). :~ 5:3.4 253 .7 
]:l J(j -lOtiO 10' 2" Sl. cl 49,9 271. 7 
j') Ii ;)!1xS 10' U .~ " ~(j, 4(),2 :!X I. i 
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each of which has appl'oximatelY -WOO squuJ'(' fl'ot of heat i ll!!; snrfacc hi lt 

wit~ Yal'ying l-!:I'atc ar('u~ ranging frolli li(j 10 i:;tiA "lluarc~ f( 'd, and Hoor 
area~ fWIll 2;-ll.(i 1<J 28·L7 sqllar(' feet. 

Typical installation of s uperheater in connection with a four 
cross-pass boiler 

By hal'ing a vuril'ty of f'iz('s for H given nominal rating it is po~"ilJIc' 
to l1Jont , nlTieicnt ly, t he difTCl'cnt n:q\liJ'l'Jlll'llt~ of uuilt-r wwrs, The l)( ' ~l 

size i~ w'nel'~LLly deterJuiJl(·d by tite kiIld uf fuel to IJI_' 1Jlll'l1(,cl. T hu::" i 
(lie fuel i::; to lJU uuth l' uc it. c l:Ual t he l)('~t huiler tu 1l ,;C' i~ the uue \"i th :l 

\"ide grate h('l'ttll,;l' it j ~ possiLle to burn only a rd~ltj\'( \ ly ::>llJull :.lIllounl uf 
ih i:, k ind or ('oul pel' :-<l " aI'(' [(wi of grate ;'; llrr:\(·(· , On 111 e' 01 her hand, if 
u lt igb-/!. rudc ::>('lUihit llllliIlOIZ ::> ('oal i ~ 10 be u~(;d a [,oiler with a narro\\-C' r 

!!;I,.Il'!' \I'ill Il,in' t ill' IJl'st rl':;ult ,;, 

8L I X f) ,1 /W S / Z I';S OF jjOi U,'US :~.-) 

F'JI It ('[( U,,~-l' I';'; Btlil.l·: J{ \\T1'fI .-;(' r E [( IIJ·;.\ T:c n .\:\'I) .[o' " o:\''[' L'NDETtFJ::ED 

~T{)KE l ' 

:< IUll dard " iz( ''; of Edf!.'l ~ ':\lou1' lJuikr" Ila \'(' rat illg~ fl'()lIl 75 to 1050 
bIJ ilC'l' ltol'''<'lVl\n' l', c\'lI tuIJ('~ an' ful!l' in('\J l's in dialll etl'r. Th(' !c'llgtltS 

of tu IJ('''' 11[u,,1 l'Onlll1eJ11l\- used Ul'(' l ~ and 20 I.'d , hut OnH' !' lcngl!ls \I'ill b , . 1 . 
11I1'nl :; )('d \\'11 ('11 :-;pC'l'iul Gonditious IIluke this dc::: ira lde. 
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Firing with Oil 

IL hus br!' ll frrqur ll Uy spokC'n of as " tll(' iclPnl fu e l. " It has many
j (), nd"llotagc;; OYeI' ('oal: delivery and stol'ug<> arr grca t\~ · simp lified; 
.~ lintl !.!: I'l'qlliros :'\il11ple equi p1l1ent and a mi1limllm of lahor; theJ'(' arc no 

a,.lw" 10 j'('lnu\'(): fud W:lste i ~ lllll(;h morC' ea,,; ily (;()ntrullcrl and therefure e'! li

",:!: 

I ... 

I:) 

-li 

~ 

!{l'I' :I t I,\' l'I 'tim'ed; t'(lIl": lIUlptio n of fu(' l during :-t. alld-hy pl'l'iocl,.: i" U l1l1l't'I'';·
e s ',!

:,. ~ 

"::11':-'- : lIpkpL'p i,; 10w('1' than in stokc' l'-tirr d plaut >' \\'IWll d{'~ i g;1l and npel':ltioll r 
~ ~ haW' Ill'('ll givc,t1 prup!'l' ati elltiun ; "lI1ok(' nui"~lI H'L' '; ar0 uyuidec\ ; ~md tILe 
~" hoill'r l'(IClIII JlI~Ly 1)(' kept Hf'. (,lean u::; 1Ill' !'llg il1P roOID,C"~~ 

-ll '; 
Cnftlrt llnatPi ~' , thp demand for oil as ('ompafed with tIl!' s up p ly IS sO " .~ 

~ II rc 'at thlll t lti,; I'm'l is not :lvuilalM fol' p:!' 11l'raI1l ~C' . Ewn thou!!;h oil costs 
~~
~ ~ (,11 11"iil"l':lb l ~' llIol'e tlmn coal for tltp "anI!' numbp\, of lwat lI11its the diITI' \'

'E 
c 

~ 
\'1\1 '1 '0.\ in tll(' 1:II ,.: t" Id' ,;tllring, firing , ph' " m ay lIlak" uil t he dH'tlpC'r hlPI ill 

N 

tllP I'n il. For ('UIIlJla\'ill~ 111(' ('C'clJ"\OlTlir' \ 'U ltlf'" of oil a lit! ('ou l, ('o"!',, ()]I a 

o ftH'1 I.tl ,.. j,.: :.UIIlIl' a l'l' t ll(' rl, furl' llIi ,;ll'adillg;. ,\ (' Illl lpll'k alla lysis i:; t1 t.'c '('s,;ary ,;5 
r-; 

(."\ for ",IiiI'll t hI' fo ll(l\\' ing flll'lll is sllgg('st'cli , 

w 
il 

:-:l' ,DL\HY OF en!:''!'s FOI l On, Y EH"- I ' S CO,\!. ...... '"" 
~r. 

Co 
..J~ 
W \Yi l lt oil \\-ilh t' OalJ: ~t i rnll tl'lll'''!!.lj flU :lllrtlial hil-'"i t :$ 

•\'1.11, 
~ 
:3 

('",<1 uf 1'111'1 , t!,·li ,·Pl'l'.! at the' pl,, 111 "il l', c' nll~III" f'd f()r pro
d u,' li ,, 1I ;; So'8 

o. (',,,, "r 1Il"I, ril'iin'Tetl a t lh<: plnllt :; itc" COU,l1l1wr! during; 
~ ~t hl ul-hy period:, :s :'$

gl 

] 
r:'I 

('0,;1 "f flld In, ,, f r ll111 ~ 1 orag;(' S Sr= 
(',,,. 1 "r II nlfllld in g. -t orinl-! :.lIld de]j"ering; flld to l he firillg 

;:) S"'1 l1 i l' l1 l<'l1 ( " 
('..,.;{ "r tiriug 1" 1,,,, $ 

("o:oo t (If ·l.... 11 l"l'1I1 ny:d S 

('",{ "J 1'\ '1'1:[(" '1111'111.- :l1Id J\' pair,; fur 1'111,1 halldlill~ :ll<d fir· 
ill~ "Ql1 iP ItIi.' lIl , :tll d f tlr fUl'l11U"'" ~ ~ 

' ~ 
\"; Chafl.!l's fu r im'p";{llll.'nt ill ~lOrag;l;) eq uipHIl:ut , firing f'qllip'il,o 

G{ ~ . ~ BtI 'll l. 1'1 C. ;:; ~ 
~.,i' 

th~ t ",,\.v.: ~. 
& Ttltal :-: ~ 
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Fmlll till' tu\Julatl'd dutu heloW' all appruximate eompariS(lll of flWI 
costs lIlay 11(' OI)1alIl Crl, It \\'ill hl' uoticed that in CUdl CUl'lC the <lVCI'llgt 

net cffici('Jl cy spcciijc' d (the Jlcrccn1ag(~ of Lh(~ ealori [ic va lue of the Iljl'! 
whidl en1ers thu fcC'J watrr to make useful :,;team) is uhout :) pI' r ccnt, I( '~"" 

than wO\lld he expC'etC'd from result s ()htuiuccl in t ests, Snlll!! such a llow 
an('(' lTlllst 1.)(' mad(" of ('O1ll':' (', 10 COY{'\' tile <lil'['(,],('11c(' 1)<:1 \\'('('11 iv"'i. cOllrl i

tiullS :lIld a\'(ctage upcnti ing cUlldiiion" illl'Ollgllullt llie ,\'('al' , 

FI ' I':]. H r:QL lin:" PI': I ( Il ou( 1'1':(( TII""'i.'\ ."!> I ' ,"': I-TI, B<lILI : I( 1I1l1l " .;I 'tJ\\'I,; B 

"/0 11 1 J: Oil-hurnill g: pl:lI l1 (:\\'el'ag(' Iwl hoilC'I'-I'OOIIl efTi(:il:llt:Y 7;' pcr f'ell!., 

l~.:'O(l II, T , C. per lb, oil , 8 lb. I":!' gal.. :):31; Ib, per bilL) , :301 ~ul 
or 7,2 1,1,1, 

/'/0'" U: Oil-],ul'llillg I ,i:lll i ( u n :1'agc 111: 1 b"iler l'OOIlI efli('il'll ey I:) pr:r C(:IIL. 

uil a:, :Ii 1\ )\ ' '' ) , :,111 g al 

ur 7, ·1 1,1,j 

1'111,,' (': ('u:d-l.lJrtlill ~ pl:ml, ~Iukl'l'-h\'l'd ( U\'I,,.HL((' 11 .., 1 hoill'1' ,,"n!1I dli
('il'III'.' 711 )1\'1' 1'('111 .. ]:)",(111 I.>, T t', 1)('(' III, ('n:d, :!,:! III II>, 11I'1' 

~ 01 .1) .Ii 1t 1 1I ~ . 

/'1" ,,1 LJ: (,u:d-hl\l'lIing pi:llll,lwlld- lin'd ( a Vl'1':lj[<' II c l hoi!.-I' 1'(1)1\1 dlil'iell(,Y 
liO pel' (: C'l l t. , ('!lal 'h~ a lll')\'(',1 , S 1011"_ 

C(J:lII' ,\ !lATI\"\o: C",,'(" nil< 1'T..-\ " ,\,'; 11 ,\'.;D e 

Oil :11 2 "( '111 " I Il' I' g:d l lill i ~ 1111" pUI' lI'i l ll l' o :1I :1i :":"f)O I"'" tOil, 
" d. ,~.)
" 

" ·1 " I . ~II 

,S n. -; ,-) 
Oil al 7,) 1't'III,; pf'l' 1.:11'1'1 ,1" un" IW' with l'llalaf ~;J,.j,j 

~ l (m ·1 . (iO 
1 ,,-I() ti. !iil 

2 ,()O " \).2;; 

A:: a l'lIl(" the calorifiC' \':lltH' of (Jib ,,"cd for hoiler firing, from what ('ycl' 

SOlln'C' , \'ari(~" \'(:ry little frorn n,,;')oo B. T, r, pCI' pound, 11 i", vI' <: 01 11',,1', 

\'PI'Y rliS'ftol'cn1 for l'oal. Till' eulorif'ic ,'alII!' of t ll( ' cuulcommunly ll:oe ci 11I1l.) 

1)(' Hlly\\'Ill'I'(, II('t\\'('('1\ lU,OOll aml U,500 B. T, C plT ])uund, while iJ I 

(,l'rtain lo('ulitic:o 111e ntilic !ll Hy be out:-idc of tlll'S(! linlib, .\bu, f-iri nlJ;, 
dhciclH'Y rrLU ~t he ('un:,;iclcrcd, A band-f-in' cl c:oal-lllll'liing ]lImIt is J1lu r:h 

Ic'"" ('J1'i('i rnt tklfl the aH?rag(' viI-fired pbu t , but a l1lorkm 5tokcr-fin,d 

plan1 nlay han' an all-oycr cfhf' il'l1CY almost as guocl , 
Till' t)il lI"I'd f()j' iiriug !.nik]';: i" "i111('1' llw na11!t'ai liqllid , p<.;trnkl lll l, 

as i1 i" 1:1k('11 frum "alld OJ' !'IlI'k :-<1rata ill II'id(,I,\' seeIi 1( '1'(,\1 1'('l!:ioll:' of t ill' 

C() ,lI/'(JS ]'J'lOY OP r'f<.'TNO/,/:' UJ 3n 

•'t ll nrit i ~ the' l' Il(I-pl'ot!l!(;t of 1 hat Li(lllid aft er ccrtain components hu\'c 
(~ , . 

I!'f '!l rl'Tll()\'('(1. l:'etro\eullI is a compl(' x mixturC' of many dine]'!'!! t h~'dl'o-

(';\rl>on,,; , '1'1 1('1:'(' may he "pparat(:rl in ( h( ' refincry and arc! commcrcially 

knoW1l H:' ga::;ollnc, benzine, kC l"O:'CIlC" luhrieatin/2; oils, g!'ease, paraffin or 
:l:,phn lt, dc, GC'l1crally tlj(' mixtuJ'(' ('ontain" smali C]lWllti1ics of ,nIter, 
"ull'lJllI' and sanc I. n" ~pt'('ifiC' gnl\'it y lWlY he 1)('1\\'(' ('n 10 a amI 5010 

Ik:Ii JlIl{' (] ,OUU to (),7~;j u'; cOlllparcd \\'ith \Vat(' r) ; it s (:0101' may var,)' from 

:I pall' ,\'f 'lIow to a l'l' IHi"h or ll\acki"h Im)\\'!I ; its l!lolJility f l'OUl that of a 

lil!lil oil t (J 1ha t (II' 1£ 1'('a,:(' , 

1{J-:I!lTTI(J'\ '1' ,1\11. 1': FUI ( Oil, 1'1 ' 1': 1. 

I) • . ',r", 
)0 1 1 l ~ 1:3 1-\ 1.") I ti 17 IS 1\"1 :!u

1\' ·:' l lUt (. 

I.I'';,II\ ' \' 
,I..; .)-__ I 

:,!:d. .....; ;.;:~ ," :!I "IIi ,0..; 11) ,.., fI" ~ . II() I !I-I ';" ,~q .... K:) 
1 

"( . 7,"'; 

Lh" } II'I' 

, ' II. ft , li::! ;.: lil fI lil, -I til. n (iO,li lif) :! ."!!J. ~ " D. -I olD G :is ,(; .)~ ~ 

I 
1.1.,-, 1'('1' 

hh1. :{.-)() : ~ 17 :3-1,-' :.) ~l:~ :] to ;j :)k :):, [i :):) :~ :]:11 ;';~D :tl7 

( 11I l' ""I'I'1'i I:! l ' , ,.;, l-:allol L" 

.\ 1)( 'l]'()!t'\1Il1 Illay 1,(, "() pOU!' in 1lH' \'alual,I(' hydl'or:al'lxms a" not to 
WalTalJt rcfilling, ulld j" then f'old for firing I,uikr,~ , "te, On the otill'!'band , 
..tJlII I' pdrolcnlll,';; al'l' :--0 rich in the yalllable hydrocarbons tbat refi llillg 
i" ('ul'I' if'd to H point \\'herc IlO r('sit\n(' rc'ma ins suitable for fud, An 

IIl1i l',':.1(,r\ pl'trokuw i" ('onmlOuly r\l':,i gl1ai'ed " (Tudl' oil." \"11<'11 th(' 
liu:l llt 'l' lly:iJ'()eurholl " . l\'l' !'l'uIO\'('d fro!n a pC' trolPml1 and the rC;:i idue i" 
"lI it.tI, ll' rill' f lld t iI i" rf's id\l(' is \':ll'i()u:-,ly ], nf)\\'ll U!' " rl''iidunlT\ oil," " topped 

lJil" ((I' "1 J'( 'al ('d oil." 'I'lIl' 1(']'111 " ruel uil" i" ,:;()m ~'1illl('" ll~cd t u cjp"ignat e 
11l<' (li .. l ill:J t('" oj' pe1!'ult ' IJlI I l, cr~\('('ll 1111' light(, !, illlUl unat ulg oils ,mel t Ill' 

11f':. yil'I' 11l 1'l'i(':Ul1s, Ii !' g rn \'iiy lllay hc' 1,('1 \\'('('n 2 ,) 0 alld :30 ° Reaum e, 

FllI ' l uil ' i" ('Ollllll(Hll y u"ed for fir ing lIlC-talln'atill,U; flll'll;lC(' S, 

;-;Olll(' petl'u ieUl tTh urc uspbalt Lm."C' , SOUl(' ru'(' para ffine base anl1 SOI1W 

"'lIlta in hut l] asphalt IllJd jlaraJiiDl', The' B. T, L., pCI' pound ma," h' 
~"'h\', '{'n 17,;')00 and 22,000, B u1 1he,,(' \'ariatioll" Ul'I'd not iJe c(ln "idpl'('d 
iii 111'. lilla l'Y Loi\c' J'-r(Jolll PI':JctilT, P a1'll fTilJ( ' and a:-<plt:,11 kl:-<I' (ILl!; hili'll 
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about equally well. The petroleums hi~h in B. T . U. are generally 1('3.1-1 

suited for boiler-room fuel on account of t he low flash p uint and DlUl'" 

valuaole for refining. These are commonly rcdueed to :l. residuuiU oil of 

gravity betwc~cn 14 0 and 15 0 Braume, which is sold for steam generat..i on . 

ltesiduum oils do not Yury (·onsid(·rahly from 18,500 B. T . U. per pound 
This is also true of the crude oils sold for fucl. Hence for orC\inary boilcr
room c.alrulations thr est imatur may aS~llmn 1 S,500 B. T. U. p p-r pound . 

Oil fired fronts of Edge Moor boilers. 

Miami Beach Electric Co., Miami , Florida. 


There are thrc(' substanrrs in oil which may oceur in su ch quant ities 

as to cause con siderable trouble. Th(>5(, are sulphur , \\' a t cr alHI .. fon:ign 

mut.t('r. " The sulphnr content oums to sulphur dioxide \\'hieh com\Jincs 

with moisture, fonning a corro::ivC' acid. Ordinarily tIll: quanti ty of 
sulphur prpsl'nt is tOt) small tu pruduce harmful <"fT(·cts. Tlip \\'ater eunh·nt. 
doc's not !,;cnf'f::tlly ('xrC'(:d 1 per r:rnt. but in ('xCl']ltion~tl CW:le:" Ula} run 

as high as 30 per cent. from seepage int,o thc' wells or into the ::,to m gc 

r('H~l'voirs. 'fltc' t erm "forl'ign matt(~r" incluJes ~and and other soli LIs. 
The tables on tlw uppo::it e page shuw averag!' properties aml compo

sition of California erudC' !li b<. Thl' yidcl from other fields in tli t., L Jli ll'd 

~tatl':; is most ly li~htl ·r. The lH'a"i( 'st oil:; ('(JIll!' from tt.l l\k..iC:..LD field,." 
:..in ' (If a~ph:dt \ : a~(' alld 1'1111 :.l8 [01\' as tO O B(·all me. 

RESID UUM ~1.Y]) CIU'DE OIL S ..u 

11ll' 

111(' 

H(·,;idllllill 

proC('~ of 

rii :::t illat('s 

oil" Uf C' gC'l1erally hcttl'r for fuel t han eruclc oils heeulisl' ill 

refining lwa rly a ll uf t\w ~J ssoe i atc·d water pu..."Fl'~ (,fT with 

and srtt lilll2: j'('!l1()\'I''' most of tl](' fOJ'rig11 matt('!'. The 
" I'O~" (·tdorifi c valll!'s of both ela,,;;es of oils arC' about t he ~amc whilr t11(' 
~Ir" d i H' \' ttlues lJ1a y he high!'!' for tbc J'('sic\uum oib lH-'('uu::iC of a Im\'( ' f' 

hyri rog('ll l·UlI lc· nt. Ilea\-,)' oib generally hun : a :sumewhat lo\\'!;r calu!'ifi c:. 
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v:llnn j)1:I' puund thun light uil:;, thuugh not u.hvtty;;, hut us t horc Un ' mort' 
]HlllIJ(J:.; ill a guiloll or lwrl'l'l of hctw), uil- tlw Ilnit,: I»), wlli('\t uil is :>old
the heavier oil:; generally han a highl'r B. T, lI, Yulu(' 1)('1' ga llull 01' 11l'r 

harre\. 
III all nwtbocls 1I;.;cd at pl't'sent for boilPr-rouHI fi.ring thc oll if' pU::lE't>d 

tlJl'()ugh ::;truincl's to r(,~lTlovc foreign mutt \.!1' and ruj"l:d to a p n ':':'llre and 
tClnpl~]'atlll'l~ bc;;t slIitl'd for atomizatiun- that is, fo], disehargiJlg the uil 
into the flll'na ec in Jillcly c1iyidcll p:,lrti('k:;, In till' "Ilw<:ilallical :;y:;1<'n'" 

at,omization is produced by gi\-ing tlll' uil a whirling mui iOB ill th« hUl'llcr 
tip and discharging i1 into the j'lIrnat'(' through a slnall orific<', without the 
aid of any atomizing agent, In the" ,:tl':lm-atorni zing"ystclD" and in the 
" ail'-atomiziTlg "y:;tClll,' , \\"hi ch arc c:~~entially the same in principle, th" 

oil is brok (,11 lip by a continuous di:'chargc of "team or air under prc"sur 
\\"ithin tlte bu\'Jlp\, or at the tip outlet, For statioJlary plants air ha:< h.'(, 11 

rlHmd tu han~ no :!ll,,:mtap;<: 0\,('1' :-te:1m as an atomizin g; agpnt alld has 

gulli' (lut of lI:;I' I'XlTpt for firing ,.;mull ILLJusc-hl'ating buill'rs o\' \\"here " -:llt-r 

1':< ,.;care t', 

The lllccltani('al :,;y~tcm ha;.: an u(h'antagc o\"cr t il(' st('arn-atomizi"ng 

system in that t he "i('am rcqnircd to ol)(,l'atc the t'Olnplete oil-burning 
:,;y ~,tl'1I1 is 3('\"cra l pc'r ('ent, le"s , but the ,:team-a (omizillg sysh}l1l i~ con

s idered to he lwitcr "lIiict! for reg\] latillll undl'I' the yariahlt, load cOlldjtions 
\yhich uj)iuin inmost ~1 :,diullary plaut s aut! has uther advantage;,; t hat 

tcnd to lUO\,\, (han ('oUlJlC'u"at e fur til l' :'Ih'am u :;etl for a1011Ji zatiun, .c\::; u 

" , l11S1' qll\'1ll:V, lllo,;t uf the "taiiunary pl:lnt" arc t.: ljllippcd \ritll 11lt' S t( ' ;1 111

atoll1i l. iug Sy,,;tC'Hl , 

Buill sy"te llJ :; req uirc certain uuxiliaries Iw"idl's the st orage anJ 0';11 (1

tion tanks, Thel'c should be a stea m coil in tbe suction tank t o ht'at t be 
oil \\"h l:.11 it doc,,; not flO\\" fre('\.1- to th(' pUlUpS: a coars('-nH's!t st rainer in tl!(' 

]llllllP slldiull an.! a fine-w('d l "tra in( '1' ill tbc di"charg<' 1)('1\'('('I'n hl'fl tel' 

and blll'!l C' l''; tf) l'l'U1UYC' foreign flluttCI' ;hro "lIit.ahll' prc:;';lIJ'(, pllmjl::' Co11( ' 

rul' "tand-hy) to ra i"l' tb(' oil til 1I1l' l'cq uil'l'd PI'I':-,; Ul'<'; tIDe! unc ur WOi'C ' 

hl'llh'l'" io rai sl' the oil 10 the \'( 'I[lI iJ'l'd t('llljll'r:1i 11]'(' , l':xl,,'pi rur ~ lIlall 
ill :<j ulJatiull,;, it i" gl' llNaliy jll'l,I't' Tu jd(, til lJl'at 1ht, nil Iritll liYl' "i. l'alli. TIll' 

aTl ll)L1ut of lin' "team I'('qllin'd fllr bea1 illg j" \'l'ry ::'.lll:lll a lll! l)('t1 l:1' h 'w
jll.'ruiUl'l' l'l ~g;ll l:ttion i,;, o!Ji:lil1('d . :I ::'. a rule , witb li\~ (' .-:tl:allL i han with l'Xhall~ 
"t :'am, Tht: ~pe('d of 1he }Jump "bOltld Il(' ('ontl'ullcrl hy an ttllLOJl1utic 

,12: U\"('I1) OI' tu ulailltain a IInifunn 1'1'(':-HII'(, of oil irJ'(',;p('tt i\'c' of ihe d.-'mal" !' 
litc'!'e' "llllltid he a n'!id Y:lln ' IliL t il e di ~clt:ll'gl; t l l l'd<':l ;.!t: CX('(' ''~ (I iI: an nil 
'IL alllb,'r 11.) Ul'1I1ml ize llll' puJ,; j iiOJl:; o l' tue PUIll P : ~U1 d u. p ressure ~uW· 

")D1~T . 11 LS P()/( () If, Flit! \ ( .. ""::1:.) 

:Iud tlJert11,Jtlll'11'j' to indicate thl' ])]"(·""me and t('mp('ratl.Ld~ uf the oil pa""illg 

to tIll' burner piping;. In twd Ileal' eitit;:; and to\~11'; the J1l:l111H'!' of in::;tulbllg 
tuuk" li nd liring Nlllipmt'llt j,: pJ'('~l~]'illl'dl).r llILCl"l'\\Titc]'s' rule" ulld lJUil(ling 
Itt"':" to willillliz(' da nger hum fire aud [lc('itipnts, 

TIH'l'l' aJ'e Home details ill lhe irl" ta llat ion of uil-hul'D ing eq uiplT1C'llt 

,, !J il'lI ill' , ' nut ilI fn'qll clltly lW(~rl()llkt'd " TIll' "t('am for till' lJlll'llCl';': :-hould 
Ill' t aken fl'llJll a p"int \\'ll eJ' l! the ,:tl'um ,,"ill ('(l/Ii aUI tli(' kart amount of 
moi,,111l'l' alld th" piJlilJg :;lI o11ld lJc ill;;j allt'd :'0 U$ tu aYo it! pocket" \\'lll'!'l' 

" I)Jl il l'tI ':l ,J ,.;t ealll lllUY :l(' l' llnllilate, It j" l))'('j'l'mb le to I'lIl1 a St\':JlIl lill( ' 

din'l't to thc bUl'lH' !'::; frulll each [Joiler outlet (0]' "ll perhell.t.l" J' outlet, if til(' 
Iroi ll'r 11:l;'; a ::: \lpf'l'l}(~a t('r) ,,"irh fill allxilia!'~' (;onJ) c('tion to a header, thl' 

:l lL"X ili a ry L'Oll.lH;djull to lJe used for firing lip the boiler , and tlw boiicJ'
01l11('t "Ollll('ctiun for op('ration , All :;t eam piping ::-:hollld 1)(' l ug~l' (l. 

Ou tl('C'Oll11t of (\1(' tC.llt!('ney of oil and ni] '"apo]' to ]rllk t hrollgh pille' 

joinb , t ht' ihn'ad" ;,huuld be cut ,yith great <:<lr e ant! til(' joint,.; made up 

I'i t h<' r \yi1lt ~h{'llu (' ur .rrc,~ hly lIIix(;rl li thaJ'J!:l' !ln il ;rly('crine, r; <: n '\n'd uuions 

,.. IHllild !It, (Jf the ground juint type \rith l,jtbrl' l)J'a~~ to iron OJ' hrass to 

braN' seut" , 1'\0, 1 cannt::> :o.hclln <:( '<l Ul' ('1l:llCd wdh lithal'gl' and glyterinc 
0\1 llo1 h "iil('s make's an I'X('(' llent gH"ket for flanged joints , 

]3('fol'l' in"t allinp; the burnl~r" both :::team and oil piping should 1)(' lightly 
rap]ll'l/ alld t hlJl'oLlghly hl<)\m out \yitb i:i1earn OJ' air, 'fbi:; \\'ill elilliin atr 

mO,-l or i he tnJublc< from clogging uf lJlll'uc)'s wben tile ilistall:ltioI.l is Pllt 
iutll "('(Tit"" 

TI I( t" llljWrahll,(', to whidl till' oil :;hould lJC hcut( 'd itS of gl'l'ut itnpor
t :lIl1'(' , ::\u spl'l'ifil' inflH'\ll:ltioll ('all 1)(' gin'n on thiR point h l' ('UlI H' i b, ' 
Yi"r'll"ity of differcnt oils Yaric'" gr(,~lt l~, The tC'l1l1wraturc for :,;tl'Ulll
ut111nizing burners will usnally lJC h ('t \\'('(,11 100 ° and IGO ° F, hut the upC'rat
iug; tC'lllpel'uturc ~hol\ ld be del('l'Inincd hy trial with t he oil :<upplicd, If 
t ill ' uil i:< too hot, the hurllCI'::; \\"ill puff; if too ('old, a dull smoky flumc \yiil 

illdi eH!p iIll}lropl'l' atomization , (-'Yat er in tll(' :::i('nm or oi l C:lll';C" a sput
tpl'illg H"tiun, ) .\ good \\"ay to determine tll(' 1.(",:1, tl'mp('ratu\'c for t lw 
oi! it- to tir:,t Ill'at up th e ruman' \yall" uf n !Joil('T and tile]] gmdually aitl']' 

tlll ' S!t ·Ulli "upply lu thl' hl':ltt 'r untill' lcar and "t('nily lIaUll ':' arc protl ll( 'l'd 
hy 1 hI' IIlI1'IH'l'S t!:' ::i llllung, of COl\l'S(', tbat t ht' supply of air is :ullpk, The 
t(:l ll]lcratu]'(' at \"hiclL tbi" take" plac(' ",IIOUld l)1: notr'd ane! llJaintained, 
For tbl' guidant(' of tltl: fin'lllull u ilJC'rlllOmder ill t he oi l supply pipe , 

('Ol1\'I'll il'nt Iy IOl'alcd in th(' Jir(']'oolH, is iJ1di~p('nsablc , Ccrtai.u uf til!' 
~Il'xi("ll" ' "1 ' ' )" 1 . 0 1) F " ' I• L Ol S 1'('q UlJ'1' 1I'Utm g t Owl \\'('(:11 SO ant \ 0 0 . , 11l t !tc' suet 1011 tan, 
1.\) 11I'f1I) III'(' :1 1'1'('(' flnw io tl](.' pump, 
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'1'1IP proper oil pressure at the pump di,;eharge is priu('ipally (k ']x'l.ui(·II\ 

011 tile' ('(JIl,;tl'llction of the burner lls('d , I)\lt tlw maxinllllll horsf' IH)wl' r III 

lw uev('lopc'd pCI' burner, the restrictions in the heater and pip inl! a llt! t ile 
vi~<..:o~ity of the oil are modifying factors, 

~ 
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.5ECTIONAL [LEVA TlON 

Till': Qln::"." STI~.\;\ (-'\T()\!fZl"' (; OIL J3UlL'iI·:n -l'.\·I~·:"'Tl'D 

Steam-atomizillg hmncrs are classed as ., inside-mixers " or "out "j(k:
mixers " depc'ndillg on ,,'hether the stcarn and oil HIT Imlllght togeti-If'r ill ::, idp 
of the burn('r or .iu~t out",id,? of the tip. But thi", cla"",ifi('atiol1 lifls a douht
ful \'alllC in pradil'l' , 111 ill(' :,;(:!t·ction uf a burner it is iIrl]JOrtant to kn ow 
if the hlll'lwr i::; of tIll' " IUllg-flallw" or " "llort-i1al1lc" type. TIIl'distitaq.!."(' 
of a mixture! of oil and :"tl'<1111 Iw" Illorc 01' less 1l101llC'lltUIll Idlidl dl'jl<:lld" 
un the burner de~i~ll , otl]('r fac'tors rcmaining tbc "amC'. If tIll' bllrJll'r 
makes a long IhllX' and tllC fUlTlacC' i" ]'elati\'C'ly short the' fianlf' \\'ill strike 
the' oppo,;it f' fllrnUC'(' \nlll alld 1)(' relic;cted to the; tulws, produ(,ing a hlow
pipe ac:tion on both \\'all alld tubes \\'hi l'h is highly dps1ru(,j In' . :311eh u 
" misfit " of bUl'IlN to flll'1WC'C i,; u ('Ol1lmon ('allS(" of the· ful'lw('(' and tIJII 

troulilps ('xpt'r ic' IH'C'd in oil-fin'd plauts. Til(' d i,.,c haql:l' up('ningfl in til" 
hUI'lL'r tip shlllI!d I'l' c'ut "'ith gl'C'at ('ure, hot h a;;: to "izc and iilli,.;]1. 1\"; a 

rul (', aftc'r til'l) tu tltrc'c' mOllths' ":('ryi('C' tIl<' opl'nill!!;s 1)('('01111' worn t()U Iarg/' 
for go:d atolllizatioJl. TIl(' tip ,,1J(Juld then be 1'C'Jl('\\'l'lL 

The illu;;truti(JI1 abo\'c' "ho\\'s a ;.;tcaHl-atOlllizillg cd l)ul'l)('r ui'the 
shol't-fialTH' ty!')c' \\'lti('ll Ita,.: pro\'ed Jligldy dh('i(,Jlj alld rc:lialJlc. '1'11 0 
oil ('nt e!"" thl'uugh one lit" the <:o lJnp(:tion,.; and flo\\'" alung the I\]>pcr haJf 
of tlte 11111'11('1' ]Joil,\". '1'1)(' ,.:tram l'nt('J'" tlll'(Jugh 1 ht' 01 ht'r {'ulIl1c'diou uwl 
tlo\\''' ailing tIll' lo\\"!'!' IwH ()f 1 he ],(Jdy. ,·\1 1ill' (,Ild IIi" 1Ill' h()II~ ' i" a Hat di si ' 
01' JJallh· l\'ili('!.1 ('ullta iu :, 11 fl' w 111)1" .- fu1' tIle dis"l!:I1'!-!:(' Ill' lIi) :lIld a Jarg!'!" 
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JI\IIlll,('r for 11)(' di sc'harg;e of stf'um . The "trf'all.lS of oil flow intn tllf' jdf' of 
:-1t'aJll i:" ~lIin!l; t III'<J1Igh the' )0\\"('1' part of 1 be iJame , the lI1ixt \1]'(' is carrinl 
along a one-ill(,1t pipe (,dlicb lIlay he of any length) and di ~(' hal'ged through 
:1 "lot in the tip cut to give a fan-shaped flame of tlw dc·sired width. The 
rC'1urdatiul1 in the pipe-mixer prod\1l'(,~ a soft fiarn e, s('vcra l fed short<'l' 
11l :1II f1~mw" from burner;'; in ,,'hi('h t lw stearn and oil conw tlJgC'i her inside 
uf till' tip or just l)('~'ml( l it ; abo, tlw tC'IllPC'l'utlll'l' of the' oil is raised (:011

:-idnubly I,), tIll' st(~a lll hc:forc pa,.;sage 1hl'()ugh the tip. 'fbi:,; additional 
Ill' : ltin~ fueilitatc's tlw tOJl1bu"tioll of \'cry heavy oils. The burner i~ rugged 
Hnd ::;illlpl(' in con:;tl'\1d.ion and the unly part \\'hicb requires rel1cwal i ~ tile 

ilH'xpensivf' tip. 
In tl1(' ea rly den~lopmcllt of oil firing undue· attention \\'as gi"cn to the 

IlufIlC'r detaib and too little attcntion \\"as given tu the furnace de:-:ign. 
Tile fun ctiun of thc-~ burner is to atomize the oil Pl'opc'rly and pJ'Odul'c a 
flulIl(' of the desil'('d :::lw]J(', \\"idth and length. Bul a good IJllrner will gin' 
un"~l\ i:-:fal'1()],Y l'( 'i;ults i.£ thC' furnacc i::; I\ot properly proportioned . TIl(' 
ftll'nne'!' "hould lw of such length that 1h(' disdlarge from the Inn'ncrs \x,ill 
11 111 "trike the opposite ,,'all; the hf'ight ,.;hould IJ(' ";lI('h that the gasp>, un' 
wi'll wixed and the tC'llljlerut urc 100H?r~'d by radiation l)cforc t Iw ga"l''' 
..trike th(, lJOiiPl' tubC'f(.\\'hen oil burns in the 1)]'f'S('I1('(: of hut littlo C'XC'l 'f:;:: 
au' til t' lPlll]Wl'ature is dosp to :3000° F. and if cOIII!l1lstion takes plac'c' closc' 
hi 11 11' IH)iler tube,.; blistf'l'ing and bUl'Ilil.1g ",ill ]'(;"ult. Sinl'e ('umbustioll 
!':.tLlIl<!t Iw ulliform in ill(' furnu('e , the fmJla cc yolullle should bc' ample' for 
g,y ,d diffu"ioll oj' thc' g:a,.;es. 

1)11 actount of tlw higll t('n1))(,l'at1lr('s in an oil furnaee the lining should 
bl uf lir~t qualit·y firebri('k througl101It. Jt has IJl'c'n foulld that tin·hri('].;: 
arl'iw" und ddieding ,,'a ils arC' UI1ll("'C'ssary in a "Til dl'signed fUl'wl('(' : . L~ 

a ll :li d tu ('oIllIJll:;t ion. A):';o, t Iwy arc objcctionable because' t Iwy will mel1 
or burn down rapidly at tIll' bigh tplllpcratul'<''-< d('\'do]l('(l 

Fill' ,,1l'Hlu-atolllizing bul'I1c]'s the air is :.Hlmiitcd th]'ougll port s in tbe 
f lll' lItl1' ( ' fluur di l'I 'dly lIlId,'!' tIlC 1J\1I'I](,], di:-'c'!Jargc. 'I'll(' ~izc) :lIHllo('atioll of 
1bl'~I' porh is of \,(>ry ~I'('ut ill1port:lIlcc. 1'1)(' :lIT:lIIg(·llwnt. of ports sh(Juld 
fo lio \\" a plall \\'11 ic.: II ha~ lW(,1I eardully elJ('(' ked t h],()llghullt t he work ing 
1· '11 1j.!1' uf t]J(' ) JUnwr,.: iJY gu,.; :ll1alYi'is. The ai!' p()rl s not OIl]Y allc'c,t tlJ(' 
quuli ty of c'olulm>'tiOIl but abo the ::;bapc of (he 111JrllC'1' flame. 

Firemen ::,onwtillWs ehange th(' arrangement of th(' ail' ports l)('eau:-:e 
t Ill') hu\'(' 1 rouhle in ligiliin).! tIl(' hurncrs or in kcC'pillg thelll going due to 
t ill' illl'II,,11 of ('old air. \\')wn ihis 0 ('( '111'''' the air :,;upply ~.hould be dec]'('a,"ed 
I., 111:llliplllating 1]1/' ail' atIt.lJj"..; illll door". 
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Tile t wo [()ll()win~ illl.l~tmi , i()ll " sl]()", an oil-fi n 'd frolli !lnd II ",ide \' ll '" 

oj an Edg<' :\11001' boiler eqllivped \y i t b all uil fUnl:lC' P . Th(' 11W'Iwr" PI1 1l 'I' 

t Itt' furnace tllroll!!:lr sma ll [runw d op enin ));:3 in the front. T lw"e oncnillJ..'" 
aI'\' of ampl!' si;l(! for light ing the hl/l'Jlers and o\Jsen ' ing t he f1m ll(,s , und a rc 
fi ti(' rl with doors ('specially dcsip;nr'r1 ['ur t be (' l ll1\'Cll i('/H' (' of 1hI' ! 'j1l'rator, 

O I.L !"mlw FH')XT \X I) Hl I tS I': It I'lJ 'L'q; 

The steam manifold is abO\'l' ilK! ]lllr1Wl'S and the (Jil manifold ])('low. A 
globe valvl' (;OIll.I'()\s the st eam supply to each hurner and a stulldunlllccdh' 
vulve ('outrols the oil supply. In additiun , both steum alld oil rn::lIlifold:
incind(' master valv!';; for shl1ttjn~ (lrf alld r('p;l1latill~ th(' supply of ,.:tf'um 
and oil tu all hurners of a lJOi ll'l'. Uoth \':.dvl':':l arc of thc ;-: la11 d:.mI gIn])!' 
jlH1tI'1'l1 Illd Oil ' mustl' r oil valV!' i" Jitll''' ",itll u !t-vl'r for w uk illg :J(ljtlf: t

1/8 '1' . IILS OF on F( JRNACF: -J7 

lIu'n l " ('(lll\'l'l1ivllll ~ to pl'ocll[(,( ' all ilJ (' I'\ 'a,"I ' OJ' e1(!!:r!!:!s!' of til\' fin' a>; d( '"in'd , 

'1'1((' "j l' il lil pipin l!; is ti tl ed with a dnlill and i:-; p:-;peeially de~jgll C'd t o prc\'eut 

;l!'!.'Ull lulu t iolJ<i ( ) f eondclJ"ed !" tc'a ll]' 

D 

t-; ':l"I'I"., .\I , ELI·:\·.\TIOS UF .\'i FDr:E wloCIH BUIL.I, n 

FI'I"J'LI> WITH AS OIL F U IU, A CI> 

TIll' fllJ']lUl:r' iJwludrs an a(T(,~S doo!' ill one of the "itlc\\"alb. This is 
pr() tnf'tc'd with looso fir('IJri ck laid lIJl in tb e openiJlg. A small illSpt'ction 
dO(II' i" ]li:.tC('(\ fOI'\\'[lJ'(l of tlle lJl'idgr\\'a ll fur observing t.he end:-; of the 
flun'l!'~ , 'I'll(' front part of t he- fum a!:!' floor is support-,cd by em,t iron bars ; 
1II(, J'I'U I' part hy an c:ll'th flU . The fl oor i" of fiJ'st qnality firebrick and 
('Ull l tUns air admis8iol1 o)wlIings laid out aecordin~ to a plan determined 

C'XJlI'I'inll 'lltally for uhtaillinl!: the 1Il(J~t satisfactory mixtures for combustion. 
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Tl!c air f;upply is n:gubted by a la rg(' door under each h IlT'UP!' Ilill ~(·d 

at the hotiol11. An aclyalltagc of tiJi;; tY]lt' of door i;; that the ail' j" d p flt'i 'I I ,,1 

to the front air space::i when th(' door is only partly open. This prwil w(',. 
more efficipnt eomlmstion dming light firing. The doors may he S('rm.l'ut( ·\) 

adjustalJlc or e.:uDJlee.:t.cd to a commun shaft for e(~ lltral cuntrol. 

~ . __ ___ ___ _____ _ -r 

-- -- --------- --~ 

o 

--=--=-== 

~ 

EDGY. !I[ona BOIT.e:ll WI 'I' H Oil. F un'>'.\ CE 
FUn A Low SE'I'1'u.;U 

The illustration aLove shows a modification of the furnace pre\-iou ~ ly 

described which is especially suitable for low settings , tho\lgh it lad::

"owe uf the u(h'antagcs of a hi~h settillg and a horizuntal floor, 

For cC(lI1omical \I::;e of steam for atolllization the rna"ter \'alvc of ill 
~team manifold "houle! be opC'ned ju"t ('!.1011gb to pa:,;:; the req \lircd amoun t 
of "tf'am. Thrott ling throllgh this \'aln' i ~ d(:sirald(, as 10\\'('1' :-t('alli Pl'f'st;

m es at the burners produ e.:(: "oiler flames. The li te'am burnl'l' valv('s "IJ{Jl dli 
he opened ju::;t enough to producc' good atomizat ion. TIl<' fin'man CU ll 

waste considerable steam through the Lurners by neglecting the:-\' ad.i u"r~ 

ments, 

To start a burner, open t hI' damper if it is not alrf'ad~' op('n , t hpn OPf'[1 
the lJumcr "leum valv(' alHlllt a qllart er t lll'll , il1:<l'rt a lif,!;hted tOl'l· l. aw l 
UJH'lI til l' o il valvC' just ('n(}II~.d1 to Jlmdl\(,(' a shuri flaIlH' . \\'h\,11 ,,1'ul't ing a 

MA .VlP['{,.4.TION n F on lJl'NXEJ.'S 

li re in a co ld furnace the tort'h should be left ill the furnace until the name 
h\lrn~ ,:t eadi ly . If a burm~r ::itops firing even when the furnac(~ \ndls are 

Yl"ry hot , the oil vah'e SllOUld IJC shut immediat e l~ ' and IlOt. re-openeu 
until a lighted to rdl is insert ed , unless ot.her burn('r,; are ill se ryice , Bad 

flarebaeks or even explo;;ionf' of sufficient force to blowout part. of tb•. 

"ic\ rwD 1Ii' not infrequently happell \\'hen the fireman disregards this pre

caution 

A 1000 H.P. Edge Moor boiler equipped with oil hurners. 
U,S, Na\'y Yard, Mare Island, California 

In a properly equipped plant, an attentin' operator who fires "by 
eye " c'an maintain a very high boilPf-room efficiency \\'ithout the guidance.: 

of il1!'t rllllwnts other tban a pressurt' gaugf' and n tllf'rmomcter on tbe oil 
" lIp " I~' to tilt' hurn('J'';, tltOl!f,!;lt a diffen'ntial draft gaug\' e.:0I1111'c'teci to ('[It'h 
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fuJ'JlU(;(, i:" H'l'y helpful. \\"iih oil 111(' gl'l'at( '~t ":.t~tc n ·::;1.1.11 ,:; l'l'Ulll ('Xl' ('" '' niT' 

admitted illtu til(' rurnac ( ~ as a (,Ull~C'ql!('nl:l' of neglcet to ad jus t t hl~ d Ulll pI'r 

and air doo!'::; to l:()lTe,;polltl with tIl(' \juan! il,)' of oill!lll'l1cd. T llis i" el l'url,:.' 

shown lJ~' the table on the oppu,;itc pag(~. 
.b an example , for 1:-) ]1cr c('nt. CO~ t he ex('C'ss air i", Ie) p CI' cCll i , and 

t he chimney los;', for a ehilJ'llJ['Y tClllllC'ratl1l'l' of 45() O QiJo\'(' C'xtcl'll:.d ui r 

1c-mpC' I'H.t U.1'L'. i" ~L)O per (:('n1. For 8 per cent , CO" the {,X('(,,,,, uil' i;-: i'lD 1)(' 1' 
eC'ut. aud Ill(' chilllll('Y I()~ ,; is 1 ;l.21 pc]' cent . Till' hC'utiug of the lIIlLli'('CI'· 

Rary air therefol'c n :]H'<'s('nts a \yuste of 1:i.21 rninuc; £))50 or 5.71 P('!' e('II1. 

oj' fuC'1. 

The operator sl\onld aim to maintain the CO" betm'cn 13 and J.± per 

iTnt , at the lJoi}m' damper. Adjufitments to ubtuin a highC'r CO2 arC' :'0 

delicat e that t be formation of eOll::;idcrable monoxide \"ill pl'olJaLly J'(,,. uh. 

"'hiel! inc\'(!u::;c:'; niP (~himncy loss. It should L.e nut ed thai a giwu pe r

centage of CO" indicat es a n :ry dirreJ'(~Dt pCl'cI'ntage of (!XC(:5:" air if 1JiI'. 

fud is coal, lim' to t he lesser hydrogen contC'nt of coal. This is sho\\ J'i ill 

the follu\\'ing table. 

T .\ IJLE ::;nowI;';" H)'<LNl'lOS 13 ETWloCS CO, ,\SD EXCES,; AIll 1'01( An:n,\lrE ('o.\J., .\ '1) 0 1 L 

Per t'L'llt. C(};,: ill dry gU!i"~ uy

vohullc 
 I IS . 7 I IS 0 I 17 . 0 ](;.(1 1."). G [. • . 0 J I 0 l:l II 

Per C't.'nt. CX(~t'z;.:S ail' for :)Y(' )' 

a~e ('un1 . 0 ·t 10 17 :}.~ :~:~ ·1;:: 

POI' (·enl. l's. 'e;:s nil' for aycl' 
agp oil n ·l II Ul 

The cakulatiolls for oil g;i"Cll above arc ha~wd on a compo~itjon of 

Hi:; pCI' clmt. ('urboll, 12 pCI' ('('nt. :lyailahlc hydrogen (H- 0/8) and 1 jl('1' 

('('nt. sulphur; ('alorific ndue 18,500 B. T. C. pCI' pOllnd. 'I'll(' ratio 0.f 
carholl to ant ilal)l<, hydrogen in u\'('rag(' ('on! is about 80 [WI' ('cellt. (,:1l'l)ol\ 

to -! pm ('ce nt. a ,'u,ilablc hydrogell, One pound of uiJ as ubo\'(' rcrplirc'; 

14.0 pounds of n:lOisturc-frcc ail' for complete combustion without exec~:-; 

oxygen, 

\,'hon t.ho oil pre~S lln:, oil t( .'l1lperatme and air spacing in the 
furnace fioor arc propc'rly maintained it is jlussible to hurn oil completely 

',\'ith but littl(, ('Xl'l>~" ail', firing "l,y eye." TIl<' color of the rnost 
dficic'llt oil flU.ll1l" a~ it appl'tluch('s the boiler tllh!'s, i~ llll n JllllI~1 d('ar 

HFFE(' 'f'S OF FSC8,r..; :.:; .t/lo' 

ora nge, W illi ;'\1('11 II flame a slight I,:lv,c ,,·ill be "i~ihk at tI,e tIJp ()f the 
('hil1ll1l'~', .\ ,!:luling whit e flaJl1L' iuilicat('" cOll"idl'rahk ('X('(''' ~ ail' \\·l.lile 

tI l'l,dd i~ lr :-lnuky flame i.ndicutcs too littlc ail'. Light ;,tarriug ill the fur
n:1('(' intli('atl':' the ('Ollllllistion of finc-ly diyiilC'rl part iolc:" of carbon ",bid! 

l.X I ·I'> ~ ,\rn ,\~T' ('''BIYI':\' LOS,<;T;!; FOil ])11"1"1;111" :\'1' PI:IJrt·._'~r.\"E~ OF CO2 

l.','rl .,r:' liI. ( ' 11: ill dr~' !! t l,~ .· ::- ll y ].-, Ii 1 ,~I . (I 1;1 U l~.U lU)II ."\ ilillllll' 

EX~lo,;,. ail' ill 1"( ' 1' (,('Ill , 1)( 
:lu 'un'lil' :d fliininlllni () 4 11 1 D 2F: I :3U 

" ' (" 1!-l1l1 uf dry ~J1S per lb. 
oil in II,,,. LU) I P.,], F •. ,I lli. :. 1•. 8 I lD.J 

I Chillll11.'Y I"" pf'r wo o F. 
ill 1"'1' " (' 11 1. "f 1hI' ,':dorifil' 
",dill' "r I III' Ilil l. 7t' 'J 11 ~ ~~ 2.tS1.85 1. Q' 

I ('hillllll'Y II", pl'r ~ ;)() a F. 
ill 1'1'1' ''I'nt. F:.OI 

I 
~.~(; n.so JO.2(i 11. Hi8. :~2 I 

----'-

EXf'ES"; AI It .\l\D CJl]~r;';EY Lo;;,;'1':,,-( 'mil illlll'ci 

l'.'r 1'l'Jl l . ('() ~ ill d ry ..c:llSt"S Ily 
!Il .n !U) 1:1,0 7 . 0 <i .U "ulll II It' 

E",·(',-,.; ail' in per el'nt. 

! ]'l'lIn' l il'al minimum 
of 

5:3 (i!) so 1];j 150 lag 

\\,,.jg:]'j IIf dry 
lIil ill II,~.. 

gus per II,. 
~l .:) 2:3.n 21;. ,1 ;;n . l :H.D 41. 8 

I ( h il l1 l1(.' ~' I",,, 1'1'1' lOll " F. 
ill PPI' ",,"I. "f 1I,l.' calorific 
Yalll(~ of I III' oil :! 7:; :'.. U2 :), :-;b :). ~tj 4. -17 v.3.5 

I Chill1TlCY 1m's 
ill IlPT cent.. 

p er 450 0 F. 

12 . 2P 1:{. ;3D l :i . :! 1 li.:3720.11 2,],.08 

I Bl'~"d 011 dl'y-o'as weig},h :lilt! 1herdofl.. do nl)l illl'iuclc heat ('arrier\ LI\\'lIV by ,,((';un 
COMII"1i frlllli I'oml'~IS7iQn o£'bytlmf;cII, I,y , 1 ('Jun for al()nIi~L!1i():l m:d by 1I1 oj,; 'ur~ iu air, 

5.0 
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due:,; no harm if the particles art' completely burned before' they stl'i ke ill .. 
britkwork or tubes, (Soot is depusited if they impinge on any solid s\l 1, 
stance.) But hea \'y smoky sparks are large globule::; of oil, indicating impl'r

fed atomization If additional steam does not corn~ot this it is likely thal 

Battery of boilers in the plant of the Miami Beach Electric Co., 

Miami. Fla. 


the Riot in the hllrn er tip is poorly cut or badly worn , t\:; stated abovf\, 

'wat r r injC'ekd \"ith the oil callst's the flnmc to "TlUtter, This Illay eonw 
frum a(,C'lunulations ill ttl<' stC'urn pilling or frolll the spttling ('hamh('f in 
the oil I\('at('r, Th(' IaU!'r ,:!Jollle! 1)(, dmim·d at n·J.(ldar jlltl'rYab , 

'\ 


.''''1-,
( 'fl f ,\I,,"lITS PO/? OJL ;-,. ) 

For oil fuel, chillllll'YS IXll!(; b high(·r t hail rH'('('s~ary are H' ry ob.iect iOll 

al, le. It is Bot dcsil'al,l(' to t I!rotth· till' boiler dmll]H'r,; too 1U\lc.h a,: tlal'l'

hacks Illay re:<ult, Hence with an ('xC'essivcly bigll chiulIlcy ~Iil' rq!,ll

lalioll i" much more difficult anc! the induction of excess air is greatl~' 

i nl' r(,l1~(" I. I'l'f;ulting ill a corref'pondin,~ WU :5t e of fuel. 
TIll' fU\'l1Ul'(' rlmft required for th<' burner and furna ces illu'1trated 

u1Hl\' (' i" (·un.o.;idl'rahly It·ss t hall for nat LIra I-draft coal-burning installations 

I lit! , in gl'Jll'rul, thi~ ",ill not 1)(, true for lmJ'l1el''; of t h(' IJ\('ehani('al-al(Jmizin~ 

t~ ' P(" ,\bu, Jll'o\'j"io\l for ('Xt'(,:-,; ail' undt'1' ulJl"lol'lllal cOlldjti()n~ lIeed lJe 

" I'I'~' Iitt 1(' fo r oil. Chimneys suitable for nat ural-draft ('()al-l)\\\'llil!~ in:,tulla

t illJls will, a:, a rule, 1)(' lfIueh too high for dlici('nt cumbllstion of oil ( 'mploy

il ll!, sl t'am-atomizing burners) but ehimDcys for forced-draft in:,tallations 

will, l!l'lI('rally :-;p,'aking, be sati"factory sin('!' , in the btt('r , the allo\YaIl('(' 

f(Jr flll'll~\('(' dmft and ('x('cs,.: ail' is HIlICl! reduced and als() 1)('('aus(' til(' g~a ;" 

\'uhltl\(' Jl('r lO ,OO() n. rr, I ; , in the' fuel is a],out tlw same for oil and coal. ful' 

(·qllal p('t'('l'ntng('~ uf ('Xl'('':!'' air. 



F actors in the Reco\'ery of '~Taste Heat 

I N th.!' manufuct1ll"(, of ('crtain produ(:ts, ('sl"H'cinlly "t(,e) and tf'mcnt, 

_ mill lun,: 01 dollar,:' worth ot IuPi::; art' HllllllUlly cOJ1Ycrtl'd m10 gust'S 
which it' lIn' tlie JIIullllfal'tlll·ing eqllipnll~ ]]t al a t l'mpcrut ure hCt\\"Cl'1l lOOO 
:md 1;)(1(1 clvg. F. alld art' di ::; l'iJUf"g(' d iu10 11J(' al1J1()~jlL('r('. Th(' po,:siklity 

..... \If J'( '{'o\'l'l"illg a !urge pari of thv hC:ll t hu:, \\"a,.;t (, cl ba::-: lung h0l'n rl'alized hut 

-5 1Iil' d( ·y('lo]JlJl l'ni n('('('s::-:ary for a bigh ('('onomic return lias becn reached .. (ID I~' ill r('C' ('lll .) ('ari' .a. 
ok 
~ .\...~ un ('x:unplc uf \"hat m ay be exped ecl , the approximate rceo\'cry 

>< p(.'r ImlllJrcd p() lI n d~ of l;~ , ;)OO B.TT. eoul , hllrnl'd in ill.1 ('flleiently operated 

:"g ('('llwtl1 k iln l'1l!]Jloying the dry p!"() ('es~, is h('I"(' ('akuiatNI. To :-iimplify 
c=
OJ ~ 	 I I I!' prohll'l ll it \\' ill hl' assumed t ha.t no ('urbon 1I\00lOxide is prCtiellt . The
~Vj 
-< .5 prodlH'1 iUII of ga . ., !)('r hIIlH.l]"('d p()uncl~ of l'lml i~ uh(JlII 1-100 pounds. The 
~ :l g:a,.; 1"1\\' (,"; 111(' kiln 	ut ul)ollt 1500 deg. F. ,\n equipment \I'hidl would'd$ 

0:1- l't',h \('c' t he telflpl'l'UtllJ"C from 1500 to :3,50 deg. F. , with :1n allo\\"!IIH'C' of 
~~ 
<) CIo .10 Tlf'1" cent. ail" leakagc und llH'an Bp(~ cifi(' heat of ga~ at O.2li , " '0111<1 n' ('o\"er v 
i:: ~ 	 a lJo ut ;)79,O()O B .TT. for euch hUl1llreu pound~ of <.:oal burned. 
Q., ..c; 
E <J 	 If this rN'()\"ery i:-; in lhe form I) f str a1l11 gC' J1('r!l trd from feed water Q) '$ 

V co 	 a l :::!1I0 <\('g. r , to a pl"l'SSu\"C of 200 Ih. per sq. in , gauge and ::-:npl'I'heut of""Q $ 
c .. 
co 0 	 IOO dq.!;. F., nIL' illtake of heat per pound of "team i,.; lOD1 B.TT. There'= <) 


S ~ fon ', I ll< ' 111 '111 n·('uvc'l".)' P Cl" IlUndrcd pounds of vI lal \\"lJUld yidd :);)() pounds 

Q.; QI 
co III) of "ll·atJ!. H ilti:-i is (klin:rcc! to tl i ul"biul' plant \\"hidl ('OIl";\IIIll'::i 17i pO\lnds 
-a ~ 
:;; 	 of t'l\':1Il1 pC' r kilowaH-hour at the swi1 ehl1uanl, tIll' p om :r yield would be 

2() kiln\\'ati-!Jollr,; ; lI wt is, fur eaell OIl(: liundn'd pOllnds of coal bUl"Ilcd in -5... 
o 	 tI ll ' ki ln :3;::;0 pounds of ,.;te:lm or 20 kilowa tt-hour:5 would he obtained with
~ 

out any pxpendiillJ"(' 	for t\I(·1 what en ' l". In BOllie industries the J'('COVl' l'Y isc:i 
Z it:-'l'tr "ufIi('i('n1 1 0 1!:l'11('rah' all til(' :-it ('am and ]low!'r rl'Cluirl'ci. 
:§ Til{' n'('Il\"(; J"J uj" Ill'at fronl ki ln gas It a::-: ::'oll1l't im('::-\ b('('u grcally under

('st i ll.lU1c'd I ll '(' ;I, II,;(' t Il(' 1l'Illpnat lin' was rw'u";\Il'C' c! l'illwr in 1It(· kiln lt ou::-\ings 
~)r ill lilt· ,,1:I('ks. l u i 11(' m ·('nq.;(· lll ill , 1 Ill' h-akage uf ('oid air ill to the hous
IIIgs, a l"l ll\l\(1 tll(' kilns and through ()j1ening,,; in t1w lWlIsing,;, may amount 
111 f" "'11 :zOO to :mo PCI' ('PilL of the \\"( ~ig!J t of kiln g,a~ , 1'1;e mixinl!; of nlis 
('old 'Ii " \ ·'11 11 '1'1 I• \, I )(. ,;1 n gas I)f"Ol uecs, uf (:O\l r,,(:. a mu(:h lower a\"(~ ragc tern
rpratlll'l'. ',"itll \\"(·11 ('UlJ~1rlld('d kil n ,.;('als anrl hou~ings this Icakage may 

1(, a lnlO!'t I'lltirdy 11I'('\'l'lltl'il; hen('C' for <,,;1 imatl:s for :l "'astc-heat plant. 
Ill!' tc'II I()('I'ai lll'(' ;;111l1.11d Ill': taken a.t a point. wlll.;rc Ute gas is not affected 

( ,j':; ) 
:'4) 
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by air l('akagp , In practiee it. has ])('1'11 found desirable to m ea.sul't' Oil' 

tcmpNaturf' and take' sampIps of the gas inside of the kilns, t wo feet fnllu 

tlw end at about tIl<' r;(·nter. 

Kilns, kiln seals, and housings, Mill of the International Portland Cement 

Company at Sierras Bayas, Argentine Republic 


Generally speaking, with Edge Moor equipment the reduct.ion in rost 
of produet \\;11 pay for a \yaste-heat instaUation in from two to three yt:lU'S, 

In cement mills usually from 30 to 50 boiler horsepower is ayailablc froUl 
the kiln gas per lOO-barrel capacity per day, and the credit will amount 

to from eight to t\Yelyc Cf'nts per barrel of cement maul', The recovery 

from open-hearth furna ces is from four to six boiler horsepower per tlJ l
! 

of ingots per heat; that is, a 50-ton furnace will ayerap:e from 200 to :iOO 
boiler horsepower, The r:r('rlit given tIll! ofK·n-heartb plant will yary 

from thirty to sixty cents per ton of ingots, 
In soaking pits and rcg(~n eratiy(~ lwating fUl'lIaccs tbe rpcoyery L'i 

usually about one hoiler horsepower per tell pounds of coal l>Ilrned iu 11 t" 

producers per hour; from a heating furnace of the non-regenerative t ype. 
ahout twiee as mnch heat is recuw·red, In these latter ins tance", the cu~t 
of the in"tallatiun is w'ually paid for in the fir:5t year's operation, 

Tlw ('arly installation;; of waste-heat boilers were very l:)'u<1(' IWt'flIlSC 

eert ain ]aws of 1l('::iJ t rall srniss ioll were nut lIndcr~t()od alJt 1 ill:>llfli l.:ient 

R'[i;C'O\ 'R fiY OJ.' WASTE [fRAT [J7 

attcll t"ion was given to important det.a ils , TIll' design of an <' Ifi('ient 

direct-fired boiler plant of the ordinary type and the design of an dfi('i ent 

wa"te-heat boiler plant. are and o:hould be \"ery different. In the fomlOr, 

th{' gas approaches the boiler at a t emperature \\'Ilich may be as high a~ 

000 del!; , F, whilp ill tIl(' latt('r the gas (·nters at a temperature he1\\'el'n 

1.,00 and 1000 (kg, F. As a resnlt , the average b(~at tran"mi:-sion per 
:-quan, fuot of I)oil('r IlPating smfaee is mudl greater in the forllll'r than in 

fl lt' latter, If boilers of tlw ,.;ame dl'sign ,"sillliiarly haffied, all' u:Ol'd for both 
plant'" as has been done, til(' boilers for tlw wa:itc'-beat plant will have to 

1)(' Vl'ry much largc'r for the same horscpower to be deYeloped, 

In earlier installations it was common practice to allm\' about 20 :::quare 

fto('l of )wating surface per boiler horsepower, As a rp;mlt hoilers \\'('ro 

relati\'l'ly vcry large, had rdatin'ly large settings whit'll incrca:,ed the 

associatNI lo::<ses, and consJ'CJucntly producc' d a small nd gain, 

Rillc'c tllC'n thl' laws of hc·at tnlllo:mi"sioll arc hetter IIIH horo:to(id , It 

has 111'('11 found that tIll' h('at tr::m:-mittcd pc'r square foot of boill'r ,.:urfac'(' 

('an be greatly im'reased II,\' increasing the gas \'l~ lo('ity <lnosi' the smfat'l', 

Houghly ,.:peaking, if the nloeity (::11) he incrca ;;ed three time;.: t be lwating; 

Rllffac(' can be rl'du(:cd OLw-half. Also, by making the gas passagE' longer 

the alllount of heat abstracted is lik('wise incl'ca,;ed, 

Increa:,;ing the gas ye\ocity as al)(n-e outlined increases the frictional 

r('~i!'i I :Hl c(' o]lpo"ing the passage of til(' gas thnJtlgb the hoikr, This lJlak('~ 

it IH '('(·ssa ry to indude an induced draft fan as pari of the equipwellt, 1h ~· 

incl'l uSI-1i li mIt I'cquiTcd being too great tu lie produced IJ}' a citillllWY , 

For a gin'n volume of gas tran;:lllittc ·d the frietiollal r('~i:;:tnll (,(, YHl'i(·" 

eUll"idl'ralJly in boilers of difft'l'(·nt construction and alTangc'J1lcllt of hafilillg:, 

T ill' Edge ::\loor boiler, with it s wide tube spa('ing a.nd paralld bafl-ks, 

OJl I ' t'~ Ininimullt rC'"istallcc to the: flo\\' of gas. This has a bearing on the 

OVt' l'-all dficiC'lll'Y, "inee: thl' greater the fridiOllal n:sistalH.:e the great.er 

will Iw tlH' po" N COII"llIlWd I)y t IH' fall, 

.\ f:lr't or of Twilll:try illlportalH'c whicb ailed" thv over-all c' Hi('icllcy 

~s il l(' infilt rat iOll (II' c'uld air intu til(' HlI(,~ and sdtings, This is dctriIlH'rIi,al 

III foil!' way". Fir:,I , ail' ('oming into C()l1t act \\'ith \'('ry hOI , iW'(JllIpld.C'ly 
-, l'III'IH'I I ,...0 "'1"' t " 1 t 0 " " I ' expI'U::<lOns Ill!( Ic r celtullJ ' COliCI'Itl()n:,;,. tiecol1(,1('Il(,,; pror 11('(

tllC' lIIix"J ' f' tl" ' 'I I ' . Ilg 0 H: all' Wit I t ]( ' hot gas lInn'"" the: temperatnre of the gas 
a,lId tll i,; IO\\'('r" the: r:\tc' of hc~al tr:.lw,fcr iniu the boiler, Third, tllP fri c
t IOIlIl I r{'s l' '1"' " " ' t I ' , I' , 'I" :-; .UW(· III 1(' ga;; pasc:agp,: IS !I1('n'asl'( tHll,,;rng an lIH.: reaSl' III t ll' 
/10\\'('1' ('011 '1 " t' j' t I {' l ' 1 I ' '1' I I ' "1111)) IIJIl U LC au, 'Olll't I , lCat lti carnc'( lD to t "H: C ll lnl!C\' 

Whidl ('(I IJI11 ' 1 1 1 II' ' , (IJ lI'l'\\,I";(' H'HJSOI',C( 'ythc']'(JJ[(.r, 

http:great.er
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Edge Moor waste heat boiler equipped with superheater. The passes arc 
proportioned for a high gas velocity 

,-J\)NFX'O\'b;ln' OF l\'.t.'i7'F. IfI': AT 

'I'lil' dl'trinwnlal dTN'I,; of air I('akag(' are nllldl greater in wastc-heat 

1 , tll 'LIl in din,(,t-lin'd planls ],(' t'all;;C IlLuch ILLor(' :.til' IF drawLL thrullgh 
pI:tll" L ' . " r ' ' 

I., ()I' (11)"llin"'s of lhe' Sall1(' ;;lZC, elm' to lh(' Illgher IlLt cl'llal draft , IIlJ::l 
cra e,~ , . \ t::':I < 

]"nbge i" not ;';0 mud\ through til(' In'ick\\'ork a~ it i:; through til<: joint:; 
and arolIlld tIl(' frarll('~ uf a(:('(';,:;; door;;, and g(~llc ra!l.r along the contac't. 
fal'\''': ],loI"," 'C'('1I t hc· IJl'ic'k\\'ork and Ill ctal part::;, ConS('CplCllt Iy, ua,; illg 
1111' hoi " '1 ':' ill sli ('l't :<tl'l'i is of IiItlc· ]'C 'II ('Ii t , It i;; lll'c:c,.:sary t \) red \l('e 

Iltl' lIulld,,'r of oJwnin/-!:s to a Ulillinlllrn and to liu\'e fe'''' su rfaec;; of <.:on
!tIC't \)('1\\'('( ' 11 thc' IJl'ic'k\\'ork or jillillg and thl' lllt'lal parts, In thi" ('OI1

11I'dioll. tIl(' hox-header ('ollst l'lld ion of the Edge :'Ifoor l)oiIPr is H luanifest 

ac!\,:ll1tagl', 
.\ ('oDsidNahlc amount of carhon monoxide, without exc('!"s ail', is 

oftcH 1J1'('sc'nt in the hot gast's, \Yhcn the tpmperatlll'c is auove 1200 

dv~ , p " tlic appl'oxim:,t1c' iguitioll tClTlpc' ruture of carhon monoxirl(\ awl 
fli r i,.; illt 1'0(hlC'C'(], [mtlwl' ('om\)u,.;tiou i akc':'; plt\('(' and rl'l('a~cs addi t.iOllal 
h!':lt fur ulJsul'ptioll I)y tlH' hnih-l'. But \\'ith ojJcn-!t('uri Ii [urnu<:('s, or otlll' r::> 
(If tIl(' J'('\'(,l',;ing, l'C'gC'llC'ratin' typv, th(' suC'tiou of ('onsiclc'ral,1e ail' at (:(']'
tain point,; pnnllules ga,.; explosioll;; whic'h , while nut of a sNiou~ charact<'l', 
.:t rain till' settill),!; a.)l(l illcn~asc tIl(' gellNallcakage, 

In a plallt l)()or1y r\csign('ci or maiutainerl tJ1C aggregate losil rCilulting 
from ail' Ic·ukagc· may alu lOst if not c'lltirdy llcgatin' allY f'conomie \wndit. 
frolll till' in,.:j alla I iOll, 

,\lIotll(,], imporbnt fu(,tor i:-; the rn u.inhliJH'c1 c\elllllulcSS of the hc·a t ing 
~U l'rI H 'l" III a ,,'u,.;tc'-Iwat \J(Jikr thl' lo,.:s from fouled smfac:c is h\'o to t.\lJ'(·c 
t illll';: a ;< 111llC'h as in a. din'ci-fil'c'c\ IJ()ilC'r , In the forlll('r , if (itH' to fCllt\f'd 
ht'Hi ill).!: :<lII'fa('(' t il(' n v('rage r-luC'-ga,; t('l1l\wl'aturc is raised Iii to 100 ckg, F, 
thl' 10":" in ('\'apol'ation " 'i ll amount to frorn 10 to 15 per cent , 

The quantity of deposits on ttl(' ('xterio r h('ating surfa cp is redu('C'd 
in hoik-r;; desi!!;ned fur a high gas \'elocity, 'iYhere the \nl.ter fo rms COll
"id('\'a"1(' ,.:cak,. the depo,.;i ts on t 1)(' intC'rior surf art's lllay be reel uc!cd or 
~'I illli llat('d hy c'hC' mical trca tJlwnt of 1 he \\'al Cl', hut j his j:-: sc:ldol1l ncc'cssary 
III a wll."te-IH·a1. plant, Dcpo,;it" \"hid\ do arc'umulatI' shou ld be I'elllo\'('c\ 
at rq!;lIlar illtvr\'al;; if the rnaximllm ]'et llm on the invc',;tlllcnt is dc::> irecl. 
Thi .. I>I'illg-~ into prOluinellcc the pro\'ision:-s in the de:; ign for both extcJ'J1:l1 
all d illtl'l'nal c1eanin~, 

Cntil l'eecnt years cemellt mills have offered a difficult prohlem on 
aCColillt of the high Just eO lltcllt of tILe kiln gas. As an example of 
bow milch du~t is carried alollg with til(' gas, in Olle plant it was foulld 
that this aIUoulltvd to -±-± tons dail y for a production of 2900 barrels 
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of cement, or ahout :-::0 pound,.; ()f <iu,,1. l)(or lJane] uf l'lillk('I'IJ)Jl'lu '" 
The dust prollklTl has Ilccn S\H:Ct'S,;{'lrlly ::;olvl'd in till' Edgl' :\Iul)1' Sy"II'" 
not only by ,,;pecial de,;igil of tlll! huikr, ,,;uperlH':.l1r'r. ('collulIlizl'1' a n d fill 

hut abo of th(~ flucs, \~'liidl are of ,'qua.! illlilurtunce- i (l facililate ull .1 
]lermit rc.mu\'al of dust \\'ithollt interfcring with 11](, coutinuolls O]WI':I tiuu 

uf thv plant.. 

F rom \yjlHt h:.lS hl'('ll ,:t atl,d above it will 1 ,(' iuferrl'll that tlw dC'sign 

f a s lll'!:(,,,,.;[ul waste-heat pb,llt ill\'ulycs ltJtm~' c()lTlplcx pru},km,.;, In 

this connection, the follu\\'iLlg fOl'll1uhe lrl:.ly 1)(' of intcl'l' .;t . 

Specific Heat of Gases.-Tlw general formula for the in:-:tant-allcOII 
specifi~ heat of a gas at. temperaturr l' in degrees F. is 

ep = a + b1' + cT2 

where eL, band C 3! 'r 1' 1l1piri('[d ('o('ffi('i(,llts .1 

Tlte meal! :,,]>ct:lfit: hl'at l)('I\\'('{'u 1('mp('rntll!,('~ 1'J and Tz is then, 

, _ _ I J '1\ + T~ + ,(T1 + 1'")2 - 7.\1'2 
- (l T U 	 ') C .) 

'" <.J 

For carbOll diuxide (CU~), 

C[J = O. Hltl3 + tl35 10-'7' - lti.7 X 10-91'2 

For oxyltC'll 	 (Cl~ ) , 
p = (J.21 ;,)4 + J.OOUOlD T 

For llItl'o,l!;('u and ('aru01l IIlonoxidc (1\2 and CO), 

C\, = O.2:34:_~ + O,Ol)0021 T 

For water vapor at atJllosphcnc pressnre, 

Cp = 0.-165 

Miscellaneous Formulre:-
Let 

/) = hca1111g surIac(' ot buikl' in sCjuare feet. 

T1 = t<:lllp('ra t uJ'(~ of gasl's cnt(,rlllg boilnr in degrees F. 
T2 = temperatUl'e of gases If':willg l.Joilc: in degrees F. 

To. = trmpcl'utnrc of til(} fLtlLlOSllhcr(; in degrees I·'. 
= temperature of ::luturatl'd stl)iUn in degrees F. 

1 The \'ahH'H giVf' l1 brlow arC' nr['orcling to TTolhorn and TI"nllill l1:, Allnuk,l rh·r 
Phy~ i(·. [()07, and aI'(' 110\1' ac"l' ] ,j " lI in "cient ific wurk lU' ""IJI.\IIJ rilaJivu. 

IV,LS1'E JIELlT [i'ORJIr..: k J! 

rr = \'Vl'ighi of g[l,~P ::: ('1I11'rillg; IlOiil'l' in pouud;,; pf'r hOllr. 
a11' \\"[·ight of ajr Icakagl' tlll'ough ,.;('j,t ing in puunds pl:r hour. 

(I per Gent. ail' leakage tltl'OlIgh boile!' setting. 

('J Tm'an s[l('c'ificlient of gasc,.; betwecn '1 \ and 7'2. 
C" mean spcI·iiil: heat of gas('s 1)('t\\'('<'11 7\ HlJd Ta• 

C" mcan ~ pc ('ifi (: heat uf ga::lf'S 1x~h\-ccn '1'1 and '1'3' 

n di:-:tan{'(; l)('hn~en hoil,'!' f;ide\\'alb in f(,('1. 

e l>tl";!' uf :\:ql('!'iull log:lJ'itItllW = 2.718:'). 

r!;' Ill'at nll~orbcd lJ~' Iluilc!' in B, T. 'C. [If'!' hour. 

L kngt h of t IIIll!:" III fCl' t. 
]I,' IlllJllber of I!as pa ,.;.,,;e:-: in hoikl'. 

R heat tnmsfl'l' ratr in B. T. L. pCI' hOllr per sq. ft. of heating 
sllr£:.ice pCI' degrc'(' F ililTel'ence ill tl'Illpcra1 urc. 

Tit!' nwau 11I'a1' tmll~f('r rat(',.; for t.IIL' 1l 1L'UU tCIll]>l'raturc diffcl'l'lll'CS 
))okd l)('twcen gas and 1111>(' ~IIl'faC(' fur 4-iu(' h staggnl'd tl.1l)('", in C!'()t'S
pH:'::> Iluil('!':" arl', 

r IT)( OF l' 20 + (" lI'N'01' lJH'aJl t('IIlp. 11 I, = ]( IU ' .,L = ' . U.U J0~ i. j)

h" l' 000'31 [.lI'DN" " <>( rU ° F• ., 1 = ,)-. 0 + . C 

')00 0 F l' - 2 () + 0 )('27 ~j~" " " " - - ., I -' . .t) [. D 

1'11\' draft lo~s 1It rough t hr hoikr ill i 11(' he'''' of \\'<1 tel' is, 

lI''A' \ 2 

Draft lu::<s = U.tiii ( i (JUO [. J)) 

Ca.~e I.-ll'/z ell leokoye thi'uuah sell ing is neylected.

Heat ab~orl)('d by 1 .oiler. 


if,,' = (7\ -- '1'2) C1 1V 

Eqlllvalt ' l li ho!'St'PO\\'CI 

E P\:~ 1'~) Cl W
IJ. H, p. = 3:Y180 3:)480 

Weigbt of gases passing through boiler 

H 
IV = (T1 - T2fc~ 
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T emperature of gas('~ !e:n"ing boil(~r 

RS 


'1'1 = t + (1\ - /.) e we; 


Heating ,;mIuec of hoilcr 

8 = Wet I r . ('1'1. - t)
I ) o~c 7' 

l :! - t 

H eat transfer rate of huiler 

11" C\ I 
( '1'.1 - J) R = S oge 
T~ - t 

For table" of Kuperian logarithms (base e) sec Kent's Ha.nrlbaok, par. 

V5ti (l00li 	cd.)" ~1arks and Duyi,, ' Steam Tables, page 76 ( 11)12 cd. ) , III 

Smithsonian M alilcllwliCilI Tuhles (l nOD), Tahl!' Y, p. 2(\3. For the vru ues 
of the ('xponl'ntial fun('ti\)n~ "L'l' ,'illl i lit :'; l}/lilLlI Tallies, Tahl!' IV, p. 225 

Case n.-	 When leakug l' through scllill(l is congitiered,
Heat ab:-iorbcd lJy b oiler 

E = 11" It,,('l'r - T.) - (1 + a) C2 ('1'2 - Ta)) 

Equivalent horsepO\\'l~r 

B.H.P. 	= ..., R = 11" [C'" ( 'l't - To ) - (] + (1) e2 (T" - Ta)1 
0341)0 :.M480 

Weight of gases l'ntrring boiler 

. E 
n = Co ('1'1 - Ta) - (1 + (I.) C2( '1'2 - '1',, ) 

,,\Vcight of gasl~s leaving uoil('r 

lr (1 + (/) TT" + Wa 

Pcr l'(~nt. air Ic'ukage 

11"C" ('1'] - 1'a) - E 
u 	 1 

IrC~ (1'2 - T a) 

Tel11pl 'rature of gus!.':, ll'a\'ing bOlkr 

SR + Wa r' . 
- - 11'"r-, . = ,,, fa + l\"(/C~'l" + (1' _ ,",HI + 1\'oC':}Ta) '1 +

T2 'j~ + II ' /', J .'j . ' ( a),'i l (£1 . 2 ,,," t + H a(;~ 

vVastc Heat Equipment for Metal and 
Celnent lVIills 

r[~nE primary fact ore; which cnil'r into the construction and maintc
]IlU W(' of a SIHT('ssflll ,nlstl,-lt('at ill:>tallatiol1, wlJdher fur :'lil('ller,;, str,d 

JIIilll" or ('I' IHr nt milb , huH' heell di sl!lIsHc'il in tLe pn'(;C'r\ing; pug(!:'. Propor

tI OIlS , IIlH' ('oJlstmction, details awl ulTungl'lTlrnt will vary, of ('ourSe, 

:I!'('ol'dillg to lond <.:ontlitiow; but , in general, t he priucipal (;ompollents 

will 1)(' "irnibr. 
I n ca rl i('1' ,,'ust e-h('a1' practice it 'YllS considel'ed hest to have U separate 

hoil('1' 1'01' each fu t'nucc or kiln. Luter analys.is has shmnl that thi" is dis

aclnll1 t .1 g;c'o us in many ways. By haying f('w('1' and larger hoilers the in \"(~:;t

Illl'lIt is d(,('l'('a:>l'd, till' floor spa('(' is d('('!'cas(~d , the number of OT)('llillp;s 
p(,l'lIdting air leUkUgl' i::; dl'('l'l'a:-il'd und other c\esirulJk results arl' obtained, 
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The use of a singl(~ collecting flue, which rccein';': the gas from all 

I'llrnaees or kilns, and distributes it to the wa:;h~-h()aj, units, is a di;;tin c l ive 

fcature of the Edge ~IoOl' System. The drawing on the pn'ecding ll:tge 

shows a typical layuut for a celllent mill. The loeation of the main fill!' UlJd 
waJ':te-Iwat. units is varied, of course, to snit the avajlablo space. The 

aIT::tngmllcnt is s llch thaJ any eomilination of kilns may be used wit It uny 

or all uf the "lvaste-Ill'at units by nwan:.; of the dampurs. 

Gas from Ih-y-procC'ss kilns usually contains from 1 t.o 3 per cl..'nt. 
of earbon rnolloxitll ) without any f]'(~e oxygen. The temperatlll'e is ll:iuuUy 

above the iglut.ion t emperatufC of the monoxidc~" heJ1ee the air draWl! Ul 
through t.lw kiln seals produces furthcr I:ombm;tion and c!Janges in t eUl

J)( ~ rat.ure. The main colketing Hill' therdorc: aetH as a dUllnl)('r wherr' 1111' 
gas from the different kilns is thuroughly mixed. Bllt its mo::;t impor tant 

fUD,ction is t.o ~!ssi~t in the remuval of 11 lu1'g(' part of the dust froIn the f!;/!..'l, 

especially the heavier part ides which cause inerust atio/l, beron' the gas 

T8iH:hes the hoilers. 

\::; is ::;lwwn in ill!' illuRtrntion on the opposite page, each "mull flue 

betW[,l~n a kiln hOllsing and the maiTl flun incluclus a throttled area j 0 "1)(>I'd 

up the gas, as in a Venturi tube. Tlw velocity change:.; cause a lurgl' purl 
of tIl(' dw;;t t.o drop to the bottom of tIl!' main flue. Tlw lioor of till' Inttl'l' 

is trough-:;;haped and sloperl to carry tlw dust to a ::5crics of spouts, t.hrough 

whi(',11 it p~L"f;(,:'; to a euuveyur hox aml is carried a\\·ay. 

For IOllg lift. and maint ainl'll high effieicncy s)ll~eial construction of t h., 
mail! Hue i;; lIf pri'nal'Y importance. III thl' Edgl! }'Ioor design thel'l: i::; an 

outer ('as: ng uf COlll:rde, or of sheet ste!'l rcinfoJ'(:ud with stiffening angle::;. 

Next t:o the ca::5ing is a I:OurS(' uf "pceial hriek wilieh ha:; a higil heat 

insulating valu£); and next t.o this is thn hn'hri(;k lining. Large Huc::; huving 

arclwd roof!-' not infreC[uPl1tJy fail ( !ll!' to the "ett ling of the areh. This 

wcaknc"" bas IH'1'1l onti)'!'!y o\'('l'('omc in ttl!' Edge ~Ioor design. Spal'('d 

along t,]1( ' top of I he tlue' is a sl.')'ipi:i of strunglJacks hllilt. up of "ted ehanllds 

with knl'l' braeing at the ("()nlf~rs . Cnllnl'eil'd to tl1('sl':, and running lon

gitudinally , arc I-beam::; \I'hil'h counkract the thrust of the arch and 

efIediYdy pl'(~wmt any s(,ttling. 

When ::5l'veral kilns are conn('C'ted to a single flue, velocity changes anel 
frletion along the fllle will give different drafts at til<' kilns unlt'5:3 :-lome 

cqua.Jizing Illl'ans iiS provided, Also, in some plaTlts kiln~ of different sizes 

lll~I, .v n'quire different drafb. Hegulating dalllpers ])lay he IlsNl for thes' 

purpose'S Ilut Illl'Y product' uh,i eetiullaJ.Jlc dll'cts on tlw kiln output whicb, 
f()r a lIlax:111U111 , J'('ljuir(; !-i a ;;t.cady dmft pnll. 
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... Far more satisfactory results aJ'(~ ohtained in the Edge }\Ioor design 
=' o by illtrodul'ing tiLe restricted openings in the connection het,,'cen (' aeh'" .5 I,iln and the main lille preyiollsly referrcd to. The:3c act t o produce a uni
-= formity of draft in all the kilns, counteraeting the effeet of fiue resistanceQJ 

e 
.~ much ill the sarne ,,-n;,- as eores in supprheater tubes cause an equal dis'" 

QJ tribution of steam to all 1,111)(''' ' The dampers used in these fiues arc tl 
~ 
QJ distilH'tin' THlrt of tIl<' Edge :\1()ur (\('"ign and han) pro\'cd \'( ~ry scrvieeable. 

.x:. 
QJ In mills \\'1 l( ~ J'( ) , at tillll'S , it is d(·"irL,d to o]wrate the kilu;; without the 
~ \\"a,,1('-heat equipment, the kiln stacks are retained and :"]leeial statk shut
~ 

nITs are' proyi(kd. 

On accuuut of the ::;peeial problems ami the in lcrdependence of all 
part::; for pffieicllt performance, the Edge 110m' :::iystem for \\'aste-Iwat 
reeovcry embra(,es the complete installat ioll, from the end:; of the kilns 
to the fan outlets . Special designs h tlYC beon dC!\'doped to overcome 
t h(' highly detrimcmtal ('lfed.:" (If air iuaka!!;e and dll~t. Patents covering; 
('('rtain of these d('signs limit their use to the Edge 1[oor ~y,;t(·I11. 

Foundation for waste heat equipment. Marquette Cement Mfg. Co., 

Oglesby, III. 
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"IDrASTlU;E'S FOR lI". tSTR JJJU T lI1\(,OIHRl" riD 

Frotn lil!' main Jlllr, the gus is di:-;triIJll t('d to the wast e-hent units 

tbrutlgh short I) riek-lined flU E!:;. Each uui t indude:.; 

An Gdg(' :\foor \\,:1ste-heat boiler. 

A "'llperlH'ui.C'\', if s llpu hcH1Pc! steam is des ired. 

~\.n ('CO IHlllli;wt' , if maximmn n~cuvrry is <I(·sired. 


A fan to produce the requil'('r\ draft , and a low dJimney. 


Tllf' FlL'udllJ'ul featmos of tht' E<lgr ~ioo r hoiler make it ('sp('('iully 

i'llit ahle for waste-heat. rCCOYl:r)' . Excl'pting certain HC'l:('Sl,iUry modificu

t illlJ ," , tlll' parts are of the same standard design ns for the direct-fired 

Edgl' :\ lour boilers commonly used in power plants. 
Thl' dl'sign differs for wast e heat in that header:; are built mllch higher 

and \'( ,lntiye!y narrower, and tulws arc longer, to obtain by suitalJlp baffks 

t itl' high gtlS vdoeity ancllong gas path necessary for a high he'at transfer. 
Headers are continuous t h.roug\iout their entire height and width 

nnd thercJ'ore have no packed joints in their faces through \\'hi ch eold air 
way lJa~~ into thC' settillg. 

The bailies are easily installed and kept tight to )lTl'vcnt short
eirclli ting of gas. Baffles arc straight, almost v('rtieal, and the hot tom 

of (,:leh pass is a clear opening through \\'hieh deposits drop ot' un~ for c('d 

by the bigh gas velocity to the deep pib bulow. Abo, there are no ledges 
or poekt!ls \\'1 ll:'rl , lil'pos its may aecUlllulatc. 

Thl' sl'll ing is Sll('1l that <'<1 llipllll'ut for hand or 111l'0hani(:al hlO\\'ing 
lIl ay 11(' i11,,1 alll'd fur n lUxiJllultl dheielll'Y and eUIL n :nil'll('(' of thl' operator. 

Thl' PI'I I\' i,; ions fo!' in h'l'l\al elea ning a n' likewise fa vurablc'. Tull('s straigb t 

throughout their entire length ancl halllihole plates individually removal.Jlc 

ulake internal cleaning cOI1\'eni('ut and e{ficic' llt. 

An illlport ant <llh'antage of the general dl'sign of the Edge 1\ {oor 
Iloikr is tbat all parts may be readily inspected tu S( 'C' the :letual (~()ndi-
1iO ll in~t('ad of "!,!;IJl'ssing" at it. This i:; highly important for prupel' 

Iltainl l' '' ~Lll('(' of pbn1. Till ! diagonal rows of t ubes are' parallc'l, wi t h dc'ar 

"plIl '(',-. II<'tW(,PJ! tlll'lll: h('n ee th(, in"'pl'('tnr may S('(' all of thc' ('xtl'riol' heating 

slIrful'l' . Also, hl~ ('all ('ol1\'l'lli('lltly SC'(' hoth sides of tllC' Ijames HS wl'il as 
t h( , jllll('tiom: ht't\Yp('\l t ht' IJ a fTi es and the bridge and sidC'walls. l.:nkss 

baffl es and jllnctioni: in a boiler a re kept tight c t he gas will shol't-cin:uit 

~hrough tlw hoi leI' with eonsequellt decrease in the steam prodllction. TIll' 
Inner surface of the tuhcs is also easily inspected. By having a ligbt at 

he ('nci of a tube and looking through the ot\H'r , all tul)('s hC'ing straight 
tltc intcrn::d conclition of the tube::: lllay be positively knu\\'\1, 
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Concrete main flue in the center. Plant of the International Portland 

Cement Company, Sierras Bayas, Argentine Hepuhlic 


'Vaste heat boilers in course of erection. Alpha Portland Cement Company, 
Alsen, N. Y. 

SI ' i)l\'Hf[J~'-\TRl? F()l? II',I.,)TR llH:1T in'COI'ie'NY '/] 

'I'll(' dll:-,t in the ga.s has madc it ]H'('('s::;ary to (:mploy a snperlJ('atel' 

of :<pcci:d design, ~lIp('r1](~ a t ('r t\l1)(,s arc :-;lllTollndcd hy cast iron rings of 

reil1t ivrly lar ge diameter \\'hicb taper out\,'ard to an edge ICDxing deep 

y _"baped :-paccs between rings. The :-;upcrhcat er is plac-cd abo\' e the 

iJ'~ l and s(·toJld passes of the boiler \\,iUl the tubes a t right angle,.; t.o th(· 
lJuilcr t\l l )( 'o; sO that the gas, coming out of the first pa::;s at, a high \'eloe-ity. 

:,Wl'CP" through 1he Y -o;pac.eo; amI prevc.nt::i the a ccumulation of any e,OJl

Sho~ing dampers, in shut and open positions, between economizers and fans. 
Knickerbocker Portland Cement Company, Hudson, N. Y. 

siderahle amount of d\l:-'t. A large part of the ring "urfac(' is t1ll'rcforc 

k!'pt dean ('ven when dusting hy a bancllancc or m(' chani cal lJlowc'l' is not 

1I10re t'1"<'(pl<'nt tlmn onc(' n\'C'ry eight Ilours. In praeiiec' SO t ll 100 dcg. of 
superheat bas been obtained continuou:;ly under tll <:':;(:, eomlitions. 

The superheater header" arc: :-,d in cast iron boxes built into the side 

wall. The space ]wtW('('11 hcadt'rs and boxes is packed with a suit.able 

fill .. 'r, and t]1(' hox('s are dosed on the out.side L)y doors , making the (:on
:-t J'U('l ion air-tigllt. 

http:o;pac.eo
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Typical arrangement of boiler. superheater and economizer. 

Marquette Cement Mfg. Co.• Oglesby. III. 


An economizer of the rlesign lisen in direct-fired plants is unsuit ab l 

for the gas from ccmrnt kilns. With headers at the top and bottom tll(' 
rconomizer wuuld f'(Jon hr!:ome chokc:d with dust . ~cTapers are unnccC:;

f'ary and objc,ttionablc alH l the opunjnp;s for t he cha ins would pc'rmit l ltl' 

infl ow of an ('x('c 'l'."iye amount of cold air, 

The (,COllolllizc' r U"('c\ in the Edge l\Juo!' Sy~.t('m is tilC'rdo!'e ul:;o ~Pl'(' i:d · 
The tul)es u!'() horizonta l a lld staggered , terminating in Yc!'tical bc'ail('!'':'' 

The sides of t h(' headers an ' Illaehinc-d to fornl tight sidewall" wl1<'11 ill 
place. The roof of the economizer i>' lJUilt up of two stc-ol plates witlt Ull 

in"ulat ing filler lwtween, For dust ing thr tubes_ east iron bushin!!il :w
Slot in t h(" roof at proper interval;: and clof'('d 1)), plugs, contuet faces beill /! 

machined, 

...,.~ 

IlC'OSUJIJ blOt [<'uN 11" ..1S 'J'l~' 11 t.'A T H15CCJlEHl' 10 

Boilers and economizers. showing dusting plugs for economizer tubes. 

Knickerbocker Portland Cement Company. Hudson. N, Y. 


Radiation from the exposed surfaces of the lwaders is reducerl by 
rcmovable side <:asi llp:s. Beneath thc cconomizrr ure dust pits ])I'Q\'idcr! 
with tight fitting deall-out door,.;, 

An C<:Ollun li:;(-r of thi" dcsign may IJe sct \ ' Cl'y dose tu the buill' )'. 

r('S llltill~ in a yery eompact installatiun, Tu provide against \yutcr 

ha mllll-rs the c-onnectiol1 bct\Y('cn eeonofnizer a lld h()iler consists of a large 
vl l'tical ri se r which o[)C'ns to both the steam and t he \ratcr space of the 

boiler. Any air or st('am in thc eeouomizer i ~ t1lCrdoJ'(' immediatl'ly f!'('cd 
to the top of the boi IN, 

In C'Pll1c-nt plants a fan of t he ordinary type will not give satis
factory n-slll1s, In :-11< ,11 a fun dust will t!('(-Ilmulnte "0 rapidly that it 
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will IJ{' IJ(' l'e~sa ry to shut d own t ho fall at frcquent into]"vals for d eaning. 

'\ b:;n , tlw erosion from the Ul.l :,;t will soon wcar away blades of till' 
('UIlUllon d(: " i~ns. The fall IIsed in t he Edge l\100I' System has been devel
oped to o\'NCOlllO these diffwulties. The lJlad('s are so shaped t Lat prae

Ii(,[J lly no du!"t [lCClIllllllates . ' Vit ll thi :,; a nd other modifiea t.ions fans may 

I)l' k('pt III scrvic(~ cuntinuously an,1 at a high efficiency . 

Fan:; are dri veil eit her by small steam t urbines ur IJY electric m ot on:). 

\VlwlI the temperat u re of t he a vaila ulc f('cd wuter is low, it is morc: c(~()

llomica l t o employ turlJine:s C'xllau:sting to a f(-: ('<1 wa t er heater. But when t he 

Turbine-driven fan with reduction gear. Alpha Portland Cement Company, 

Marlins Creek. Pa. 


f(wl wa lpr eun be heated to a t.cmpr:rature of ah out 200 dcg. F. by the exhaust 
from ot h!'r ('<]uipment t he d cl'iric mot or is pl'cfcralJI(" unkss t hc' a,<haust 
frilm fan turbines ean he utili7.( ~d ill a mixo(l or low-pressufCpuwcr turlJine. 

It is sornd imc:s ,;upposecl that wast e-heat eq Ulpnw n t will r('(llll'C the 

normal CCIlWIlt pro<iuetion of the mill. On th e: eont ral'Y, a properl y rksigned 

waste-heat inst a llat io ll t ends t o inerease it. hC'c:l use, wit h fans, the kiln 

draft may Iw ea s ily m a int a in ed t o t hat required fo r maxilnnm outPllt of 
l'lillk,'r. 
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SUlllmllrizing, spreia l drsign of the fluf'S caus('s a l:llW' part of ibt , c1u :;! 

to droJl out of thr gas ber()!'(, it reaches the IJoik'fs; tIl<' desip;11 of IHlill r>< 

Sl lpcrIH'u tcr, C:eDlIomizcrs and fans avoids cul1:-1 ruction which would p ('l"ill i 

l1P.avy acclllnulations of dust at ohj ect iol1llhk points. The cross-sedi ml of 

passes in ooilen.; and ('conomi7.C'r::i is ::iuch as to prod\l('r. a high gllS vC'\nl'ity , 
"\vhieh t.ends to kl'C'p tllr h('ating smfa('(, dean. Th('~ small amount !I f ti ll s, 

which eolkds on the l.H'uting ~iIlrfaC:l ) llIay bt, l'('!Dm'ed at I'<,!?;ubr in1rl'vuls 
with u hand Ianc:e or Il Wc:llH llic:.:! soot-blowcr, but this is dOll<' mu!'l ' i( 
prevcnt. thc dust from " lJllilding liP " than to k(,l'p the "urfa('(: l'Dlif'(,ly 
d ean. The: amount of dust \\,!tich ('oUc('ls on Uw boiler, supcrheat(!1' ant! 

econmizcr tubes in a day dOL'S not seriously iutC'l'rc]'(' \\'ith the i'1< 'c1 111 

product ion. .\,; ey idellc(' of thi:-i, the ))('rrol'man('C' of (JIll' of the fir~1 Edl!f 
lVIool' inslallation,; is 11('1'(' gin'n, The t ube::; \H'I'(, Justrd \\'ith a hand hil I! 
only OI1(,l' in t \\'C'nty-f(J\l1' homs. Thl' rc:,ult s arc' tLc a\,l'rag;r'~ of obsc'l'\" 

tions for (~ ig;h i days, 

A ,,('rage "tealll produ(,t.ion l!jGG boill'1' hor,;<"pO\\'('\'. 

AVNagl' "teHIIl ]Jl'l'SSUl"(' , gauge 1(iO Ill. pCI' ::;'1. in. 
t\verage sUI)(,l'llcat . (j\) dl'~. F. 
'\xeragr. rise of \yate.r trrnpC'I'atul'f' in l'C(J110

lnl ZprS 8':; deg. F . 

t\.\'erage temperat ure of \\'atel' rnte ring c(:ono
11117.1'1'::; 1DO dcg. F, 

In :1l101 her will the ~tr'am pl'odueeti l.'on1ill\l()u~ly hy t.he' \\':[ :<; tc-I!C'a1 

('quiplI'H'ut \\'as found to he sllfli«:i(~llt to gelH'ra1c t.he t.otal po\\'cr l'C'l]uirt'd , 

whi«:11 :l,\'cl'agcd 22()O kih)\\'utts, Before this equipmcnt \\'as installed th(' 
~yemg(~ coal C~OllS 1l111pti ol1 ])('1' barrel of (:ement. \\,:1" go pound~ in the kiln~ 
.nc\ (j 1 pounds in thp po\\'er house; afterward, I he a\'eragc for tIle year 

following; \\'as 96 pounds ill t he' kilns and () pOllnd s in tIll' PO\\'CI' houi'c. t lJC 
Lutter for lwatill),!;, firr IlltnlpS, l't<.:., \\'hen the mill was s!Jut dm\'Il. TIH' 11 ('l 

sllving, due' to tIll' wa"t(' heat eqlliplJ1ent, is therdore: 5G pounds of ('oal per 
barrel of t:(~m('nt manllfaf't lll'('(l. 

In \\,<'t-pro('('!'i'; mill!', tIl<' \\'Ilt er in the slurry makc~ the: weight of kiln 
ga;; pe: r band of ecmcnt rnanufa(' tul'cd Ycry much gl'ruter than in dry

process mills. .\.Iso, t ho. "]ll'l 'ifi.c heat of th<' gas is highC'l'. But , (:ountcr
acting th(':-e tliffer('n«:cs, the temperature of ('scaping gases ill tlry-pl'Oe('!-:::; 

mills is grl1l'rally several hlllldrf'd d('gn~l';': Iligli(']' and. tht' g'tlS tl"mdl~' eo n 
ta ins c'urhon llw!1oxidc which y ield" additional heaL A::; a con~equencl: , 

N/;'C()! ' /\' /(}' PIWJ! 1I".·\ 8TE IIE1!'/' 1 / 

tbe r<,dUllIat ion of wusl r beat PCI' IJU1Tei of ('(:mcn t Hlallufacturcd slJOukl 
IIr alJOut 1he tiU llll' fo r huth typc~ or mills. 

Mill of the International Portland Cement Company. at Si('lra.s Bayas, 

Argentine Republic. where steam is generated with 


Edge Moor waste heat equipment 


Till' illlpo)'tan c(' of \\'a~t( : -I ll' at cquipmC'nt in ('unsel'\'ingflld l'('soUJ'('('S 

is indicat('d hy the [oI\O\\'ing ('al('1llat ion for a single (:('I11('nt mill or :inl'agc' 

:-liz('. TIJ(' v::;tilllatc'd 11('t ~t('alli productioll fronl w:.I,,1(' Il eal in a ··lOOO-han'('1 

milii" al)()ut 5:-;,()OO ]HHIWl:- pl'r hom, from a f(~l'd \\':~t l' r tc.nlpC'f':llurl' of' 
2UO de!!;. P. to a ]1)'('''S U1'(' of 200 Ih. p<'r "C!. in ., gaug(', ant! 100 ,lpg. uf "U111'1'

heat. Thj" is ('xf'iu;:i\'(' of till' >'te:un ('ol1sunwd IJ)' til<' fan s, a nc! is titer('rOl'(' 
u\'uilabll' for P O\\,('1'. 

.\ mod('1'Il "tukf'r-fil'('ti 1>oil('r plant \\,1thout l'C()]H.llnizers \\'ill ('Oll!'UlTlC' 
about 1J') puund:" of ] :3 ,;300 D.T.l-. (:oa l])('1' 1DOO JXllI]HI" of st eam gelll'l'aicd, 
OJ' 2.7 long ton" per hom for an hourly net :;t('H1 1l produl.'tiun of 5:3 ,000 
poundo;, IJ<'n c:(' if t il<' "!t'aln l'l'quin'c! for po\\'('r i~ w']u'rat.cd from \\':1;.:tl' 

heat iUl"t ('ud of by a Jlludc'rn ;.: Iokel'-i'in'c\ boilel' plallt the SU\'illl!; of I\wl 
for the 4UOO-bal'l'clllliJl should he as follow,.;: 

E stimated sa\'ing of coal pel' 2-1-hour day G5 long tOilS 


Saving pel' :300-day year HJ ,500 long t.uns 


It ha,; Ii('( ~n ('stilll:ltl'd 1 hat tl1<' (,(,I11(,l1t i.nclusl'ry in the United Stalc'" 
ConSUllle:;; ()\'l~r twu and OIle:-llUll' williull tons uf fLwl for pUWl'r PlU'pU~~'s 

http:w']u'rat.cd
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oIlly. Sinc(~ all or ncarly all t,h0 power required by n!l1wnt mill s can bf' 
generated from the waste hoat in tl](' kiln ~a". tl10 two esi iulUi.{' s given 
ubove show t,ha t extem;iv(' u;,;(' of waste-heat equipment \\"ill go a lung way 

toward sol villg problem;,; of fuel shortage and eonservation , besides pro

dueing a considerable reductioll in the cost nf th0 Illanufad urcd product. 

Flue from fans, in the low building, to a Cottrell dust separa tor. 
Alpha Portland Cement Company, Alsen, N. \'. 

Representative InstaUations 

I N" every eritical inve~tigution of a product it is not alone sufficient 

to satisfy oneself that the design is theoretically correct, and 11l'udieul, 

that the rnaU'riuls and \\"orkman"hip are tirst dasi" , and that 111<' perform

ance in aut lloritat h'e L{'~ts eompare" favorn1Jly \\"i1h that of the he:31 of 

other makes of til(' same kind of product. The m ust cOll\'im'ing t est;; arc 

after all , rcpresmteci 1)), the questions : Who ban' bought tllis product,? 

And ha\'e these pmcbascTs sh()\\T1 their satisfaction by plaeing additional 
0]'(101':: ') The pages which follow give the answers to thcs(j question,;. It 
\\'ill 1w seen that a lmost all classes of ilHlust,ries arc represented in this 

partial list. of llSl'I'S of Erlg:e :<'£001' boilers fmd that the largest and m ost. 
criti('.nl Im),prR arc jll(:lmled. 

( 7n ) 

('an""' Fn,('(ol'ie~ 
cment Planl ;; 

Cent l'~1 lfc·,Hinf,( Plants 

Cent raj Power :-ita tiou,; 

Chemical and D,'c \\ '01'1;" 

D nparlllll'1J1 :-itcm·s 

EUllC'fltional lnSLi1.utiol1s 

EIc·etl'i(' Bailnll"l;; 

Film: ~'dills 


Grain a nd Floll!' )liU" 

II()~ )liudo' 

Hotels and Club" 
l('e Plall!, 
lron and i't.cd \rnrks 
l\behinc i'hops and Foundries 
l\[il1l's lind :'l!]1elt ers 
~ lisc:pll:11leuus Plants 
l\[llnic'ip:d PJ:mh 
()flic'c' Building$ 
Oil 1'1lInping i'j,llIt s and Hefineries 
Pael,in,!.!; fIouse, 
P aper .\[ills 
PO\\'(iC'r Plants 
Hllhlwr and Tire Factories 
~oap and St areh Factories 
St eaJll Ibill'oads 
Sugar '\lills 
TaJ!lI('ric';; Imd Clue \rorks 
Textile '\li11~ 
rnil"d :-;1.011\''< (:(l\'('1TI1I1f'nl l'IIl11\ S 
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Commerce Street Station of the Milwaukee Electric Railway and Light Company 

Edge Moor boilers set with ('hain grate stokers. Fort Worth Power and 
Light Company. ForI Worth. Texas 

REl' RES E N TATll 'E I NS T ALLliT/ONS 

( 'ENTHAL Arkall i;us VaUcy Ibihya~' , Light &: POWN Compauy . .... , . Pueblo , (',d. 
poWEH Beloit \\!at(: r , GaO' &: I-:Jcctric Compauy . fom orderli . . ,Beloit , Wi" . 

STATIONS Bmliugton Li~hu &: Power CU l\ljJan y , . ,Bmliugton, Vi.. 
Charh'~t.on Inuu"trial CorpnratiolJ, . , . :\ilTo, W . Va. 
-'oll"olidat.cd Ga~ , E lec:tric L ight &: l'u\\'er CfJlllpa,uy , sc\'en order s , . Baltimore. :'lId. 
iJI'~('rt PU\\'C' 1' L\: \Vat.er Company , thrce ordcr~ . . . , . . KiugLll:m , Ariz . 
J)olUill iull PUln)]' &: Tl'llns.Ul.i~~iun Compan~' , Ltd.. .. .. .. ... Hamilton, Ollt., Cfl,n. 

Erection of one-thousand horsepower units for the Consolidated Gas, 

Electric Light and Power Company, Baltimore 


Edi~oll Electric' Illuminating Company of Brockton, three orders. , 
, ..... ' . .. ' .... ... , . , , . ....... E. Bridgewat.er. ~Ia"". 

Fort Wn r1.h p()\w:]' & Ligh t Company, fin: on 1("]'8 , , ., ...... , ... Fort \Yorth , T ex, 
Iut,cJ):;t rlto Light & Puwcr Company , t hrec orders .. ' . .. Galena, Ill. 
Iowa nailli'll)' &: Light Cornp:t ny, sC'\'cni'<'E'JI O1'(lpr;.;. . ... ' . .. , 
. . . .... , .. , .. ,Boone, Ceclar Rapids, Iowa Falb, )'bl'~ha Il 1 own, and P erry, Iowll. 
L.'ltlede Gas Light Company, three orclers ... . " " ..... . . .. . . ' ,. ::;t, Louis, Mo. 
Logan County Light &: Power Cornpany , four orders, . . . . . ... ,Logan, W. Va. 
:\lctropo\itaJl Edi o;on Company, t.hrf'e orde r~. . Readillg, Pa. 
\' I~rni HNwh Electri(' Cornp::my. " . . "', .. ", . .. ,..... .. . ,Miami , Fla. 
\ ll lwH llhc l-::lec . ny. &: Lt. Company, t.\\'enty-~ix order~. ' , . . , , . .. .. ' . , .. 

, .11 iIwa1lh!' and R ac-ine, \Vis. 

http:Bridgewat.er
http:oll"olidat.cd
http:Charh'~t.on
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KOJ'Ulcrn Statc;:; PCJ\H~ r CUllipauy, "cn!n urder;: .. , .... ....... . ...... , ., . . 
... . ,. "... . ... :"h. P a lli . _\linn. , Farg:o , K , n., alLd ::;i()lI X )"all, . :'. r~ . 

O~hk(l.~h C;as Light CODljl:ll1Y. . . ..... lJshk""h. " b. 
Ot.tp,l·hi il Powcr Comp:ll)~' . . . .. fC' ]'gUf Fal l" )'lil iO" 

Pelln Cent ral Light "= Po\\"{) r Company, six ordcr;::: . 
. . Ali (Jona, \Yarrior Hid).!;l· , and ,,'illi:lIl1, hurlt, Pil. 

Pl'JIll!-'yh'a Ilia l-tilit i(~s Cumpany, t \\ '0 ol'ller". . ... ... .... . ... . I ~H~' \ ,11 Pa. 

Edge Moor boilers with forced-draft stokers 
United Electric Light Co.• Springfield, Mass. 

Ph i ladc·lph ia n eet ri" Com P:l IlY, el {)n~ll ordcr::, Chester.l'hiladel ph ia, andTacony ,I'll. 
Public. Scn'itc EJecl ri c Company, 1 hrce order:" . .. 

. . . . . " ilurlil1g1on , C rullllc 11 , :uxl Cranfurd , X ..J. 
l1ul'kl all cl Light &- PO\\"l']' C(JllljJUlI Y , two urdcr~ . . . . HillLnll'Il. X . Y . 
:-'oL'i('ty 11)]' E :;;l:tiJli:;hiu g; {;"cf'u l ::'>l:lllufnctmcs . . . .. 1'at(']'"oll, ?\ . . J. 
~() \It , heJ'l1 PU\\'oJ' Company . . . . . L' ninl'"ity, ;.l" . 

TILl'ner" Falls 1'0\\"(']' & E le('tJ'i(' COn l\mny. . . Cltic()jwC ,](ot., l.Lt- ~ . 

('nion Ele('\"J'ic ]jght. & Power COIlI]laIlY, 1bree order~ . .St.. ]'(lUi"., ':- fo. 
l"llited T]cc\rir: Light ('Oll1P:lllY. . . . . . . . . . . . . ....... . Springf;C'lrl, l\l:lss. 
L"nited \Yaler, Gil" "= E Il'etrie Ct)ll qKlIlY. . . HlI tc,jlin"oll , 1\::111":1". 
" 'ichit,n Falb I-:Jed ric ('01l1paJl~', t\\"f) urde r,; . . .. . . . \\'i (,hit a F:db, Tcxa~. 

\Vo)'('C'" I VI' :-;nl>1I1'h:II, El('c1.ric C'nl!lpall~', llU'f' l' 01'<1('1'" .... , ... l'x bl'i<l~e . f\i;.§ . 

S·,/(/~,{' /(h·sE.n'_·l TIl ' R JS 8 '/' .1 /.I .A Tf() Y S .) 

Plant of the Union Electric Light and Power Company. SL Louis 

Sixteen boilers in course of erection at the plant of the Metropolitan Edison 

Company. Heading. Pa. 




(h~.8 IW(; E JIOUIf IFA T ljR T UJl~ lW I LEI~ /(lO'lU~'.sL· .\"LlTf ) ' /1' IY8'J'.·lLL:1TlO.\'S ('Ie 

CE~TnAJ, ( ;rnll ll ll1.c)\1'1l :-{t~ ~i1l1 CUIIlP:lIIY. two order" .. Jel'llll'LntO\\'n , Pn.. 
HEATI:-JG ~\ '\\" \ <Irk :-1 '('11 111 C:o lllpany, thlee urder". . 2\ew York City. 
PLANTS O ,'('rl))'(H)k :-It e:t lll lI ea t CUlI l]J:tI1Y , 1'0111' order". . Oyeri ,rook , Pa. 

ELECTRIC , \uror~ . F I,gin '" Chi('ngu H:lilrollci , Rix otder~. . , ... B:llayi:l. IlL 
RAILROADS ]\:1\' Sbt (' ~t .]'( :P l H:lilmlY ('tlrnpan ~· . . . . , , .. M" lrIll. i\ l:I ~s. 

Connr (' ti(' ljt, C<)]llP :l II ~', T he .. . , llmt fu rci , ('011 11 , 

CllrllHlld COUllty T l'al'1 iull CUI1lPflIlY, LlI'o ordel·s .... .. .. .. . .... ,CUI'\.land, ;\. Y. 

Partial view- Consumers Light and Power Company, St. Paul. Owned 
and operated by H. M. Byllesby Company 

l..('\ill ~l>1! l ', ilitic~ Corporation, two orders , . .... .. ..... . , , ' . , . ,L['xiup;ton, Ky. 
Li'J('olli T I'lH' t.ioll COInpnny ... , . . , , . , , , , . , , , , , , . , , , , , .... Lilll'oln, :\'eb, 
1'1,il:u.ldphia & \\'bt, ('hC:-il('!' Tnu,t iOJI CompallY, fOllr orders, , . 

. . . . , , , . . . . , . L1allerch and HidJry Creek, Pa. 
:)hol'P Lilll~ Ele('t.l'i(' Hail\\,:I)' Comp:llIY, . , , . , ..... , , , . , . . . , . ;\ol'wieh, COll lI, 
Trellt.on & i\r ('J'('('I' CoulJt.y Tra.('lioll Corporal ion, t\\'o orders, . . .. , . TJ'(~ lI tllll, ~, .r. 
\\' ilr llill~ i \l ll & PlliJadl'lphia T l'adiOIl C'ornpany,,:,ix ordor~ .. , . , .. 'YilllliIlgtOIl, Del. 
\\ 1)['( '1'>'11'1' COII"\liiciated :-;, l'('c 1. Haihmy CUUlpany " , , , , , . , . • .. . . l\l iJII ,ury, l\!aRl, 

Generating Station at Batavia, IIt. Aurora. Elgin and ( 'hit:ago Railroad 

One of the installations of the Wilmington and Philadelphia Traction 
Company, Wilmington, Del. 

http:Trellt.on


8(j J:.:i)(/It J/()I)/r 1r. I 7'R/~ 'I 'L'Hlc' f{OI Llii( 

STEAM BURton &: :.'II aine ll::t ilroaU. . . . . . . . . . ,Ho~t , 1<1 . ) J I.~~ . 
RAILROADS F ort Dod!!;e, I k~l\Ioille:; & tiOllt,ltcrlLRnilroad ('Ol1lp:t ll Y, fi n' () t'tl('r~ 

. r],~I:-('I, 10\I a . 

Gn'at ~orthem ll:ti h\'ay COl1Lpany , :-l' \'(' 11 ()rdcrs . . . . , .... . ... . . .. . 
. SI. !'alll , MiIlIl.. Allou('z and \\' cst. SU]l('rinr, " i' 

l\Iilmeajloii:-, Rt.. T':llIl &: Sa lll t f'I('. :\Jal'ic R:lilway. fj\'(' (ll'( ler~ ... l\lirL11 capoli:- , :\Iillll. 
l\('\\' York Cenlr:d & llncbnn lliycr Tbill'lIad ('()lllpall~', two onkr, . 

... , . ... .. , . . ........ ,Alban\', :\". ·Y. mHI A\'i F a. 
()n' J,!;on HailroDd & :\":I\'ig-:L1ioll (\l1npall:", . ... ,.,.. . .. .., .. ,P()rtblHl, (Jll'I!nl1. 

1'1,il ll.d(' lphia (i" Ht' :l( lil1J,!; B.:til\\'n~' C{Jmpl " '~·. . . ' . , . . Philadelphia, ra. 
]>e JlI1~~'I\,:lIIi ~1 Railroad COlllp:my, f],·c on\(' r~ . Ualt.imol'f\ :'lId. , :llId \Yihllingtoll. Del. 
' lLion Depot Cornp:LlI~', 1,\\,0 orders. . .. .... .. .... ...... . Cnl l llll l.>Ils, Oh io, 

Passenger Station of the Great Northern Railway, Minneapolis 

EDUCATIONAL Drexel IIL:;t ituir, t\\'o orelers ..... ..... . ...... Philadelphia, Pa . 

INSTITUTIOl\S lla.n~rr()nl CoUegr. .. . .. , .... .. . ..... ....... lIu\'Crford, l'a . 

.I efl'l' I':-()1I :'I[eLiiC'al C(Jlh 'g(~. . . . .. . ...... . . . . .......... l'llil:tdclphia , T'a . 

\\'e~t Chl'''t(~r ~ta1 e :\ul'lnnl Sdl(lol . . . . . ....... . . . .... " '('st, C],{,;, jel' , T'a. 


U. 	S. GOV'T XanLl ,\in·rart. Farto"y, !,,'O o rc!P.r~ , Leagne I~blld, Philadelphia, 
PLANTS (;Ilit eel ~tates :\;md OJl(~r:I(,illg BH~(, ...... . . HamptOlI Hoatl~ , "\ :1. 

United Rtat('~ :\a,'.\' yard ...... .. . .. ... . .. Brooklyn, :\e\\' Y ork . 
rnited Stat ,'.'; "\'a"y Yard, t l1J'(,(, ()rd('r~ .... .. . ... League Island, Pbihdclphia , P it 
Un ited Stat('~ :\[wy Yard, t. \\'o ()l'(j('l'S. . . . . . • . • • • . . . . . . ..•... M are I f'lnnd , C~tl. 
lTnit c'd Statcs X;\\,y Yard, two orders .. .. . .. . ..... . ....... . . . .. .. Norfolk, Va 
Uniterl St,ak" Solrlie l'~' HOllle, two orders .. . .. . . . .. .... ... • . Wa,hillp:ton, D . 

]{fc' / 'RESES 'J' f l '1'1 I'll' I .VS'l'"lLL.l TIO.\'S 87 

MUNIClP ,\ L I;/lltilllflJ'(>. (' il,y of, h\'(J !ll'dcr~ .. , .. . . ... , ... .. ..... ...... . 
PLANTS ... . .. . Ili.u;h Pr{,:-'i llj'(' J'lllllpilll,'; :-<1at iOIl , Balti llllJl'l" ?lId . 

Ch icoj;(o. Ci1~' I)l', right, ordcrs, .. L:\\I'J'('Jl(~P . \ \'l' .; \l,il h f'1.; n()~pjand .: Ce1l1.raJ Park 
.he. ; 301h St.; l\lnyfair; i"pringfield :\.\'(,,; amI Lak!' yit'\\' Pumping ~ln1i()n~ . 

Holyoke, Cit,I' or. .. .. , . . . . .... Ilolyoke, l\Ia~s. 
),[ il ;IIt' :1IH 11i... , Cit.y of, :\ol'1.hcast Purupillg SkHion ... , .... . . .. l\linncapolis, l\lirlll. 
~Iolltdll i r \r:Ltcr COllLpallY· ....... ..... . . , .. . .... . . .......Liltle Falb, K. J . 

The Roseland Pumping Station, City of Chicago 

Philudelphin , City of, \rnter Depar1.lllellt., j.lU'(~(' ordcrs . ... ............... . , , .. 
. Lal'dll('r )~ Point, amI H()xbOl'u StatiolJ~ , PhiladC'\l'hia, Pa. 

Ib llll n· .\, \\'at('r \\'ol'ks, t.\\'1) ()l'ders. . . ... . ........... . . . .... Hall\\';I Y, :\ . .T. 

~1I1 11frl' , C it.~, ()f, LWI) orde!';; .... , .............. " ... .... ... " . . . ~l1Ulter, S. C . 

Wil, UilLg-l()ll \Vatcr D(~part'lIlellt, 1,\\'0 urders ................... WillllillgtUII, Del. 


HOSPITALS Cook Coull t.y no~pil,al ... . .. . , ....... , . . . . . . . . .. C!Ii('ago, Ill . 

E :l:o;l«.:rn Shure H ()spit-,nI. . .. , .................. . . . .......... , . C:llnIJI'idgl" Md. 

lUthnemann Hu'pitnl , two ()rder~ .. ... ..... . . . ...... . ..... .. .Philadelphia , Pr.. 

~]-\( '! lpard &: Lnoell Pm1.1 TIospitn l . . .. .. . ... . ... . . . . ... .... . .. TO\y:,ol1, l\ Jd. 

:-:pn l;/1:ficld StaIr H ospita l, 1.\\'0 orders . .... ... .. ..... . ... . ...... S,·l\p,,\'illc, 1\ld. 

S1. r.u k/"~ H()~ pi t; l1. . . . . . . . . .. ..... , ... . ... .. . . . , . . . . . . (,hir-:I),(o, Ill. 

:-itllt l ' ,\".\' 11 1111 for the- (, I,ron ic III ~anc . ... . .. .. ..... . .. .... .. .. \\'l'l'J1cl';:iyiJle, I'll,. 
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REI'1U~SE.v1' ..l 1'1 I'R I N81'A LL..t TIONS 8~) 

MINES AND Bhu'kwoou Co:d & Cuke' COllllxlUY. . Ptlnlce, \\'isp COUlIty, Va. 
SMELTERS Charle~toll l\1illing ,\;., MUllufacturing Cumpany .. .Fort Meade, 11'1:1. 

Elkhnl'1I PiIH'), Coal i\lillillg C")llIpany. . .......... .. .\Yeek",!Jury, Ky. 
Flol'id:. 1'IllJ~phat.e flEniu)!; COl'pOI'Hiioll. . •• . . . .. . . l{()ysj,(~ l' , Fla. 
Horne;;bkc ~linillg COll l{lauy. . . . . , ... • ... . . • . . . . . ,.. .. . .. Lead, S. D. 
New .rpr~('~ · Zillc Company. . . . . . . . . . . . . • . . . . . • . •. . . • . • . • . .. . . . llar-<ll'd, Pa. 
N,'wp(')rt :'Iillillg CUlllpDlI~' . . . . . . . • .... Bcssprnel', :Mich. 
Ph()~pli()r nl'<l llZ(~ Sm('ll ill.£!; COlrtpauy, two orders. . . Philadelphia, Pa. 
~()ul liortl P hosplJ:li.<' COl'j1Ol'a1.ion . . . . . . . . . . .T:lIH']'( )(\C, Fla. 
Rus qIlCIJ:lIlJ)H C(,lIil~l'i('~ C(>Inpan~' , t \I'() o l'dcj'~. . . L~'I(pII~ , Pa ., :L1ILi Shamokin , 1':1. 

Unit.eLi Slat.es l\Iet,ab lleiiuiug Company .. ... ......... .. .. . . En!'t Chic'ago , Illd. 

An Arizona installation. Desert Power and Water Company. Kingman, Ariz. 

CEMI<:NT Alpha J'cn'1.laud CClIlcnt C()lll pany, four ordcrs .......... .. , , . , ..... . 
PLANTS .. .AI~eJ1, K. Y.; Mauileim, We~t \'lI.; [Lu d Martins C l'eck, 1'" . 
. \s:lIlu p()l'tl:lIl!l CCIllGllt Cmnpany . . ..... , .... t.wu planb, Tokyo, Japan. 
Clinchfield Port.land CClllent Company.. . . ..... . .... , ....... Killg~port, Tenll. 
Cr(',went. POl'tlalld Ccment Company ....... . . . ....... .. ........ \Vampum, 1'a. 
Dewey Portland Ccment Company. . . ........... Dcwey , Oklahollla.. 
Dcxtcr Portland CCIIl()llt COli lj!:IlIY . . .. • .. ... .. ... ..... K:lr-arct,h, Pa. 
Hokokl.l C"IIl('IIt. COlllpany. . ....... .... ." .. , ...... , . .... . . . .... Kohe, .Japan . 
HUl'oll POl'tland CClll o.;ll t. Cowpany. . . . . . . . . . . . . . . . . . . . . . ...... Alpclla, Nlich . 

http:REI'1U~SE.v1
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Illi(' rU:ltio ll:t l PorUalld CUl llelli C()lll]Jall ,Y ... . :-;if' rras B:'tya'i , Aq~( · II 1.il ll" 

Knickerbocker l'(,rtllliid CUlUi'ut COlnpnllY, . . IInd;,:ol l, 1\('\\ YUlk. 
Le hi p;h 1'or1.J:I.l ld CCrtl( 'll1. COmJl:lll~' . . O~leshy , 111. 
iVl a rque1t(' CClIlCllt, 1Ltllllfaei.lIri u/!: COlnp:m~' . l)gk "hy, I ll . 
:\or1.hwG"\ ('1'1 I ~t:tt.e;.: Portla.lld Celll l~lI 1. Compa ny . ., ... , ... . M ason City, J" WI •• 

l'e1.o:ikf'.\' I'ol'f.\allu ('('ll\unt Company ......... . ..... • , . • ' . . . .. r<'1'() .,k('~·1 1\1 i(·ll. 

Trillity T'nrtJaJ)(1 Cc·mellt. COInpallY.· ........ ,. ,." . . .. Ea g;1e Ford , T('XH~ , 


\Yc,;t CI'll ~~ute~ l'urtI:mu Cement ClllllP:WY· ....... , , . . .. l udcpendence, l \.n.ru;:!f;. 


At the Kewanee Works of the Walworth Manufacturing Company. Kewanee. 1lI. 

IRON AND American Steel & Wire Company. , , , .... , ... Wort.:cstcr, Mas~ , 
STEEL WORKS Bethkhem St,cHI Company, t hrec ordcrs ...... S. Bethlehem, Pa. 
Birdsboro Steel Fuundry & l'I'Iauhiuc COlllpflJlY, three nrclNC: ....... Birdsbmo, Pa. 
] '~a;;tcl'll Cal' COlllpany, Limited, j,Wl) orders ...... .......... ~('w t:lasgo\\', N. S. 
IIl\ r;:J'Jla1iunaIII:ll'vestel' Company, t(m lJ l'l.lu!'s .. Cl.ti ~ugo, lll., Hllli Milmw kec, Wi~. 
JoJles & Laughlin. , . . . . . .. ...... , ..... , . . . . . , ... Pit.i sbw'gh, Pa. 
Lobtlell CU I' \\'!ted COlllpany, t wo orders .. , . . . , . .... . .. \\,ihnin!(ton, Del. 
:. readville Mnllcablc Iron Company. , . , . , .. , , , . , . , . , .. , . , ..... , 1fe:trh·jJJe , 1':1. 
l\f('sabi Iron Cumpany,.".,." . . . .. ... , ., .. , . .. . , .. , . .... , .. Babbitt, 1ljnn. 
Oliye!' C hilled Plow Company . , , , .... ... , . , , . , ..... , ... , , ... South BrIllI , Ind. 
Walwori.h :'Iauufaet.urill/!: CompallY ... . . , .. , . , .. , .. , . . . . . . .. . . . 1( '\\':l1ICC, Ill. 
Wis('(lllkin :-;t.eel CQlllpa.uy. . . . . . . . . . .. . . , . . . ,. C'hi(;ll~lJ, Ill. 

Wurt.h Skd C' "llpaIlY, t.wo urden; . ... . .. , ........ . ..... . .. . ... Claymont, Del. 

RENlESENTl l7'J l 'E J .\'S7',l1.1..1 'j'iO,VS 

,,111111 

'""iii ..... 

Cedar Rapids plant of the Iowa Railway and Light Company 

MACffiNE SHOPS Alli ~ Chahm' l's CU\11pany, five orders ..... " . . \Y. Alli~, Wis. 
AND FOUNDRIES .·\Illcrieau Pulley Compau)' , t\\'(J orders .. . , Philadelphia., Pa. 

Ca ll1den Forge C(Jlnp:lllY, two orders .. . ..... .... , ...... ........ Crundcn , X ..J. 
Landis Tool Company ......... .... . , , . , ... , ...... , .. ... .. .. .. ... Ueiser, Pa. 
Lanst.un l'vlollotype :\·fachine Company .. , . , . , , , , .......... .. , Philadelph.ia., Pa. 
Pus!'y & .TolIE's COlllpallY, t wo ordcrs .. , . .. , , ., . ,., .......... . \\' illllillh"toll, Del. 
i'5I ' ller~ & COlllpany , \rIlL , Int., two orders .... , .' , ............PhibdclpIJia, 1':1. 

http:Philadelph.ia
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TEXTILE Abe rfo~'lc :'I anu faci llring COInp:my , thrPl' ordc'r;;. ~ 11('~t (·1.1'a. 
l\'111.1.S A Ilj(:, ril'~U1 Prilltilll-( COl1lp:uIY, t hn 'c {J I'ck r~ . . Fall Bin:!', .:\1 :1 ;'-<. 
"\.llleriellll T hn'M{ CUUlp:lny . . ... .... . ·F ull B iH!J', 2\ r a~s . 
Ihncl'Uj'1 & S()I1 ~ COIIl!XIIIY, Jm·cph , foul' onh'r~. · \Yil lllingto!l , DI'L 
D obson, .)olm & .J:,lllC'~, Iut., t wo ()rrler~ · Philarlroll' h.ia, Pa . 
~ rlal1l!c l' Ulld('l'\\'c'ar :'[:ll1ufacturing COllIP:1Jl ~'. . B:l!1 illl()!,(" ,\111. 
Flci~hc r. 8. n. & B. \r ., Illl'., fnUl' Ol'rlc '!', . .Ph iJ :J cklphin, I'll . 
Fl'allklill ~\' ill( ' :'Llllllfnc ·1ll1'ilI l.( COllI P:JlI\·. . F!'Il11klill~\'illc. ~. 
G('I':L '\Iill ~ , two urt\c'I" .l'w-:;air'. X . J. 
Ilal'lll(lI1~' :'Iill.' . . .. . . .. . . .. .. . nhuc" X . Y. 
Highbnd \\ 'or~ t('d '\Iilk .Camden, N. J. 
u m'i"toll Blcaehcl'Y &. D~'C \\'orks . . . . .... . • .. . ... Lc\yi~10l\. :' IHine. 

Uiverside and Dan River Cotton Mills, Danville, Va. 

]~lldlow .\!anufad.uring A~u('i u tcs, two orders . ,CaIeutta, India, ami Ludlow, Muss. 
:'1avt:!ri('k ?Iilk , . , ' . .. , .. , .". " '. ' .. Eu;;t. Bo,;ton, l\1a»$. 
?\ :1tiullal Ku it. j,jng CUlIlpany. , . , . . . . . , , , . . , .. ' , .... ' , , , , , , , .. 11 illl'llukee, Wi". 
Hiycr:-:idc &. Dan HiveI' COttOIl l\lilb, fi\' e orderi' , ' .. . . , . Dam'ille, Yfl. 
\,i ;;t:o~e Company, ~ix orclcr~ . . .. Hoanokc, Va.; ~IaJ't:us I-look and L('wistoWI1, Pa. 
\\-()I ~t ell holme &: Son, 1m., . \I fred, t.wo order;:; , , , , .Philadel phia, Pu. 
\robtpnhullllc & :-iC)]I " COlllpany, Thoma;; . .. ... ... , . . , . ' .. . . .. l'hiladf'lphia, Pn. 

HEMICAL .\llH·ri('an .\ I!;ri('ultural Chemical COlllptUlY, , . . . . , . Pil:J'c<' , Fla. 
AND l'rc''':''C' 1l1, Ch(' Jllir:al :'J allufnduril1~ COJUPUllY, l1m.'(' ()rdl'r~.,

DYE WORKS ,BrooklYll , ~. y , 
Curt.is Bay Cllcmica l CIJlllp:my, tW(' onir',,, ... , .... . . , .. .. . , . . . Curt,i!'; Bay, :\ Jtl . 
1(rcb, Pigment & C1Hmli('al Cmnp:lI'i,\' . . . . . . . . . . . . . . , . , , X ('wport, 1),,1. 
Liquid Carhon ir.: Company. . , . , . , , . , , . ' , . .. . ........ ' , ' , ,Chir.:ago, Ill . 
l\ IOJ1,.::tntn ChClIl i" al \\' ol'k~. . . . ' .. , , , , , , ' , , , . . ' , . , , , . . ,~t. LOlli::;, loIo . 
Xic'hob Copper Compall~' , h\'o order,.: . .. . . ,., ., . " . . , .. , ... LaurC'! Hill , ~ , y , 
Pelt!. .\Jllhny Chcnu('al \\'ork~ , t.\\'iI () l'd('r~ . . , , .. , , , . , . . , , . , ,1'1'1'1 It Amhoy, :\..1. 
PhiJadl'lphia D.I'l' \\'mk:-: . . , , . .. . , . . . . , .. . . , , . , ' , , ' . . . .. . . .. , Pltil:ld0lphia, j:u. 

REl!H}'~l:..\' 'l'. l 1'11 '1.' J.\'S'f'.lLL1 'l'fO.\'S :~ 

PAPEU .\mcricill1 \\' ril illg P :'1"er C01UPUllY, ...... , He , . : "',. Hol)'ok( ', M:1Z'~. 
MILLS Bird & ~U1 I , F. \\' .. , ., .. .. , . . .. ,....... . .... ,1-:'1:\1- \\'alJ>()le, }' I:t~"' . 
I>ill &- C<lUim- ClJ111P:I1l~' , 1'0111' ordc'r~ . . .... , .. . .. . .. . ... • .... ' PhilaciC'lpilw , I'u. 
( ;[1111'(,11(' 1' Compan.\' , p, n. , 1\\'() order" .. . • ... '. .. . .. ., ,::,pring Gro\'c, 1':' . 
Gr(': 11 X 01' I her II Papt't' CODlpnny. , . , . . ... , . , , , .1 ':. l\ .I il linockei, ~laillc. 
H:l1I +l11Crrnill Papr:r Compuny, t wo orders ... . .. .. ' .... , . . , . . . .. ....... Fri!o: , Pa. 

Boilers in course of erection at the Covington. Va., plant of the West Virginia 

Pulp and Paper Company 


Kimberly Clark Company .. , • . , • . , ...• . . . .. •• . . . . . . .. ' , , . . . , . Kiml )('J I~' , \Ti ~ . 
Lawle.,;;,; Bl'O~. Company . . . . ' . East TIocl!c:;t.er, X . Y. 
Megalw~e Paper l\.Iill~, tlu'C(' o J'(' eJ·~. . . . ,.,' . . .. , ,Modma,l'a . 
Ncw York &: I'cllll syh'allia COlllpall~', .... \\,il b]'ol't>, X. Y ., am' .J ohll~()ll hlll'l-(, l'a . 
Port, Hu ron ::;ulphi1 (' & Paper C UlLljlHlIY , 1\n) orcll'l'~,. " .. , . , . Purl. ITurOlJ , Midi. 
Rorg Paper COlllpauy, Paul A., t;wo ort!c'ri' . . . . . . . l\licldl<"1owH, U. 
Ht,. La\\TC'llC'C Pulp ,\: LUlld)('r Curporat.iull, I,\\'o urd('r~ , ... ('h :l1ldlcr , C)uvhc:'(', (' :.I ll. 
\VarJ'('1l ~-L:tllllfad. uri fl!!: C('IIlP:IJ1,1' , ti\'C ()l'<kl'~ . 
. ' .. , ... , . . . . . . ... . , .. l\lilford, \Turn,;n ;uul lIugllP~ \'ill C', ~. J. 

\\'c~t Virgin in Pulp & Pap('\' COJT1PU1.y, fUl.Irl .c'Nl ordcr:;. 

. . ... A[(' (' h:.mi<:~ \'i lle, X. Y.; T Yl'olJe , Pa.; C{)\'iligtOIl, Va.,; :tnd Piedmont., \\" \":1, 


FIBRE l\fILJ~S C()nt. ill('ntal Fihre CnlllpII.ll~' , fOlll' Ol'd(~r" .. , .. , ... ,X<'lI':lrk , Tl C'! 
Diu- In!'lu1 :-t.atp Film ' CC>l llpan ,Y, tW(, ()l'dt·J '". . •. " . . Bridg(,!)(.]'1, I'll. 

http:CnlllpII.ll
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OIL P UMPING "\UlC'rjC'all Cot1Joll Oil CO lllP::IlLY .......... ... Gul !Pllben;, N .•1. 

PLANTS AN I) A~~o('i:L1 .l'd Pip!' Lille COlll[lan ~ ' , 1.\\'0 ordcJ's .. Sail Fr:ul<' i...;(·o, ('II !. 
UEJo'INElUES 

Beacoll Oil COlJlpall~' . . . . . . . . . . .. E n")'plt., 1-1:1..Qii. 
C n"w-Lc\'il.'k ('c)Ill IXlll~' , f'euboarrl Oil Plani. ... . .. . . . . . .. Chester , l 'a . 
LHeJ'Jwtion:ll Oil & ellS Corporat ion ... .. Shn>\, ll ]1nri . Ltl. 
Siudair HcfiJling C01Jlpa.II ~' , t \\·o orders ..... CnHcy\'i lle and TC.l n8aS Ci ty, KUllllas. 

Edge Moor boilers with forced draft, underfeed stokers. Worcester Electric. 

Light Company, Worcester, Mass. 


RUBBER Electric IIo~e & Rubber Company, t.wo orders. . .. IYilmington, Del. 
AND TIRE E""cx HuGber Company, two order".. . . .Trelltoll, '1\ . J. 


FACTORIES Fisk Rubber COI11\xmy: two oroers .......... Chicopee Fa.lls, l\'fa"s. 

Hood Hnbber Company, two orders ......................E. \Ya1.crtoml, l\1a;<" . 

Q uaker Cit.y RIILber Comp:11lY.. .................... ....... .Phibddpilia,I':1. 

Revere Rllbber CompullY, t.wo orders .. .... . . . .. . . . " . ... . . ... Prm'i(lr>nec, n. I. 


REPR1!-'SENT1\ '1'1 I'E f NST.\LL11'l'fONS 

ICE PLANTS American I( 'e CompmlY, f LJIlJ' onler", t brce rl: Ult~, I'ltilrtcldphia, I':l. 
Bee Hi\'(" H ygit'ni(' 1(:(' COlll )lHIIY · . . . . . . . . . . . . . BJ'()uklYlJ, N . Y. 
I kla"':trc St,omgc & FrC'Pt:illg Company. . . . . . . . . . . .l'biladclphia, 1':1. 
Xc'" York Ice COlllJxmy. . . . . . . . . . Kcw York Cit.y. 
Terminal Frec;:ing <'I: Ileating Compan y ... . . . .. . . .... .......... Baltimorc, l\Id. 

PACKING Arlllour Packing COlUp:mv. . . . . . . . . . . . . . .. . .. Krlllfia,.; City, Mo. 
HOUSES G()ill'\. .\C\o]f. . . Brooklyn. K . Y. 
l\:[orri,; 8: COnlP:lIl.\'. fUllr! cell (wder" .. Chicago, Ill. ; Ea,.;i St. LOll is, I II. ; 

Kall":1~ C ity. K:Ill. ; :--1. .•In;-;epJl, Mo.; OklnllOll1:t C it.y, Ukla.; 1\ )onle \'idco, R. A. 
:'\orth l':l!'king &: l'rm'i;-;iol1 COl llpany, t.wo order;;. . .. . :-;onH~r\'iUe, :'[ a~s . 

Bichard:,oll & HoLLill;; ........................... .. .. .. .. .... .... Don~r, Del. 

TANNERIES 
AND GLUE 
FACTORIES 

Trostel &: SOil'; C()]llpall~', Albert., two orders ...... . .. ......... l\lilwnuk<>c, \ri". 

United ;:link..; Chw COlllP~lI ly , f;ix or<kn; ........ .. ... . ... ..... C:uTol\ville, Wi:;. 


SOAP AND Fe);.; &- Company, two orders .... ....... ........ Phiiadelpilju , I'a. 
STARCH Larki1l COlJlpaJl Y. .. .. .. . ... ... .. . .. . . ....... .... BulIa]o, N. Y. 


FACTORIES Lever J3ro~.. . . ... .......... . ..... . .. .. .. Cambridge, l"I:ls~ . 


Nut.ional Starch Company. . . . ................... Oswcgo, K. Y. 

Staley l\Itmufacturing Company, A. E ., fOllr orders .... .. ... .. . ... .. Decatur, Ill. 


POWDERE. I. duPont du :\ernOlll'S Powder Comp:lIlY ......... BarkeRcblc, \Vi". i 
PLANTS Wilmington,Del. ; H.epu.ull o, N . J . ; Carllcy'sl'oint.,~ ..J.; HopcweH,Va. 
lle l'!:u\c" Powder COlllpany, two orcler" . . . . . . . . . . . . . . .. S:m Diego, Cal. 

Plant of A. Eo Staley M nn ufacturing Company, Decatur. Ill. 

FOCJ'(\crcr COlllpany, l{obert, 11., thr(;(' ()rdel'~ . . ...... .. . . .. . 
..... 13rilic"bUl'g and Fr:tukford .Julld ion, Pu. 

l'fi"r,cl' &: Yogel Lcat her Company, nille orders .... 
. . . . . . . . . ........ thrcc pi:lut..-;, Milwau kep, \\,i:;. 

http:C01Jlpa.II
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Edge Moor boilers set with bagasse furnaces. 
('('ntral Agramonte, C'amallucy, Cuba 

1u,; /,HX!)L~· .\'l'A 'PI" H I X ST A Li,lt '/'/OXS HI 

GRAI:-l" AND COlll]Jl('l'ciaI ~ril1i]lg Company .................. Detroit , l\Ii ('h. 

FLOUR MILLS (; :lIubrill l\b llul'w·t.llrill g Compau}', C . .-\. .. .... F.llico1\, ('j l~ ', .\Id . 

.\T i IlbOlll'll e .\lilb Compa.ll~·, two ol'rler~ ....................... T'hiladcl pllin, l'a. 

Phjladelph ia Grain Eleyator CompallY .................... , ... Phil:lfklplli:l, 1':1. 

'Yashburn-Cros!)y Company ............. . ............... . ..... HuHalo, :\. Y. 


Commercial Milling Company, Detroit, Mich. 

SUGAU MILLS E. At.kiw; & Company, throe oreler;: ........ . .. . .. . ......... . 

. . Central Florida, Camaguey, CulJa; and Ccntral Soledad, Cionfuegos, Cuba. 

Cape Cruz Company .... .. ....... .. ................. E;:ellarlu de [\lol'a, Cuba . 
Cf'IHral ,Santa AlI:.l ..................................... Alll,:}, Orien t.c, Cuba. 
Compania Azue:lrel'a VerticJJ tcs, three orders .. . . . . ......................... . . 
. . .. . . . . . . . . . Ccntmb .-\.gralllont.e :llld , 'crtierli es, Camagucy, Cuba. 
Cuba CUll e f'u)!;tlr Corpuratioll. . . . . . . . ... ... CnHi ral 8t O\\';[rl , Cuba. 
Clml'lIikol\' Hiullda Cump:my. . .. Celliral FI':\II('i~('(), Cl1iJ,) . 
l:i ers liey CorjlOl'utjon, two ordcr~ . .. . . , .. . . , .. .. CCllltal Her,;h('~', Bainou, Cuba, 
HOllululu hun \\ ·urk~.. . . . . . . . . ..... . ..... Central Fe, Cuba. 
M:lllati Sup;ur CUJl1]l:Jny. . Central i\lallat,i, Oriente, Cuba. 
Miranda Poll)!;ar COl!lpany .. . . .. , . .. . . .. . , . .. .Central i\lil'anda, Oriente, Cuhrr. 
l 'llited Frujt Company .. ..... ... . .. ..... , ..... .. , ...Boens dr! '1'01'0, Panama, 

CANDY Ameri<,an Chitle Company .. . ............ Long I~I l.lHd Ci t~" N. Y. 
FACTORIES lIershey Chocolate COlllpany, foUl' ordl'J'~ . . ... Heri'.licy, Pa. 
\\'ilbur & l"'ull , 11 . 0. , two onkr,.; ... . ........ . .. , .... Philadelphia , T>a, 

http:Compa.ll
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DEPARTMENT Balti lUOI'e Bargain 11oll"C, t h),ee oJ'(l<·rs . . . . . .... 13al1 iIllO),!:, :\[d . 
STORES AND Filenc ::;01\ "; COI1lP:lllY, \rlll., two urders . ... . . . Bo,,1on, ~ l a:<:;. 
WAREHOUSES Gimbr i Brot her:; .. ...... .. " .......... . . .. .Philadelphia, 1':i.. 
l\Iandei ]1l'ot h p ),;; , t \\'o orders. . . . . . . . . . . . . . . . . . . . ..... . . Chicago, m. 
,\lontgomory " 'anl & Company , fom orders ... . Chicago, 111., and St.. P aul. i\Jillll . 
llhoclPC' Brothel':; Depnrtmcn1 St())'('... . . . . . . . . . . . . . .. ... T a('olJl:t , \rash. 
Rice S1ix D]'~' G()ocl~ C()mJ1all~' , 1wo order" ..... . . ... . . .... ..... . ~i. LOlli", :\l(). 
RosenhUl'g Brot.hcl''' & C'OIlipaIlY. . . . . . . . .... , ....... . H()c:h E'~1 Cl' , X. Y. 
Zau gerie & Peterson .. . ... . . .. . ... .. . ...... . .. , . .. . . . ... .. . ... ... Chicagu, Ul. 

~ ~. 
~ ' . 

Filene's- Boston's finest department store 

OFFICE Chicago T iilc & Trust Compan~' ..... ..... ... ... . .. . Chi('ago, 111. 
BUILDINGS Cincinllai. i &: Suburball Hell Tel('pholw Building . .... C in('iIlIlHt.i, O. 
Drexel13llildill g, t.wo orders. . . . . . . . . . . . . Philadelphia, Pa. 
DuPont Building, foul' ol'ders. . . . . . . . . . . .. . , .. .. \\,ihuington, Del. 
l<~idelit.y Buildillg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... Balt imo)'(', i\ld . 
l?ire A~so('iat i on Building . . . . . . .. .. . . . .... . ....... Philadelphia, Pa. 
First Xat ion::I1-.'3no Liuc Building. . . . . . ... .. . . .. l\[illn eap() li ~, l\Iinn. 
<.;irtln l Building, t wo orden;. . . , . .. . . . .. , ... . ... . .. . . . Philadelphia , PH. 
IIud~on Buihlillg .. . ... . .. . ..... . ... . . . . .... . .. . . . .... .... . . Xcw York City, 
M erdmut:-; ' Nat ional Bank B\lilcli,,~ ... ... . . .. . . . . . , . . . . . . . .... St. Paul, l\Iinn. 

Rb'I'HBSb'.\'T.1 'J'fYE I NST .1DL.·\ 'flOSS !)O 

~Iinaha.n Buii dill ~ .... . ...... . . . . ... ... Creon B:t ~·, Wi;;. 
Xow Y ork Life Buildin g, 1\\'0 orciN'; . . . .. Chicago, Ill. 
Nort h :\lIwrican Building . . . . . ..... ..... . ......... . . . . ... . . .... Chi('ago, Ill. 

;:a 

Just below Independence Hall, Philadelphia, is the Drexel Building 
equipped with 6\'e Edge Moor boilers 

XOl't h American Buildill g ... .. .. . .. ... .. ... , .. ... . . . . .. . .. . . Philadelphia, P :L. 

Otis Building . . . ... . . . . ....... ......... . . ...... ... Chicago, Ill. 

Paeific Elertric Buildillg ... . ...... . . . . ..... .. . . . .. .. , .. . . ... Los .~lgc les, Cal. 

Public: Servico Buildillg . . . . .. ... ... , . . .. .. . . ... . , ....... ..... Milwaukce, Wis . 
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HOTELS lk h'idel'(' Rule']. .. . . . ..... . BalliIlLol'e, 1\'1d. 
A:\'D lllin()i~ . \ I !tk'i it C lull .. . ...... Chic-ago , lll . 

CLUBS )'l :lJllJi:ldurcl" s Cluh, tow( , order.-;. . . . . . .... l'hilurl('lj,J.l ia, Pa . 
.:\ IUlTi~o l l II at.el. , . . . , ... .. . .. ClJi( 'ngo, Ill. 
HCJUwri H OI(,I. . .Balt ilJlol'e. :'l Id 
rllioll LcagLIC (' ILlh, two ord['rc-. . Philadelphia, Pa. 

At United States Soldiers' Home, Washington, D. C. The U. S. Government 
has also purchased Edge IVloor boilers for the Brooklyn, Mare Island, 

Norfolk and Philadelphia Nayy Yards 

:MISCELLANEOUS Aut.o Car COlllpany ... ... . .... . ' . Ardll1ore, Pu. 
elen'\:uHI :-'aL'lLia ~a.\Y },lilb COlLlpHny, Ud., t,\\'o ordcr~ .:::iarlJiu, Ont.., Cun. 
Clilltun ,,'in: Cloth CUIIlP:.LIlY, .. ......... ...... . ,Clint.oll , l\I:1!:'~ . 

CUllllllbi ll Bux CUIIlP<l llY .. .... . ... . ..... . ..... . .i:it.. l.()ui", l\l.n. 
Comin g; C;1a~,; \Yurb;... ... .... ....... ..... .. .Comillg;, '\'. Y. 
Delawal'e Hiycl' C()l'llage COlllp:my, two ordel fi . . l'hiladclplLi rl, P a . 

Df'stl1lctO[ CompallY , Thc, full!' ()nkr~ . .. . 
.. . B\'()okl~'1.1, '\'. Y. ; Atlanta, Ga.; P:lter;:OlJ , ~. ,J.; Ha\'ann, Cuba . 

Parr & BailC'~' \'fanufa(·j·nring Company. .,...... .. ,Camdcn, II\ . .T. 
n. H. Fr:mklin l\IUTlllfa('tll1'ing Company, t,\\,o orde.rf'; . .......... . F;~'I':\('ll~P, N. Y. 

Ilallli1toJ1 BnJ\HI :-,ho(' C()llLpalJ~· ...... , ............ , . , . . . . . .. ~j. L{)\Ii~. Mo. 

l\Ia('A"dl'cWS &: Forbe.-;, fOlll' ord('rs ..... .. ..................... Cnmlil'IL , X ..J. 


ltE7-'RESEST.i 7'11'£ J"'ST. i LLci T JO.VS 

One of the many office buildings equipped with Edge Moor boilers 

North American Building, Chicago 


'\' cw York COllf'o liliatcd Card COlLlpany, The ..... ..... . Long; hland City, N . Y. 
Heming;tolL :=:alt COlTlpa.ny. . . . .. Ithaca, '\'<;\y York. 
T{)\\lL~(' 11(1 Cral'l' Compul'lY. . . .... B alt,imo l'p , Md. 
Vil'lor TalkilLll: l\la!'hilll' COllLP:II!Y, Sl'\'( ' IL (lrdl'r~. . . t ,\\' (J plalt1 s , Call1rl('I L, N. J. 
\\':t1d(I)'f Bux Board ClJ lllP:LII~', 1.\\' 0 ord(' r~, S1. P nll l, l\ lillll. 
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ENGINEERING DATA 


}'IH'lrrn E many kinej,.; of fuel lIf'C' d for tI\C' gCl1C'rMion of steam may tJc 
diyidl'd into three f'in;:.; ::;C's : nalmal fllds , prc:pared IlId:.;, and tJl" 

hy-products and cncl-produd:; fl'lllll indust ri(':.;. To th!' fil',.:t dass belong 
wood , ('oul , crud(' pClrolcllm and natural ga,.:; to tl}() secl1ud pO\Hit:l'ec\ 

coal amI lJriqu!'ttc:.;; and to t hr third llagns.:::c, ian bark, blust-fll\'l1u(,(, ga,.." 
('okc-oYf'l1 g:as, \\"u:.;t e gases i'roi!l ('(,JUeut kiln;,: , op(,ll-hearth furna ce::;, etc . 
Of tIH'H' fllels, t.he most widely di::;t rihut ed, und therefore most l:OlllUlOnly 
u~cd, i~ ('ua!. 

Classification of Coal.-TlIe \'(' ry great \'uriatioll in the cOl11posii iun of 
coal found ill difT('rent l()cnlitiG~ has made it desirable, for technical pur
P0:"(,"; , to da~,;il\ ('oal int.o yal'iom grades haSl'd on some rl'iatioll 1)('1\\"('('11 

the' \·obt.ile matter amI f.,jtlll'r the fixed carbon or totalCOlllbust i))lu pl'eO'l'llt. 

In tIl<' lungllag\' of the chemist, that part of coal, moistllre ('xcepterl: which 
is driyen 01T \\"hell a sample i::; slIbj('dcd 10 a telll]Jeraiur(' up to about 
1750 0 F. i" the" volatile matter"; the ,.;olid ('arbon is the " fixc·d e<1l'hon " ; 
tIl(' sum of \'ol:ttilc mait( 'r and fixed ('arbon is the " total ()ombu,otiblp " ; 
and the part t.hat doe~ not burn is " ash" . 

']ASSI.FW.\'TIO .'i OF A~\Il~mC.L\' CU ,I.L::;! 

CI;o" 
\" olatill ~ loutter 

Pl'r ('(~ nj. Il l' 
(·OrtltlU :~.,j ihh· 

Lh:Yt!t' !1 ill 
('VIIIIHt.-.:i tildt' 

}\;r {"t ' TH. 

n. T . T'. por 111. 
(:tO llluU.::Hible 

1. .\lItllracii l' Lv,,, I II all ]f) 1 in 4 14,800 (0 Ui ,4()O 

11 , !"('IlIi-ani],rac,itr, 10 (0 I ii 1 io :) lij,400 (0 1!i.500 

III. :-;"Illi-hit uIliinoll'< 1:' to :{/) 1 In I.; 1!i,'100 to Hi,050 

IV. 1-:",;(,1'11 ('''lUll:! 4:j In (i0 ;) Ie} S ] 5,700 to l(\,:W() 

Y. BitlllniIlOU,;, high gl',,<lc :·;U loKi 5 1014 1·I,SOn 10 15.l100 

\ ' r. BitlllllillOll ~, I1l(,dilllJ) g1'llcit: :l:2 to tiO (j to 1J 1 ;~ , 800 to lii,lOtJ 

VH. Bituminous. low gr[lcie 32 to iiO I to 14 1:2,400 to 14,600 

VIII. Sllb-bitllrninoll'; lind lignit e 27 I'tl fllJ 10 t.o :'j:, D,GOO t.o 13,:250 

1 From table by \\' illiaru Kl'Il t. ill Journal A. S. :\1. E. , YO!. 3G, p . 43" 1!IH. 
( Un) 
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Sizes of Coal.- ·-Con.l :1:-: taken from 1'h(' lIIillc' \"aril'" ill "ii\ (' frolJl Iargc> 

lUluJ) '; to a filll ' <111:-:1 . 111 g('npr:il, Ill(' "'J\~llkr tlw "izl' till' grl'u t ('r is the 
amu unt" or illlj)\lrJJie;.; 1)I'('''l'nt , rile lI('at Yulile is 1011'(' 1" , III0 1"(' coal "iH" 

throllgh the I1; I":1t (' , and (Jth('\" (Jhj<,dionahh' ],l';cu]t" aI"(' il\lTcw-ip(1. ;\ ,-: a 

(' on;':l'qIH'llC"l' , llll' Iarg(' r "i:l,('" 1I:i IlHIl.\· ('01l11llalld higlier pri('r''', ('I;]Jcc ially 

for ant hral'il (" 
Coal i " graded i1l1 () :-;iz('" hy ;;( 'n'C ll ing lllroll~b ;;bllllard OJ )(']1 iJl g:' \\'lJi eh , 

ItO\\'('\' l'l', dil1'(' 1' ;;Onll'\\'ilat I){) til a:' tt, ~ii\l' and "hapl' in ditrc'n' llt 10['aliti0R. 
The jlrelilllinar~' !'('POrl of tl\(' C()llllilitfl'l' llll 1'(l\Yl'I' '1'('"1,, or Ill(' .\lll r ri ('HU 

:-)o('il'1y oj' :\ll'c: ltnnica l EngilH'l'r': ( lD12) rC('Ol\11r1C'lllb thc grad ing of ('oal 

a::' follows: 
SIZES OF A:'>1Tl'lH"\(T[,], CO.\L 

J)i:uw' ler IA Hj ll' ll iu l! I lIrll ttuh 
o r ,-,VI 'r whit'li j' lIll ) " Iii p 6b:t. 

illl'lLl '~ 
";i ozl} 

~ f) ,". r' 1Itr tJlI h 

BroJ.;('n +~ 	 .) 
" 

-~ 
1 

.) ~,

Egg 	 :) ! - }I , 

Sto\'c 	 2 i~G J', 
] r·Chestllut • 

Pea 	 il;· 
i , 

~o. 1 Bu('k\\'li!'at 	 , "ij 1 1J 

1\n. :! BllI'k\\'1!('at, 	 l·
" 
t ll,, 
, .:~~(I . :j Bu('kwli"aL , ti " 

('ullll 

SIZES OJ.' BI·I'C~n)."01:; ::; COAL- EA::;TEl1); s TATE::; 

UW1 of mine cOlll- Th e uns(T('('n0d ('oal tU.kCll frol1l the lllinr. 
Lump coal- That which l'a::::'f's o\,er a 1):.11'-::;('1'('<'11 wil It open in g,.: 1 ~ 

inc:he~ widt'. 
• \ ' ul cual- That ,,' Illel! pas:'('s thruugh :l hHl'-:-;(,],('C'll \\'ith ] l-irlf' 1i 

open ing::; and O\'('!' ll1lC' with :: -illl'h u]l(·nill/.(s. 
Sla ck C(}(J/ - That "'hidl pas:ic:; 1l1]'olll!;h a kll'-,:tI"CCll with :; -illd l 

opcnmgs, 
!:; I ZES OF HI 'JT \lL,OI; S ClUL W E::;TF;R:\, STATES 

RUII oj !IIille coul- The \luS<'l'l' cned coal taken from lu inr'. 
LUlllp Cliol-Divided into (i-in (·h , ~;-illl.: h and l!-indt hllllJl :I('l'()rdin~ 

to tJ1C diallll'tl'l" or the cin:lllar o Jll'nillg:i on'!' " 'h ieh 1Itt' r(':i1)('('1 in' g:md!'s 

i'/W/' /;'h''j'jj<.;S OF F U ELS 	 lO;-) 

pa~S; abO into (; x:3 IIllJl]l and :3 x l ~ hll11]> aC('Ol'ding as tli0 ('on l pas..'ies 

t1 11 '() lIgh a (; i]'(' ula!' opening or i1 le hll'~er dial1lel Cl' ami over (!lie of tbc 
"walk!' di:llrtl't ('r. 

.\'/1/ c()(/l- Dividrd illl 0 :~-i Ill'h ;:t('Hlll Illlt , \\'hi('h paso'rs 1hl'ough a 

:{-illcl! ('i r(; lI!ar oj)l'nill il: Hnd O\"(~ l' a l~-i1l( ' !J: l]-illl'h lilli, \\'hich pa:-;;cs 
lhrough a ll-iLldl (' il'mlal IIp('ning a III1 o\'cr a :; -ilH'h ; and 'i -incb nut, 
" 'hidl pa":il'S thl'Ollgh a :; -inl'h cil'clllar opellillg aud on'!' a ~-illl'lt, 

SCI'('('tlitl(/s- Tllat whil'h PH""(' ;; through a 1 ~ -iJl ('h opening. 
Yariation ill Calorific Value.- TIl(' C'alol'ifil' \':lJlle of Ill(' principal 

fude IWI' ]l()lmd as l'c('c i\'ed varies about :I": f(Jlll)\\''':: 

.\ir-d ricd wood (i,nOn 10 7,l,tH) 1\ . T. 1 i 

. \ ir-tiri f'd ]leaf ab ulI! ' ,;)Oll 
Lig,n itl' fi, :!OU to iJiU(J 
,'iuh-hit Ilm.in oll~ ('(I: L1 :;.:)00 t lJ 11 J,O(J 
BilUllIill(luS (.() :!! 10,0011 I U 1-I.,j()U 

Prolll i-hit 1110 in oll ~ r:o:1I 1:l ,:,()(J III 1UIOI) 
. \111 !'J':I('il (, ('0:1 1 1 \ ,()Ol) I" I :P':()il 

l':ilifol'lIiu !'I'llII " Ilil ]'I ,OnO tn 1~) ,:)()(J 

1"'1 11>' 1!pa \ 'Y crude oil abol lt :!1l,'IOO 

C'o\fPOs.rrlOX .\:--'1) C.-\L011TnC Y .\LU£S OF FUEL G:.:;;""I 

Pr' l4l w ',' r l~H. 

:\alilral g:l~ Cn:d g:l:-l " ' a ll ' T j.!1I:'. 

. \ Illlir:\. HituHlir" 

Co 	 0.50 4:-, .0 ~• . t) 2i .O 
II 2.18 

G.O 
·Hi. O 1:!.0 12.04ii 0 

ClI, . 92.G 40 .0 1.2 ~ . 52 0 
c.n,. 0.:31 0.44 .0 
( '0, n.2G 2.5 2 .fJ0 .5 4 0 
"\ ]:; 2():,. (jl 57.0 :;li . 2 
() (l. ~4 o :j 0.;; 0.:3 O:j 
\'npOl' l..~ 1. ii 
1'0lll1,b P(' l' WOO ('II. fl. . \ ;;. (j : l~ . n ti5.G Ii,) . !J'l .5li 

1,1 ()(),O()() 7:)S,nnO :)22,000B. T . l'. P( ' I' WOO ,'II . ft . l:17AS,~ 1;5(i,!J17 

1 \Y . .J. T n.\·lol', Trail;; . ,\ . ,"i . ~I. E., vol. x\'iii , p. 205. 

Properties of American Coals.- Thc dul a III the ::;ix IHI ges fo\lo\\'ing 

wcrc ~('kdecl frOl1l PmJp-N&/on ol Po pel' .18, 1DO!), BlIl'eau of ~lilles; B ulle/in 
8,-7, 1!H-1, Bun'all of l\linl':< ; and Th e C/a: lIlic(I/ (fwl ffeu f-Prorlm:ill() P7'opcr, 
lie ,~ (~r Jfutylo nrl Cord , llJ();" hy \Y B. D. Penniman :.tnd Arthur L. Brm\'ll(;, 

:.\IaryJand (;('olop;ieal SU!','cy , 
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Fuel Value of Bagasse. The refuse of sugar cano, known as Lagasse 
when burned in pl"Opcrly constructed furnaces is capable of generating 
most if not. all of the steam required 

A"ll A:\]) ( "~ r.OIUFIC \'AL1: r; 1 

]~
ij~

[ ') liS 

1 e 
8 

by a modern sugar factory. Bag

asse eonsi,;ts of woody fibw, SUlcrose, 

gl uco::;(!, ycry :>mull quantities uf Sour. e 


It h(~ r solid::; including ash and con

si( lenl1Jle moi::;t,ure. Proportions 


Louisiana
deppl1( I llot only on t hl! proeesses ., 
employed in milling but aJso on 
tbe quality of t.he cane as deter " 
mined by the locality where the 

" 
cane is gl'Own and its age at. t he 
time of cutting. ., 

Wd bagasse contains from 30 
Cuba 

to .50 per ccnt. of fibre (to which 
most of the heat of combustion is 
clue) and less than 10 per CCllt. of 
sucrose., glueose ancl other organie 
solids. The amount, of moisture 
varics from about 40 to 60 per 

Gro: ....~ B. T . U.PeT (" : 11 1. il ~ h 
ill dry P l 'T lb. dry 

hlJ.gill~':iol:~L;LgU"' ''C 

g:{OG 

1 .:'W 
1 . l!) 

8-l :11 
8·l27 1.11 
S:l4()1.21 

. !)(j S:3.iO 
82S:~1 .-lO 

1.+1 1'0ii7 
1':l 18.SG 

.85 8'1(10 

.75 i-q:ll 
8400.7ti 
8·1:,.) 

. f',7 

.s:; 
1'(j;,Q 

.78 8:,00 

. , () P.:~80 

cent . As a rille, the ash in dry bagasse docs not. exceed l~ per ('PIlL 

On aeeount of tile high moisture content of bagas::;c a, rnueh ~m:lllcr 
proport ion of the gro"s calorific value is available fo!' the g(~nc!'ation of 
steam than when t.he fuel is coal or oil. The practical fuel valut' is best 

determined by calculat.ing the various losses and suotracting thesc from 
the gross calorific value. 

Assuming 80° F. as the temperature of bagasse as received, the 
samc tcmperature for tho air supplied for uornbustion, 500° F. as thc 
tempemture of escaping gases and .237 as the spec ific: heat of dry gas(~s, 
the heat uarried away per lb. of dry gases is .2:37 (500- 80) , or 99.5 B. T. U. 
The loss of h0at per pound of moisturE' , for .47 as the specific hoat of 
steam, is 1237.8 B. T. U. as showll below. 

Heating water to :212 ° requircs 212- S0, or . 	 132 .0 B. T. U. 
Evaporating wat;er into oi<:: Clll1 at 212 0 requires 970.4 
;:iuperhea ting st.eam fro1l1212 ° to ,300 ° rcqllil os.4' (500-212), 

Of 	 l:l ') .4 " 

Total heat Jo~s pcr Ill. nloiotufe 	 123, .8 

I 	 Prof. K \Y. Kr'rr, Louisiana Bulletin :\0. 117, Agrieultur,.d Experillll·1I1. ~( a (iolls . 
lly caJorjTllet' ~r. 
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A::;suming dry ba.gasse (:ulllposecl of 44.5 per cent. carbon, (j p er 
cent. Ilydrogen, 18 per cent. oxygell ami 1.5 per cent. asll , tile g~l ScS tu 
th~ chimney for different percentages of execS::; uir, assuming complete 

combust jon, will be as follo,,'s: 

T.\BLf: ;)JI()\\"lXC: \\"FH:IIT OF C.\SJ·:'; PEl! LB. Duy B .\ (1. \ SSE 

Per cent. C. Xt 'C':::'S a ir 0 .;0 I IOU 

C urbon di""ide . Ii::; 1I !. .O:3 ~ 1 .(;3 lb. 

Free oxy~elJ .00 . c .5n " 1. l !) " 

l\'itro!-('Il :3 .(11 " 5.01 " 7. 81' " 

~r(JtHl dr,\' ~:U"'P!-' 

\\'al( '1' "r f()nrwtion from hydr()~f' 1l 

5.57Ih. 
. ;)..t " 

l' .1:1Ih. 

.51 " 

]0 iOll,. 
.5-1 (( 

Total ~aH~.." \)('1' II!. (Ir y IIll~'Ne ().11 Ih. S.li? I!> . f" 11.24 Ih . 

F or til(' aboyc conditions, 50 per ttnt. excess air and a gross calorifi c 

value of 8350 n. T. U. per lb. of dry lJagas;,;e the' net he'at cOll\'('rtiblc into 

steam per lb. of Lagasse containing 50 per ccnt. moisture is determined 

by t.ile following calculations. 

ll. T. U. Per cent. 

Cros" ('a\('l'ific \'allie 1)('1' lh. \\,[·t bal,!;asse equal:; ,;0 X S:{,')O, 
ur ~li5 100.0 

Dry I.';a"e~ per Ih. we! bagmisP cqrHLl~ ..')0 X :;U:l , or ,U)(-; Ih . 
Ilea! curried away by [II Y ~'LSes equals ~.(lIi X \lO.;), or . 404 9.7 

1\Ioi~turc of fOJ'IIlHlinll from hyriru.l!;[!l1 equals .,;0 
or 

F ree llIois lln[' in haga"f'e 

X .54, 
.2ilh. 
.50 " 

Total nwj" tll!'l: pel' Ih. htlga",,: . 
I-!(' aL carried away by Jllui"t un' cq\lub .ii X 

.77 Ih . 
1Z:H.8, ur 95:3 22.S 

He:!.! lo~ t fl'olll rnclialioll . ['olll)>llstible ill ~"lo and in[,Olll
ph,l" [".!lnlms lio ll of g,u' "s (as~lIllwd Wi 10 p er cent. 

of the l,!;ro,,~ ealorific \'alu ll) -118 10 .0 

Tot allosscs 
Heat fL,Hlaining; fur alJ~orp!ioll by boiler 

l.i7.5 
2400 

4~.S 

57.5 

F U1,:L l ' i ILt'E OF HMiAS8E ] Vi 

Thc rcsult::; in the following tables wcre obtained by similar calcu
lations Hwl by converting the heat rel1wining for ab::;orp1.ion I) ,Y til\' boiler 

into pounds of equivalent eyaporation and pound::) of bagasBe jwr boiler 

hOl'O'epower. 
For largc boilers and effieic]lt furnaces the loss of heat; from radia

t.ion and incoll1plPte combuBtion may be as low ,,1:, 5 per cent. of tiI!' gross 
calorific va lue instead of 10 per ccnt.. as ll!lo\\'ed, but tl1(' latt(~ r wore 
Jl[~arl"y ]'('11rcsents this locos for avt'rag(~ operating (;ollditiuIlS. TIH' 1')('1'
centage of l'xecss air will vary from 50 to 100 per eent. when furnaces 
arc properly designcd and given re1{sonably good att()t1tion. 

[·:QD \'. \l,E XT EL\Pll lL\ 'I'IO" AXil B~\ (;.. \ ";~ I·: [>1';1( B : >lU: I! UOH SEl'O\\'E Il Fon 

50 1'1': 1( C EXT. hxo:se; ,\1l1 

t)u:lO :3;; ,ro ·IS ::;u .j.::'P~ 'r c'cnl. lIIu i:-1tire j Ii bUIP;II~"ftt() 2;; 

-I 
l ':'1\1j \'. cvap. fr01ll ;LIIel a t 212 0 pf'l' 

Ill. \\'[,j lJa~a'sc , ill 1I,,;. ~ .:;,; I :1 .Oi .>.IiO :1. :!:'; 2 . .'-:5 2. ·r;- ~ . O!l I \ . i~ 

\\',)l. bag;:l s~,e per boiler hon;r:po\l'pr, In 

Ibs . . - () S  ~ I> Ill>. ' 112.1 114.0 IiG· ' i'O_1_" 1_" 1 

EQ\JI\'ALES T EYi\POI!ATl<lX .\ .'\1> BA(j .\SSn P J, 11 BOIl, I'm HUI!!-' I:: I'OWEH FOI! 

100 PElt CE; X'J'. EX C I';'" All! 

Pcr cen t. Dlui tilUr c Ln oa gn$Sc 25 :.m a.i ·10 50 3.1 GO ~I1
Eqni\'. pnqJ. from and a( 212 0 

p CI' I 
Ih. \\'('t I,;t~u.~se, in Ill,;. 4. Hi :; . 7!) :3.1:3 :~. Oi .) 70 2. :1-1- 1.!l7 1. iiI 

\Vo(. 1>:lgasse pe r boi\t)r horsepower , ill 
Ills.. 

_ ________ ____ 8_. :_' IL!_) ._1_1_1111 11' 12 8 14 7 I 17 .+J..l 

I 
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Edge Moor boilers in the plant of the Society for Establishing Useful 

Manufactures, Paterson, N. J. 


COn1bustion 
,\ CCOHDING to a well-established law of chemistry, there is a .fixed 
-L~ and definite relation lJetwP()n the weight of a combustible and t.he 

w(~ight of oxygc'n with which it unites during eomhu"tion. 

Composition of Air .- 1 n boiler practice the oxygen ]'('Cjuircd for CODl

hu::;tiun is t ak('n from the air. Besides t ho::<1' ncgligill\r· substalW('S sllt:h 

as ammonia, oxides uf nitrogell, etc., tilprc arC! present in air varying 

amounts, ll ::iually small, of ra rbou dioxide' alld \yater \'apor. In the eastern 

states where thc humidit.y often excceds 75 per ee11t. at summer tOll

peratnres the p(-~ rcelltag(' of water vapor may be as high as two per 

cent. Axerage proportions of oxygen and nitrogen in pure air free from 

moisture, as commonly gi\'en, arc 20.91 parts oxygell to 79.0Q parts 

nitrogpn II)' \'olume, anel 2;3.15 parts oxygE~n and 76.S;) parts nitrogen 

by \\()igllt.. The iattc:r i::; equi\'alcllt to one pound of oxygen in 4.;)2 

IHJl111cis of moisture-free air. 

Air Required for Combustion.-Tbe only elementary comlJust ibles in 

fuels tiJat need he con:-.;idered in boiler pradil'<' arc carhun, hydrogc'l1 and 

sulphur. The oxygen and air required for their combustion i::; gi\'Cll ill the 

following tahle: 

OXYC;"E;~T .1::\D Am Tlll;;OlU~TICALLY RE~lun'tED FOn CmII'LETE COi\lllUS'I'ION 

(jXY~(,1l Tl'quin.'ti )'loi'it un·-frf'1' :liTPrr)rlud t'J r
('UJllbU!:ltiblc p(·r pUlilld ~)f J)~'r pOllud (I f(,UlltlJulS tion 

~:o lrlbtl ~ tible l i n'llhu~lible 

CnrboJ) . Carboll diuxi<i ,· 2. Go + lbs. lUi Ibs. 
t-IydroW'n 1 \,\'(\ t~r S.OO :H.G" 
i:'ulphur Sulphur dioxide 1.00 4.:3 " 

/ 

Air for Different Fuels.-Ii X rpprescnts the 1111l111l111Ill weight of 
oxygen requireci for combustion in pOllnds per pound of fuel then 

R ( ()X=-c +s f/ -- +8
3 S 

\\'hc-' ro C. II , 0 and 8 represent the respectiYe weights of carbon, hydrogen, 

oxygen and sulphur in a pound of fuel. The a.ccompanying \\'c~ight of 

nitrogc'll will be 3.32 X; and the weigllt of a.ir, allowing 1 per eent. of 

water \'apor, \\'ill be 4.:36 X. 
( 111) 
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The proportions of t ll('::;e dCIlH'llta l'Y ('ombl\~iihi ('s in the com mon fuels 
\ ' :;\I'y ('ou::; id C:l'a1)iy , SOlllC :maly>'cs :11'(' g i \'('11 1)(:,I()w. 

Y AHI.\ B LE CO.\lPOS1·I' I() X O F C O'\IW.L'i F U ELS 

ClllllpU~i l i o n - l ll o i stl1 rt· in t lwk'd . 1[> '1' I ' _\[ J .O l!';1 ure . • 

FliP! Iwr Ih. IwT Ih :J~ 
iuel ft 'l' l· jy.-.JC' :I,r l ,.11 1 I J yd rO~ {' lJ I () :-': Y~I 'IL ;-:'lIl p ln Lr . \ :-!I , 1' 1I ' , 

:\ol'lh l)ak"t:! iign ii l' 1 0 :m4 1l . l)fjS () ·1:;i' n. oo, o on:; o :J(; 2 (i,IOO 
( ' ,,101':" 10 I i!!: 11 it l ' . f)7K .0(;0 . :)]0 .OIH .O·IS .207 rUl·I] 
I \l ino i, b it UrlJ in() ll~ · (iO!l . O.j~ .1!l2 . 0:),7 · WI l". _ I IO .!lS!l 
O hio h it llltlill (H I ~ .7();) Oii1 . 113 .02!J .100 .0.)2 J:2 .7 ;'j ~1 

P('nll~y l\' a lli a, 

bitllm ill o\ls • ( 0), . (Jij ·l . ] 0:; 0 12 .()I -± .O:l.'i n .700 
P(, III1 ~yl"a lli a 

"l'lIli-b it lllllinOllS .S07 . 01 :j .n:12 .O l ·l . 10-1 .01 2 1 l ,OOG 
\\"('st \,ir)!,ill ia 

SC'Illi·h ii Illn in () \l s ·~·I :; . 0,1, il;j 2 .001 · O;j 1 . 0:; ] II ,UtiS 
f'l'n w;yh':lllia 

ant h r: lt'it" · 7:j~ .()2K . 1)·1 1 . I II IS .171 .021 1 ~ .l i2 

C alifornia eJ'llrlc oil , ~ f ) l -j . l lli . C: :O .nus ·ow .000 1....,I)G,5 

By llWUll ;': of the formlli a and air ratio gin:u ahoye thl' a ir for each of 
t h ese fuel" \\'as calculated , as follmu; : 

l\ [I.,nll· ,\[ \YE[ t :llT OF Am H E Q ITHED Fo n DIFF E HI': :YI' F U ELS 

.'i r Iwr II , . ,\ ;r )'>1' 1" ] O,(){)tJ 
. \jr p l'r lb. fuel

h lCl C'Olll l llbt ibh,' 1\ . 'J'. l' . i" fur l 
U " . Lbs. LI" . 

Nortl l Ih kota li ~lIil p f),2 7.51ii 0 
Colora do li ~lIi tl: D.H -; .•J;:':i .5 
Illill(li~ hit ulilinol b IO. R i (iG

8 "* 
Ohio IJi( unri nolls 11. 2 '7 (j3 

P"llnsyJ" :l lIi a IJ i t llrllil") l\~ 

D 7 
ll . :l i ,',0 

Pellll ~Yh':ln i Ll k' 'l lli·billl.lJ1in()\Js 
10 :l 

12.0 , i Go) 

\Vest \'irginia scm i·bitulDinolio 
10 S 

12. 1 7 ti ;j 

l'el\lIsylv:lIlia :t n l llr:l<'i te 
11 . 2 

1] . !) i tH .1 
Ca lifo rll ia l'rtl(]" o il 

I
n.G 
14 . 2 i. ;;Q14 . 1 

It is S('(,11 t hat t llcrc i" a ,,"ide \' uri at iOll in thl' air required per pound 

of fuel. The [lir p(,r pound of comhustil )](' i;; more uniform and t he ai r pCI' 

lO,O()O B . T . 'G. is alrnost the san w 1hI'll Ugilout. 

If 7iJ ~lT OF C() .1UH l ST I OY 1 I \I 

Heat of C'ombusti()n.-A(' (' ordin~ to anot her law of chcl1lieal a(;tioll , a 
d C'fiuit e amount uf hc'a t. is ('\'olw'd ",hell a uuit woight of comh tl stibi(' 

1lHtiel'go('s oxidation, that is, is burned. Thi ::; heat of combustion, ui"ua lly 

('a il ed" c.alorific value" y aries somc'~'hat, und (' l' diffe rent physical cundi

ti(lns, which a(' (,Otlut s for t h e YUl'j a tion ;:; in the values obtained hy 

difl'ercn t inn 'sti gato rs a.nd given in the t ext -hook", 

Appn() XIM.A'I'l~ CALOHlF1T Y ALTIES O F ' I' IIE C O.\L.\W :\, CO:.rn USTlBLES 

Il r':lT. t'v!)h "t,d per
( 'olrJl, lI s tilJlt' PrUil uf' t lIf C'o lll l, u.:St iuJ1 pou.IId tl f C(l! !lh ll ':HibJc' 

Carbon (e) Carbon m o noxide (CO ) 4,.l50 n. T. U. 

Cnrhon (e ) 
 Carbon diox.id e (00,) 14,i).J.O 

IIy drog" n (H) 
 \\'a l!'r (1:1,0 ) G2,O:lO 
:-;ulphm I ~) Sulph ur dioxide (802) ·1,0 ;30 
C:lI'bon rnonoxid(, (CO) C arbon dioxi,le (CO,) .J. ,800 
1,:1l,y ll'l[( ' (C , I!., ) . Oarbol1 dioxid(' (CO,) and wat er (FhO ) 21,;,lJO 

:'\[ ctlranc (('11. ) . Carbon d ioxid r' (CO,) ancl water (FIll ) 2:3 ,550 

Calculating Calorific Values.-It has b een est ablished (see Technical 
Paper 7'(;, lnu., Burea u of l\lines, p . .J,:~ ) that the ealorific YUill e. of a nt hra

c ite, scmiIJi t uminoll s and hi t UluillOllS coals Can be ca l(' ul ated from a n 

llitin lHt e an a lysis t o an accuracy of a bout n pCI' cent. by means of Dulong's 

formula , as foll ows : 

n. T. r . pl'r pouud 1.+>5.;0 (' + C,2, O:W (II - ;) + 4050 S 

whe.re C, II, 0 and S are, as before , the ,,,eights of carLoll , hydrogen, oxygen 

and sulphur in a pOllnd of flWI. The constants uS('ci in thc a lJO\'e formul fl are 

equivalent to those rccommemk d by a cQlllrnittc(' uf t he .\.meri(·an C hem ieaJ 

Society (J our, Am. Chern, Suc., vol. 21, p, l1:W). The H(;curacy mentioned 

above is with rl'il'l'CI1 Ce to the calorifi c value obt a ined ",ith a IJoml.l calori

meter. This flll'll1 llla \\'ill not give stlch accurat c result s when appli(,d t o 

fuds ri ch in volutile m atter as lwat , lignit e aml crude oil. 

Importance of Ignition Temperatures.- No matt c]' ho\\' mu ch oxygen 

is hrought in contaet. wit h a combustible it ,,·ill not" catch fire" UI1]csc; it 

is at 01' auo\'(~ a certain temperaturp, This temperat ure of igni t ion yaries 

for different suIJ;,:tanc('s a nd , to a lesser extent , for the ::;allW :< lll )stanec 

under different physical conditions. T his a(;eounts for t he v a riat ion in 
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ignitiun temperatures gin'n in clifft'l'(, ll t t ext-huoks. The foll o\Yil' g ure 

the Fahrcn heit f'q nivalenL<; of t,I1OSC given in Fuel. by .J. R. R. Brame. 

Combus ti ble Tt.:wIH:rulurc of ignition 

H y drogen ]070 to 1090 d('!9'('{'~ F , 
C'lrboll monoxide 1191 to 121(i 
Ml'th:UH' J200 to 1240 
A""t .d!'ll (' 7f10 to R2!) 
Bit tllninolls conI 7.,0 to t;OO 

<.A11thracit (! <.:Oa l . Ap]!!'. \)2 .~ 

Evcry experien ced fireman is a\\-are of t Il(' diffi culty of trying; " t o makp 
steam P wlI en 1It(' furnaec walls arc cold or when t he furJ hed i~ in :;1J( 'h had 

condition that a la rge amount of exeC::iS ail' cnt<'rs the furna c(' a nd (,hi lls 

tlw fiTc. The objcd of ].;: rrping the furnace hot i ~ , of ('ourse , t o l\('('P the 

temperature \yell a hoy(' ill(' i!!,llitioll t( 'lll)1('rat1lI'('s of the' O'olid filet and 

volat,iles. If ca rbon monoxide i~ J\(Il blll'I}('d 11('\'0 1'(' th(' temp('rat ml' fa ll:; 

1>elO\\' ahout l:2()() o F. tll('U t'llrUH'r l'()m 111\~j i()n will llot t:1].;: r plac(' no 

m:.d tel' ho\\' 1111)(:h excess a il' is presrnt. The res ult is "the lo~ ;:: d ltC 10 
carbon monuxido." 

Reducing Fuel to Equivalent Gases.- ln hoiler and ehimn("~' calcllla
tions it is often Jesiral.lle to detcrIlIin(! tl[(· weight and yolllntf' of gasp;; 
involv(' d. PraetiC'ally, tlw tl'lle ('omhustihk:o; in the hi t mninous, :'icmi-bitu

minollK allll anthnu-ik ('(iab arl' tolal carholl , :IH1ilal)l(' hydrogen (H -~) 
and ";lllp!Jur. The proportion of anlilahh· hydrogen to tutal (,:l rhOll ill "II1l1 
is :;ome\r!u.'J'(' near Oll(' part Hyailabl(· Ilydl'OgC'1l t o t\\,Nlty parl s ca rl HJl1 . 

011 tll(' assumption::; that t hi:-: proportitlH \\'illlw r(']ln'~ ( ' ntatjn ' fm 1111 
average' ('oal , that the ,.;ulphur call 1)c lwgl<'cietl , and that all carbon iH 

llllrned to CO2 , the data in thr lll'xt following t ahk \\'l 're ('al('ulated. 

Weight and Volume of Gas per Horsepower.-TIH: \\'C'ight o f ga f> 

per boikl' 110rsP]1owcr ean 1)(' ckt('rl11iupd app roxilllat('ly by t he formula 

:3:1-IRO [I ' 
lV = 

WOOO B 

\vhen' 11' is the weight of g;HS ill poundi:J pCI' hom pC'l' 1)()i kr h()l's('pO\\'('l' , W 

is the weight of gas corresponding; t o an aKslIllH·d CO~ from llic t a1)]c 
folll)\,\jng and E is the f'ifi ciclll'Y of hoi leI' awl [I11'na('(·. 

The total \\'at(~ r \'LIllO!.' in 1hc g;ases, in(·lading !lIoist ure in coal amI a ir 

amI tbat formed from th(' (:ullllmO't ioll of llydrogel1, amount s tu ( 111 ) ' 1I 

fc w 1)(']' cent. of the total \\'( ' ight ('x('(;pt in ext rellle eases, and thc]'(; fur" 
may be l1eu:lcc.:teJ. 

('/fI .Il .\ ·El" l .OSSA'S .·I.V!) I'lm ( '1:.\',/,. ('0" 1:! 1 

" 'EIGHT O~· (; .\l:; .\ ..'\'0 ('HI~ISl~Y l.U>'>'Ef-' nut ():I;·j··lcl tJ::-.'T P~:"n: .''''l'AGE'' OF CO, 

Pl 'r (>t·nt. e ll: i ll dry ~lI~( '~ IS. 1., . ll 17 0 JI; .U ].j , Ohy w ,lIJl II!' 14 . 0 J0 . 0 l ~ . O 

ExeC',,, a ir in P(' I' ('('1\ t. of 
li"'<Jrl'1 il',.d lllillilJlillJl 

,,"pig;lll "f dry ga~ P"I' 
HI,OOO H. T. l' . ill II", 
coal in 11> , . 

(,himll"\' I()~, pc'l' H)() O I:. 
ill IH'I' ""111. of tl1l' cal
orif;(: "al'll' of tll(' ('0:11 

'IJilll l« 'Y l (l~~ J)(' I' .'iOO ° I,'. 
in J1I'1' ('I'll t . 

0 ··1 

7.S /0).1 

]() 17 ~4 ;{;3 43 50! 

S. li \1 . 1 \J . (i ]() .:3 III) 11.0 

l.~.i l.n2 :2.0·J 2.lli ~:2S :2 ·' ·1 2 f)1 

fl. 2.5 !J.fiO lO .::m 10 .SO 11.411 ] 2.20 1:1.0i) 14 . 10 

\\' t : H:fl"r IJJ-' G .\S .\ S J) ('llJ~I." ~; Y Lo;.;;,;gl'-ConlinlJ ..d 

:P I' r {' f' IH. ('( h jll dry ~1l.9 1':-' 
I)~' Vl dlllJlI' 

Exc(';'s all' III 1'('1' ('('nt. of 

thL'on'tical lI1illimlJlIl 

\\' ..i)!hl of dl'Y 1-(a~ ]><'1' 

IIJ,ono B. T. 1:. ill tlw 
I'o:tl illllof'. 

C hillll ll'}' lO~ii J)('r 100 ° F. 
ill J)I' ]' ,·('ut. of tlu' (':11

ol'ific va lue of the (;0:1 1 

Chi mnl'Y I ()~" 1)('1' GOO ° F. 
iu P C')' (,(,lit. . 

11 . 1i IO.a !l.U 1; . 0 .0 ti . O .iO 

liX 80S 1Oi) laO 1ti3 206 2('.7 

12 . !1 14:2 15 7 li .n :20.0 2:L:1 ' :27.8 

;l. Uti :1 . :17 :3. 72 .j. 17 4.7·' ;,. ,,:2 Ii. 59 

l.'; . :H) Hi. S.) HUiO 20 S:; 2;l. 70 27 .liO :~:2 . US 

T!tv vollll1lc IWty h e calculated [rom the fOl'1nula 

li.7:3 (t + l;j() fi) 11'
() 

1,()()O,OOO 

where Q i" the yolunw of ~n s in C'llhi(' fC'C't per ~eC'ond p CI' hoilrr hori'<'

P0\\'('r . t i" tlt(' tl"IllT)('ra11ll'(' Dr tltc' l!:aKI.·" in d('grp(,,, Fall. a ncl 11" js 1hc wC'iglIt 

of ga"e~ in pUll Ild~ PCI' hOll r pe l' boiler h()l';;(']lo\\'('l'. 

282 
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Effect 01' Excess Air on Boiler Efficiency.- HdclTillg to tIl(' lH'j'('(.mtagl' i'I 
of chimnc:y losses given in the tahle auoyc it is s('cn that tlie luss ]If'\' 5{)() 

degrees for 131)('1' (·CIlt. CO~, whieh may he tak('n as rl'presentatin" uf good 
flll'naec condit ions, is 13.05 per eent. , \\"hile for 7 p('r (·('nt. CO2 iti !:; 23.7 

1wr ('ent., or a (ken'ase in efficiency oj' 10.05 per cont . Actually, tIl(' deerras(' 
i:-; greater lH'l'uusc', in g('ncral, the flue telIlperat ure rises "']I('n the ('X('Pss 

air in til(' f\l\'llacc i" increased, tlw rate of >,tcaming remailling t lie "am('. 
\nother ddrimrnta l <'Ileet of ('x('('ss a ir is rcdu('tion of anliluhlc drait 

h('eu us(, lJf t he inc r ra~i('d yolumc of ga~ pa,;sing through fud 1 lcd, ho i IeI', 
brocching, and chirnTll'Y . 

The Three Factors of Efficiency.-Figurat,in~ ly, the boiler is that. 

part of t he power plant " 'here /I/Oney is burned to make power. From 

an economic standpoint it is therefore the plaec wherr the p;reakst saving 
ran he eff('etecl and ,,-hpJ'(' till' p:rcutpf;t wastC' i ~ pOf'sible. The effkicncy 
of the hoiler room may be! reprp:-;pntcd by the formula 

R=8XBX() 

\"here]l; is the a ll-ovpr efficicney of the hoil('~ r room; 8 is til(~ ~tok('/' dfi

cie.ncy including grate, stoker proper and furnaec, ancl adaptability oi the 

stoker to the fllcl burnet! ; B is till' hoilrr cffi('i('ncy including boikr ancl 

setting; and () is the' o]X'ratinp: effiei ell <:Y indudiug both firing and l11a intCI1

U(](·(· lahor. If nn~- oM of t1)('R(' factors if; low thr all-over effi eicncy mnst 
IJ r l'ol'l'(':;pondingly 10 \\'. _\ high all-oypr dfi('iC'rl('Y requires high indiTidual 
dlieiclIcies fo!' cadl of the t hree fac:i.ors involvct!. 

'Vater and Stean1 


1~TnEnE heat, is to bc (·yolnd ill (J Ill' place, tr~ nsportl'd and uSl'd in 
l'l another, :1~ In UI(' f'teu m pl:t nt, some earner for the heat must lw 

employed , since lll'at is tnlll"portabk ollly when assoeiatcd with muUer, 
Of the substance:,; that han' h(,Cll tried for this pllrpos~' water ba::< )lro\'ed 
10 be prd;millent IJPl'uus(' of ih t hl' rmal propertip,: , it,; flu idity, its alllln

dance, and its low ('h('lllieal adiyjty . But \\'ater i ~ nut found in nature in 

tlu' PIll'<' >'tatc, 11('11Ce ari,.;p thOSl' ('ol1lplicatiull::i fur P\iJlliuating; or neutrnl
izing: the impuriti(' ::< whil'h ('OInt" Imc\('1' "feed wutel' tl'l'utTllNlt". 

Effects of Impurities.- Thl' obj(,(:t ionalJle eff(,tt~ of impUl'itic's: depend 

Oil tite rolati\"(~ amotlnt :-; of ea<:h present, on the aggregatc of all impuri

ties Hnd un til(' chemical or physi<:a l effects that one impurity bas on 
another under the conditions that exi>'t wit hin a boiler, Impurit ies are 

m:ually l'C'portl'd in " gmius })('r ga llon" I or " partfi p CI' millioll" by weigh t. 
Corrosion.- TIll: Il' l'lll " ('orro"ioI1 " ns llsed in hoiler prncti('C' llle:tJIS the 

eating UW:l) of mctal hy ehemical act ion. \yitpn tll(' met al is aita ekc·c\ 

only in ;;po1::;, it is suid to be pittrd, when the [letioll is the result of llloistUl'l' 

in t'ontaet \\'itlt exteriur part:;; of the l)oih'r , the !Twtal i" said tu he " rusted". 
'1'11<' rno,;t common ('tlu;:;es of int ernal corro:s.ion art' acids, dissoh -ed earbon 

dioxidc' , air in solution ur su(·ked in by the f('Pclllump, chluride and sulphate 
of map:n('sium, sea \\'ut('J' , grease, and :<lm'uge . 

Priming.- Sincc stNLIll is genl'rated in the midst uf \\'at('l' , there' is a 
tcndeney fu!' partil'ltos of wa ter t.o ding to t1t(' huhhl(·s of steum _ The 

currying oyer of water wi t h stea m is ealled " prinling" . In properly c\c

::iigned boilers llsing fairly good feed water the amount of \\'ater carried 

over with t he steam \\' ill ordinarily not exceed one and one-half parts in a 

hundred by wC' igilt , or (rougltly) one part in abuut 10,000 hy yolume. 

The st ea lll is then said to he " dry". \Vhen the perc('ntage of moisture by 
weight. exl'(!cc\s hvo or three p( ~r tent. thl' steam is said to IX' "\\·(>t" and 

1 he boiler is said to "prime" . The \\-ate'!' lllay go o\'(~r as a ~pray , in "::ilugs" , 

or in a continuous stn 'nm. \Yhen tlwr(! are sudden flllet uations of the 

water lc\'el in the gauge glass, inliieating yiolcnt distllrban<:cs of tl:<

surface of the water, " foallling " is sn it! to take plaee. Usually, foamirg 
is accompanied by hca\'y prillling. When the design of t he boil("r if; not at 

fault, priming alone results from high concent.ra.t,ions of the readily soluble 

salts such as sodium chloride' (<:omrnol1 salt ), :,odium carhon ate (soda ash ) , 

a.nd sodium sulphate. Foaming is ('aused by accumulations of scu mmy 

matter at the \\'at.er level, usually ('it her from grease, sowage and other 
( 1:!:J ) 
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org;anil' mattrr, or tltrollgll the ccnwuting aetion of thc carbonat(\~ of eal
eiunt and magnesiulll on t he solid part ides ill the watl'!'. 

Incrustation.- Thc impuriti('s in lI'ater arc ('itlwr di s';oh'Pll (I ]' Il el" 
in SIlSPCIlSioH, \Vhen ordinary water pas,.;cs into a b(likr, tlw ]Hll'l' wat(']' 

is dri\'en off and n'llloy('d a:-; steam , \yhil (, the impuriti (',:; , 1 lot h d i '-'.~ nl n 'd 
allL! ;.:nspended, are left behind , Sinr'(' th C' r<' i,.; a limit to tlil' ~()lt!ll ilii y 

uf (,YC' J'y snll,.;talH'(.', the I'X(,(' ;';S of 11l!' snlublP mat ter will 1)(' t hJ'()\n l d O Il ' !l 

as " precipitate::;" lI'hich, t(lgdlw!' Iyith the solid llIa tt!' !' iu ~ll~l)('n~iun, Wi ll 

a('('l1Intilat(' in difff' rent purts of t lw builer n~ " illl'l'Ustatiull"" . 
w'erbin sn1)stalH'c", lik (· tIll' J'C'adily "ollll Jle :-;alt " arc dl'po,.:ited a~ a 

silldge; other", like calcilllrl earbonatc, funn a ~oft porOll:' :'1':11(': lI'hile 
others, like the sulphatC' of cal('iulJl ~d()n e or in adulixtlll'(' wi1 il n.l1lci , (Jxide 
of sili ca, etc., hakc! on t h(' boiler :surfaec intu a flint~· ,.:('ale ,,·hith i:, \" c r~' 

(lifficult ~nd expensiyc' to rCnJo\"(' . 
Tube Failurcs.- Tube" soml'timcs fail from pittinl; or g(' llvral ('O ITO

sion, but must often from o\'(' rit catinj.!;. The grades of ,.:ted uscd iJl tJlI' nwn·· 
ufact,ure of tulles arc ex('('lIent conductors of heat, hut, when thc'''p 1'('(!oI11C 
coated witll substances that offer a high resi st~lIll'C to t he pa,-"agc uf heat, 
such as hard scale or oil, the cooling dYed of t he water and :,team on tlw 
insidt' of the tube" is gr~\atly diminish(~d and the mC'tal IH!<"ollw:; o\'('rl1('ate<l. 
This result s in t \\'o kinds of destrllctin: action: (1) The out"ide smface 
of the tube is attaekcd allil caten away by the steam and fr('t' oxygen in 
t.he ga"es of (,OJ:uh n:-;tion; the re~ ll\t i" a " hllrn " or "stab", ('2 ) Thn 

metal Ilc('omes more dlldiic and i,.: ,.;tretched hy th(' intcma1 pn'''''uJ'l' ; 
the result is a I . lJtig" or i/ l)\i;;t('r". \\,I H'1l (' it her kind of adi(JI) j~ allowl'd 

to go far enough, the w('akcne<\ metal will hurst opell, Oi't('Il Iyitll Yl'ry 

ti('rious results. 
This action I1sually takes placr. in portiolls of tlll'! two hottoll1 rOil·;; of 

tuilei' nearest th~~ fire, and nearly always ill sputs Oll accoullt of j ht' 11Il P\'cn 
distriblltiou of t Ill' seale or oil. 1t i" therefore Ill' prime illljlClrtal1C"(' Illi t. 
t() alI<J\I· mor(~ t han a \"C~ry little scale to ~u.:eumu l:.tt (' ill the 1\11)(',.; ill t1li'se 
r ows, and ('\,cry effort :,hould Ile made to keep oi l and !-!:n:a";l' 0111 uf H hoilL' r, 
bucttll"e a very li ttle is apt to c::l1l SC s('riOl1s troul)\c', 11' it i,., ].;llo\YII or :-' ll ";· 
pCdNI that the t11\)(,o; are hea \'ily (·oat'ed wit h s('all' , or that lIil Iia ,; ('u tl'red 
the lloiler, the fire :shonkl he kept as low as pos~il)l c: until the hoiit-r can 1)" 

taken out of sCl'\"iee. 
Treatment of Feed Water .- Tlll' Yarious mdhodf-: of treating: fc(' .! 

\vuter arc classified a~ fo\lo\l'~ : (1 ) fill ra tion ,,-itll 01' \\"ithuUl t!Jr> :lid " f 
SOJ1I C" (· (H1!l:ulant lib' allllli for I'l'lllovillg \'isibll' implll'i t ir':", (2) (,11l ·mi(·a] 
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trea tment within or \yitllOllt th!' l)oiit-r which precipitat es or ncutral il'.(''; 
tl\(' klrmful il1lpuri tiC',.; in :"Ollltioll . C:.,) H('at ing of wat er, as ill exklll"t 
or li\"f~-steal1l heaters, w\lith lllakes 11>'(' of the precipitating effect;; of 

higlwI' tempel'atl11't's on the ('u rbullate and sulphat e of ca\(:illm, (4) The 
llse of ,;ub:-;tun(,l's like petrolcum or graphite whi ch form a thin eoating 
on t ill' I1wtaili l.: surfaee Hntl pn'\"('llt scair' from adhel'inl!; to it. (5) COlJ)hi
llations of t\\'o U)' l1Io re of t 11<' alJ(J\'C' , as in watcr-soft eninl!; plant.;. 

Thl)re i~ no single l'C'IIlCdy (II' .. (,OIrl\)Ullud" 1hat i" effcct.i\' (' for all 
boil<'\' waters, 111 ('vpry ('a,.:(' Oil' l'l' lll (,dy must 1)(' chosen with (',,;pl:cial 
Tf'I!;[1n l to the impurities in tIl<' partimlar water to he t,reated, \\'IH' I'(' the 
'wate)' is had and the method of tl'l 'atlli(' 1l1 is not sa tisfa ctory, the prohlr'm 
should he submitted to a ('ompctt.:nt chemist o r (!ngineer who has had 

c'xpcrien('e in thi,; field, 
Use of Caustic Lime and Soda Ash- The su!);;tan('cs mo,;t eOll1!l)uJlly 

n;;ed for il'('atinlJ; fl'cd \yaier arc caustic lime (CaO) and sodiulIl earhona t 
(X a~CO:l ) . Cl'lIdc cau::;ti(' I imc is Ow Sall1l' as t , builders' lime" . lJ.npn rc 
ea rhollatc uf soda i~ kntJ\YIl a:, "soda as]I " or ., erulie soda", Cunsti(· l illl" 
is Uluch llsed fo r the precipitation of the hicarbonates before t he wate 

is pumped to the boiler, .\ typical reaction is as follows: 

C:uk ilJlll bit'arbollau' 'l- C"uu~ti (' li n\(: -- Cn ll'iu1I1 \'arhl>ILate + \ Vater 

CanACO~)~ + CaO 2CaCO~ + H20 

'I'll<' Solu1) h' hi ('arhonatl' is reduccd to t.h(' insolulJlp l'arboJlat(~ whit"li is 

pn'I'ipi1 uted anrl call 1)1: I'l!InoYed I»), filtJ'ation. 
SodiuUl (·arhOllatn (;;oda ash) is used t.o prccipitate certain Kulphat l's, 

thus: 
('akin:1I ~ ulphal c + ~vdiUlIL (·arboll il.to = :-\odiU_III sulphaT \ ~ + Cair' iUTII carhonntc 

('aSO'1 + Na2CO. ::\'a..)·;04 + CaCOg 

Ti>p euleiulTl. sulphate , \\'lliclt will bake into a very hard scale if pn'cipi 
tatl'<1 wit hin iii(> hoiler, i:-; eh rmically repla t:ed by sodium sulphate \\'hi('h 
is \'Cry soluble and does rIOt forlU :-;('ak. The ca.\eium earbonate forllwd 

is pl'c(' ipitat. ed and llIay bc rernovecl by fil t ration if the treatment is ex
t ernal, or if the treatrn C'nt is internal, a~ wb~)n soda asi> is fed to t he lJoi ll'1' 
dil'l'd, t..be eal('iuJl1 l'arbonate IlW)" be removed in part.. hy blo\\'ing ofr. 
The residue will form H so lt scale \\"bi clt is mueh less ol)j ect ionahlc than 

t hat frOlll eakilllil ~ lllpb atc. 

Both eaut-lt ic 1irlle anci soda ash are much used to neut rali ze acitb; 
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al~n , soda ash is Yr ry cffectin: for remo\'ing oil fronl ,,' ithin a boiler. 

Thcro is [I limit to the amollnt of soda ush that CUll 1)(' illj(~cted into a 
boiler \yithollt callsing printing. 

Testing for Sea Water.- Tlw ob.icdionable effccts of sea ,yatrr 
are \\'(:11 knO\HI. In plants ()q uippcd with smface c() ll(h~n,,('r;.; and lI:-ill.l!; 

:,)('a \yat er [or condcn::;ing, it is COllllDOI1 practj (;() to ('heck tbe tightness 

of the.: c'undellscrs once C\'cry hour or oftl'lH.!r IJY treating: a sumph· of tIl(' 

('lHH1ensutc \yith a trst solution of uitrat(' of "iIYcr , whic'h eal1 1)(, l.ougl1t 

at u drug stom. Plants situated ncar the sea coust, and ll;.: ing ri\'(~ r \I'ut Cl' 

I'm' the boilers, somet imes get salty ,,'ater dlll'ing tho dry i'P[lSCHl. 'Yhell 

this Occurs jJrecautions t;;hollld be taken to g'uurd aga.inst priming aud 

foaming especially . T o keep down t.he concentrution of sa iL the blo\\,

off should be used freqll entl~~, once eTcry fum holll's or oftencr, \\'hen 

tlw UIllOlll1t of salt in t.he wa ter ha :> r(,:lchC'd about GOO grajn~ pel' gallon. 

TI\(' 1 do"'-ofr should he o]lC'ned Cj\li, ·j.Jy \\'hen piping cOllditi()ll~ permit, 

~l.nd "bould \)(' left open only a fl'w :;(','unds at n t irrH:. The most pra('1 ical 

way to d(·terminc tIle C()l1(:C'ntratiul1 i" with the instnll11ent 1I:;() c\ tu dc:t('r

min e the spceific gra\'ity of liquids-the hydrom et er . GOO grains ])('1' 

gallon c'orresponds to a specific gr~l\·it.r of ahout 1.01 , or to about l .il 

dc'grees Ba.ume. Boilers Ilsing salty water should not be foreed, as obj ec

tionable result s nre increased ther('by. 

Where to Sample Water.- Iii" oll\'iom; that the quality of \\'a1N 

wit.hin a \ .uiler may h e ycr~' diffcrent from tIll' water delivercd to it by i Itt' 
feed pump on :l('eOllnt of C'(llltilllIOUS ('Olln' ntration and t hc cll(~mi(' a l 

ef'f('c·ts which take pluee at titq higher t('lIlpCraillrCl' . He'nec, to dci('r

minc t hc Gause of trollhlesonw result s from fccd wutm', till' sumpk must Ill' 
representat,i\'e of the wa tP!' in circulation \yithjll t he hoiler. It i" recom

mended that samples of water from Edge 11001' boikrs be drawn through 

the lower watcr-column pipe', th(' moutJl of which is in the aeti\"c par1 

of the drum, either ll)' nwans of a "pecial connection, or through ill(' 
wut()!'-eolumn drain. The wat('l' eolumn should 1)(' blown out thOl'Ollghly 

inmwdiat 01y before taking a sample. The sample sh(J uld be tak(,!l ",hi\!: 

t lw I)oilcr is in act i\'e sC'r\"iec, whell the ilnpuritics will be' distribut('d 

t,hroughout the wuter. 

Steam Calorimeters,- TI}C' lH'rCl'lltage of moisture in steuUl, if any, 

is determined by means of 11 st eam calorimeter. The throttling type is 

used when the p ercentagl' of 11lOistlll'c ,,·ill !lut exceecl about 4 per 

cent. by weight for pressures of 100 pounds ami over. For moi"ture in 

excess of this the separating eulorimdcr must. be ul'ed. SinC'c steam 

iH Of ,-;T CfU,' IX S'J'EA.\[ l::?i 

(' ontammg more than -t per ccnt. of rnoist \ln' \yoltld hardly be tolc'ratc' r1 

ill :1 lIlodern plant the throitlillg calorimeter alone is ordinarily suffl('i('nt 

for 1cst ing purposes. 

Dot h cOllstl'udion and t hrnl'Y of th e t hl'ottliug calorimC'1C'T' aI'(' \'rry 

"imple. It j~ men'ly an orifiee \"iib ])!'o\' jsiol1 for driermining teHlj)C"ra

ture 0 1' prcssm c of the stcarn. 01' hoth , bct'ure and afier pa,,;.:a)!;C' through 

tIll' orificc, and it is constl'\ld(~d mechanically t o minimize' the 1o:"" of Iteat 

hy radiation and condlldion. By the !a,,' uf CODse]'\'ation ()f c·IH·rgy. th: 

IIP1It on bOI It "ides or til l' orifice mllst be the same (assuming 110 luf's); 

IU'l1('e the forlllllia 
JJ [ . .

x=100 - -kU-l,J 
11 - II 

whc'r e,' :r if; Ule ]wrcl'ntagc of moi"hlrc in the steam hy wright. H 11)(' total 

heat abuv(' :J2 ° F. of one pound of ::;atul'atc'd stearn at 111(' initial pn 'i's\1l'(', 

C the total hea.t alJO\'c :32 0 F. of 0l1(' pOIllH] of '-iuturated stearn at til(' tinal 

preRSIll'C, 1,' tile spec ific heat of I'upcrheai('d steam fit the final ])rrSSIl],(' , I 

til e obsc!'n'c\ temperature uf tl w steam discharge.:d from 1he caloTimetcr 

in degrces F. , to the temperature' in degrees F. ('ol'1'!'Rpom[ing to sat llfat0d 

st eam at til(' final pressl!l'e, and It the heat of the ,,'ater above 32 ° F. at the 

initial pressllre. 

If the dis('hmge is into the at]Uosplwrl' at a preS8\ll'(' of 14.7 Ills. pr'f 

Sq. ill., C = ] 150.4,1.. = OAi appl'.. aud i" = 212. The formllla is then 

1I - ] l;jOA - 0,47 ( t - 2]2) 
x = 100 .. 

H - 11 

Hand h may bc taken directly from ~Iarks and Davis stea.m tables. 

Determining the Source of Priming.- Bcc311t'C wet st eam is recci\'f~d 

at an cngirlP, it dues not nc('e::;::;arily follow that the muisture originatr,.: 

at. the boih·r. III ,,(' \,cral inn'stigations Ill ade hy our engine'c 'ring dcpart, 

ment whel'(' tltl'l'(' \\,<IS llllllli8t akable e"iderH'(' of "('ry wet steam, the ('a \l"'( ~ 

\\"as traec'c! to defect i\'e drainage of the steam piping and t he Ii prim ill)!; " 

stopped as soon as the drainage was wrI'c('1l'd. 

The propel' inst rument for clet ermining llloist\ll'c is, of eoursc', thc 

tJ1l'ottiing calorimeter Illn '-incb an inst rumcnt, or t'C'\'cral of them, is nut 

always available. In lieu of tiri,,: an ordinary i in. ail' ('ock ('an be Ilsed . 

To jllu~t rat e, sllppose \,l'l'}' \yet "tealll is /'( '('p ived at the throttlc· or all 
engine and it is desirC'd to find ",he re the moisture originates . The fir>" 
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suspicion would probably bt' directed to tbc boill!!'. Therefore tap a tl0ri

lIOutal sect. ion ()f t.he titcam pi'pC' n oar the hoil(,!' nuzzle ut t.he side,.: or 
top, lJUt not at tlH' bottom , and. in;;tall a ; ill. air (·o('k. \Tith the boilpl' i 
HCl'yice open the cock unt il a .i et of ;;team [lO\y,,; fJ'('r.ly and oh~<'r\'l' the 
chara.ctcr of the cli:;clmrl!;t'. 

If t hC' ::Iteum \yithill :1 pip(' doC's not ('untaiu mure thau :l fl ' l\' 

per eent. of J1JOiStlll'l" 111(' di se har)!:e into 1he atmosphere will IWf'O lll l! 
fi llperhented Oil aceollllt of the rt ' dU(,I'd ]lI·C'SSU!'C. XO\\' "IIPl'l'l lP~lti'd 

,,1 (':lln is a.l1110s1 culol'lL's": aUlI fl'e\s ('(llll and dr,\' wll('11 1ht:, hand i" pa';"l.'d 

llll'ou)!:h ii, but W('t :s teum \yill UllJ'1l j lI e' haud and, of eoUl'SC', luuks \I·ct. 

To uiJ:;ern' thi~, in~tall the ('ock wJWl'f' sh'am is klJown to 1)(' p raclil'tllly 
dry or sllpcr lwat('d hilt in tc'rposc' a pie('e of 1 in. pipe about 18 inl'lw:< lung; 
Iwhn :cn tIll' stea llL pipe alld cock. \Yrap som e lu,gging ul'Ound th(' ~ i ll . 
pipe, opeu Oil' pl'i l'uf'1i. ant! I(,t tlw stl' arn flO\\' 11l1til tbC' piPl' is tit ol'Ollgh ly 
bcat ed . The di !Schurgl' "holIid In' as (\c-scrill('d aho"l' 1'01' ';UPl'rlll'utl'd 
S b,UUl. Then \'('1fl()\'(, the Iagl!:ing and 110lll' ('u ld ,,':ttl'l' OLl the ~ ill. pipe to 

' Ilill the' st l'aUi illsidl'. The l:iwnge ill the nature of the ci isdwrgr \rill be 
IllJlnistukul )ie. 

Heturniug to the a!SsIII11C'cl case, if the ,:team at the boiler i" fO lllld 
1() be dry then insta ll 01H' or mo]'(' cot'l~s a long t he steam linl" alii I try 

eaeh until the ~U llI' C(' of til(' truul)lo is found. A " dip" in the pipiug i" 

a freq1lent calIS(' ljf wet steam. 

P roperties of' Saturated and Superheated Steam I 
\Iarks and ]):l\·is 

Tt'ml'('I'U ILU'C in J('!p'('cs Fall),(·nhcil. 

T CIlI]JI'J'alun: Fahrenhe it aiJ"olu le.. 

:-j)(·(·jlil' volume ill ('lillie f,' ''1 per puund. 
T + -l::;n

. . . 

T 
.G ' 
\ -

TOlal II m l 111:1' pound above· 32 ° i.n lJ. T. ( ." .. . . .. II 
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Proportioning Flues and Chimneys 

1' 1884 William I(ent pniJlis ill'd :1 simple formula for proportioning
{ 

dlimncy::; fol' eoal DIll'lling plants. t ogether with a table of eltimncy 

,·npac·itiC':, t: aleulatcd t \tC'J'cfrom (Trans. A. S. M. E., Yo\. vi, p. 81 ). 'Y Lcn 
tlli:o\ blJle' \\':1"; pulJIit'lwci, and for many ypar,; afterward, cual \\IuS ulm()~ t. 

unh'ersnlly hand fired \yith natural draft ancl boiler,; wcre not Opcl":.l tcd 

~ 
::~Zl 

~il ~~ 
~, := .;:n .... d 

t 
<:" 

:;0 I 4.0 1 
:3:3 .~. 91 
::lti 7.07 
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42 !l.fi2 
48 12 .:;{ 
i).~ 1.; no 
li() HJ lH 

Ii(i 2:{.7(; 
72 2'1 27 
78 :3:3 . 1~ 

s-( :j8. -lS 

00 .(,1 . IS 
!)f i :)i) .2, 

102 "Ii. i.', 
l OS li:J .Ii2 

11 ·( 7(J .gS 
.120 i·~.5·1 
1:)2 !l.s .(n 
Jcl-( J1:3.10 

CIII~IXEY SIZE::; BY KEXl" S FOR:.mLA 

lleight iu feet. 

!I\ I 11111 110 12;) 1[,0 175 :!I)O :2'2.;; :l11U "un 

* COIIIIII.llrt·ial bHi i ( 'r hOT5(')JOWC'T 

U:l 11 !I 
141 LW 1.')(i 

17:3 182 10J :WI 
208 :HO 22!1 2-15 268 

2-1.:; 
:{:,O 
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['t:W'O}(J/"U';CE OF CIIlJIXL;'YS l:n 

at mlwlJ aIJu\·e rated capaeity. For this practice, with m edium grudl' 

hitllmiuou::: coal and ~hort direct tiues, chimneys according to Kent't' I alJ]r· 

have gC'nerally giycn satisfactory results. 

Latcr de velopmellts in boiler plant practice haye intrOd\lCf~d complex 

factors whieh nuy greatly fur the same hoiler horsepo\\"pr developed . 

Fuel::: otber than coa l ba YC come into extensive: use; the ha.nd firing of 

(;oal has been largely ::;uI)('rsecil'd by mechan ical stokers with hoth natural 

and forc;cd draft; boiler;; of different type:>, and the samo boilf']' differ

ently lJ~LfHcd , han~ friction losses \\'bidl are far from unifurm for the same 
yolulYlv of gases pa~sing through the setting;; and maximum rat('s of steam 

generatiun per sqllare foot of heating surface ha\'c increa5ed from t\\'o 

tu three times the customary rate \"hen Kent 's formula \\'as deduced. 

As a consequenee ot lIer methods have l)pen ::;uggesteci for determining 

the size of a c;himllcy. 

For tbe gcm'ral rase, because nf till: great vll.riatiQn in the factors 

iu\"oln :d , there can he 110 :::impic relation bct ,,'CNI the size of a chimney 

ami f·i1 iler t.he maximuJJ1 amount. of fuel which caIl be burned tilrollgh 

it~ draft producing powcr or the maximuJII amount of steam \\"hieh the 
boih-rt; cunnected to it can generate. Sinc!' a clJimney is analogulls tu an 

iu<lucC'd draft fan. which sucks gas th rough a seric;; of complex condllits 

and discharge.:' it into the atmosphen:, lI1!'liluds hn\'c l)cen suggested for 

p ropurtiUlIillg a chimney bused on the laws <:OlllllHJllly lI::;cd for the trans

llli,,::; ioll of fluid;; . 

Bt:c:tu:;c t Il!' density of the hot gases within a chinliley is le:::s than 
tiI!' d eJ1,;ity of tile sU lTolllllling air a ch imney produce:, a suct ion, or 

draft, wbidl indu!Ts ga~ to flow intu it. Draft j,,; i \J(. Sall1C' as Pl"C:f':-i IIJ'(' 

d ifference and may he CXlwcs,,;pd ill any ll1lit of prc,;,;urc. The l:ml1l1l011 

unit is the indl of \,':ltp!' eolumn and tile eOllUlIOI1 instrument for nwa::;uring 

it is the draft gauge, which is made in v :1J'iouf' forJll~. 

Maximum Draft of a Chimney. - If a draft gauge is connech'c\ to a 
dlilfliWY j \1st abo\'(' tile point wlH'rc t he gases elll cr l the draft. indieated 

i~ the ('tIcd ive draft of the chilllney. If the /low of gasps eO\lld b(' gradu

ally redu(;C'd wit hout altering tilt· 1C'J1Ipcrutmc of t he gases, :-50 as to dim

illish the 1m:;:; by friction in til(' chiIlIJH'Y, the dra ft indieuted woulci increa:se 

and become a rnaxirnum whclI the flow is zero . 

Thi:-; maximum draft of the chimney depend::; prirnarily Oil t he tem

perature of the e:dern al air, HIL! temperature of the gasc;,! enterin g the 

:h imney , the he ight of the ehimncy and the altitude of IOGatiol1. \Yincl , 
hUlllidity. " arial inn eJf illr' lJ:ll'onwtr i< : ]J[,(,S:"UJ'[' from the !lonnal. vflria
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t ion in i he compo;.:ition of guse::; and ('ooling; l)f gasl'::; in the chiulJw~' also 
::lfI'ect the: maximum draft, but genGrally to a mjnnr extent. In ]ll'w:t ic 
it is cust omary to dr tC'rmine thL; maximum clraft from tNnpe:rat lin: of 
air, t emperature of chimney ga~c:-;, altitude and height. Thi::: may he 
obtained from t he tll'Companying; eur\'f.~S (ta.kcn from Trans, A. S, ::'1. E., 
vol. 37, I)P. 10i5, JOiG). 
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For example, t.ll(' lllaxiunUIl drufi 1 IOf) It. of hL'ight at sea level for 11'j' 

an air temperature of SO ° F . unci gasc:~ a l ;;f)() D F. i" 0.(;:3 in. from the dmft 
l·llI,\,('S. A chimney 200 ft. higll \\'(mlll tlH' rc.fol'l' produe(' a maximum 
draft of 2 X O.G:3 or 1.2G in . For an dl'\':Jtioll of 5900 ft. ahove sea len'l 
the faeto r of l:orreetioll j:; 0.8 [mel the l:himney \\'0111 <1 t lll' refOl'c produce 
u maximum draft of 1.2li X 0.8 or 1.C)] in. 

TIll' l'Oni) lllnptioil of tlH' lllaximurn draft protlllcL'd 1)), a t.: hinllley i" 
illu~trat.l'd in thl: clrawinf!; \\'hit:h follows. 
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TYl'l CAL AWL\XCF. \lE,,'l' OF A BOILER PLAX'l' S U OWL'\G DRAFT LOSSES 

The gauge f indicates the draft in thc furnace, whieh is equal to the 
ul'aft loss from the boiler roum to the furnacc irrespeeti,'e of \\'hethC'I' air 
for comhustiun i,<: supplied by natural 01 forced draft. The difference 
betweeil the readings of gauges rI and f indicatps the draft loss through the 
boiler, the difference bet.\\'een gauges z and d indicates the draft loss through 
the boiler (lamper fram0, R represents the draft lnss in the flues and C 
the draft loss in the chimnl'Y. The effcdive heip;ht of the cbimn~'y, H, 
is ~hown as the height. ahove the boiler damppr since vcrtieal compollents 
of the flu e may he ('onf';idc'red a part of the dumney on aOc()unt of their 
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draf t pruducing power. The structural height of the ('himncy lIl ay be 
Jligbcr by twenty feet or more but tbi!" e:o..i en:;ion haf' nu drll ft pJ'odul' ing 

power. 

Etfecthe Draft and its Utilization.-Tb() d'fC'ctiyc draft of a chimney ~. 

it" maximum draft k:;~ til(' draft los:; iu t.he ehimncy. Tbi:,; c fl'ceti H: 

draft is m1l5umec! in fllrnaecs, hoilers and flues, to accelerat e thl' l!;a:-3ct! 

to t.he ultimate yeio('ity of dif;ehuJ'g!', to overeonw all fri ction h C'1 wcpn 

g,L"'PS and eontad S\lJ'fa('(·" and to OYCITOll1 C tlw loss of prc."\SUJ'e rl'OIll 

e rldics in t.he gas stream. II) pl'adicc, t.llc dTectin) draft of a ('himney 

l1JU::;t. equal tile sum of til e following: 

(a ) 1'he draft in the furnace . 
(b) 	 The draft loss from furna(:c to hoiler dampcr (If d raft 10:55 t hl'ou!!h 

t.he boih' r" ) . 

(c ) The draft loss through the' lJoikr damper frame. 

(d ) The draft los;.; through the' c'conomizer, if any. 

(e) The draft loss in tht' filH' " between boiler damlWI' Hnd (~himnc) , 

The ::;um of these is the draft l'(·quircd at tht' entrallt:(' to tk chimney. 

Wher!.' more than one hoil!.'r is srrwd by a single chimney onl y one p at h

\Yay from a boiler to t hc chinuwy need be eonsid(' rcd but the hoil er "elect ed 

should uc the one which requires the bighest lh'aft at its outlet ur is situated 

furthest. from the ehimney. The othcr boilers may have too m ur: h draft 

but this can uc overcome by partly dosing the Jampcrs . 

Allowances for Operating Conditions.-Thc data for propor1iouill!! a 

d limn(~y should 1)(' ha::;ed on thl' least favorable conditions for gf'Ul'raj lTlJ! 

the l'cLjuirell amuunt of steam (:ontinuQutily with l'(·asollahk· IIpk(,,·p of 

equipment. The aYC'ragc drafts and draft losses obscn'NJ ill buill'r h 'Sl ,; 

should be inerc'ascd by an amount sufficient to allow for PIIOI'(,1' rll l' l alld 

less (~ffi('ient firing , \"hich may uc expected at times. But if the allo\\,unc'cf; 

are too liberal the eorresponding size of ehimney !lot on ly im ·oln'" tt 

wa!-ite of inn'stlllcnt but may abo eause a waste of fud a::' a eon.-;eCjm·lH·C' 

of excessive draft,. This is especially true when the fuel i:3 o iL 

Drart Required in the Furnace. - Thi:-: is the draft. require!l to proliu(; 

or to assist in produe'ing tLe' desired ('oml)lI stion. For lJuilc'J':-: tin·d with 

steam atomizing; oil burners furnace drafts for 150, 200 uLlil 250 pcr cent. 

of rating may b e a:::.sumed at .10 in., .15 in. and .25 in. , r(~:-:I)('C'ti\'(·ly. For 

most of the forced draft underfeed stokers a furnace draft of .W in. is 
ample> for all rate;:;. For natural draft stokers and hand fire d grates th('n~ 
j" a wide variation f()J' difj'PJ'cnt rat io:-: uf heating :-;Ul'faC(' to grate ;.:urfa(;(', 

for difft'l'('nt si7.l's of opl'lIil1g'~ in tla· :,!ratl';': and for di'1'prt·nt. I!:l'nd(';': u 

1,,D](..1FT LOSSES 	 ,)/ 

coal ; hence the furna ce draft to be allowed should be obtained from the 
lJ1lildcl' of thc tiring (·!Juipment. 

Draft Loss through the Boiler.- For the same volume of gases from t he 

fnrnaee the draft loss through a boiler varic." principally \"it]l t 1)(' size 

and arrangement of tulJes and tho nllmber of pa::ises. Thl' allo\\'ames ill 

the following tables will ordinarily l)e ample for Edge ~Ioor hoil ers \\'ith a 
s lIpcrhcatf'r abo\'(, t he first. and second passes. The actual lo:;;::e:s ou:;erycd 

durin/!: efficient operation will be Ie::;::; than the tabulated allO\YaJ1(;e:-i . sinee 

tht· latte!' arc for abnormal percenta~es of excess air. With oil, the ail' 

u te'ring the furnace is easily controlled, and hence the allowances lIlay 

be less than for coal. 

Dn.;\l·'l' Loss ALLOWA:-.ICES FOR THREE-PASS EOGE MOOR Bor-L EHS 


WITU 18 F1'. T UBES A:-.IO SUPERHEATEH 


M ,n:iOlUIII pl' rc~i-' /I 1a~j' ('If rati ng t o be 125 ] ;;0 ZOO ~5U 
J e \'(·i4PNJ. __ I 


Draft loss allowance for ('oa l, ill. of W,lt!'l' I 
"ullllnll . . . . . . . . . . :~ .'i .45 .6;j .80 


D I':lf1 h"s alluwfLJlI'c for oil , in . of W11 t(·! I 

('olllllln . . . .20 ._n
')  .45 . li.5 

DIlAFT L oss ,\LLOWA:O< CES FOil FOUH-PASS EDGE :MOOR BOILERS 

\\TPI! 20 FT. TUllES ~\."n S UPERUE:\ -PEH 

:" l lL xilllllJU IH.: r CI·IHa~\· l)( ra lilLg" tu be 
125 ],';(i 200 ~50do."loped. 

Draft IIJ~s allowun c(, fur coal, in . of walt'r 
('UI(llOH . tj:j. 50 .85 l.00 

Draft loss allowance fo l' oil , in. of water 
0')('olll1lln . (i.') .40 '-") .85 

Draft Loss through the Boiler Damper Frame.·- FOI' maximulll !.'vapo

ration tho dampI·r i:; , of course, a."su!Uc:\1 tLl Lw Willo Open. A,,, a ['ule . tll 
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damper frame is of such Ijberal prol1ortion:; that the draft loss through 
it is IH'gligibk:, lJllt tbi" may lIOt al"'ay,; Ix: tll(' (' :I ;;C. 

Draft Loss through the Economizer.- lll gl~nrrul, ,YJll'l1 economizers ar(' 
installed an indw'pc! draft fan must he indudcd. l)('caw:ic tlw total draft 
rPljllin'd cannot b(~ produr:ed by a ehimm' J" of clesirallle height on al'eount, 

of the luI" temperature of the c::icaping ga:;e;,;. But for lll<)(krate oYl'rloads 
and f-iriug equipml'nt "'hieh H''lllirc,; fl 10\\' furnace draft a dlirnnpy may 
1)(' l1::i('(1. For "Ilch cascs th(-! draft IO~:3 t iJrollgh the ptonol1li7.C'r "IUllllrl be 
obtained from the builder. 

Draft Loss in Flues and Area of Cross Section.- The total draft losf 
shuuld include the lo:;s from friction in the ,.:traight parts awl the loss 
from turns, ineluding thl' turn into the chimney. 'Yhen tile ga :,: ( ~" an! 
discharged from a, flue into a clliJnney of much smalll'r cross sc(,tion a 
l'ono-;iIicrahlr:1 loss uf draft \\'ill result from accderating the ga:;e;< int () the 
latter. 'Yben thc cross I'l'('tion of tlir tlue is 20 ]H!r cent. gn'utt'r tit~Ln thl-~ 

l'I"O~ t; scd ioll of the citirnul',Y thi~ los" tiIcoreti(,ally amollnts to abollt .OS 
in. of \\'atl'r column. Flue'::; arc gcnerally proportioned "0 that the Joss in 
the :,;traight parts will he about .10 ill. per lOO n. of length. 

Otiter condition;,: rcmaining the same the draft 1o,,;:: varies \\'itll the 

weight of gases transmit tcd. For coal Lurning IJIant::; an all(J\\'anec of 
8U 1IJ. of ga~ per llOr::;C]1o\\"er developed "boule! ordinarily lw ample for 
1;')0 per cent. of rating anu (iO lb. of ga:-; per hOl'sepo\\'(' r dcn,loj)(,d fnr 2UO 
pel" c('nt. of rating. Both asslllllpt.ions redu(;e to 120 lL. uf gao-; p('r mteel 
1101'5('])0\\'(:1'. From the }\llIJli"llt,cl fonnuhp for draft 1l)8."es in Hues and 
froU1 t.hese gas weight.:" thc cros::;-sOl'1 iOllal areas of 11l1lilled ::;t e'c\ Hue::; l' U11 

be dciermined. TIlC'i'(' area~, allowing a draft loss of .10 in. pC'J" 100 ft. of 
lengi,h, are given in the following table, together \\·ith the: lo::;o<cs from turns. 

Srzm OF FLUES A:\D DRAFT LOiSSES FOB TIATI)1GS t'P TO 200 PEn CE:\I'. 

Folt COAL 

Ha iud 11. 1'. uf huiler:i . I ~;JO ;""JUll 750 lUOO 1WO ~OOO :ltll)!l -l()OO 

An':.! of ul.llincd steel flue ill 
sq. ft. 10.0 18.5 2:i.G 1 32.2 ·t ·U; ;it; . 1 I 77. f:j I 07.i 

Draft loss PCT no 0 t urn, in. of 
water column .OS . (Hi .07 I .OR .10 .11 .13 .15 

Draft I()s~ 1'(' 1' 4;";0 tnrn, ill. of 
\\"aier C'O\tllllll .()l . 02 .02 .02 .0:1 .03 .O-l .04 

l ~)DDfiAffY L()",,,, IX FLl ES 

For 250 pel" ('('nt. or rat illg t hI' 1al Illl a\l>d an'lI": ,;lIould IJe multiplied l,y 
1.12. \\'I)(,D the fud i" to 11(' (Jillh" 1al ll11<11<·<1 al"l ' u.~ lllaY Ill' lllIlItipliclll,y 
,h for 150 ]lcr c('nt. of rating, 1)), .!l fo)' 20() p, 't" C(' lll. of r~l ill!.!: :tilt! taken thn 
saul(' a~ the tablliated area" for 250 P(,), ('('ni. ( I f l'ntillg. It ;t flue is to])(' of 
brick or conerde the, arl'U for an Ilnlin ed ~t('d fill\, ~h(Jl!lr1 1)(, lYlultiplied 
l)y 1.1:3. For these larger area,,; tile draft 1o"" frUIJl t um,; \"ill h(' :\pjll"OX
imat(,jy l'iglit-tl'nth,; of th(' tahulated lo,;,.:e". 

The draft Ius,; in a l'el'tangl11ar flu e: ",it h "ides in the nIt io or 1~ tu 1 
\\'i ll Ill' only 2 per ('(:111.. greater tklll in a "qllan' fluc oj' till' "~Ilnl' an'fl. 
1"01' "ide,.; in thl' rutio uf 1 t o 2 the loss will be (j pl'r ('('Ilt. gn:all'l' and fllr 
side" ~1 :5 1 to:3 the loss \\'ill he Hi p('r eellt. gr(;utel'. This refers olIly to th(; 
draft 10"'; in the straight parts - tile draft loss('s from tIlm~ arc tll('orcticully 

tbe saml'. Helll'\' an'as as alJO\,(' may be of sl1eh :;hape as to hest nwc't. 
local l"cquirCllH'llt ~, hIlt for a g;iH'1l an'a a square fhw \\'i.ll he dlC:lP<'l" than 

a l"l'danglliar fltw \\'itb unequal sides , 
Example: An in,.:t:lllation is t o ('c)l1,.:ist of four ;jOU H.P. boilers, Sl't. 

sick by side, to operate at a maximum ur 200 pcr c('nt. of rating \\'itb Goal. 
All ulIlined ste(>1 fiue is tn run direc tly aho\'(; 111\' hoilt'r llptak<'~ and 

diseliarge into the c:iIillllH'Y at an anglc' of ..t5 °. The Icngth of ilue, from 
the (x'nte l" line of the l'11d boil(,l" to the cllimnl'Y, i,; to he 10 ft. 

8otarting; ",itll Uw pnd hoiler, the no::;:; section uf the flue just l)(':-,onu 
tbe first uptake ~hoLlld hu\'c an urea of 18.5 ,.:q. ft. The area ShOIlld 
illl'rcasc gradually to just l)('yoncl the la,;t uptake \\'llCre it should be 
5(;.1 "I]. ft. From hel'c to the ehimney the arca siIould rClnain the sUme. 

The draft los::ic:; to be allo\\'cd \\'ill Iw a::; foll(j\\'s : 

Lv>'s due to IUll)l:t.h of fllie = .7 X .to ill. <11" .07 in. 

Loss frolll fiO 0 t llrn, upl n ke t u f1ll e .O(i ill. 

Loss fmlll t WU J C, 0 turn, illl 0 chimney .()() i IJ. 

Ac:edPl"Uliun lo"~ if ero;;s ol'(· ti()il,tl a)"('a~ of flue and (·hilJ.llley arc to 

be aiJollt. cqllul .00 in. 

Tuwl drafl lo.'~ elm, 1 u f1Ul' . In in. 

General Fornmlre for Diameter and Height of Chimney,- The general 

formula for the diameter of an unlined circular steel chimney a.t sea le\'el is 

_ ,,!0000l72 T (If P.)' 11" 
tl - \ p 
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Whc ~l' d is t Il(' in;:idl; d i:.U1wter uf the chilIll1<'Y in in .. 7' is t he ahsolute 
i l'ltl] )('rat1ll'c uf t he cbiumey gasc:; (equcd;; tplll pC' ratu!'(! in dl~g . F . + 4(;0) , 
11 Y. is t Ill' /1W .1·/1I11I III Goiler hOI':;cpmH)r to be dl'\'e\O)1I'd , 1\ ' is t i ll' weight 
of g:as(~s pu~~i ng througb t he ch imney in Ills. PCl' hr . pCI' H. P. cle,"elopecl , 
alld p is t he draft loss per IOO ft . of Ileigbt in in. of wa[l'!' (:olumn. To 
ohtain t he C\ ia nwtl'l' of a eil'l'u lar hr ick or bril'l.;:-l iol'd dl inlllC',Y. rl shonld he 
mllit iplil'd h~' l.OlL C:llt; l! latioll~ II)' tliis fUl' l!J uia are (' a~ily lI ltHlc hy 
lTll:Ull:- of logarithms. 

T he formula for hcight is 
1O() I ~ 

J1 
I ' - Jl 

where 11 is t he effeeti,'o height of t he (~h imncy in ft.. R is t lw draft req uired 

ju;:t aho\'o t he entrancc to t he cbillll1e)" P i", t he max im um dra.ft of the 
chiI fIll{ 'Y p CI' 100 It. uf height and 7) , as hdcu'l" i:-; t he d raft luss in t he 
l'hi!l1l1ey pCI' 100 ft. of height. By a.:;suming diffeJ'ent Y:litH'>; of jl fo r a 

fixC'c\ :-;(·t of eondit ions t bl'sl' two forffi ul :.c wi ll gi\'e different siz(':-; of eilim
n(-'y~ haying; the ,.:aIlle capa city . 

Simplified Formulre for Ordinary Installations. - It is cllstomary to 

assume that a ehi rnnc.Y will hI' 'yell Pl'OpoJ't iolle(\ ,,-ben t he draft loss 
in t he ehi mIwy i::; t wo-tent hs uf its maxillll llll ciJ'aft. \Y ith this :lSSllmp

tiun, a llowing for eotd 80 lb. uf gus pel' hr . p CI' H .P. c\C'vC' lopC'd foJ' 150 P(' J' 

cell t . of rating, GO Il ,. of gas pel' hI'. pl'r H .P. for 200 )Jc'r cent . of r:1tillg, ,),
]1.;. of /!:US J)(,J' hr. 1)('1' H .P . fur 2.)0 pel' (;('nt. of rating, und H,,:-;um i lli!; I !J(' 

sam!' a ir and gas t emperat llre:; as for the subseqllent form ub : fur llL'ighi, 
t ho formula foJ' diaIlleter of an unlined stl'e\ cil irrllll'Y b('CUIlW !'

r1 ~ ·O]() 1/1 ./'. )2 fol' 1.50 PPI' ( '(,Il!. of rn tiug. 

J ( )-t !l1J (1/ .1'. )2 foJ' 200 I)(!!' c!'nt. of r:J! ing. 

(j ~/HO rfJ.l ' .)'i for 2,;0 p,." (:1'11 1. or l' :l1 illg . 

-where d, a,; befor!', i:-; the inside d iamet er of the eh ilTuw)' in in . and H .P. 
i;; tll(' maximuill hor,:epo\\,cr to be developed . 

Diallleters foJ' 150 Hnd 200 pel' eent. of r:1t ing by t he above fon nu] ,e 
but expressed in t Cl'lll": of rat cd hOJ':;epo,,"cr a J'e practicall y the same, 
he\l ('(' a single QUIT e answers for hot h r~t1eF. T hi s cur \'(' is )!;i w'\1 on the 
oppo;;it c pa/!:e fi nd may 1)(' IJsed ill stead of t he formula;. D iamders for 
2,")() rH'\' ('('nt . uf ra tillg: "hol\kl I,l' 5 prr (·(·nt. largC'l' . \\'h(, 11 1 lIP fuel is t o 
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1.J2 LWU/:' JWON lI".l 'f'EN TUN:' HOfLh' j( 

Lc uil the alluwunC'(' (Jf gas ]ll'r hor;::c:po\ycr lUay he redtltNI. For 15() 

per c('IlL of rating the dialUcti'r ll1:.1~· l>e!)O ])( ' 1" ('('lit . of tll!, rliallH't('r aC'('onl
ing to the emy(', fo r 2(J0 pcr c(' nt. of ratillg it may Le 95 per CC' llt. of t hi,; 
di:nuc( ' l" and for 250 r)(>r ('cut. o f rating it may he the ~an1(' a:-< thi s lliall1ctcr. 
Fur a bri('k or a brick-lined chimney lll\lltiply the diull1l)i:er ubtained :.1:' 

aboye hy l.(J(;. 

1'118 height :.1t ~ea lcn~1 may be ealcubtecl hy the form\ll:x: 

II 2l!i R for l.ll) per l·ellt.!If r :l lillg:. 

" l!JS h' [III" :W() pr J" ('1'1 Ii . of ra I i1Ig:. 
f1 lSI N for ~.-)() p('r ('('Ill. elf rat ill>'-. 

where, as b<"£ore, II is the dle('tiYe IH'ight of tlw chimnry in ft. and R i" 
tlw draft required j\lst abo\'(' the cntranee to the ('hilll!)C'Y ill in. of wuier 
COllllllll. These fonullla; art' ohtain('d from t he !!;l'lH'ral formllb hy al!o\\'
illg tWO-tCllt Il~ uf the maximum draft of t 11{' cltil1lIl(,Y for friction loss in 
t ltc' ('hillUley and asslllTling maximum drafts a::; follow:-;: For HiO per 

Cl'llt. of rat in!!; P = l1.:)8 in. (ext C'lTlal air at 80 ° F. and chiml1l'Y ~a:;e" at 
;j(JO o Y. ); for 200 per eent. of rating P = 0'()3 in. (ail' at 80° anrl p;a:-<P" at 
5.,)0 °) ; for 250 p(,r cent. of rating jJ = O.tij in. (air at 80 ° and ga:-;('s at (WOO). 

using the CUlTe and (,OlT('ctivc: factor:'; for diameter anti the proper 

formula for l!cigbt, til(' si~c of chimlH'Y for au ordinary instullut ion is 
easily ohtainp(l. ].'01' ('xamplt', an installation :1t about sea lewl is to 
consist of stoker-fired lH)iler,~ :l~gr('~atillg 2000 ra1('d H .P. to 1)(' operated 
up to 200 per C'l'nt. of rating. From the curve on pago 141 tll(, tli an1('t ('1" 
of an \llllini'd stce] ('himncy i:iboultl be approximately 0(5 in. A hr it'k 
chimney sho\lld ha\'(~ an inside (liamctcr of 9() X l.OG. or 102 ill. 

To determine the height it is lWeeSi'ary to t'aleulat(' tit(' draft rt' <[uin'd 
just ahon tll() entrancc to the erumney. For the speeific problem t.his i;: 
assu 1l1ed as follows : 

Draft ill tIll' fllrtlucc .10 in. 
Draft Im;s in boile r . .U:, ill. 

Draft loss in flue (~N' page l:lD ) .Hlill. 

Total drafl r()(plirl"d at c lltnllH'e to chimney 04 in. 

The cffcctiye height accOI'ding to the s('concl formula abovc ~hould be 
198 X .9-1, or ] 8G ft. if t he boiler dam]wrl' a rl' to h(' 14 ft. aboY(' tlI(' 
gnmnd level the structural height of the chimney shollld be 18() + 14, or 
200 ft. 

S!Z E VIC ("ill JIX1.T l -!J 

In ('( '1"1":1ill C':J:iI'S the si7.c vI the chimney by the aboye llll'1llutl 111: 1' 

110t Ill" the clH':I]l(';:;t t u huild ur it lllay 11ul 1)(' :-illil allle Oil aeCOllJlt of loc.;~ 1 
condit ionl'. For such cases utlt(~r "ize:; may be ol li:ained by 111(':JI1:-< of 
th(' ;!;crll'ral fonnlli m on page" l:m and 1-l1J hy as.slUning "a111(,::; of j) Ie, ..; 
1han .12 in. for l:ugl'r tliamctc'rs, Hlld greater than . 12 in. fur :<mullrr dia
meter!" , \ll'in.!!: the: ;;anl(' ",due'S o[ T, \Y , l' amI cOlTe<:tiYt~ !"adoI'::; as abOYl', 
llnlc'"" ('onditiom; \\'arrnnt dilYcrt'nt as";I1111jltifll1 :-i . 

Chimneys at High AHitude. - Frulll ('Ollljlaratiw test;:; at high aliit lldl';'< 
:Illd at S('a It'Yl 'l it ;;ppm:' that nil' d.raft rl'<jllil"l'll at the hoiler outlet Irit II 
"illlilur eq1lipment and fuel may 11(' t]1(' :'aln(' at all all it 11<1('" for tho "a111 r 
rat l' uf cYHporaiioll. For a ~i\"('n \H'ighl of Pl>'C:-i pa:,,,ing through til t..: 
hoiler t h(' draft 1o;.;" ;.; llOUld iU(T(,us(' t1ll'orcti <:ally b('('a lISe the YO]lImc cf 
J:l;U";(' :" inc'l"('a:-<cs with th(' altit lHIe>. BlIt as it d()( ~s lIot, it i~ likely that 
\I'itll ai l' of 10lrel" (h'll:,iiy Ie::;,; ~X<:l''';'; air hy wciJ.!;ht i::; required and ,.;ucit 

!·'JlUjll'll",a.t ious rC':<lIlt tha.t allO\\'alH'('" for draft- hb"('~ lllay he takell t he 
,.Ullll' as ai ";l':.l Il'\"d. Thus, if th(, aSHllll( ,t! ill,.;1 all atiun [;on :, idl,rt·d al )oY(' 
i" tu 1,(· at an cl('Yatioll of ;j!)OO ft. ill!' draft reqlliretl at the Cllt!'anC(~ to 
t Ilt' t'hil11lwy may abo I)c takt·u at .\),J ill. 

Huw(,YCI", the ::;i~(' of cilinuwy 11111st 1)(' ilHTca,;cd amI, g(,lIcrally , the 
flue u::< w<'ll on aC(:Oll11t of the ]O\wr maximulll rlraft of the <:hinll1l'Y. Sec 
p n).;!' 1:1 1. For calvlllahug the size ur till' l'hill1lH'~" tll(' !!:crJernl fonnllhe 
(II I ]1a);('''; 1:1\1 awl 1-10 may 1)(' ll:,ed , allo\yiug yalues of fJ k~~ than .10 in. 
ami :ll:' ~uJl1iug T and W th e :;allle :.IS at ::;oa len:!. 



Testing Instruments 

I F the pe.rform~,nc:e of a sh'um 6.r r.ncrato l.' .i!" guod.,. ec~'ta in ('onditioll~ 
mllst (,Xlst . Ilwl'P must not hp too rnll('h ('X('('SS Ulr m tbe ga;:p" , 

whieh is indie:.rLed by t l)(' alllOUIL1 uf uxygen pH'sellt, th(· drafl I() ,,~ through 
11l(' boiler mnst h(' nurm al and 
tlH' 11'lIl)wl'utul'(, ()[ ('~('aping 

gasps fllll~t nu1 Ill' high, It i~ 

th('l'('fol'(, possiblc· to find Ollt 

u great tI('al about boi ler I)('r
fonnanl' (' by means uf l.:l'l'tain 
instruments without \\' cigbing 
a llY wat('r or fuel. 

Tlll'l 'C' claSS(''; of illstrulll('nt~ 

an' l'Olllluuuly \ls('d: gao-' Ulla

IY7.crs, draft gaug(',:, aud th('l'
mOIlwtt'rS and pyromder:" . 

Orsat Apparatus.- Thl' l)(':,r 
known and thl' mo::;t ('OIll

mOllly used of the ga" a11a

lyzel's is tll(· "Or::;at" of whi t'1 1 
t he UC('ol1lpanying il\ustrutiun 
is typical. Cas is drawJl iu t (j 

the gradllakd " j JlIl'l'ttl' " . 1, 
r11('aSlIr<'ll, and t hell pa,;,;('c 

SU(:('('s,:ively into " pipl'Ttl'l' '' 
D , R , aut! F, TIll' alJsorption 
in ('a<;h pipdte is determined 

lJY ret urning tht' gas to t lt C' 
hurl'ttc and not ing t ill' ,;brinkage in VOIUlllC. The rl',.;idllc of gas is usually 
takeu to l) (~ nitrugpn, but there may be ";llIall qllillltiti('''; of ntlJer ga>'es 

pre~ellt. 

Tbe pipettt' D is fill ed witb eautitic: potash for absorbin g the carboll 
dioxitl(! (C02) ; the pipette B ui;ually wit h a. solution of pyro!!;u liic aeicl 
in ('~:nltiti(' potash for alJsorlJing tl)(' oxygen; and the pipdte F wi th all aeid 
:'\(llution of ('uprom; ddoridc for ahf'orlJing the carDon monoxide (CO) . 

Preparing the Solutions.-Thc ,:,olu tiol\::: for absorbing thv ear) JOIl 

dioxide and I'X('P:"5 oxyg('n are l'asil~ ' ]lrppan'.j by an.VOI1<' , bllt it i::- () rdi
( 14A ) 

Orsat apparatus 

TE ST/XU /.VS'J'lU : M E ,Y 1'S l!3 

nariiy preferable to ha\'(' t he solut ion for the carbun l110nuxide furn ished 

lJ~ a ehemist f(·udy for usc. 
Fur Carbon Dio:ride.- Dissolve the heiSt quali ty of t'uu:;tit' pot ash in 

wat er in tht' pro)Jortion of 5.;) ounces eautiti<; potash to OIl l' pint or w at('l'. 

Let the so lid partich:,.; "eltlv and usc only t he dear solution. 

Edge Moor boiler equipped with pyrometer. draft gauge, and Orsat for the 
study of boiler performance 

For Oxygefl..-D;ssoh·c \yhi te resublil11('d pyrogallie ac id ill eaustie 
solution u,; alJOYC ill t lte proporti(lu of o.~ mlllC(' <[eid to one-half p il l t 

cauf"ti( ' ~( Iluti on. Prp]Jan' short ly before fillillg; the ()r.~at apparatus and 
protect fl'Ol11 l' hI' air 



1~I O EDG'F: JIOOH 11'.1 TDt 'lTlJj;' lJOfLHR 

Absorbin g P o wer of Soluti oll s.- OUl' pipl'il(' (ulHJllt 125 l:,C,) of the 
1'1'('811 ('Uus1ic' pol a ::: 11 ~ i .)idi()n \\ 'ill CJ llil'kl~ ' aLsor]1 thl' CU~ in :l11011t 

fif1y ::'tlmpll'" uf flul' g;a ~ ; Ull C pipl'i1(' of fn''' ll p~'rog;a lb- ~lI'id :,, ()JUticlll 

prot cctl'd fnllll the ail' call he ll ::;('d for ;10 to -!O dl'1 erJlliJlal iOll:; of ox~'g('n ; 
awl 011C' pipC' tl (' of I h(' C'lI]lro (J s c']tloride ,;olllj iUll fot' 1he allsOI']ilion oi 

aholl1. 50 l',C', of co, Uf l'UII l'Sl' " t Iw ,;olnt iUllS will nul ])(' :;al11l'Hj( ,,) \,lwI) 

L]j('Sl' lilllil s haY(' 1)['c' l'I I'l':l('lll'd i ll Ii 1he rate of ai,sul'pi iOIl will w:1l1t11y 
lwgi ll II, Ill' ,,1 ,, \1' l'llflllgh lu 'II';tJ'!':J.ul changill,L!; Ill(' '::OII 11ion:, 

ElUson Ditlerenlial Draft Gauges. 

Draft Gauges.- TIIl' 111O:-\i ~at isfal'iol'Y draft gnllg;c's for taking drafts 
withill a lliJill'r "dlillg; ar<' of 11ll' diJ'('l'1 readillg (diiYp},('llti,t1 ) typl' '\I'jth 
graduatioll s III ,OJ ill, oj' \1' al l' I', The liquid Il~c'd ill tliC'!<e i,: l'()llllllllllly 

a colored oil approxima1ing kc'l'lJ':('IH' in ,.;pccific g ravity, 1' lIi::; iti 1ll1ll'L 
superior tu watel' bc('a\l~(, the; capillary ati.radiOlI is 11''':-:, Ihl' jiqui d j " 

lllore l'a;;ily spen, <.Iud the glae''' 'I\' ill not bCl'OUle c:uat('d wit!J a dej)Uf' lt 

as till' liquid ("\'apura\l'S, The graduatiun:) an' madc,;o th at the rcadings 
'Iyill IIC et[lli'l'a1cllt to thu,;{' un a 'I'\'ater gang('. Tll[) drafl pipl' ~lJtHI1d 

l)c' ill~I'l'1 ('d "U 1ha1 Ill(' IllOlIt b poillt ~ at right angle:- to til(' paUl (If 1 hll 

gas alid lIUt in a clir('('(i<ll1 plll'alld '\I'it ll it: ill til(' http!, ea";l' a !'abc 
draft lIlay be i.ndicai cd on <Il'l:Ollllt of the lJl'c,;,:urc ur ,;\letioll produced 

by 'I'clol'ity, 

Thermometers and Pyrometers,- \\,itlt lllc!'cury instrUlIH'uts CITfll'S 

an' apt to I'(':illlt l) ('cau:;c: of illcomplete exposure uf the stem, l\[cr('Ill'Y 
PYl'OWl'll'l''; for taki.ng ga,; tell1]Ji'raturC"s sh ould nut he in':cI'11,d through 
brick 'I\,<1lls !Jl'c'rlll ::iC! a l:oll:;i(\crahk part of thl.' ,;i elll 'Iyill ])(' l'xpOi'l'd to a 

TIIEH.1In,JJ ETE RS Li lY D ['I' fW.lIETENS HI 

1'(lldr'r ivllljwl",liul'l'. j'('''IIlliug ill lo ll' l'l'ading~, Fu r huill'l" tp:-lillg,I,ll'l'lril' 
pymll]('lc' rs arc I'lludl lU(ll'l.' C(lu'I'clli clit allli lI,;lwlly U11J!'(' al'l' Ilral1' t h~lJl 

H!1' J'l'liI"Y iH"jl'lIJlI l' 1l1 s, 

J1 i" illlportant. that, tile thvl"lJloeolIp1c, 0 )' llUllJ and~I CIJl, 1)(' placed 
ill tll(' al;ti n ' Jluih or the ).!:a;:; pas:,agl' f.lWllll)i in a ,l tlNld" spal'l' as hehind 

it part iall~' OPI'lll'll dam!)!')', . \,1:'0, carl' ;.;hullld ill' taken t.ll k C'l'P the l'xjlo::;cd 
part ()j' 1hi' i ll :,J rnJIl(' ll1 as far ~ l '; p(,,:,,il >II ' from 1he n ' I,.t in,ly ('1 lid lH'uiing 
-;ur I':! L'I, [II' 11l l' huilc'!' Oil ![l 'CO llllj uf Uw c1lillillg clT('ej dill ' to J'aciiaiioll. 

' YIH'll talill !,; lc'1J11'C'ra1ul'l'Ci '\\ ' iihill a hank of tul;1:;:; l\'i111 all dr'chic pyrlllll

l'1( '1' tlt n adual ll'ILlI.lcrahlre of thl' g~l:-;C'; ill <:(l lll,[('t 'Iyill.! tb L~ lull['': i ~ 

~IJJJl('I\lwt lligh(' 1' tItan indicated CH'n wh en carl' j" taken 10 adjll :;1 llJ(' 
l'()uplc fur rnillilllulli radial ion d lcl'\ , lI'hieb "hould alway::; be done by 1II O'\' 

ilJ g the l'ollplc~ in and (JUt. alJou1 a kIlf-illl'll at a liwc, until lhe high('~l 

Il'luperatlll'l' i" indicated for u ::;teady ruk of firing 

http:II';tJ'!':J.ul


IHiscellaneous Information 

rr,HE closing pag(;s han' hee n dCYllt l'd t o inforll1ation suggest ed by 
cxpuri(-, nc:.c a :; useful in thc lIl aJul.g('ruent und design of st:culll- iwi tl..' r 

i II "j :l llat iOIlO'. 
Calculating Horsepower from }'ueI Consumption.- Jt i,. ~() lU('ti nJ(' " 

dr'::: ira l,I(' t u dd(TIIIiue, a,pproxirnat<'iy, thp ilorsepower dt'\"('lo].led 1'Y a 
iJoil!'!' without. g(ling to thl' ('XI)('lI"(' of JUakilig a reglliar test. In ::;uch 
a ct[ :o<u t he mdhod outlincd below ha:; been fuunel u,.,l'ful. 

\\'eigh tiH·' fuel fired during seycral hours. the lon gf' r tlw bd ter , an d 
cukulate the fu el ],urned per h our. If the flld i" ('oal, it should be fired 
so thcrC' wilillC' alJout a" Inu('h OIJ the grat e at the end as at. th c heginning 
Dr t ill' nIn. FroIt) a kno\\"h'dgc of tIl(' flld , l)()ilcr, stoker and f1r Lug C' unrl i

j iOIl,., as sum e a ea\orifie v[tiue for tite fud as fin;d alld a reasunable l'ornbirlC'd 
vffieiC'Ilf':". and cal culat e th e hursepowC'r hy the fornlllla 

fl. P . = Tr>< JJ X H 
:3:3480 

\Vlwrc W is the \\Tight of fuel burned Iwr hour ill IXJlIIH] ::; , H is th e· a",.;unwd 
calurifiC' v~lue of the fud ill B. T. C. pcr pOllnd , E i" t he ('omiJilled cffi
t: icnuy of the st eam generator and :";::aso is the heat equinticnt, of une 

huilcr hnr,,;cT)()w('r. 

E::..:alllple : An a \'cruge of 500 puunds of coal was burned per hOIlI', 
the estimated B. T. L in t he coal wa,.; 1+,OO() and the (:stirnat pc\ d ficicney 

\\'as 70 ]ll'r ('c nt. \ \" hat i" the hor"l'l'lJ\wr d('\T lopcd ? 
Ans .: 


500 X 14,000 X 0.70 

140 n. p .

:3:H80 

T lw llUl'"c'pO\\"('1' c::ilculat..(,( \ illt hi,.; way will rr'l'l'(,scllt , of cour"l-' , only tiIe. 
a \"('rage developed alld lllay 1)(: cOllsicierably less t ha n the lllaXimlllIl. If 
a dampcr regulator is u,.;(!d t \)('1'(' !lIay 1,(, wide variations ill t lIe hor,.;( :

['()wer developed by the lJoilcf ('vell t,llUugil t he' demand for steam i" fairl y 
c:un,.;tant. Hence hal1d regulatioll of till! damper should be employed an c! 

adj llstments made "lowly wllell lIlaking a rUII a,~ indicatt~d above. 
Provision for Replacing Tubes.- \ Ve give below t.he minim um linear 

d i ~tflll C' ('S "'hieh should be allowed, e it bel' at the fron t or rear of 

ho ilers. f()r l'q,\acin p; tul,C'", . Whilt, in SOTll e" plant" it Ituo< not bC(~lI 
( 1-1'-: ) 

.II j S('EL L.1.\H(lCS rs FUN.!I ,l'n(}s 14\1 

ne !; l's".'~a ry to replace' a :"Lngl\! tube i.n many years of sen' icc, yet there is 
H hnlYs a po,,:::ij,ility tl wt :I t 1l1)(' will gin' \\'flY due to scale, eorl'o"icJl\, or 

ot hcr Call';l''; ; anel it is therefore \\"i"c to [lro\-icle for thi". 
In geueral , it i,.; better not to install any coal-handling apparat,us in 

1"ll('h ]oeation t hat it 'I'ill havc to bc taken c!m\"11 to rt'pl ac8 a tube, 110t 

(lilly 1w (' au;:.(' of t he extra lahul' rcquin·d but also ],('(';[\1';(' of til(' extr:l 

time [('qllirC'd. as the failure of a tube may uCG\ll' just. when a slmt-down 

C :.tJ.l 1)c Iea,:t aff urded. 

Por WIt. 11I/lI's,.1 .I'holild /If) t. VI' 1('.1'.1' thllli 1Ii ft. 0 ill. 

" 18 " .17 ft. I] Ill. 

" 20 " " " l!1j't. Oi ll. 

Of ('uu)';:;(" it is not 1ll' C' C' ;;sary t o han' the dear spac(' for r('plal'in~ 
tubes ('ntir('l~" ill tlJ(' lloilcr r(JOII!. \Yind(lw,,; or doors ()f t be proper size 

may j)C plu('('d opposi t e t he t ubc "lll..'ch of ('it her h('ailer, tllJ'(}ugl1 \\"hieb 
the tubes C:lJ l b(' passed, jlro\'ided pila,.;.t ('r,; and col\lllll1s arc sC't ::;0 t1 wy 

\\'ill not int erfert'. 
Flow of Steam through Open Pipcs.- !ior the fl o\\' of ::iteam into the 

atmosplwJ'(' ::\apier's formula has. ]'e(,11 found to gin' rc:-;ult s \\'hiet! <l;2.l'ee 
('\o :-;"ly with tho,.;c qlltaincd ('x]H'l'il11C'ntally. If 1.1' is the \\'('ight o j' "t('HIll 

dis('h arg('c\ in to till' ail' throllgh :1Il orifi ce:' in pounds per s('('o nd , ]J H)(-' initial 
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