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prov1ce eas “access to the 1nterior.
W

Smoke Ahatement

Work Has: contlnued by the Moael Smoke Law Commlttee of the Amsrlcan"‘
Seciety’ of Mbchanlcal Engineers on the preparation of a model smoke law.
Surmary £0 provide -a basis for establishing dust-load limitations was mads
of test data on the amount of "dust" emitted in the products of - comoustlon.
by different tjpeg of fuel-burnLnn equipment at various loads and on the.
dust-cat Chlng efficiency of presentrday dust collectors, Two meetings of
commlttee were held at New York CltJ and one at Pittsburgh. A.semifinal- drar
of all sections end comments covering about 5 years!' work was completed; i
is plannea this comlng year to ‘complete the work now assigned to this commi
tee, Consaltln serv1cefon Farious problems connected with smoke abatement
was glven 1o clty off 101a15r1n Tos Apgeles Callf., Uashlngton, D, C,, and
Iacoma, wasn.

Hatlonal Fuel Ef;lclenciiP“ogran

work was GOntlnued cn, establlshino and malnzalnlng a neuwork of actlv
volunteer coal~conservation workers. The chief objectives of the progran
centered around a Nation-wide effort to conserve all Tuels through their md
‘efficient utilization, The progrem vas under the general guldance of the
Netional Fuel Efficicncy Council, composed of fuel engineers of national reps
utation. The council heid two gepeval meetings during the year and carried
out many individuel- assignments., Some 190 coordinators directed the program
on fuel: conservabion in their individual areas, . About 830 engineers and in
dustrialists of outstanding reputation locelly served on advisory committees,
of the various coordinstors, ~Some 5,000 volunteer engineers made plant sur
veys and obtained +the cooperation of more than 13,000 pliant owners and organ,
1zations, who then appointed employees as "waste chasers" in individual -
plants to direct the engineering work of saving-fuel. In addition to the;_
personnel of the Washingten, D, C., central office, district engineers, wi h.
offices at Chicago, I1l,, Indianapolis, Ind.,.and Kansas City, Mo,, and two_
other district engineers visited the coordinstors and their cormitiees as
aides in establishing and maintaining the program in all of the areas.

Various general meetlngs were held 1n different cities, and talks were
ma&e before both national and local societies and groups., Apnroprlaﬁe liter
ature was preparea to acquaint operating personnel wlith the best methods of
operating power -and heating: plant equipment vc effect maximum fuel comnserva-
tion., Twenty-nine nevw waste chesers' gquiz sheets were issued during the fis
cal year. Upon requests, a total of 1,244,080k copies of these 29 and lédother
earlle“-publlaned guiz sheets wers distr;bateu, e total of 363,798 copies:of
single-sheet explanatory memoranda accompanied X0 of the quiz sheets, - Three
new quiz sheets are in press; and 5 are iIn preparation. Check sheets numper-.
ing 16,275 copies on industrial furnaces, 17,443 on heating plants, and 49,7201
on 1ndhstrlal boiler plants wsre" d:strlbuted to the waste chasers, & total
of 1 150 ¢opies of Recoamended Procedure for Coordinators and 54 ;223 copies -
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~f..the Brief of Regional Engineer's Proceglure6_l/ were éistridbuted. Publicity
%n the National Fuel Efficiency Program was furnished gratuitously by many
panies. This publicity was in the form of 4 colored posters, 6T articles
industrial and technical publications and house orgens, advertlsing space '
magazines, and a broadcast over a national radio hook-up; posters distrib-
1t &°. by request numbered 54,225, Three hundred copies of 3 publicity press
% eleases were distributed to all nmew coordinators for publication in-local
ewspapers. Nire press releasea covering the development of the program were
distributed to the general press through the Office of War Information.

As an example of how the campaign to save Iuel operates, the field sur- T
work in plants in one &istrict of the Pittshurgh, Pa., area will be sum-
zed briefly, Seventy-five man-days were. spent in the field inspecting’
heating plants. The territory covered was predominantly residentialy 77
the visits were made to apartment houses burnihg an average of 185 tons of
“gach per year. Other plants, such as hospitals; schools, ceéntral heat=
plants, and commercial establishments, had higher average consumption; -
%otal annual tonnage burmed in all plants inspected was Th,600. No ‘re-
ship could be detected between the size of the plant and the sffiglency
peration or the physical condition of ths eguipment: The Tuel savings
le, therefore; appear to be nearly independent of the size of plant -
“range of 50 to 15,000 tons anmial consumption of coal. * Based on esti~" -
ted ‘Savings possible, approximstely 6,500 tons of coal could be consgrved -
‘one Pittsburgh aistrict or 87 tons of coal saved per men-day of in~
ion time if the recommendations of the regional engineers were followed. ™

Aréng the many articles describing the wori of the National ZFuel Effi-
Program, the following may he mention‘ed.-as'repres_'entativé. 2 RS A

: P:E‘operbies of Coal Ash as Related to Clinkering ..aﬁd-Slaggiz_ig -
‘TExcessive accummlations of slag on the h’ea‘t‘—abéofning surfaces of la;rge, -
trel-station boiler furnaces -often cause difiiculties in ‘¢peration and in-
ers: seriously with the expected transfer of heat from. the furnace through
ler tube to produce stesm. AS a .result, nobv only may the circulation

ief of Regional Enginesr's Procedure: Nat. Eng., vol. 49, Malzjch 1945, ‘
196-198. ' oo .
¢asley, T, C., Work of the National Fuel Efficiency Program:~ Min, =
ng., Jour., vol, 30, December 19k, pp, 26-28; Proc. Illinois Mining
Jnst., Oct, 27, 1944, pp. 2%-29; discussion, pp. 25-31; Smoke (Official -
Bu11, Smoke Prevention Assoc, America, Irc.), vol. 11, June 194k, 2 ppo
kley, J. F., Fuel Conservation: Manual of Tnstructions ¢n Proper
iring Methods (Official Pub., Smoke Prevention Assoc. Americsd, Inc. }y
5, pp. 1-12,. ' I o v
g . he. National Fuel Efficiency Program: Solid Fuel Fng., vol, 3, August "
' ' L pp. 8-10; Nabe 8ng., vol. 48, September 1ghl; pp. 585-604; Octo-
510y, po. B41-656, 6733 vol, L9, April 1945, -pps 278, 2807 Heating; -
ing, and Air Conditioming, vol. 16, November 1okl pp. 65, 66, 621,
8; and 640; The Rochester Engineer, vol. 23, Janvary 1955, .ps 93
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of water end steam within the. boiler be .affected, with pogsible damage to.
some tubes, bub supérheet control ds difficuly, and oftentimes the ouiput
the b01ler mist be decreased to permlt opergtion within gafe temperature
llmlts. ‘”leanlng of these badly fouled surfaces during opergtion usually
requlres excessive labor; if the deposits-ocour in inaccessible locations,

it is .often nécessary to shut down the boiler, with resultapt loas of steam
ing capaclty of the power plant. Studies over the past several years of
physical. properules ‘of ‘cogl-ash slags at high. temperatures have furnished
mich needed fundamental: rnformaulon from which it has been possible Lo ana
lyze the factors controlling the thickness of these slag deposits. |
factors are divided into two.classes, one fixed by the properties of the g
and the other devendent upon furnsce. .conditions, . For the slag, not only is
the V130051ty of the- llqald portion important, but algo the "temperature o
critical’ v150051ty .at which the slag changes from a fluid o e ‘plastic sig
on slow 00011n0. " 8ince both the viscosity and the temperature of crltlcall
viscosity are related %o comPOSrtlon, it ig possible to predice the relatlv
thickness . '“;sle deposits” for different slags of known compos;tlon under
‘idealized furmace coniltlons. Figare 16 shows the relative thickness of slaf
deposite, of a wide range of ccmpositions in terms of the total iron content, =
‘computed-as. ‘Fenl3, the smount of Cel present, and the ferric percentage, whic,
18 a measure of thé stdie of oxidation of the iron forms. Although computed
for the -case where the. furnace side of the deposit is at a temnerature of

2, 800° F, and the cold side in contact with the tube is at 1,200° F., simi
plots can be made for other furnace gonditiona. In generel, Tor fixed fur
nace conditions, -increased temperature of critical viscosiiy and ‘increased
v1SCOS1ty of the slag cause approximately equal increases in the thickness
of the slag deposit. However, as the temperature of critical viscosity ap
prOacheb that of .the furnace side of the slag deposit, there 1s a large 1n'
crease.in thickness, independent of the viscosiiy. Increase in the iron ¢
tent of the slag, as well as increase in the fraciion of the irom in the
ferrous stete, decreases the thickness of the deposit. The relative thickne
is also decreased by increase in the CaO content, the effect being greates
with ‘slags containing less than 20 percent equivalent ¥ep05.

Thermal Conductivity of Cosi-Ash Slags

o obtaln data on tne rate at which heat is transferred througn dapos
of coal-ash slags, and to furnish information on.sglag characteristics %o bet
- ter understand the action of slag in large industrial furnaces, a study 1is
being oomducted in. oooneratlon with the Special Research Committee on FurnaC‘
Performance. Factors of the Mmerican Society of Mechanital Engineers, D981gn
~and constructlon of the experimental apparatas ig now 95 percent complete.
Methods -of mﬁasarlrg the thermal conductivity of iiguids are morc gifficult
than with solid materlals, and proplems resulting irom measuring temperatures
as high as 2 ?OOO F. furcther ‘compllcate the design of eguipment. The prin-
ciple used is to confine the molten slag in the anmular space between two
conoentrié platlnum alloy cyllnders; thermocouples atitached to the cylinders:

63/ Reid, W. T., and Oohen, .y Factors Affecting the Thickness of Coal-Ash
. Slag on Furnace-iall Tubes: ' Trens, Am. Soc. Mech. Eng., vol. €6, 194k
op.. 685-690; abs. Combustion, vol, 16, July 194k, pp. k42, hh

ghl . - 66 -




“{ 1 7 J0 0|}®4 BUJWNLE I WDl @ JOj ebeiueocdad 21443}
pue uol3}lsodwod jo uc)iduny ¥ SE sjisodap be|s 40 seauxdiu} OAIIB[OY - *g| 84nblj

JOVLINADEId DIuHIA

08 09 074 474 0 09 07 0z 0
] ) T T T [/] =
§ o gt R 3 . - \L\\
! 4090 —AYT e a2 ul ATV
i T Lol | L[] st AT
AN — : wnwpep R
] ) \ a) L~
[ \ow_o\\. — | 60T =
1 | ol 4,002 =M /% - \a_o\ al
] d = o
. | av0 L1 | 40087 = 1 A A i \
‘0 e o \.\\ \\\ Il
\i
\ | L~0 » ey ! P L1 \
*\\\\ = F \\ao
]
L~
|_ %0T=083 | __\ \ \\\. ?_\ﬁumuo«wo “ \ \\\ !
ot V\\ \\\\\ \
\Om“O\ \ \\nuo \\
L~
[ A7 hd Pl _\
.é.o\ \ \..4.0 ,
/ o d
LA \ \\\L\
L] \\\\\\ h\\\ ]
\\\\\ W % prd _
'd \\ . \ <07 3531 10 SUOYIPUO3 Japin uoJl
" ¥ __iadejusdiad L 1||219W O UORLIIC) TNOLNM ]
\ \Oe DFLIB) WINWIUYAL S \ \ agejuaosad 211184 E:EE_EV
\ g

St

0c

‘INIoH3d ‘E0%ad INITVAINDA

G2

ot

ge

00T=(03W +0ED) +E0%a4 INTIVAINDT +EQS Iy +201S JUIHM



-

I.C. 7352

rmit measurement of the themmsl gradient due to the flow of heat from the
nner to the outer cylinder through the slag, the heat being generated by o
mall platinum resistor inserted in the inner ¢ylinder. Although the deaign .
,f the concentric cylinder cell was’ based on mathematical analyses a large-
nurber of tests at room temnerature with model cells constructed of. brass
using water as the ligquid were neceéssary to. obtain correct locatlon of .
yal rmocouples and proper arrangement of the 1nternal heater. Based on these.
ests it is expected that, the cell will permit measurements of thermal con~
_uct1v1ty ith an error not. exceeding + 5 percént, Assembly of other appara-
has been completed ‘including a multiple~iound furnace in which the tem-
peratures does not vary more then 2% F, along a 6-inch length at 2,600° F,
§Tp .Special platinum ¢ell_has been received, as well as the 1ntrlcate porce-
: _ghapes necessary for spacing end support of thermocouples and the 1nter-r

‘Extérnal Corrosion of Furnace-wailnTnbes

hSince'l9h2 many 1 _arée'oéntral-statiOn boiler furnaces burning pulverize&r

" An 1nvest1gatlon in cooppratlon with the- Combustlon Englneerlng Com~-"
~in which 16 furnaces in 13 stations were exgmlned, showegd that this
58ion. was associated with two distinet types of dep051ts __/ one of which

J'sted largely of sodivm and potassium sulfate in a complex forie, and the

ywoof iron sulfide. This corrosion was found to occur at temperatures

al for furnace-wall tubes, usually not exceeding 700O «, while the maxi-
emperatures observed dld not excged 900° #, Bates of heat relesse and
ated capacity of the boilers in which corrosion was found were nominal
he rate of heat transfer in corrosion areds was not essentially dlfxer-ﬂ
rom that in adjacent aréas where there was no -ross of metal One dlf-.

Although corrosion

it was considered’
1y that the slag 1tsell was reaotlng with the tube surface, since the
ture at the interface was approximately 1, 000° F. lower than that at
the slag bécomes a solid on cooling, oo T T

to vonsist largely |

1d solution of sodium and pot3531um.sulfates and complex alnallemetal

%Ffitrlsulfates, guch as K5Fe(804) ‘Tt was shown that the deposits occur-
b01ler tubes in the corrosion areas could be reproduced in the

eid, W..T.,. Corey, R. u., and Cross, B. d., External Corrosion of
Furnace-Wall Tubes - I. Hlstory and Occurrenoe. Trans Am. Soc, Mach.
» Yol. 67, 1845, pp. 279-288. .
rey3 R. C., Cross, B. J., and- ‘Reid, W. T., Exvernal Corr081on of
1cosiall Tubes - II. Slgnlflcance of Sulfate Deposits:and Sulfur
rioxide in Corrosicn Mechanism: Trans. Am.. Soc. Mech. an., vol. 67,
l+5 pp. 289- 502
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lab@ratory by heating a mixture of sodium or potaessium sulfate and iron oxidg
et témperatures up to 1,000° F. in an atmosphere conteining smail smounts o
505" These reactions suggestel that. the mechanism of corrogion inyolved Eh
removal of. the normally protective .oxide on the furnace tube by {a) condens
tion on the relatively cool tubes of alkali-metal cxides frem the flame.in ;
the furnace, these oxides being converted to the.sulfate by the smali amonry
of 80z normally present in the furnace gases, and- (b) subsequent reacticn o
the iron .oxide on the tubs and. the alkali-metal sulfabes with Zhe larger.

. amounts of .80z evolved -as the result of slagging reactions in the coal ash
deposited mechanicelly in that srea.. Figure 17 illustrates the entire ser
of reactions, including the final state at B, where deslagging bas removed
the «slag layer .and exposed the reaction products to high temperatures,; caus
4ng their decompositicn; To prevent extermal corrosiocnm, 1% yould be neces-
sary {a) to use a tube or to protect its surface with a metal or alloy whic
alkali-métal sulfates and S0z do not affect, or (b) to prevent these consti
uents ffom-reachingﬁtheAtybe"surfaﬁb,inhspffipésntnggggggtraiion to be dan-
gerous. By means of burner.changes or "gir-pelting," the tube surfaces, in’
some inStances; Have beén sufficiently.well ventilated with air to prevent
further ¢orrosion. -It is believed that the Beneficlal results are princi-

- “pally from dilution end that the disappearance of. carbon monoxide at the.
péint of  dorrosion can be teken as evidence of ‘auple ventilation. - Experim

_ tal eévidence .ls lacking on the need of flame contzct to deposit alkali-metd

. o¥ides ér sulfates on the tube surface. If it is.shown that the flame enve
lqpeiis_therprincipal source of the alkalies, then the presence of air.dalg
the wall would prevent deposition of alkelies and effectively stop farthe
‘¢orrosion. Work'ils being continued on this Dhase, as well as on -the ‘mécha
nism of formstion of the sulfide-type deposits. - - ot

" Ubilization of Mixtures of Bituminous Coal and Anthracite

The Solid Fuels Administration for War has encouraged the use of anilra
cite fines: (1).To alleviate the general fuel shortage in the Eastern &
(2). to find indreased merkets for the fines incidental .to the.production:0
domestic sizes of anthracite; and: (3)-to relieve the acute . shortage of 1

_ vyolatile bituminocus coking coal by decreasing the quantity‘required'in
 bven mixes through the substitution of anthraciie fines.. The Buréau of Ming
' hes cooperated in the tecknical problems involved Lo meet these objectiv

‘Plant studies and tests were continued throughout the Fastern Seaboards
regional headquariers of the War Department. This work inciuded an initia
, uar ' L ‘ 1nlL.La.
survey?;a-general plan of procedure, and training of plant opsrators. Whe
" it appeared that anthracite fines could be added, further tests werée mad
 mixtures with bituminous coal; this work' resulted in the continued use Q
- threcite fines-at many plants using-30 +0.50. percent of enthracite. Al mall
plants, studies showed that oo many boilers were. belng used to.carry t

" *load; rmch ‘eguipment, particularly control equipment, was not-in DProper wWo
ing order; and low eificiencies were being Cobitdined, In all. instances, f
higher efficiencies and, congequently, large .dnnual savings rasuited fro
work., Examples of these savings included: Fort Bevens, Ma.sdir; - Jaundry .
plants; $5;000; Lovell Generalk Hospital, . $8,500; Walthem Genéral Hospital
$15,500;. and Presque Isle, Meine, laundry and hospital plent,. $21,700, -, M
tures of bituminous coal and anthracite were used successfully

s e
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several Navy Departmeut land progects in the Eastefn area, at Balnoridge
., & 250:50 mlxture is ueed in all the- equlnment.

From these studies an a%%reclable ampunt of new technlcal 1nformatlon
ceveloped and nubllshed __/ This paper: summarizes™ the results of Bureau_
%f. Mines.work on four prodects.. (a) The burning of mixturés of smell anthraffﬁ
5- and bituminous slack coal on stokers- (b) methods, of” p“oduclng and ourn-‘"
packaged fuel" made.from anthraclre fines; (o) the use of anthracite
in the nroductlon of coke; 4 (a) the use of oarley antnruclte (Wo 5
wheau size) in gas’ producers _
.Burning of mixtures of barley anthracite and, bit umlnous slac ¢ on under-

‘gtokers showed that an addltlon of -about 15 percent of anthra01ee was ,
ually enoagh to reduce caking. Increased percentages of arthr301te de-

d the pressure drop through the fuel oed ‘decreased the manual attentlon
ithe: fuel bed, decreased the smo;e, iny reased the fly asn, increased the
-urned combdstﬁole in the fly ash and refuce, and, in general merovee the

ring condltlonu. The load-car“ylng capacity of. the stcker was affected

relgtive bﬂeportloﬁs, compositions, and propertres of anthraclte and |

nous . coal present. In general, the efflclencles ootazned on 81ngle-
61t stokers with a reasonaole range, of anthraclte admlxtures Jere aboyt
came as with siraight bituminous COal

coperative experiments by the Bureau of Mines and a large 1ndustr1al
were conducted on the manufacture and test ting of coal b1ocks contain~-
Tous percentages of enthracite fines, TYhysical and chemlcal Proper=
and burning charscteristics of packaged fuel produced in experimental
dlcated that large percentsges of anthracite Tines could be success-
'1quetted with bituminous coal bJ use of an asphaltic olnde;. As & re-
oL thede research- and tegchnical studies, a cormercial, plant for the pro-
oni of -packaged-~coal, Blocks, with a capgcity of 150 Go0C tens per year,
ed at Philadelphia Pa, The first run used a mixture of about 80 per-.
wthraclte .15 percent bituminous coal and 5 percent: asphultrc P;tﬂh .

‘reaults of studies of the use of snthracite fines in coke~oven mixes
sProduction of coke and of the use of barley-size anthracite for gasi-
e Ain gas producers will be discussed under Carbonization and Ga81flca—_

_s 93 and 101, |

Burning Sciid Fuels on Traveling Grates

Part of its exterelve studles on burnlng golid fuels on grates the
" Minesg 1pvestlga the factors affecting the burning of fuels on
:feed prrnc_ple..lj This baper descrlees tne study of 1gn1t10n —ravel.

Kley, de T, and Seymour, W., The War Problens of inﬂrea31n6 the Uti-
ation of Small Anthracite: Mech. Eig., wol. &7, 1945, vpp. h57-hé2,
:Combustion, vol, 16, July l9kh, p» #1; Coke and. Smokeless-Fuel Ags,
6, December 294l n. =ie
E. P., and Rela We Tu, Ignltl@d Through Fuel Beds on Travellng~
: Hain-Grete Stokers: Trans. Am. Soc. Mech. Eng., voi. 67, 1945, pp.
51 463, dizscussion, pp. 436-437,

- 69




I.C, 7352

through a fuel bed and the important factors affecting it. The investi
was conducted in relatively small-scalellaboratory.apparatus_whﬁre the 1
verlzbles involved were subject %o close control, ‘The study showed thatiy
fuel beds on traveling-grate stokers ignition and dburning proceesd according.
to unrestricted underfeed principles wntil:ignition reaches the grate.
constant ‘air rate, widerfeed ignition proveeds &t a steady rate unless ce
tain factors alter the gir dlstrivution or Fuel-bed characteristics, The
factofs'include'development of'blowhdles; with consequent maldistributi nig
alr; turbulence or "boiling" of ‘the bed, which may give mechanical mixing
ignited and unignited Tuel; slow initial-ignition; drying of moist coal b
fore ignition; heating of coal with Preheated primary alr; znd burning
highly reactive fuels in very thin burning layers, After ignition reaches
the grate, burning is overfesd, and incresse of air will give proportiona
increase ‘of birning rafe; at least within the range where stable bed con
tions prevail, Slow initialignition of the top.layer of fuel on travelin
grate stokers is followed by relatively slow rates of igniticn trevel thro
the bed,ibeiﬂgAslowest?at-the-top, increasing with progress of ignition dnm
the bed, “and tendirng te approach, &8 -ignition nears.tne grates, the steady
higher ignition rates Found with rapld initial ignition. Rates of ignitio
a8 affodted by added moistire, size of fuel particle, preheating of primar
air, ash content of coml, and the use of high-temperature coke, coke breez
anthracite, high+vslatile 4 =nd C bituminous coals, subbituminous B coal,zan
lignite were thoroughly considered in relation to air rates, burning rates
of the,fuelz and fuel-bed characteristics,

Certain factors affecting the burning of selid fuels on traveling grat
were Btudied further during-the. past fiscal year, Tests were made on. ray @an
on stean-dried lignite and on a Pennsylvenia low-volatile bituminous goal, G
servations of these thin fiel beds corroborated previous -evidence that, with
highly-reactive fuels vhere the burning layers are very thin, the effect:o
loss of heat to the environment is important in controlling the rate at whig
the plane of ignition travals through the raw fuel. Thus, the temperature-oii
the fuimace itself will affect the .prate of itravel of the plane of ignition.b
influencing the heat lost from the fuel bed by radiation; even decreased h ay

losses resulting from an overlying layer of spongy clinker increased the rate
of travel verceptibly, . : N .

'BecauSe of the Importance -of disposing usefully of the smeller sizes .o
-coal, a study was made of the burning properties of coals in sizes smaller =
than 3/32~inch to determine the limlietions under which such coals can be
burned successfully in this type of equipment, Such information is valuabl
not only during periods of fuel shortages such as resulted from the war, bu
also to improve the economic status of coal utilization during peace times 1y
breventing needless -waste of g useful product, Problems in the utilization
of small coals ‘and %he recovery through up-grading of useful fuels from other
wise wasted eolliery refuse in England and comparisons with certain American
rractices weére reviewed, ‘ : .o :

> . - .

68/ Reid,W, T., Review of "Proceedings of = Conference on Probiems in the
Utilization of Small Coals" (Brit. Coal Util, Resoarch Assoc., London,
Cheney and Sons; Branburg, Engiend, 194k, 254 pp.: - Jour. Appl. Physic®
vol, 16, May 1945, p. 312 o : -
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