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effigiently utilizing our fuel supplies cannot be completely msasured, It
. would te extremely difficult to meke individual acknowledgmenis to all who
5ha?e”contribuged,to this program, The voluntary cocperation of both indus-
trial and domestic users of fuels has heen especially gratifying. Xepre-
-gentatives of various industr*és,‘commercial plantz, technical societiles,
and Government agencies have contributed their individual and uooperat¢ve
exforts in making the program 8 SUCCEesE. .

Mixtures of Coal and 011

Energency use of mixtures of pu nlverized coal and fuel 0il, popularly
salled Ycolleidal fuel," in existing oll-Durning eguipment WOle save about
. one-third the available. oil and would reduce the required amount of addi-
cfonal costly coal-burning ‘equipment, Convérsiocn of oil- fired boilers to
taoltoidal fuel firing was found to be’'possible without great changs in
averdge Boiler-plant comstruction. or appreciable diff rence in boiler ef-
riciency as conpared with use of Bunﬁe¢ ¢ fuel oil, 61/ Results are reported
oh the- operationici a typical boiler installation during cocperative tests
‘eonducted Tor 1 month by Bureau engineers and the Atlantic Refining Co.
The fuel uesed wag a mixture of 40 percent pulverized bituminous coal by
weight and 60 percent No, 6 (Bunker C) fuel oil, Wo teivateur! or stabilizer
‘added; end no particular trouble was exnerlenced in batch mixing of the
«"and oil. Operationg as affected by increased muctions, pressures and
16 ings on the pumps, abragiveness of the fuel, settling cf coal from the
wixture - ‘and ash deposition in the :1rrace were studled, and nc unsurmount-
ABTE" d;::Lcﬁltles were encountered. : -

: 1Eerns_ve labcratory and leld tests o1 tbe stability of coal sus-
perisions in fuel oil showed that 1ndlv1dual consideration must be given to
el 1nutﬂ1ka+1on using this mixed fuel, if satigfactory tests are to- be
btairied, 2/ THowever, no pariicular dllflcult ghould be sxperienced in
dev151ng equipment or in routine operating to use efficiently this mixed.
. The SuOdJ snowed that for Uractlcal purposes a sufficiently stable

V-

barﬁ+eJ, do F Burhlck I. R., and Horsgberger, A. B, "”011oidal" Fuelr

e Subscltuted or 01T Fuel: Nat. Petrol, News, Tech, Ssec., vols 335
“Iguly 0h§, pp. B30k 506 "gplloidal” Fuel for 01il: Steel, vel, 113,
 July 1943, pp. 98-99, 137-138, "Colloidel” Fuel Tests Show Possi-
"bllltleb as 011 Substitutes: Coal Age, vol, 48, July 1843, »p. 51-53.
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fipDe T8-77, 1bb, 146, 1h3, 150, abs., Steam Eng., vol. 13, January -
194k, PP 10k lﬂ o . oo , .
69/ Bavkle -3, ¥, Hersberger, A. B., apd Burdick, Li R., Laboratory ana
o chla,ieSus on Ceal~in-0il Fuels: - Trans. Amq'Soc. Mech, Eng., vol,
66, 194k, po, 185-196; discussion, DD, 1662198, Tests on Coal-in-0il
Fuols; FPowgr Plant Eng., vol. k8, Jamuary 1oLk, pp. 80-8k4, 132, 134
.+ 136, 128, Abs,, Pover, vol. 87, December 19&5,,pp. 178- 182, Steanm
) Eng,, vel, 13, Juns l9l'r'~.—, PP 259~ .:6;;. |
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- guspensicn could be: prepared by dispersing 40 percent of coal by weight,
-ground to pass 98 to 99 percent through a No. 230 sieve, in heavy Tuel oil
~Lereful control of storage and handling temperatures is necesazry for 'best
operatlon. The pumping of coal-in-oil suspensions, particularly from ;
underground storage tanks, requires .special attention, - The cormbustion ef-
ficiency of coal-in-pil fuel ig likely to be slightly less than that of
fuel cil; their load-carrying flexibilities are sbout the sams, The re-
port covers technical information and doss not take up the varying economic
comparison involving relative costs of coal a.nd oil. o : :

Utllizetion of Small-Size An‘l:i’rrarite
In allecatmg :E‘uel supplles for the- I*a.tlon, tne BSolid Fauel Admlnls-
traw on’ for Wer' found that a growing.surplus of emall sizes of anthracité
at the :cellieries was hlndera.ng the .production of much nseded domestic-
slze anthracite. Following a meeting of representatives of the anthracite
- industry, the Solid Fuesls Admlm.etratmn for War, 'and the Bureau of Mines,
& program vas initiated to remedy this sitwation.and 8%t the ‘same tlime to-
alleviate the general coel shortage through increzsed uses of anthracite
fines, Tests were made at a number .of plants on the burning of various : -
mixtures of barley-size (Ho..3 Buckwheat) -anthracite and slack-size |
- bituminous coal on underfecd swkers. ‘The tests included meny made in -
cooperation with the War Department in boiler plenmts at militery camps in
the eastern states; for ,other ‘Goverrment agencicg, and 4n privately owned
.pldnts, A dlscussz.on.i/ of typlcal reeults obtalned at eeveral planus was
published,
slack burned on smgle-retort stokers were- (1) A ductlon of cokmg
troubles .caussd by .dertain eastern-bltuminous coals ‘and (2) & lessening
of the air-pressure drop -throvgh: the fuel bed,  At. one plant a2 much as .80
percent of enthracite gave satisfactory-operation and caerried the requlred
load; at ancther plant & 50-percent addition gave the best performance, .
Inc‘r'easmg eddl'bions of anthractie resulted ii hand-working the fuel -bed.
beling reduced. ' ‘For low-ash bituminous coals, dlower perc:entages .of a.nthracite
_gave better results; the hlgher percentages gave less flexibility on load
- changes and “Iower ratings. .For highér-ash bitumincus cozls, , -higher percent-
ages of enthracite could be used satisfactorily in cbtaining similar loads.
" Cowbustible in the refuse and the fly. ash was increased, and the volume of
smoke produced was decreased by .the use of arlthraclte..“ In general the ef-
. Ticiencies obtained on single-retort stokers with varicus percentages of
- ddded anthradite  were about the same as with straight bituminous coal. The
better fuel-bed conditions due tc anthracite are offset to some extent by
the increage of combustible in the ash and ref‘use. Furthen details of ths
regults of b ing tests of mixtures of anthracite and bltumnous coal were |
na‘blzshec.._@b’ T}ns paper also presents the technlcal aspects of this and

&3/ Ba_r'kley s J .-F., Dls ugsion’ of "The Combustlon of Barle;y An‘thrac:Lte "
: bj6Llen JTe uohnuon- - Transy Am, Soc, Mech. En,_,., vol. 66 10Ll+, P.
40 ‘

6&/ Barkley, J, F., and Seymour, u. , The War Problem of Increasing the
Utilization of Small Anthracite: Preprint of paper presented at
senmiannual m.eetlng, Am, Soc. Mech, Eng., Fuels D:Lvs.s.lon, Pittsburgh,
Pa., June 20, 19hi, 11 pp. (mim.).
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%ﬁfée other projects. These three latter progectsare gtill in progress;
they include studies of (1) methods of preducing and burning Thackaged
ruel” made from aptliracite fines, (2) use of enthracite fines as a sub-
stltute for part of the low-velatile dituminous coal used in coke-oven
charges, end (3) use of barley-size anthracite In gas producers.

' Gupplementing Anthvacite with Other Fuels for Home Heating

~ Studiss of emergency fusls for home heating were made under controlled
1aboratofv conditicns closely duplicating those occurring in domestic
neaters, The fuels tested included reclaimed beehive coke, mixtures of
anthracite end bitumincus coel, and packaged fuels made from anthracite
fines., Suitability of the emergency fuel was determined from the gtand-
“poi t of rate of burning, draft reauired, tendency to produce smocke, caxing
actev*stiﬁs, and ash content, Dcmestic consumers unable to cbtain their

© a¥ supplies of anthracite were advised to substitute bituminoys coal in

" ‘part, and metheds of firing the composite fuel wers described.l2/ 3Brief

e Faummaries of metheds for reducing clinker fovma icn and removing soct &c-
S5 tmlations were inclunded.
;
; ies of Packaged Fuel

A repor t66/ was published that reviewed the status of the packaged-

- : 1. industry as of 1941, A Tield study wae made of 35 representative plants

2 th obtain technical and econmomic data on the different types of processes

o used to make pac aged fuel in the Centval utaLES. The reporu 1ncludes a-

p aper and d;z:e ~g in methods of n@nulacuu:e apd hanullng apd in shape

size. It is generally made in relativsly smaller plants located near
wWtirete consumer, and more care must be used in-its handling and 'dis-
tr¢buulon than with fuel briquets. These Tundemental differences between
wo tynes of brigquetted fuel ars reflectsd in the costs and economics

_ the two industries, Many of the packaged-fusl plants had trouble in
ent- cofipeting with lump ccal under the conditions of costs of mdierlals and
ds. labor existing in 1941L-42. Predominant technical difficulties in plants
of re found to be due to inadequate drying and insufficient mixing of the

ef - ' b déry, Laboratory studies showed the relationship between the temperature
) 'dry air and the time regquired o remove different percentages of moisture
in wrarped and vmwrapped coal cubes, The average physical and chemical

? opertiss of fuel cubes made by five processes were deftermined. Tentative
ho ?andardﬂ for minimm physical gualitiss and methods for measuring guality
cre e re suggesbed, A satisfactory pascksged fusl, air-dried to about 1.0 per-
1 mo;sturb content, should have an average compresgive gtrength of not
! vReil, We T, Supplementing Aithraclte with Other Fuels for Home Heatlng'
. Burcau of. Mines I, Cirec. 7260, 1943, 22 pp.

6/ Parrv, V. F., Technical and Economic Study of Packeged Fuel: Dureau of

Mines Rept. of Investigations 3757; 19+h h5 pp; Min, Cong. Jour.,

X vole 30, November 194L p. 24-27. - .
'
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less than 85 pounds per square inch and an apparent specific gravity of not
less then 1,04, and the averagé abrasion loss in a modified turbler test
for coal should not excesd 15,0 percent. Packaged fuel has proved to be

& satisfactory domestic fuel in many cities. ‘Considerable expansion of
possible merket is indicated for goed, solid cubes delivered in clean,

dry packegés, even at premium prices above that of lump cozl dslivered in
bulk. The fuel has been particularly popular for spring and fall heating,
Some changes Iin firing technique with no distrubance or poking wuntil. the
cube has been thoroughly heated and coked on the outside wers recomended,

Automatic Stoker for Heating Water

A nev-tyve stoker and heater for supplying hot water awtomstically wag
~developed and tested. The unit has operated satisfactorily for 2-1/2 years
_with & consumption of about 300 pounds of selected cozl a month, Several
grades of subbituminous coal have been burned successfully, with a thermal
efficiency of about 7L vpercent, S :

Properties of Coal Ash as Related ‘to Clinkering and Slagging

Data not previcusly availeble on the flow properties of coal-ash slags
below the temperature where crystals separate from the melt on cooling were:
obtained in a recent study.87/ The conventional concentric-cylinder vis-
cometer used in a previcus study was modified %o include a motor drive; a
reducing atmosphere was used to control the oxidation of iron forms in the
slag, The gtudy showed that the "temperature of critical visosity," where
~the Tlow of slag chenges abruptly from 1liquid to plastic flow on slow
cooling, was affected in a complex menner by change in composition and state
of . reduction of the forms of iron predent, For a given state of oxidation,
-the temperature of eritical viscosity, Tuy, decreased as the equivalent ferri
oxide contert of the slag increased, this being greatest for small amounts
of caleium oxide, For a fixed ferric oxide content, increasing calcium
_oxide also decreased T,,, Decrease in the Terric percentage lovéred T,y
most ag the eduivalent ferric oxide content of the glag increased, = Similar
complex relationships were found to exist for the freezing termperature of
coal-ash slags. The visdosity-temperaiure relationship at temperatures =
high enough for the slags to be completely in the liguid state was repre-
sented by the cquation: S ' : ‘
n’='at- B, where n is viscosity in poisés, z'is 0,161%, 4 is 0,0004529,
.18 degrees Fahrenheit, and B is & constant dspending on the composition of
sach slag, Figure 5 i a nomogram bassd on this relationship; it allows
- estimetion of the viscosity of coal-akh slags at any temperature above T,
- Application of dstermined date in Predicting the relative thickness of
verious slag deposits, althcugh based on idealized furnace conditions, will
prove useful in proposed Tield gtudies of the action of coal-ash slaz in
- furnaces, & recent paper§§ vas published giving complete details of this

v.

67/ Reid, W.T., end Cohen, P., wne Flow Cheracteristics of Coal-Ash Slags |
YL » H LT, 2 .
: in the Solidification Range:. Am, Soc, Msth, Eng., Furnace Performance

. Pactors (pamphled, May 194k, pp. 83-97.
€8/ Colen, P.; and Reid, W. T,, The Flow of Coal-Ash Sleg on Furnace Walls:
Bureaw of Mines Tech. Paper 663, 19Lk, 22 pp. S '
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methed for calculating the thigkness of slag deposits and illustre
ﬂg;vén of its application to slagging furnaces, A Fisld study on the action
f-coal ash in boiler furnaces bhas been planmned in cocperaticn with the
Special Research Committes on Furnace Ferformance Factors of the Anmerican
‘Society of Mochanical Enginecers, ' '

aticns wers

hermal. Conductivity of Coal-Ash Slags

Methods have heen suggeste"69/ whereby the physical condition of ths
o lag deposit can be used as a rough measure of the rate of heat transfer
cuthirough the sleg, Direct measurements of this factor woeuld be preferable
but suitable devices for mezpuring the rate of heat transfer to glagged sur-
aces In operating furnaces migt ve used with forethought as to their design
nd:locaticn in the furnaces.(9/ In the rroblem of heat transfer from the
furneco cavity to the tube metal, allowance must be made for the thermal
onductivity of the slag and the thermal resistance of the interfaciasl layer
of: loose ash Detween the tube metal 2nd the slag, This thermal registence
;817 icult to measure. The thermal conductivity of the glag iteself can
Lmeasured cirectly in the laboratory under centrolled conditions and the

%8 applied to field tests to detsrmine the over-all conductivity of the
bait,

In cecperation with the Furnace Terformance Fectors Commities of the

lcan Sceiety of Mechanical Engineers, a laboratory investigation of the
mel conductivity of cecal-zsh slags at high temperatures was begun.,
aratus has been designed and tests have been sterted to'measure the thérmal
Guctivity for temperatures ranging from 1,800° to 2,800° F, and for
gompositions repregentative of normal coal-ash slags,

xternal Corrosion of Furnace-Wall Tubes

The mechanism of reactions causing external corrosion of furnace-wall
ubes wag investigated further, The mode of formetion of the greenich white
enamel™ found in or adjacent to corrosion aress wag studied Dy comparison
th.synthetically produced material whose compogition was identifiegd by X-
ﬂbAdiffraction.analysis. Under certain conditions the enamel was shown to
be highly corresive. Attempts to measure by radicmetric methods the tenperas
vhin oxide film cccurring on the swrface of the furnace-wall
Wwed that certain important considerations muet be given to the use
tlcal and totzl radiation pyrometers,zl The study showed that under

E§TTi§5§§,'w. T,, Discussion of "Studies of Heat Transmissicn Through Boller
. Tubing at Pressures frem 500 to 3300 Pounds,” by W. ¥, Davidson snd
. _Cthers: Trens. Am, Soc. Mech. Ing., vol, 05, 1943, pp. 589-550,
_Reid, 1, T., Discussion of "Distribution of Heat Absorption and Factors
" AfTecting Performance of Twin Branch 2,500-Psl Boiler" by ¥, G. Ely,
&nd I, B, Schueler: Am, Soc. Mech., ¥ng., Furnace Performance Factors
(rempniot), Mey 19Bk, pp. %0-31,
Reid, W, T., and Corey, R. C., Errors in Temperature Measurcments by
. Radiometric Methods: Combustion, vol, 15, February 194k, pp. 30-3L.
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conditicns where the object has a temperature lower than the surroundings
as in the case of furnace tubes absorbing heat, smzll variations in emisg-
givity radically affect the temperature cobserved by the pptical pyrometer
but have appreciably less effect on the total radiation pyrometer, Tableg!
showing the apparent temperatures of cold obJjects surrounded by an enviren.
ment at 2,700% F, were provided to show comparisons between the two types °

4k

of instrumente, ’

Burning Seclid Fuels on Traveling Grates

Tests of the burning characteristics of various ranks of coal on travel
ing~ or chain-grate stokers were continued with e high-volatile ¢ bituminoy
coal from Illinois and a raw lignite from North Dekota,

Less variation in rate of ignition travel was observed with change of
size of the high-volatile C bituminous coal than had been Tound with higher:}
rank coals and coke, Ignition rates were relatively high over a very wide
range of air rates, but they showed a tendency to decrease at 600 pounds
per 'square foot per hour and nigher air rates. Less difficulty was experi
enced with caking and poor-air distribution at the lower air rates than had

. been found previcusly with more highly caking Pittsburgh-bed, high-volatil
A bituminons coal. At air rates of 400 pounds per squars foot per hour and.
higher, ignition and burning were cbiained with relatively litile caking.

With lignite, no gain in rate of ignition travel was indicated for th
use of alr rates exceeding 250 pounds per square foot per howr for the rav
lignite, although no sharp drop in ignition rate is indicated at air rates
up o 600 pounds, This is a very reactive fuel and burns with very thin
burning layers, ZExcessive loss of heat from such burning layers, as when :
exposed to cold furnace walls, will meterially reduce the rate of ignitiong
and burning in such thin layers. Highest ignition and burming rates would
therefore be expected with this fuel in refractory-lined furnaces with wall:
&% high termperature.

Reactivity of Solid Fuele by the Ignition-Point Method

Reactivity of various solid fuels was measured in the ignition-point
apparatus, Minor improvemsnts were made in the apparatus, but most of the
work was directed toward determining the limitations of the method end its
application to fuel-burning problems. If the entire sample of the coal wa
included, the rate of reaction at a ‘given temperature was found tc be pro-
portiondl to the specific surface, With rejection of small sizes, this
- relationship may nct heold. -Study of the burning of fuels on open grates
showed that the time recuired to reach the maximm burning rate or the
quantity of el burned the firet hour could be rredicted from the ignitio
peint ‘method, Factors othier than ‘external surface eand reactivity, such as
the porosity of the fuel, affected the burning rates of different types of
' fuels when burned under comparable conditions.

-

Stability and Structure of Burner Flimes

Thé’priﬁcipleé governing the attachment of flames to burner porte werej
. studied, It was found that blow-off and flash-back limits of gas flow can

539 ’ - k0 -
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FIQURE 6.- Flame of natural gas and air, partly drawn into burner
tube at gas flow just exceedlng critlcal flow for flash-
back. Mixture composition, 8.1 percent natural gas in
air; gas flow, 52 c.c. per second; inside diameter of
tube, 1.068 cm. A, Photograph with particle tracks in
vertical center plane (see lewls and von Elbe, work cit-
ed). B, Diagram of flow pattern and veloclty distribu-
tion. “Solidly drawn flow lines are so located that the
mass flow betwesn any two adjoining lines is the same.
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