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COMBUSTTON TESTS ON SOUTH AFRICAN
INTHRACTTE AND COAL.
(Condensed Revort) = .,  » _

livede

ABSTRACT AND SUMMARY s

Tn order to establiss the relative suitability for steanm
raising purposes of South African anthracite, firing tests were
carried out in an experimental furnace on a number of nut size
coals and an anthracite. The selection of the fuels was based
largely on the volatile matter content which ranged from e,0 per
cent (anthracite) to 34,7 per cent,

The experimental furnace was fired by hand (overfeed stoking)
every 10 minutes. Forced draught was applied in most of the tests,.
the primary air being delivered under the grate by an electrically
driven fan, At least one test was conducted on every coal, however,
using onlv the natural draught of the chimney,

During the firine tests measurements were made of the pressure
under snd over the fuel hed and of the temperature in the chimney,
Samples were taken of the sases rising from the fuel bed.

) The clinker formed on the grate was recovered after the
combustion tests and subjected to shatter tests in order to assess
its relative hardness,

From the point of

i view of the potential steam-raising
cualities of anthracite, ii

t was found that:

I, Anthracite has a slower combustion rate than coal for the
same primary air rate owing to its smaller volatile matter and
greater fixed carbon contents, The anthracite recuires
approximately 6 pounds of primary air per pound of fuel, whereas
the coals reguire 4-5 pounds of primary air per pound of fuel,
the quantity required decreasing with increase in volatile
matter eontent.

)

Z The gas rising from the fuel bed of anthracite contains an
equal percentage of combustible components, is richer in CC,

f) poorer in Hp, CHa, illuminants and smoke and its composition is
less variable than the gases rising from the fuel beds of the

coals,

A In spite of its high ash fusion temperature the anthracite
has a high and uniform bed resistance and allows limited
quantities of air to be drawn through the bed by natural
dravght, This characteristic of the anthracite may rrobably
be attributed to its tendency, when heated suddenly, to
decrepitate into small cubes, which pack closely in the bed.

4, The anthracite forms less and softer clinker than the coals
at a1l combustion rates,

Dl ‘Assuming the heat liberated by the anthracite to be unity,
the ratio of the heat liberated per unit of grate area per unit
of time under different conditions by the anthracite to that
delivered by the coals under similar conditions can be seen
from the figures in the following table:-
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Average Heat Ratio with

il Equal Hate off Equal Rate of Total Air [Natural |
Fuel Primary Air | No Excess | 50% Excess \Draught |
' Air i Secondary Airy |
N.,A.Anthracite .0 1.0 1.0 1.0
Mooifontein 1T 1.05 1.05 0.95
Tshoba ) i 1.1 1,85
Wolvekrans

Middlings a2 B2 L2 1.75
Wolvekrans Whole .

Coal 1335 152 1.2 IS
Bankfontein e s it 1, 0% 1.©
Bellevue 1.4 il A 15
Waterpan 1.4 1,3 1.2 1.85
Wolvekrans Float 1.4 1.3 1.25 -

6. In view of its tendency to decrepitate on the hed, it is

considered that anthracite 1s unsuitable for high draught
conditions and for fire-tube furnaces.

‘Consequently, it is concluded that anthracite would compare
favourably with normal industrial-coals as a steam-raising fuel )
under forced drauvght conditions where medium to low stéamine rates
are reqﬁired. With natural dravght its performance would only be 2
ecual to that of low grade cnals., >

The following information was also derived from the
experiments: -

<L Two formulae have been established with which it is possible
to calculate the combustion rate of a fuel from its proximate
analysis and the available primary air rate of a furnace:

Formuls 1:~  100y7 + 2.3 x1 = 176,
wheTe yq 1s the primary air requirement in cf/sq.ft./min. per
1b. of fuel/sq.ft./hour, and X1 is the percentage volatile
matter of the fuel on a dry, ash-free basis.

Formula 2:  100y2 + 8.5%7 = 660, ,
where y2 represents the primary air requirement in 1bs.air/1b.
of fuel, and x1 is the percentage volatile matter of the fuel
on a dry, ash-free basis,

2, The significance that must be attached to the ash fusion
temperature of a coal is great, since this factor is a measure of
its relative bed resistance and natural draught and also the
quantity and hardness of the clinker formed in the bed. An ash

4 fusion temperature of 1400°C was found to be a limiting or critical

. tempersature in many respects,

5 The complete and effective combustion of the gaseous products
rising from the fuel beds of coking coals would be difficult to

3
?‘ control since great variations occur in the composition of these

gases,

4, At least twice as much air must be passed over a fire asg is
delivered under 1t for all fuels in order to ichieve complete
combustion,
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INTRODUCTION s

"here are, in Natal, very large deposits of low volatile,
anthracitic and semi-anthracitic coals, which are generally
belleved to be unsuitable for steam-raising purposes, ~Of the total
of 3,000 milli?n tons of proved and estimated coal reserves in
Natal, Uybergh 1) in 1925 placed approximately 25 per cent or 750
million tons in the semi-~anthracitic (volatile matter from 10 to 16
per cent) and anthracitic (volatile matter under 10 per cent) ,
classes, In a later survey of the coal_reserves(gg the Vryheid
Coalfield only in 1940, Slignaut,Furter and Vogel‘“’ estimated the
reserves of anthracitic and semi-anthracitic coals in the Vryheid
district to be 281 million tons, whereas the figure for the
estimated reserves of 211 bituminous coals (volatile matter .over 16
per cent) were only 149 million tons. Extensive drilling in Natal
during the past 20 years has indicated that the ratio of bhituminous
to anthreeitic plus semi~anthracitic coal in the other coalfields
of Natal is also much smaller than estimated by Wybergh.

In South Africa, at the present time, coking coals of which.
the reserves are very limitec, are being used as steam coals, If
the enormous reservesg of low volatile coals could be used for
stean~raising purposes, the problem of the conservation of the
coking coal deposits would be more readily solved,. '

ﬁybergh(1> states "that in every colliery in Natal ?he :
workings are bounded in one direction or another by coal which is
considered¢ to be too low in volatiles to work (i.,e. coal having a
volatile matter content of less than 16 per cent).™

. The general attitude towards the use of anthracite for
steam—raisi?g purposes may.be indicated bv the following cuotations
from Steart(3) ¢ "The Natal anthracites are altered bituminous coals,
having become anthracitic by loss of a proportion of volatile
matter, including valuable heat-producing hydrocarbons. It appears,
therefore, that these coals, which have been rendered anthracitic
by igneons actiony must be poorer than the original bituminous coals
containing their full proportion of volatile matter, Tt can hardly
be seriously contended, therefore, that a coal seam which has been
rartly burned or consumed, is richer than before, or that its
calorific valve has been thereby. increased ,.....the anthracitic
types of Natal coal have not been successfully used for steam-
raising purposes ..... the speed of combustion is too slow, even L
under the influence of forced draught, to give good results."

The non-existence of available data on controlled
combustion tests carried out on South African anthracites has un-
fortunately only strengthened this prejudice against the use of
these coal types. This is borne out by the very limited market the
anthracitic coals have in South Africa. Out of a total of over:
5 million tons of coal mined in Natal in 1944, less than 50,000 tons
of amthracite were produced, i,e. less than 1 per cent of the total
Natal eoal production, .

During the past few years, however, a number of Natal coals
with volatile matter contents varying from 11 to 15 per cent have
been used as steam coal overseas,in ships,by the South African
Railways' locomotives and in local industries. The performance
of these seml-anthracites appears to have been satisfactory and it
woulc seem that the percentage volatile matter demanded has
decreased considerably from the original "unsuivability" limit of
16 per cent,
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The greatest difference between the South African and the
highly recommended Welsh anthracites is the higher ash contents of
the former, This is not necessarily a disadvan?ige since too low
an ash content may cause Camage to the fire bars, ;

v It has also been stated that during the combustion of
South African anthracites a layer of ash forms on the surface of
the lumps thereby preventing or retarding further combustion of the
residual "carbon", This fact is held to be responsible for the
slow burning characteristics of the South African anthracites,

. Steart's\3) deseription of coals rendered anthracitic by
igneous action as having been "partly burned or consumed" may
requlire modification., Tt has been suggested that these
anthracites have not lost a portion of their combustible matter
owing to igneous action, The anthracites, for example, in the
Mount Ngwibi range, Vryheid district, have similar ash contents as
the nearby bituminous coals where the seams are unaffected and it
may therefore be assumed that although the anthracites are altered
bituminous coals, they have not lost a siegnificant proportion of
their original carbon content. It is possible that the volatile
matter underwent a process of thermal decomposition (pyrolysis),
but that the products were retained in the coal, yielding the
"anthracite'" as it is mined today.

If a means of utilising the anthracite could be found then
the reserves of semi~anthracite could probably be used for the
same purpose, Many collieries in Natal, nearing the end of their
estimated "life" owing to the complete extraction of all bituminous
coal, may continue mining for a further period should an adequate
@arkgg be found for the anthracitic types of coal still available
in situ.

In order to test the contention regarding the unsuitability
of South African anthracites for steam-raising purposes and %o
compare the combustion characteristics of the low voldtile coals
with high volatile coals, it was decided to conduct a series of
combustion tests on a number of coals varying from low to high
volatile matter contents.

THE\QBJECTS OF THE INVESTIGATION,

(a) ° To determine the suitability of South African anthracite
for steam-raising purposes.

(b) To obtain and compare the combustion rates of typical
South African coals and anthracite.

(¢) To determine and compare the composition of the products of
primary combustion of anthracite and coal, i.e. of. the gases
rising from the fuel beds.

(a) To study and compare the resistance to forced and natural
draught of the fuel beds of coals and anthracite.

(e) To determine and compare the size composition and hardness
of the clinker obtained from the coals and the anthracite.
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A. QREVIEW OF THE LITERATURE ON THE USES OF ANTHRACITE

Anthracite can be successfully gasified in Pintsch
generators, pressure or suction gas, plants or gas-producers and
ylelds approxi ely 0CO cubic feet of gas per ton of
anthraci%e,?% ga§9%999~89 .

In the building industry, anthracite is used for brick-
and lime-burning and for cement-ma g b T?W grade anthracite duff
has been used for these nurposes.

For the manufacture of coke, anthracite is added to the
coal to improve the coke, to reduce s%resses on the oven walls and

to increase output. l29

In the iron industry anthracite has been successfully
vsed both in place of coke or mixed with coke. Owing to its greater
density more antbfaCWue than coke can be charged into a- cupola.
The comsumption of aﬁbQLSCWEG is less than that of coke and the

superheating greater. (7,17,12,14,15)

. For domestic heatlng .in coo”erq, stoves and stokers,
generally on the ”310ﬂ-c0ﬂoust1on" %nc1rle anthracite has found
9enera1 arplication. 9,20, -~$34 35,36 27 Household briguettes
are also made from aptanCﬂte, mlxgd g%t other coals, or alone, by
the vse of a bhinder or by impact,'

Anthracite alone or mixed with_co is advocated for
~ulverised fuel barnevs, (s7s 9520 33 54 17589 For this purpose a
clean fue} is reovired g~ that the milling plant does rot suffer
unduly,\4

As an industrial steam-raising fuel anthra01te 1° used in
hand- ov automatically-fired furnaces,(0,20,21,22,25,26,2 Z_g) and
it hes on water-tube boilers proved to be most successful '
For screw- or worm—feeu stokers, a special grate with side- and
dead-plates is used, (2vy21,2 % For burning s?al% sizes of
anthracite, the chain-grate stokei has no pier. " Anthracite
may be mixed v (1th coal or fed undernsath a layer of coal on a chain-
grate stoker,(4:20,22,26,27,28,29,32 Anthgac1te requires forced
draueht through the fuel b§e (q 1¢,29,30,3 but very little or no
secondary air (20;21;22,20) 14 burns with a short, practically
invisible flame, forms verv 11tt1e swo ke and requires a smaller
combustion srace than coal. / Anthracites have high bed
f651Sbch959 ignition teJoefatures, and ash fusion temperthres<
but low y§§8%en contents and the flue-gases therefore contain less
molsture. The fuel-bed when firing anthrascite should be kept

,31)

Fulni it may be readily ranked and it reguires very little attention
21,22,27,29430),  The limiting combustion rate of anthracite is
about 25 pounds per scuare foot per hour and a CO2 percentage of
14-15 in the flue gases can be obtained, (? However, a combustion
rate of-60 pounds per sruare foot per ho T ga% been obtained with
COp 1in the flue~goses of 16-18 per cent.

T"urth?" uses of anthracite are in the production ? )
calcium~carbidel granular carbon for resistance furnaces(16517)

and electrodes (5) and as a filtering material for water (37)
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THE .COALS AND THE ANTE {RACITE USED IN THE FIRING TESTS.

In Table 1 the details of size, proximafe analysis, ané
swelling numbers, calorific values and ash fusion temperatures of

the coals gnd the anthracite are given.

With the exception of the Wolvekrans Float (ash 7.C per
cent) and the Mooifontein (ash 22,3 per cent) coals, the ash
contents of the coals and the anthracite vary from 11 to 17 per
cent., This represents the normal range for industrial coals in

South Afrieca.

The volatile matter contents vary from £€,0 to 34.7 rer
cent, the calorific values from 10,75 to 14,05 TBvaporative Units
(1bs,.steam F.& A,/1b,fuel) and the ash fu31on temperatures from
110000 to +ISOOOC

APPARATUS ¢

Experimental Stack: The stack (see Figure 1 at hack of
report, ) coneisted of a vertical shaft 1€ by 18 inches
sguare internally by 2¢ feet high, (of which 1€ feet are ahove
grate level) constnncteo of fire-bricks Between these and the
supporting brick structure -was a 2 inch cavity filled in with
vermlcullte, except for the bottom 2 feet, where a concrete filling

was usec. 7

L heavy metal plate,/ﬂS by 18 inches with a 16 by 16

inches opening, was placed orn/ the grate bars, The small slots
between this plate and the TGrnace walls were sealed off with fire-
cement, This effectively pnrevented channelline of the primary

air along the circumference of the grate, but it immobilised the
grate.

The primary air was admitted into an ajr-tight ash nit
under the grate hy an electrically driven fan, The air was
metered by means of an orifice meter,

Gas Samoling foparatus: The system employed for sampling
the gas is shown 1n Figurc 2 (see back of revort, )
During natural crs u:hu tests the "cone" gas sampler was used (see
Filgure 3, at back of repoit, ) with the cone restinc on the
fire bed and (as the firing door could not be left open in these
tests) the tube from the cone passing through the observation hole
in the door.

With forced draught tests, the water-cocoled campler was
employed (see Figure 4, at hack of report ) The firing-
door was kept open. During sampling, the coprner tube openings of
the sampler were situated approximately 3 % inch from the surface of
the bed,

EXPERIMENTAL.,

A firing test in the experiﬁental stack may conveniently
be subdivided into the following phases:

(a) The development of the fuel bhed,

(b) The actmal combustion test.

(¢) The cuenching of the bed in order to determine the amount
of cinders and unburnt carbon on the fuel bed, or

(d) The burning out of the fire to obtain clinker. T



TABLE I

—-/éiéﬁ;4u¢¢¢¢,ca~qq&

v Sei-swthenl £

General Details of the Coals and the Anthraqite,

, . ) Er | . LD T : Ash
Sample 4 : o | . bl Method of |[Size of | % 7 % 1 % |ecN. [sw, .
oy Fuel SRISEESCE | SESRERCEIE R eall | T Repamatilonl S Coail Ash | H20 | V.M. | #.C. |(1bs/1b)|No, gz—;;on
M261  Natal Vryheid Natal Gus Run-of-mine ~1++5/8 11.4 1.7 8. 78.9 13.8 P  +1500°C
Ammonium nuts .
Anthracite
N19 Tshoba Tpyheid Natal Alfred Run-of-mine -1+% 17.¢ 1.2 ¥.7 6521 - 12.85 1. -1260
nuts
N289  Wolvekrans /itbanlr Transvaal No.?2 Run-of-mine. ~1+% [ SR R | 22,3 61.5 12,55 F 41500
Middlings nuts
IF 1.35-1.5 :
V328  Wolvekrans Witbank Transvaal No,2 Run-of-mine -1+% 2.t = 253 C Nagay SHTS T igaep- i i 1490 3
Whole coal nuts ’
N288  Wolvekrans Witbank Transvaal No.2 Run-of-mine -1+% 7.0 2.0 30,9 60.1 14,05 3% 1410
loat nuts.
Float 1.35
M266  Waterpan Witbank Transvasal No,?2 Washed nuts -l+% 12,5 2,1 27.4 BG.L 1275 A 1390
N163 Mooifontein Ermelo Transvaal B Run-of—mine--1%+5€ 22,3 2.9 22,6 52,2 TQ 75 R 1190
* - nuts ~
362  Bankfontein Breyten Transvaal C Run-of-mine -1&+% 13,2 2,9 30,2 53.7 12,4 1% 1350
nuts :
7348  Bellevue Ermelo  Transvaal. C Run-of-mine -1&+% Ble2 B0 23dn = Fled o120 F 1260
nuts
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twing to the formation of a bed of clinker on the grate,
a shaking or rocking grate could not he incorporated in the
experimental stack, It was therefore necessary to obtain a live
fuel bed on the fixed grate nrior to the commencement and leave a
similar one on completion of the actual combustion test.

The following wes the procedure adopted during a test:
A fire was started .on the grate by igniting 29-5C pounds of coal
with 10-20 pounds of charcoal, A fire bed 4-8 inches was developed
by burning 75-=15C pounds of coal in 1%-2 hours. The ratg gf
stoking was determined@ during thls stage of the test by fixing the
orimary 2ir rate at the walue recuired and feeding the coal uniform-
1v at 10 minute intervals at anproximstely the same rate as it was
burnt awvar,

The actual combustion test was then started and the
following informatior was rscorded at regular intervals (i) water
gauge readings under and over the bed (ii) the total depth of the
bed (iii) the temrerature in the stack as measured by a thermo-
counle 104 feet above the hed, At least two series of 10 gas
samples each were taken, Tor each serles a gas sample was
obtained for every minute of the interval durine two successive
stokings. Te actual combustion test recuvired-from 1 to 6 hours
devending on the rate of combustion, Since no ash was removed
from the grate; the fire hed built up and when it attained a thick-
ness of 12 inches, the actmal combustion test was stopped. The
final procedure was varied according to what further data was
recuired, ’

In determining the rate of combustion of a coal, the fire
was lmmediately cuenched with water and the stack allowed to cool
overnight, The residue on the grate was removed from the stack,
dried ané veighed. This weisht represented the cinders (ash plus
unburnt corbon) remaining from the total weight of coal used for the
test. The cinders weie crushed and cuartered and .a -60 mesh

laboratory sample prepared on which an ash determination was made,

For determining the nature of the clinker formed, the fire
wag allowed to burn out without reducing the primary air supplye.
After the stack had been allowed to cool, the clinker was removed,
ite sige determined by screening and a shatter test carried out on
the + 342 inch material to determine its hardness. The figure of
3/8 inch was chosen since this was the width of the grate openings.

DEFTINITICNS, CALCULATICNS AND COMPUTATTONS .

The.following are explanatory comments on some of the
terms nsed in this report, together with methods of determination
or calculation. ‘

Depth of Fuel Bed. This was measured from the grate level to the
top surface of The fuel bed, The thickness of the hed increases
with time, (Kreisinger, Cvitz and Augustine 399 desceribe the fuel
bed to be only the layer of incandescent and freshly-fired fuel and
do not include the layers of ash and clinker lying on the grate,
The lack of suitable apparatus prevented the study of the travel of
the "live" fuel bed during these tests. _

Cinders.  The unburnt carbon, ash and clinker in the fuel bed
constitute the cinders, The percentage cinders may be determined
from the weight of cinders obtained or it may be calculated from the
ash contents of the coal used and the weight of cinders recovered:
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Let the calculated percentage cinders be x,

the ash content of coal used be a per cent,
and the ash content of cindérs recovered be b per cent,
Now 10C garts cinders contein b pvarts ash, '

Thus x parts cinders contein _X X b barts ash
105 P i
But 10C parts coal give x narts cinders containing a parts of ash.
Thus a = T‘é‘(” X b
ST e X 100
and =z = &4 LUV
[ b

Therefore calculated percentage cinders =

Ash content of c¢oal X 100 veeeoena(Bgs 1)
Neh content of cinders e 5

In this report the calculated percentase cinders values
were always used to determine the percentage unburnt carbon, since
the weight of cinders recovered i¢ usually incorrect owing to loss
of material (fTVu351 and fly-~ cinders) through the stack. In boiler
testing the vercentasze cinders is qenerallv calculated,

Unburnt Carbon. Thig 1s the difference between the percentawe of

c:mﬁe:r'e an: the ash content of & coal, It is ohtained from the
calculated percentase cinders as follows:

‘Percentage Unburnt Carbon )
Percentaﬂe Celculated Cinders - Percentage-Ash in Coal
X - a
a X 100
b

._a,_“_sl%ao‘-—:-?) ln...dﬂﬂlO(Eq‘ 2)

it n

i

= &

#

or the purpose of calculatlng the combustion rates of the
fuels 1t was assumed that 7. pound of Unburnt Carbon was ecuivalent
to 1 pound of fuel,

Combustion Rate, The combustion rate of a fuel is expressed as the
welght of iuel in vrounds corbusted on the grate per sotiare foot of
grate area ner hour.

Primary Alr Rate, Thi¢ dis expressed as the volume of air in cubic
feet passing through one scguare foot of grate area per minute,
(ef./sq.ft./min,)

Air Reguirements. The air reguirements of a fuel, whether primary,
secondary or total airy are the welght in pounds of air reguired to
combust one pound of fuel (1bs.air/1b.fuel) or are expressed as the
-volume in cubic feet of air reguired per sguare foot of grate area

per minute to burn one pound of fuel per square foot of grate area

ver hour (c.f,/sg.ft./min per 1h. fuel/sq.ft, /hour).

In Pretoria 16 cubic feet of air weigh approximately
1 pound,

Excess Air, This is the guantity of air in excess of’ the amount
theoretically recuired for complete combustion, It 1s expressed as
a percentage of the total sir reguired for combustion and is
caleculated as follows:




= 0.

0o - 3 CO X100 ... (Bq.3)
TG X Tip-(09~3C0)

Percentage Excess Alr =

where 0o = #C0 renresents 0o in excess of that required
for combustion, ‘

W2 X 2140 represents total 02 in air used

and No X 2169 -~ {09-5C0) represents the 02 hecessary for (40)
i ‘ combustion.

A negative percentage excess air denotes the percentage
further air required to complete combustion.

Excess Secondary Air, GErcess air is added over the fire, i.e.
Tocether With the secondary air, Tn this report the term
Percentagze Excess Secondary Air denotes the pércentage of secondary
air in excess of the volume of secondary alr theoretiecally requlred
for combustion.

Theoretical Primary Air l.ecuirements of Pure Carbon,

ihen 1 nound of pure earbon burns to CO it recwires 5.75
nonnés or ©2 cubic feet of air,

Assuming the pure carbon to be mixed with pure or"highly-
volatile' volatile matter, which would be immediately driven off on
the crate and would not combusty the rrimary air reguirements of
such mixtures are given belows

Composition of =©  wemew. ... PEiMATY Air Recuirements : it
_Fuel Ihe.ain/tb.fuel ¢.f./sq.ft/min per Ib/sc.ft/hr.

1007 Carbon + Q7 V
N o} O; 1" 1 0; i

o Mo
"

8’0 u ’ 20 1
70 " 30 7
6 0 22 4 O_ 143
50 i 50 1

N Lo B B oo
s 6 o & 3 9
O P DA -~

et

L ]

N

BN

Natural Draught. This is the natural suctiom of the chimney. The
volume of air passing through the bed was not obtained by direct
measurement and had to be calculated from the primary air require-
ments of a fuel (available from forced drauveht experiments) and the
combustion rate of the fuel with natural draught:

Natural Draught in c.f./sq.ft./min,

= Combustion rate with natural dravght X primary air
requirements X 16 (e.f.) X /60 mins,

1bs.fuel/sq.ft./hr. X 1bs.air/1b.fuel X %%
Resistance of Fuel Bed. This is the difference in pressure in
cms, water gauge under and over the fuel bed, The pressure over
the bed was always negative, i,e. suction, due to the suction of
the chimney,  The pressure under the bed was positive with forced
dravght and negative (very small, practically nerligible values)
with natural draught.

L

o.'ut:uo»‘ct(Eq- 4‘0) :

Ash. Plus Clinker., The residue remaining on the grate when the fire
bed was allowed to burn out consisted of Removable Ash (unfused ash
and fused narticles smallsr than 3/8 inch) and >linker (fused ash
larger than 3/8 inch).
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Shatter Test on Clinter, The + 3/8 inch Clinker was screened out of
The beG reaidue,s and aro ped five times from a height of six feet in
a standard colkke shatter wpparauu The -3/8 inch material formed

on shattering was talken as a Jeasure of the relative hardness of the
clinker, '

RESULTS OBTAINED ANL DISCT:

i\

L, The Combustion Rates of the Fuels,
{ The Connosition of the Cinders removed from the Crate.

].Ju
g

In Table 2 a CT_Qleqon is made between the values
obtained fo the determined and calculated rercentere cinders for
tests on the anthracite and t~e coals.

The determinsc valnes for the percentage cinders are
greater than the calculated wesults for low primary air rates (33

Co;./Gﬂ fi./min, and under', hut for the higher air fqtes (53 c.fT./
sa.Tt. /m n, andé over) the ¢30ﬂ1cs for the calculated nercentare
cinders become greater than thnse determined. There are very few

excentions to this rule.

'he above facts canr be attributed to the formation and the
corpesit: on of fly-ash and fly-cinders “ith the higher rates of
rrimavy al sup 01y a greater rvoro“tlon of the heavier ash is hlomn
ovt of the ch]mnev leaving a smaller proportion of heavier ash to
lighter carbon on the srate, This causes the ash content of the
resicdual cinders to be too small, hence the calculated rercentage
cinders is sreater than the Cetermined value, - With the lower
rates of air supnly the reverse 1s the case and the ash content of
the cinders removed from the grate is therefore too great making the
calculated percentage cinders too small,

The Mooifontein coal showed a tendency to channel in the
bed at the higher air rate The force of the air through these
channels is great and it ﬂrobably causes much fly-ash to be carried

out of the chimney, The greatest differences between calculated
and determined cinders figures are found with this coal.

mhe differences between the determined and calculated
values are never great, even for high values of unburnt carbhon.

The figures for the percentage unburnt carbon given in
Table 2, are, with very few exceptions, less than 10 per cent.

The pfoceoure acopted in boiler testine of calculating the
unburnt carbon from the ash content of a representative sample of
the cinders would avpear tc »s sufficiently accurate for all practical
purposes,.

(i1)The Reproducibility of the Results Obtained,

The accuracy of thoe combustion rate determination can be
studied from the results of repeat tests given in Table 3.

From a single test the combustion rate of a fuel can be
determined to the nearest 2 1bs./sqg.ft./hour, The possible error
5or the average of duplicate exveriments is approximately 1 1b./sq.ft.
hour
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T LT e
Comparison of Determincd and Calculated Percentage Cinders
at Various Air Speeds.

o weal, o i % Cinders . %

. % AshiTest jc.f./ \F Ash. “Huger TCalc, Diff, Unburnt
Fuel P (a)| Mo, isq.ft/; in T (p) | (e) i(e-b) Carbon

i min. {Cinders e | { =gl

" A.Anthracite  1l.4 F2  *l14 33.5 40,3 34,1 =6.2 22.7
ne #16 70.¢  17.© 16.3 -l.6 4.9

A2 33 56.8 22,3 20,1 -2,2 8,7

AT 53 60.6 16,8 18,8 +2,0 7.4

=1 73 55.9 18,7 20,4 +1.7 9.0

Pl o7 55,7  17.9 20,5 +2.6 9.1

Tshoba L ZElG SRE R g.o 21,0 19,1 -1.9 2.1
Z1 33 Be? . 22,7 22,5 =02 52}

G1 53 4,3 22,3 22,8 +0.6 b

1 67 2,1° 20,0 20.7 +0.7 el 7

0.8 23.3 24.0 +0,7 7.0

oo

4
k|
(@]
FO~I~JONON | ~3 00~3~3 OO

L

tnoifontein 22,3 12 0, 37,6 37,0 =0.,6 14,7
.D 33 751 33-8 33.? "'Oa6 ]Org
T 53 3,8 22.9 30.2 +7.3 7.9
T 67 &, 4 22,2 28,5 +46.3 ST
2 c3 4,06 21,8 26i3 -+4.% 4,0

“aterpan 12,5 D2 =20 é1.5 25,1 20,3 =~4,8 7.8
2 e 77.3 22,1  16.2 =-5,9 3.7
c2 33 71.7 21,2 17.4 =3.8 4.9
) 53 76,9 .13.3  16.3 +3.0 3.0
Ea 67 82.7 13.6 15,1 +1.5 2.6
1 a3 8.2 15,0 © 14,7 0.3 2.2

Rellevue 11.2 D3 #18 64,2 10,©¢ 17,4 =2.5 6.3
€3 33 55,3 22.3 20.1 =2,2 8.9

Bankfontein 13.2 J3 ®o1 73,5 18,9 18,0 ~0,9 4,8
I3 33 56,86 21.3 23,2 +1,9 10,0

35'2(\ 82‘9 18.1 ]C’a3 -?l(q

wolvekrans 12.7 W2 : « D
‘Thole coal, : -T2 33 6Cc.7 20,7 20.9

i
(]

N
oo N
s o
N ON

olvekrans 14.1 R2. ¥pp 76,0 21,8 18.6 =3
¥iddlings 02 33 ~77.4 20,6 18,2 -2

ENEN

o

¥  Obtained by Natural Draught.
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TABLE _ 4,

The Combustion "ates of the Fuels at Different Primarv Air Rates,

i P.A.Rate iC.Rate | F.A,
iNo.,of ic.f./ ilbs./  Yequirements
iTest sc.ft/ isg.ft/ilbs,air/

| min, | hr. jlb.fusl

Fuel

] o e e SR NN ; J

%15 16
33 21
53 34
67 43
93 57

71

¥ 05 27

33 26 *
53 43 4,62
67 54 4,66
o0 64 4,68

133 80 6.93

LT ¥ 3 N0
H. A, Anthreecite .2 0, &

¢ a

s &

CN ONI T
o

O 000 oo

-J O D 0w

°

™,
°
O~
~

Tshoba 20,4 79.6

e 0 e e DDA W
H
'S
)
(52
~3
o

¥ 22 li 4. 34
o 20 A’o??
53 46 4,32

“olvelirans 25.b 73,4
Widdlings

N
%)
('S}

¥ 12 12 3,75
33 30 4t
53 4¢ 4
' 65 e
y 8 7 !{
133 120 3

VMooifontelin 32,2 &

e = NGV
(@)Y
~3J

% 20 18 1.17

33 30 4,13
53 49 4,06

% 20 20 3. 78
. 31 4,00
53 50 .69
67 64 3.°3
93 85 4,10
133 100 4,58

Folvekrane 32,0 58,0
Whole coal

Taternan S 67.9

HEMNDWN D =N
(OS]
(US]

Wolvekrans 34,0 66,0
Float

51 3,90

—d
I
o

ol 21
33 31
53 e

3.75
4 ©)
3,082
¥ 18 - 17 3.97
4,00
B,

Bankfontein 30,0 o0d,

Bellevue 40,5 RG.5

33 e
53 53

I = S

¥  Obteined by Natural Draught.
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(i1i) The Combustion Zates of a Number of South African Coals
and_an Anthracite.

In Table 4 the average combustion rates at various rates
of primarv air surply of eight coals and one anthracite are given.

From the fisures tabulated in Tahle 4 the following
statements may be made:

aea per hour increases with increase

(a) The rate of cosnstion, expressed in pounds of fuel burnt

per scuare foot of gras
in primary air surcnly.

(b) The amount of orimary air recuired for the combustion of
a fixed weight of a fuel exrressed in pounds of air per pound of

fuel remains constant for the different rates of combustion,

(The exceptions te this wule, notably at the very high forced air
rate of 133 c.f./sc.ft/min, are due to irregularities in the bed,
which +111 be referred to in later chapters).

(c) The combustion rates of the coals and the anthracite at
a piven rate of primary air increase with increasine volatile
matter {(dry, ash-free) contents and decrease with increasing
fixed carbon (éry, ash-free) contents.

(&) The primary air recuirements of fuels decrease with
increasing volatile matter (dry, ash~free) and decreasing fixed
carbon (dry, ash-free) contents of fuels.

The last conclusion is clearly illustrated in Table 5,
in which the average primarv air recuirements, excludine the values

for the forced@ draught rate of 133 c.f./sq.ft/min. are listed,

T A/ B.LE Bk

Aversee Primary Air Recuirements of the Fuels,

% V. pﬂF,C. Primary Air Requirements ,
Fuel (deaaf)  (Go2ad) Ty o97/1b, fuel cf/sc.ft/min.per
1b/sa.ft/hr.
N.A.Anthracite 9,2 20,8 5,87 L .57
Tshoba ' 20.4 7C.6 4,68 2]
W,Middlings 26.56 73.4 4.,3% eS|
Mooifontein 3G,2 6¢,8 3.95 1.09
ieihole Coal 32,C 68,0 AL a2 o 1Q
Waterpan 32.1 67.9 3.96 1.06
W,Float 34,C 66.0 3.90 1.04
Bankfontein 36,0 64,0 3.86 1.03
Bellevue 40,5 Gl 3.91 1.04

The Natal Ammonium Anthracite has the lowest rate of
combustion at all rates 6f primary air supply. The fuels havine low
volatile matter (dry, ash~free) contents (less than 30%) show con-
siderable differences in cowbustion rates for egual primary zir rates.
For the coals containing more than 30 per cent volatile matter (dry,
ash-free basis) the differences are not significart and lle within
the experimental error, '

) In Graph 1 the rate of alr supply is plotted against the
combustion rate for three of Hthe coals and the anthracite.




with the use of Cranh 1 it is possible to assess the
approximate combustion rate of a coal or anthracite from its volatile
matter (dry, ash-free) content and the available primsry air.

It is evident that the sreater the volatile matter
content of a coal, the greater will be the rate of firing foxr the
same rate of primary air sugrly. Then the coal is fed onto the bed,
the volatile matter is driven off, leavins onlv the fixed carbon as
combustible material on the grate, However, for to coals having
the same volatile matter contents, but different ash contents, the
coal having the higher ash content will have the least fixed carbon
on the grate and will therefore burn faster for the same vete of air
supply an? also reruire a faster rate of stoking. It 1s therefore
necessarv to bear in mind the ash contents of the coals and the
anthracite when their combustion rates are comprared.

Tn Grash 2 the corbustion rates of the coals and the
anthracite at dIFTETent nrimary a2ir rates are plotted aresinst the
volatile matter (drv, ash-fiee) and fixed carbon (drv, ash-free)
contents,

o

RRAF:)
combusticn rate
proximate analys

ph 2 can alsc “e used to estimate the arrroximate
of a fuel if the available primary air and the
is of the fnel are know

]
e

(iv) The Combustior-7ate of the Fixed Carbon of the Fuels.

e [N A EUVR S . esmen

4

In Table 6 the combustion rates of the fixed carbon
contents of the coagls and the anthracite are given. Traegse values
are calculated as follows:
nf fixed carbon
of fuel X _Percehtagi fixed carhon

00

Combustion rate
Combustion rate

i1

'oevndteo.(EC;g‘ 5,)

The same dcuantitvy of fixed carbon is hurnt for all fuels
at the same rate of primary air surply.

The theoretical combustion rates of pure carbon at the
different wates of »rimary air surnly are also shown in Table 6.
The values are higher than for the fixed carbon contents of the
coals and the anthracite, Jith the natural fuels small cuantities
of CO2 are found in the gas rising from the fuel bed (see later
chapter on "Gas Analyses™) and partial combustion of the volatile
matter probably takes »nlace, These factors will tend to sive lower
ion rates for the fixed carbon of these fuels,

combust

It mey be of interest to note that for the same »rimary
alr rate the pure carbon has a calculated combustion rate ecual to
that of the N.A.Anthracite (vhole coal),

_ The average valuss for the combustion rates of the fixed
carbon of the coals and the anthracite are plotted arzinst the
vrimary alr rates in Graph 3, together with the combustion rates of

rure carbon at similar air rates.

The hirher rate
which are probably less accurete than for the lover air rates. The
greater the primary alr rate, the greater becomes the differcnce
between the aversge combust
the pure carbon,

(v) Deduction of Combustion Rate Formulae,

In CGranh 4 the primarv ailr reculrements of the frrels as
given in Table 5 are plotted against the volatile matter (dvv, ash-
free) and fixed carbon (drv, ash-free) contents.
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The primery air recuirements of mixtures of pure carbon and
"nure" volatile matter are also given in Graph 4. For .the coals
having volatile matter (¢ry, ash-free) contents between 20 (Tshoba)
and 35 (Welvekrans Float and Bankfontein) per cent the curve
apnroaches the artificial fuel 1line closely.

For practicel purposes the line for the natural fuvels may
be considered to be stiraight for fuels having volatile matter (dry,
ash-free) contents betweepnp 5 and 35 per cent, This is given as the
dotted line in Craph 4 and includes the anthracitic and semi-
anthracitic ranges.

Trom the dotted .1line in Craph 4 the following ecuations can
be deducad:

(1) 100y1 + 2.3x1 = 175 S T Formula 1,
where y1 represents the primary air reguirements in-
c.f./sq.ft/min. mer lb.fuel combustion/s¢.ft/hour, and
1 Tepresents the volatile matter (dry, ash-free) content
of the fuel,

(ii) 100yo + 8.,5x1 = 680 ceesss Formula 2,

where vo represents the primary air regulrements in
1bs,air/1b, fuel,

and x1 represents the volatile matter (dry, ash-free)
content of the fuel. ' '

Prom these ecuations it is possible to calculate the
primary air requirements for coals, semi-anthracites and anthracites,
having volatile matter (&ry, ash-free) contents between 5 and 35 per
cent. . If the available surply of primary air is also known, the
rate and amount of fuel burnt on the grate of a furnace can also be
calculated,

(vi) Conclusions re Combustion Rate Tests of Fuels.

(a) For all practical purposes the perecentage of cinders
may be calculated from the ash content of a representative sample of
cinders recovered from the grate,

(h) The percentage of unburnt carbon left in the fuel bed
was usually found to he less than 10 per cent.

(e¢) The combustion rate of a fuel may be determined to the
hearest 2 lbs/sq.ft/hour by a single test. The possible error for
duplicate experiments i1s of the order of 1 1b./sqg.ft/hour.

(4) The combustion rates of ‘the fuels vary from 1C to
12¢ 1bs./sc.ft/hour for different primary air rates.

(e) The combustiorn rate of a fuel increases with increasing
primary air supply.

(£f) The quantity of primary air required per pound of fuel
remains constant for different primary air rates,

(2) The combustion rates increase and the primary air
requlrements decrease with increasing volatile matter contents (dry,
ash-free bagis) of the fuels.

(h) The combustion rates of the fixed carbon contents of
the fuels are ecual for ecual rates of primary air supply.

(1) For coals having more than 30 per cant volatile matter
on a dry, ash-free basis, the differences in combustion vrates at
equal primary air rates dve to increasing volatile matter contents
are small, ;
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B, THE COMPOSITION OF .’“ GAS RISING FROM THE FUEL BEDS.
(1) Reproducibility of Results.

The area of the grate and therefore of the surface of the hed

was 11 wy 13 = 2% souare feet., The area covered hy the water-
cooled samp]er was + by 4 = 1 scuare feet, The cone sampler
covered anhroximatoly 1/% scuare foot, The gag samplers therefore

covered only 1/9 - 1/10 of the total surface of thu fuel bed, Since
it was impossible to stoke the surface of the bed ahsolutely even
it was necessary to ascertain the reliability of the gas samples,

Tn Table 7 the averase gas composition of every scries (i,e,
the averare analysis of 10 samples taken every mimite during a
combustion lnterval\ ohtained for all the fuels with o »rimary ailr
rate of 53 cf/so.ft/min, is tabunlated,.

Trhe duplicate results of the CO0» and CO percentares show
close agreement generally, whereas the H? and CH4 valueg vary con-
s:derahly. The CO fkures though of greater magnitude than the HD
resnlts, give considerably smaller variations than the Hp figures,

It was found that while the thickress of the freshly stoked
sreen coal underlyine the samnler did not materially affect the CC
and CO02 contents of the cas, it had 2 decided iInfluence on the H?
and CH4 ficures, The CO and CO0P? are mainlw derived from the
incandescent portion of the fnel hed, which remains aprroximately
constant in thickness and composition, The H2 and CH4 on the other
hand issue mainly from the comparatively thinner layer of sgreen coal,
the thickness of which will ddircetly influence the H2 and CH4 contents
of the gas,

The eoking Wolvekrans Float coal shows the sreatest var 1ations
for all constituents of the ras risine from the fuel hed, Tsho
coal, which displayed decided 'caking"or the surface of tho fvel b@d,
has the second greatest variations for CO and CO2 values, The
effective combustior of thesec variable raseous products over the fire
would therefore be more Qllfﬁc*lt in the case of the c? }Qg (and
caking) coals, Thie conclusion is supported by Hvans who has
stated "that the coking properties of coals add to the difficulty
of ensuring the controlled air qugv]v, which 1s essential to
efficient combustior,”" Haslam s also stated "that the caking
gualities influence the burnine cualities of a coal,” The N.A,
Anthracite possessing no cakine properties whatsoever; displayed
generally the smallest variations in gas composition for all tests,
No gercral correlation exists however between the marnitude of the
var1<tlons of the. COO and CO values and the .swelling number of the
fuels,

Every effort —as alvave made to achieve even and vniform
firine of the vhole bed, In view of the large number of gas
samples taken, the average analyses mav be regarded as representine
very closely the comﬂo¢i+1on of the gases rising from the fire hed
of the different fuvels.

(i1) Changes in the Gas Compositior durine the Comhustion Interval.

In Tables 8A-I tre avcrare composition of the gas samples
taken durlng everv minute of the combustion interval for 211 the
fuels are given,

The following ceneral conclusions mav be drawn:

(a) The CO and CO2 values tend to remain unchanred over the whole
period hetween stokings (thus over the whole comMustion test period),

(BY/ e
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(b) The H2 and CHa values are medium during the first few
minutes (1~2 minutes) after stoking, then increase, reaching peak
values halfway in the interval (5 minutes), and then decrease
generally to lower valuves than are found just after stoking..
Considerable cuantities of H2 and CH4 are, however, still present
even 10 minutes after stoking,

Breckenridee et al (42) reporting on the results obtained
for similar tests, state "that the percentages of H2 and CH4 are
low immediately after firine and gradually increase during the first
three minutes after firing", Since they collected no gas samples
after three minutes, a further comparison with  the results given
above 1is not possible,

_ Variations from the general observations given shove in a
few tests on the fuels are due. to the following irregularities in
the fuel beds:

(a) At the verv high primarv alr rates blow-holes were formed
~ through which free CO? unconverted to CO may escape,  The Mooi-
fontein coal was a notable example in this respsact.

(h) With natural drauvght tests the beds were so thin that the
escape of unconverted CO02 was possible,

For a number of tests the percentage Illuminants (unsgturated
hydrocarbons) were also determined and have also been listed in
Tables 8A-I, A study of these results show thats

(a) Tre coals having the highest volatile matter contents
tend to yield the ereatest percentages of H2, CH4 and Illuminants
in the gas,

(b) For the same coal the greater the H2 content of the gas,
the creater are the CH4 and Illuminants values generally,

(c) In cases vhere the hydrogen contents of the gases are
the same, the coals havine the greatest volatile matter contents
have the greatest CH4 and I1luminants percentages in the gas,

(1ii)The Average Composition of the Gas rising from the Fuel Beds
at_Different Combustion Rates, '

In Table 9 the average composition of the gas rising from
the fuel beds With the different rates of primary alr are given,

) The followine general conclusions regarding the gas com-
bustion can be drawn:

(a) For the same fuel the composition of the gas rising from the
fuel bed i1s independent of the rate of combustion,

(b) The compositions of the gases rising from the fuel beds of
the coals and the anthracite is dependent on their volatile matter
contents.

(e) The coals having the highest volatile matter contents have
the lowest CO and the highest H?, CH4 and Illuminants values in the
gas., Bellevue coal is the outstarding example,

(a) The fuels with the lowest volatile matter conténts have the
nighest prercentages of CO and lowest H2, CH4 and Illuminants in the
gas, In. this respect N.A,Anthracite is prominent,

(e) The limitine values of the percentage combustibles in the
eae for all tests vary from 39 to 45, The differences in the CO
contents of the gases from the different fuels are approximately

counter balanced by opposing difference in the H2, CH4 and
I1luminants figures,
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(f) The percentage excess air(40)in the pas for all tests varies
from 35 to ~51, .

(g) The 'equivalent oxygen contents of the gases rising from the
fuel beds lie between 16 and 1° per cent. The nitroren contents of
the gases should thus be 59-71 per cent, but the actual nitrogen
contents found lie hetween 52 and 65 per cent.

The few exceptions to the above rules are generally associated
with irregularities in the fuel beds, such as blow-holes and too
thin beds, described in the nrevious section,

The average bed resistance increases with increasing rates of
primary air supply. This increase has no effect on the composition,
at different combustion rates, of the gas risinge from the fuel bed of
a coal or anthracite,

(iv) The Excess Oxygen Content of the Gas Rising from the Fuel Beds,

The figures given in Table 9 for the oxvegen content of the gas
rising from the fuel bed indicate that more oxygen than is available
in the primary air takes part in the combustion reactions on the
grate, The most feasible eznlanation of this findine would be the
decomposition of the moisture in the coal and in the primary air
into H2 and 02 by dissociation or interaction with the hot carbon in
the fuel bed, ~ The free 02 presumably takes part in the primary
combustion reactions, whereas the free H2 passes mainly through the
bed, The H2 content of the eas risine from the fire bed shonld
therefore be greater than that accounted for bhv the Ho in the coal,

As a result of firing tests and other experiments with super-
heated steam and hot carbon, Breckenridee et al(4THodnced "that by
far the greater part of the steam introduced under the egrate ,., or
of the moisture in the coal .., is decomposed in the fuel hed, The
fact should be kept in mind that the 0o of the decomposed steam does
not leave the fuel bed in its free state, but that it is combined
with carbon, mostly in the form of CO, and therefore is not available
for the combustion of the free hydrogen,"

In order to test this hypothesis a number of theoretical
calculations have been made from the available dats, In Tahle 10

the weights of H2 and 02 theoretically available per hovr from Lests
on two coals and the anthracite are comrared with the weiehte of Fo

and 02 actually present in the exit pases, The H2 contents of tar-
vapours were excluded and illuminants included under CH4 <o agsess

the availlable H2 in the gas,

With high Ho percentages in the exit rases, the weiehts of Ho
and 02 in the exit gases are in excess of the weight theoretically

available from the primary air and coal alone,

__With low H2 values for the exit gases, the weirhts of H»
available in the coal and the moisture of the coal are arproximately
equal to the H2 content of the exit gases, There 1s no general
relationghip in this instance between the excess 02 in the exit gas
and the 02 available in the coal plus moisture of the coal, "

It will be seen that for the tests giving high H2 contents in
the exit gases, the 02 and Ho resulting from the decomposition of an
average moilsture content of the primary ailr does not aceourni far the
02 and H2 excess in the gases,

_ From these considerations it is concluded that total or partial
decomposition of the moisture in the coal and/or the primery air
took place during the comhustion of the coals and the anthracite in

the experimentdl stack,
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(v) Details of Smoke Formation in_the Experimental Stack.

Observations were made of the smoke issuine above the stack
during the different tests, . At the hirher comhustion rates, the
smoke usvally caught fire on contact with the atmosphere at the top
of the stack. .On opening the firing door for stokine or gas-
sampling purposes, no smoke issued from the stack since a large
excess of secondary air was then drawn in over the bed,

The following are the outstanding features noted:

(a) The N,AnAnthracite formed very small cuantities of smoke,which
burned readily, at practicalliy all combustion rates, with barely
visible pale pink flames, The smoke stained the steel cover of the
stack white,

(b) The coals including the low volatile Tshoba, evolved large
cuantities of smoke at the medivm to hieh combusticn rates, The
smoke from the high volatile cosls apreared to be nore difficult to
ignite than that from the coals (and anthracite) with lower volatile
matter contents, When ignited,. the smoke from al’ the coals hurned
with an orange coloured flame. The smoke from the coals gtained the
steel cover of the stack black. :

(c¢) No visible flames appeared above the stack wher any of the coals
or the anthracite were combusted with natural draurht

(d) Generally large quantities of smoke (or flames) were emitted for
about 5 minutes after stoking, the volume subseouently decreasing
rapidly, These observations may be correlated with the decrease in
the contents of H2, CH4 and Illuminants in the gas sampled over the
fire,

(vi) The Temperatures measured in the Stack during Firine Tegtbsy

The temperatures in the stack as measured by the thermocouple
10% feet above the prate were recorded regnlarly durine the firing
tests, These temperatures did not result from secondary combustion,
but were probably mainly due to the radiant heat from the coal burning
on the grate and the sensible heat of the gases flowing past the
thermocouple, When the firing-door was opened, the stack tended to
cool owing to excess air being drawn into the chimney.

It was noted that as the rate of combustion increased the
temperatures generally increased for all the fuels, This can be seen
from the following figures:

Combustion with natural draugnt - Temperature Range, 300-600°C,
" " 33 cf/sq,ft/min, - M " 500-600°C .

" t 3 iy " 1" 6OOm7OOOC
i 1 67 " n nooo_ " 1" 700~QOOOC.
" " 93 " " bk v 1" " QOO—IIOOOé

The duration of a test was, however, also en important
factor: the longer a test, the higher generally wewe the temperatures
recorded for the same combustion rate,

With the natural draught tests the ereatest variastions in
stack temperatures were observed, Large temperatiure differences for
different tests on N.A.Anthrazite wilth natursl drai cht did not appear
to influence the rate of natural dravcht of the ch’irney oi of the
rate of combustion of the ant“racite, Similar observations were
made with the Waterpan coal,
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(vii) Cquneclusions re Gas rising from Fuel Bed,
3 Y ‘s g v
(a) The CO and CO2 contents of the gases rising from the fuel
beds show little variation and remain unchanged during the combustion
of a fuel,

(b) The H2 and CH4 contents of the exit rases vary considerably

with varying thicknesses of freshly-stoked coal or top of the bed,

The H2 and CH4 values increage. during the first five minutes after

stoking and then decrease rapidly durine the secord half of the

" combustion period, Similarly the greatér portion o1 the smoke weas
observed to issue from the stack during the first half of the com-

bustion period, |

(c) The greater the volat:’le matter content of o fuel, the
smaller 1g the CO and the greater are the Ho, CHa a.d Il umirants
contents of the pas rising from its fire bed, Ike percentare )
combustible gas.inh the exit gases of the fuels ils similar and varies
between 35 and 45 per cent,

(a) For the same fuel the composition of the gas rising from the
fuel bed 1s Independent of the primary air supply.

(e) The equivalent oxygen and hydrogen contents of the exift ras
of a fuel are greater than the cuantities of oxyger and hydrogen
avallable in the fuel and orimary air. Total or partia™ decompcsi-
tion of the moisture content:of the fuel and/or tre primary sair
takes place in the fire bed,

(f) The temperatures of the stack increased with incrzasing

rates of primary air suvpply and were approximately ecowal for all the
fuels for equal primary air rztes,

C, TIHE RESTSTANCE OF THE FUEL BEDS,

(1) The_Suction recorded above the Fuel Bed,

In Table 11 the figuies showing the averare suctiion in oms,
W.G, over the fuel bheds in al’ the tests are siven, '

The minimum values are generally 0.3 to 0,4 ems,W.G., the
maximum values 0,4 to 0,5 cms, and the average sue: on 0,4 cms, The
rate of primary air does not zpnear to influence tie suciion over
the fuel Dbeds.

(ii) Cha?ges in the Resistance of the Fuel Beds du-‘ng Ccmbustion
Teits 26 oL : SoRE LCmbustion

Bed resistance measurements were made approximately every
30 minutes during the combusiion tests., These va .ves were found to
be reproducible, except in the cases where hlowholers were formed in
the fuel bed. Such 1rregularities are particular.y characteristic
of the Mooifontein coal, ] '

~ The average bed resistances every 30 minutes for all tests
are given in Table 12, togethar with the depth of ~“he fuel bed at
the start and~end of the combustion tests, .

Two resistance formine tvpes of the fuels irivestisated can
be recognized:-

(a) Coals giving fuel beds of which the resistance ‘icreases with

time and depth of bed, viz, isoifontein, Bellevue and Ba-kfontei-
coals, ‘nese coals have the lowest ash fusion tenperatures, viz.
1190°C, 1260°C and 33500C resnsctively.
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TABLE i o
Suction (ems,W.G.) Recorded above Fuel Beds.,

Air-Rate | C, Rate | Suaction Recorded
Fuoel T oo 3 7 5 3 . ¥
; cf/sc.ft/min i1bs/sq.ft/hr, | Minimum | Maximum 'Average |
N.A., %15 10 0,37 0,38 0,38
Anthracite 33 21 0,30 0,40 0,35
53 34 0,30 0.40 - 0,35
23 47 0,40 0,50 0.45
13 71 0,25 0.5% 0.40
Tshoba ¥25 20 0,35 0,40 0,38
33 26 0,30 0,35 @,33
53 43 0,40 0,40 0.40
67 54 0,30 0,40 0.35
80 64 Dt 0,40 0.38
133 80 0,40 0,45 0,43
Wolvekrans ®22 19 0,30 0,40 0, 38
Middlings 33 29 0,20 0,45 0,33
53 26 0,38 0,45 0,22
Mooifontein ®12 12 0,33 0,35 0,34
33 30 ) 0,35 0.30
53 49 0,35 0,40 0,38
67 65 (O 0,35 C.35
93 87 0,35 0,40 0,38
L 120 0,30 0,40 0,35
Wolvekrans %20 18 0,30 0,35 0,33
Whole Coal A2 30 0,40 0.45 0.43
| 53 ' 49 0,35 0,50 0,43
Waterpan #¥20 20 0,30 0,35 0.33
33 31 0-35 0138 013?
53 50 0,35 0,45 0.40
67 64 0,30 e 0,33
93 ; 85 0,40 0,45 0,43
L35 109 0,35 0.50 0,43
Bankfontein ®¥21 21 0,30 0,40 0.35
' 33 31 0,35 0,45 0,40
53 52 0,30 0,45 0.38
Wolvekrans 53 _ 51 0,45 0,45 0,45
Float
Bellevue %18 - 17 0.25 0,40 0,33
33 31 0,30 0,40 0,35
53 53 : GeD 0,40 0,33

¥ Obhtained by natural draught,
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(b) Fuels giving fue) beds having the same bed resistance throughout
a test. The fuels, having ash fusion temperatures of 13200C and

over can be grouped here,  Amongst these fuels are some, e.g.
N.A.Anthracite, which consistently show an increase and then a
decrease in the bed resistance with time at all rates of combustion

and may possibly constitute a separate group.

The average bed resistance for a fuel at a specific primary
air rate is obtained from all the readings for all tests at this air
rate, These values are given in Table 13, together with relevant
analysis of the fuels,

The following conclusions may be drawn:

(a) The ash content of a fuel “as no significant effect on its hed
resistance, e.g. Tshoba coal with an ash content of 17 par cent has
the lowest bed resistance,

(b) The coals having low ash fusion temperatures tend *to have high
bed resistances while the coals having hish ash fusion temperatures
show low bed resistances, The limiting ash fusion temperatnre
between these two groups is approximately 1410°0C,

(¢c) The N.A.Anthracite, on the other hand, has both a high ash
fusion temnerature and a high hed resistance.

(d) The hed resistance is characteristic of a fuel and increases
with increasine primary air rates, This 1s graphically illnstrated
in Graph 6.

(1i1) The Effect of the Resistance of the Fuel Bad on the Primsry
Alr Rate obtained by Natural Draught,

In Table 13 the rates of primary air obtained by the natoral
draught of the stack are also included, The maximm difference
betwecen duplicate tests is 2 cf/sc,Tt/min,

The results show that the amount of air drawn throush the
fuel beds by the chimney increases with decreasing hed resistance of
the fuels as measured by forced draurht tests, This 1s very
significant, The N.A.Anthracite having the second highest bhed
resistance allows the second lowest amount of primary air to be
sucked through the bed,

The primary air rates with natural draueght vary from
25 {f/sq;ft/min with Tshoba coal to 12 cf/so.ft/min with Mooifontain
coal,

.The correlation exists between the ash fusion tempersturas
of the coals and the primary air rate obtainable by natural dranght,
The Mooifontein and Bellevue coals have the lowest natural draueght
rates and ash fusion temperatures, the other coals have nsh fusion
temperatures of 1350°C or more and allow more air to be drawn throueh
their fuel beds.

(iv) Conclusions re Resistance of Fuel Beds.

(a) The resistance of a fuel hed increases with increasing
primary air rate,

(b). The coals having low ash fusion temperatures have high hed
reslstances which increase with increasing depth of fueéel hed, Those
coals give the lowest natural draucht air rates,
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(c) The coals with high ash fusion temperatures show low bed
resistances which remain constant with dincreasing depth of fuel bed
and gave the highest natural draught air rates, .

(@ - The anthracite with a high ash fusion temperaturg has a
high bed resistance and has 2 very low natural draught air rate.

D. THE SIZE COMPOSITION AND HARDNESS OF THE CLINKER
FORVMED ON_ THE FURL BEDS.

(1) Ouantity of Ash plus Clinker recovered from Grate.

In Table 14 the guantity of ash plus clinker repov§red from
the fuel beds is compared with the theoretical amount obtainable,
i,e, the actual ash content of the fuels.

For low primary air rates, 33 cf/so.ft/mir, or less, a
greater weight of ash plus clinker is recovered from the grate than
should result from the actual weight of the fuel combusted. The
material probably contains unburnt carbon,

For the higher air rates, the weight of ash plus clinker is
less than the theoretically svailable amount. Fly-ash and fly-
cinders are probably carried out of the bed, Thils 1s especially
evident in the case of the Mooifontein coal which formed channels in
the bed, The air rate through these channels is high and would
tend to carry much ash out of the stack,

A few minor exceptions to these general rules exist,

These findings agree very closely with those obtained on the
amount of cinders recovered from the erate, The limiting rate of
primary air (33 cf/sq.ft/min) is similar.

(11) Reproducibility of Composition and Hardness Results.

The maximum variation for duplicate tests of the -yield of
-3/8 inch material (removable ash) in the fuel bed was found to: he

" 2 per cent, The maximum difference between duplicate experiments of

the -~3/8 inch material formed on shattering the +3/8 inch clinker
recovercd from the bed was 5 per cent,

(11i) The Composition and Hardness of the Clinker formed at
Different Combustion Rates,

The size compositions of the ash plus elinker formed on the
bed at different combustion rates for a number of the frels are
given in Table 15,

The results indicate that the composition of the ash nlus
clinker formed on the bed is not affected to any ereat extent by
the rate of combustion, Here again the few exceptions may be dis-
regarded owing to distinct irregularities in the fuel bed durinpe
these tests,

In Table 16 the results of shatter tests on the +3/2 ineh
clinker obtained from the tests recorded in Table 15 gre listed.

For the same fuel the hardness of the clinker, as measured
by the percentage -3/8 inch material formed on shattering, is not .
greatly affected by the combustion rate,

Since the rate of combustion did not influence the cuantity
or the hardness of the clinker formed on the bed comparative tests
were carried out on all the fuels with a primary air rate of
53 ¢f/sq.ft/min.

The details of the size composition of the ash rlus clinker
recovered from these tests are given in Table 17,




TABLE 14

A Comparison of the Determined Ash plus Clinker Recovered with
the Actual Aﬁh Content of a Fuel,

s e v

H
H
2

o st maa

R T hen P ABE BIEE

|
3

¥ Obtained by natural draught,

. iTest cf/so £t/ fuel 3 clinker | Differenceg
Fuel i No. i min ‘nsed gzn(,]:l)lelz'rec'overede (a=b)
b (1bs) | =y (b) ° i i

N.A.Anthracite  S2 *®16 211 11,4 13,6 ~3,2

L2 33 349 12,0 0,6

Dl 5’3 449 10 ¢ 2 ";“la 9

01 67 426 B0, T +1.3

X2 Q3. 309 10,5 +0,9

Y2 133 310 10,8 +0,6

Tshoba H1 53 415 170 18,1 1,1

A3 123 338 16,0 +1,0

Mooifontein E3 ®14 247 22.3 24,3 ~2,0

F3 33 262 21,4 +0,9

71 53 504 19.4 e

K1 57 504 18.8 +3.5

M1 53 502 e +4,2

G3 133 439 19,0 W

Waterpan 12¢1)  ®xo0 . 289 12,5 14,5 -2,0
12¢2) "33 358 14,0 I

Fl 53 562 10,6 s &

Sl 67 530 130? "'Ga7

L2 1’2")) 387 1237 ”"Osf?

Bellevue B3 53 476G 11,2 11,0 +0,2

Bankfontein N3 53 400 13,2 Tl ® +3,1

W,Whole Coal T2 53 378 T 12,0: =0l 2

7, Middlings N2 53 370 14,1 13.3 +0,8

W, Float M2 53 562 V%o, 6.7 +0.3




Composition of Ash plus

. 4%
TABL

B

1l 5

Clinker at different Rates of Air Supply.

(CF/Er. FE/min, )

0y i % lAs las-. 1 Rate of Alr Supnlv
Fuel -k gﬁsg [Size é .
s e | N,Draueht! 33 {53 ; 67 | 93 {.133 |
N.A.Anthracite 11,4 +1500 %+1% 15 23 16 8 5 5
. + 3/8 i 62 60 52 45 46
- 3/8 45 38 40 48 55 54
Tshoba 17,0 1460 %+14 - - 0 - - 7
: + 378 - 6o - - 57
- 3/8 - - 31 - 43
Waterpan 12,5 1390 %+1% 10 19 42 16 - 11
' + 3/8 57 70 97 | 71 72
= 8 43 30 23 29 - B ok
¢ Mooifontein 22,3 1190 %+1% 28 30 28 = - 16
+ 3/8 68 66 74 79
- 3/8 32 34 26 - - 23
TABLE s
Hafdness of Clinker (+3/8 inch Material): Size Anrlysis After
Shatter Test
»
; Fuel i % | Ash ﬁ17e= Rat@ of P,air Supnly (cf/sc.Tt/min)
e L f Ash | M,P, t """ "N, Drauph® 133 153 | 67 | 93 -] 133
N.A.Anthracite 11,4 +1500 %+1% 5 14 4 4 0 G
reraining
+ 3/8 68 71 64 64 68 68
remaining .
- - 3/8. 32 29 3 36 32 "22
formed
. Tshoba 17.0 1460 %+13- - - 4 - - 2
remaining
+ 3/8 - - 78 - ~ 77
remaining '
- 3/8 - - 22 - =l 2
formed
Waterpan 12,5 1390 %+14 2 13 40 172 - 6
Temaining
+ 3/8 72 87 8 89 - 83
remaining
- 3/8 28 13 17 11 - 17
formed
Mooifontein £2,3 1190 %+14 29 33 " 31 = S
remaining
+ 3/8 84 8 92 - - 89 .
remaining
- 3/8 16 14 8 - - 11
formed
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Size Composition of Ash plus Clinker formed on the Fuel Beds
with an Air Supply of 53 cf/sc,ft/min,

r ol S0 T T e D R T E
g Goash | WP, bo41dv ) +3/8" 1 -3/8"
Wolvekrang Middlings 14,1 +1500 2 50 55
Wolvekrans Whole Coal 2.7 1290 7 56 44
N.A.Anthracite st +1500 16 60 40
Wolvekrans Float 7,0 1410 11 63 37
Tshoba 17.0 1460 9 69 31
Bankfontein 13.2 1350 28 i 28
Mooifontein 2200 1190 28 74 26
Bellevue T2 1260 40 75 25
Waterpan (R 1390 42 77 23
The fuels show two classes of ash plus clinker materiai:
(a) The fuels with ash fusion temperatures of 1400°C and over eive
over 30 per cent of =3/8 inch removahle ash and under 2C rer sent
of +14 inch material on the grate,
(b) The coals with ash fusion temperatures of 1400°C ard under
yield under 30 per cent of -3/8 inch and 30-40 per cent -+1# inch
material on the grate,
The hardness values of the +3/8 inch elirker ohtained in
these tests are given in Tsble 18,
TABLE 1 8
Hardness of Clinker (+3/8 inch material) of the Fuels with Air
Sunply of 53 cf/seo.ft/mins Size Analysis after Shatter Test.

{ ‘nww“;;:;bh Y ] Ash f A l~ 1% + 3/8 [ 4-3/8 ;
i - Ash 1 M,P, . aRemaining : Remaining g Formedg
N.A.Anthracite 11.4 +1.500 4 64 36
Wolvekrans Middlings 14,1 +1590 1 67 33
Wolvekrans W,Coal 12,7 1420 0 77 23
Tshoba B0 1460 4 78 P2
Wolvekrans Float 7,0 1410 8 78 22
Waterpan 2.5 13Q0 40 89 11
Bellevue 11,2 1260 40 90 .10
Bankfontein 13,2 1350 34 o1 S

Mooifontein 223 1190 I a2 8
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The shatter tests algso indicate that two clagsses of clinker
exist:

(a) Soft Clinker: This is obtained from the coals and the anthracite
with 38h Tusion temperatures over 1400°C, It yields 20-40 per cent
-3/8 inch material on shatterire, Very few larege lumps of +14 inch
material, usually less than 10 per cent, remain,

(b) Hard Clinker: This is formed from coals with ash fusion .
temperatures under 1400°C, It yields 10 rer cent -3/8 ‘nch and 30-
40 per cent +14 inch materlal on shattering,

Tn the group "Soft Clinker" the fuels with ash fusion
temperatures of over 1500°C are included, These vield *0-40 per
cent =3/8 inch material on shatterine, It is evident from these
results that the N.A.Anthracite forms very little and very soft
clinker on the grate, The beneficial effect on Wolvekrans coal of
cleaning by Washing is also shown: the Wolvekrans Middlinegs has
decided advantages over the Wolvekrans Whole Coal in this respect.

It would seem that 1400°C and +15000C are limiting or
critic%} %sh fusion temperatures of the fuels,. Nicholls and
Selvig#3) nave, with similar tests on American coals, conclnrded
that "the quantity of larger chmker _pleces decreases rap1d1v with
increasing ash softening tomnerqture until 26000F (1427°C) is
reached, after which the rate of decrease is low ,,. Clinker
formetion does not increase materially until the softenine temperature
of the coal ash is helow 26000F (14270C),

(iv) Conclusions re Size Compogition and Hardress of Clinker.

(a) The size composition and hardness results are reprodveible
to 2 and 5 per cent of =3/8 inch material respectively.

(b) The size composition of the ash plus clinker and the hard-
ness of the clinker formed on a fuel bed is independent of the rate
of combustion,

(¢) The percentage and hardness of the clinker formed in the
bed inecreases with decreasing ash fusion temnerature of the fuel,

E. GENERAL BURNING CHARACTERISTICS OF THE FUELS,

On quenching the fire, the bed usually bad the following
vertical sectior:
- inch, Cinders (on surface of hed)
" - Cinders and ash
i Clinker and ash
Ui Ash
Grate bars

!——J'\J"‘]K\ ’Jw
i A

=0 A N

When the fire was allowed to burn out, the fuel hed had
the following sections

1 inch Ash (on surface of hed)
i - 7 inch. Clinker and ash

L .1 "% Ash

Grate bhars)

With the eycnptwon of the Tshoba coal, the fuels with
swelling numbers of 1~ and less showed no caking on the hed.

"% The "ash softening temperabures” as determined by Nicholls and

Selvig are comparablé to the '"ash fusion temperatures" given in
this revort,
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When “"ereen™ anthracite nuts were fired on to the bed, the
lumps developed cracks and after a short period on the bed broke into
smaller particles. This process of disinteesration (decrepitation)
continued until the fuel bed contained verv much smaller sized,
partlally-combusted cubical particles. The cubes tended to '"pack!
closely and thereby caused a great resistance to air flow, With-
the higher primary air rates rapid decrepitation occurred and the
smaller particles were blown out of the stack (fly-cinders), Tests
were also carried out using anthracite rounds and similar decrepi-
tation as with the nuts took place, The belief that on partial
combustion of South African Anthracite an ash surface develops on
the Iumps, rendering further combustion impossible or slow, was
shown by these observations to be untenable, At the® same time it
would appear that N,A.Anthracite 1s unsuitable, in view of its
tendency to decrepitate, for high draught conditions, such as exist
in locomotives and in most fire-~tube:furnaces,

Owing to its slow comhustion rate, 1ts mode of disintegra-
tion in the fuel bed and its uniform bed resistance, the N.A.
Anthracite should be very suitable for furnaces which reculre bank-

ing and where medium to low uniform loads are reouired,

The Tshoba coal fuel bed tended to build up very rapidly
owing to the "porosity" of its clinker layer, which contained
numerous large holes and channels, This was probahly a cause of
the low bed resistance of the Tshoba ¢oal, At very hieh primary
air rates, the Tshoba coal %tended to decrepitate when the lumpe
were incandescent,

. It was observed that in the case of the coals the lumps
formed ash layers on their outer surfaces, The agh wag, however,
1ight and featherv and on disturbing the hed flaked awav from the

coal particles very easily.

THEORETICAT, DEDUCTIONS AND CALCULATIONS,

A, Volume of Secondary and Total Air Recuired.

(1) Method of Calculation of Secondary Air.

In Table O (sce page 35) the following average analysis 1s
civen for the gas rising from the fuel hed of the N.A.Anthracite
combusted with a primary air supply of 33 cf/sq,ft/min:

% COp 1.2

02 0,2

60O 1.7

% CHa 0.,¢
HD2 6.6
N2  59.4

% Tncludes illuminants,

The volume of the exit gas rising from the fuel bed per
square foot of egrate area per minute is calcnlated from the N2
content of the primary air and that of the exit gas:

3%%2 X 33 = 43.8 cf/so. £t/min.

The volume of each individual component of the exit gas can
hence be calculateds

Coo = %6% X 43,8 = 0,5 ef/sc,ft/min,
=R
02 = g5 X 43.8 = 0,1 "

13‘. 9 1"

- 21.7
CO = g5~ & 43,8



CHa = %5% X 43,8 = 0.4 cf/sq.ft/min,
= 606 ._: ‘:) Q 1

H2 = £:8 X 43.8 5. €
= 5;904 o 1"t

NN2 = Zexm X 43,8 = 26,1

Total = 43.9 cf/se,ft/min,

FEach volume of CO, CH4 and Ho recuires for combustion #, 2
and % volumes of secondary 02 respectively,

Thus 13,9 e¢f/sc.ft/min, CO ‘reouire 6,05 cf/so.gt/min& Oﬁ
"

0,4 CHa " 0,8
and 2,9 " H2 " 1,45 n i
Total R n "

The volume of secondary air recuired is thus:

2{2 X 100. = 43,8 c¢f/sq.ft/min,

The following ratios may therefore be calcvlated:

Volume Exit Gas = = 43,9 = 1 33
(a)  VoTume Primary AiT 33 =5

Volume Secondary Air 43,8 i
(b)) ToTume Primary Air T "33 % 33

Volume Secondary Air 43,8 1.00
(¢)  VoTume Txit Gas = 5ty = )

The following considerations must be noted:

The N2 and 02 contents of the fuel may be neglected in these
calculations, together with the 02 recvired for the small ocuantities
of CO2 and undetermined steam formed, Tt has furthermore been
indicated that the moisture of the coal and the primary air may he
partially decomposed to H2 and 02, It is probable that these factors
will to some extent neutralise one another,

(ii) Calculated Volumes of Secondary Air Recuired,

: For the purpose of calculating the amount of secondary air
required, a number of the tests giving high €05 and low C0y H> and CHa
values have not been corsidered. These results are probably derived
from abnormal conditions in the bed and do not represent the gensral
average composition of the gas risine from the fuel bed,

The average ratios between the volumes of primarv and
secondary air and exit gas for the fuels are given ih Table 10,

TABLE Lee
Ratios of Primary Air, Exit Gases and Secondary Air Reouired.

P

Averace Ratios oOf |

o ko F % % VMJIEXIt ras (Secondary ;Secoﬁﬁﬁ??é
Fuel FV.M, (F.Co ¢ (d,af)i Primary Adr ; Air i Alr s
i :

! ‘Primary Air Exit Gas - ;

i

3
S ——

1

N.A.Anthracite 8.0 78.9 9.2 1,35 1.4 1,0
Tshoba Bemr = 6540 - N4 1.4 1.5 Tl
Wolvekrans MiddYMings 22,3 61,5 26.6 1.4 1.5 1ot
Mooifontein 22,6 52,2 30,2 1.4 1,55 1,1
Wolvekrans W,Cosl 27,2 57,8 32,0 1.4 1.65 1,15
Waterpan 27.8 58,0 32,1 1.4 1,7 i
Wolvekrans Float 30,0 60,1 34,0 gL 1,0 1.3
Bankfontein 30,2 53,7 36,0 1,5 2,0 1.35
Bellevue 34,7 51 40,5 1.6 Be42 Lo

e

!
f
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From Tabhle 19 it will be seen that.
Exit Gas
(a) The ratio Primary Air for the different fuels increases with
increasing volatile matter content (from 1,35 for N.A.Anthracite to
1.6 for Bellevue coal,)

Secondary Air
(b) The ratio Primary AIT increases with increasing volatile

matter content (from 1.4 for N.A.Anthracite to 2.7 for Bellevue coal).

Secondary Air
(e¢) The ratio T EXITt Gas .~ increases with increasing volatile matter

content (from 1.0 for N.A.Anthracite to 1,5 for Bellevue coal.)

- The correlation between the volatile matter contents of

the fuels and the ratios gi?;?i%rilﬁlr‘of their exit gases ean also

he studied from Tabhle 193

.(a) TFor volatile matter contents of 8 to 23 per cent (2 to 30 per
cent on dry, ash-free basis) the ratio varies only slirhtly from 1,4

o X.55,

(b) For volatile matter contents of 23 %to 35 per cent (30 to 41 per
cent on dry, ash-free hasis) the ratio increases more rapidly from

1559 Yo 27

It has previously been shown that the combustion rate for
the same primary air rate does not vary appreciably for fuels with
over 30 per cent volatile matter (dry, ash-free basis) content (see
Table 5, page 15). It is, however, now clear that greater volumes
of secondary air are required for eoual primary air rates for the
coals with the higher volatile matter contents.

In Table 20 the combustion rates of the fuels with primary
air rates of 33 and 53 cf/sco,.ft/min, are compared with the '
Secondary Air patios,

Primary Air

TABLE 2 (0, .,
Combustion Rates Comnared to Ratio L.

4 V,M, P,A, Rate C.Rate. e NS
Fuel (d,a.0)Ef/50.Tt/min _ Tbs/so.Tt/BT, o0 PLA,
N.A.Anthracit 9,2 33 21 1.4
Tshoba 20,4 i 26 1,5
Wolvekrans ¥iddlings 26,6 i 20 1eb
Mooifontein ' 30,2 " 30 i 5
Wolvekrans ¥hole Coal 32,0 " 30 1.65
Waterpan 32.1 il 3L 1.7
Wolvekrans Float 34,0 n - 1,0
Bankfontein 36,0 M chi 2,0
Bellevue 40,5 i o e 2,2
N.A.Anthracite Q9,2 53 34 1.4
Tshoba 20,4 " 43 %5
Wolvekrans ¥iddlings 26,6 ; 46 1.5
Mooifontein 30,2 L 40 1t
Wolvekrans Whole Coal 32,0 " 49 1365
Waterpan 32,1 i 50 1 3%
Wolvekrans Float Sl i G 1.9
Bankfontein 36,0 " 52 2.0
Bellevue 40,5 L 53 2.7

. ! . Secondary Air
T b = \ g T Bl T il ]
It will he seen that wlth-P?Tmary‘Klr ~ ratios of 1.4 to

1.55, the rate of combustion increases rapidly, whereas with values
from 1.55 to 2,2, the combustion rates show oniv'a slight increase.

These facts are illustrated in Graph 7.
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(1ii) Ratio of Secondary to Primary Air when Excess Secondary
Air is Allowed.

Secondary Air A
The average ratios Prlmam3 AIr for the fuels when 0,25
and 50 per cent of excess secondary air is surplied are given Jn

Table 21

TABLE '2 1

Ratio of Secondary to Primarv Air Recuired for Varyine
Quantities of Excess Secondary Alr,

.

. 4 9 . Vh.g_ Ratio S.A. to P.A,recuired with {
| Fuel k V}M,éF;C.—(@ai)wa% Hzcessgigiﬁ fixe BX
N.A,Anthracite. 8.0 78,¢ 9.2 1,2 Lt 2.1
Tshoba 6.7 65,1 A28 4 1.5 1.9 2425
W.Midd1lings 22,3 61.5 26,6 56 1.9 2.25
Mooifontein 22,6 52,2 30,2 155, 1,95 273
W."hole Coal o7.2 57.8 32,0 1.65 2.05 0.5
Waterpan 27.4 58,0 ,g.l 1.7 2l 258
Wolvekrans Float 30,9 60,1 34,0 1,0 2,4 2,85
Bankfontein 30,2 53,7 36,0 2l ) 3.0
Bellevue 34,7 51,1 40,5 2,2 2.8 3.3

The influence.of the volatile matter contents of the coals
and the anthracite is even more marked in the Secondary Air ratios
when excess secondary air 1s considered,. Primary AIr

(iv) The Secondarv and Totol Air Recuirements of the Fuels.

From the primary air reguirements of the fuels given in

Setondary AiT the &
Table 5 and the S i ratios shown in Tahle 2C, the-secondary

and total air regquirements (1lbs.,air/lb.fuel) can be calculated, The
values are listed in Table 22,

T The cuantity of secondary air reculred decreases with
volatile matter (dryq ash-free basis) contents from ¢ to 30 per cent
and then increases with volatile matter (drv, ash-free basis)
contents from 30 to 4C per cent. The total air requirements hebave
similarly,

To combust 1 pound of coal 10-12% pounds of total air are
reguired, ‘For one pound of N.A.Anthracite 14 pounds of total air
are needed, The anthracite requires more secondary air per pound of
fuel than the coals, with the exception of Bellevue coal.

Since a definite excess of secondary air is always recvired
for comrbete combustion = usually more than 25 per ¢ent - it is
evident that for the coals and the anthracite at least twice as mmch
air must be passed over the fire as 1s delivered under 1it,.

In Taple 23 the rates of secondary and total air supply in
ef/sa.ft/min, are shown for a primary air rate of 53 cf/so.ft/min,

For the same rate of onrimary air sunply the anthracite
requires less secondary alr than the ooals, hence also- less total air,
For the same rate of prlmarv air suvnply the rates of secondarv and
total air increase with increasing volatile matter (drv, ash-Tree
hasis) contents,

(v) Relationship between the Composition and Air Recuirements
of the FMuels.

It might be exvected that the total air recvrirements of a
fuel are dependent on the combustible content of the fuel, In
Table 24 the values for total combustible material of the coals and

e e s s e
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TABLE 23,

Rate of Secondary and Total Air Reguired for a Primarv Alr Rate of
53 e¢f/s0,ft/min,

: ! P,A, ' S8.A. | T.A. 8,A,Factor T.A.Factor .|
i Fuel % V.M,: ¢f/sq. cf/sc. |cF/s0.. when N.A A, when N, A A, |
' (dq f\ £t/min, | £t/min. ft/min,, =100 oo =) e s
N AJANt thracite q.? L‘)'3 ‘7)' 1?6 1,00 }-OQ
Tshoba 20,4 53 80 133 1,08 1,06
W, Midd1lings 26.6 53 &0 133 1,08 1,06
Mooifontein 30,7 53 20 133 1,08 L00
W.Whole Coal 32.0 53 89 142 1,19 1.13
Waterpan 32,1 53 20 143 1,20 1.13
W.Float 34,0 53 101 154 RS L, 22
Bankfontein 36, o 53 107 160 1,44 1,27
Bellevue 40, 53 122 175 1,63 1.3¢
TABTVE 2 4
Total Combustible of Fuels Corpared with their Air Recuiremenzs,
T Ubseir/Ibfrel)
) T m;h S et el TAir Rec irements
Fuel e QFOC Combustible | (1bs.,a2iv/1b, f1nL) -
[ Vete Wb PRV #F.C, [ PLA. 1 S,A, TR
N.A.Anthracite 8,0 78,9 86,9 5, 87 S 14,09
Tshoba 16,7 65,1 81, 8 4,68 7.02< 11,70
W.Midd1lings 22,3 61,5 83, 8 4,31  6.47 10,78
Mooifontein 22:6,. 52,72 74,8 3. 957 56l 2n & 10T
W, Whole Coal 2F o9 BTG 85,0 4,12 6,8 10,92
Waterpan 27,4 58,0 85,4 3,96 . 6.73 10,69
W, Float 30.9 60,1 ©1,0 3.90 7,41 11,31
Bankfontein 30,2 53,7 83,9 .86 . P72l L I
Bellevue RN 85,8 3,91 &,50 12,50

EIP R — — a3 v e A 3 W

the anthracite represented by the sum of the volatile matter and
fixed carbon contents of the fuels are given,

It will be seen thatv no relafﬁonship exists between the
o1atile matter plus fixed P“Tbﬁﬂ cortnnts of & fuel and its total
ir reqguirements {or combus* L,

In Table 25 the ultimate.analvses of the fuels and their
air reguirements in 1lhs.air,” h,fuel are riven,

It aprears that a corralation only exists between the Eo
(dry, ash-free basis) conteuts and C/H ratios of the fuels znd their
secondary and total air requirements, 1f the N.A.Anthracite 1s not

included. Generally Oped\'wg the coals recuire more secordary and
total alir for 1Dcroasw.g Ho 0“\, ash-free basis) conte~t and
decreasing C/H ratios, hence also increasing size of comhustion

spaces for increasine n? (@, aL ;) COEtFPuo and decreasins C/H ratios,
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Kreisinger et a1(44)bave found that for American coals the
size of the combustion space recuired apreared to he directly
proportional to the percentage 02 (dry, ash-free basis) of the coals,
This would not seem to be the case for South African coals.

(vi) FHeat Liberated hy ths Fuels per Pound of Total Air,

If it were assumed that the total weieght of air recmired to
combust one pound of a fvel was proportional fto the avan?nblo heat
in one pound -of the fuel (hence to the calorific value of the fuel),
then the total air reculrements should be proportional teo the
calorific walues of the fuels,

In Table 26 the heat liberated in Evapor=ative Units (1hs,
steam ¥, and A,) 1liberated by one pound of total air from each fuel
1s shown,

TABLE 26

Comparison of Total AlT (Tw%,a1r/1h fuel) and C.V. of the Fuels,

B A R A G R € A GREAR SNt SRR R - i AR R A A U e S £ AN A e A LS SR e s B S W

(g) | Heas liherated |

H

il L G, s () o Toka]l Mps D o

Fuel : V./1b, fuel é 1bs,air/1b,  fuel gpogql?o ai}é Lo
N.A.Anthracite 13,8 14,1 0,08
Tshoba 2,85 11,7 1, 10
Wolvekrans Middlings 2+ 55 10,8 1.16
Mooifontein 10,75 fiL(of Ik 1,06
W, Whole Coal 12,85 10,9 1,18
Waterpan 12,79 NoR7 1,19
Wolvekrans Float 14,0% 11.3 1,24
Bankfontein 12,4 1176 1,07
Bellevue 12,4 12,5 0,99

The fuels evolve different guantities of heat for the same
total air supply. The Bellevie coal gives the least heatl ner
pound of ailr for all the coals and this 1s ecual to the heat liherated
by t'e anthracite per pound of total air,

With the exception of the N.A.Anthracite and the Bellevue
coal, the fuels generally evolve 1,1 to 1.2 h,ﬂnnts per pound of
total air, The ¥itbank coals are verv qunlar in this resrect and
show the highest values,.

B, THE HEAT VOLVED BY THE FUELS WITH EQUAL PRI
RATES,

[

The heat evolved by the fuels for the various primarv air
rates may be calculated from the combustion rate and calorific value
of the fuels, For comparatlve purposes this is expressed as the

Evaporative Units liberated by the fuel per souare foot of srate area
per minute, The results are tabulated 1n Table 27,

The N.A.Anthracite liberates the least heat per wnit of
erate area per unit of time for the same rate of primarv air surply,

The coals with medium volatile matter contents (17 to 23 per
cent) viz, Tshoba, Mooifontein and Wolvekrans Middlings eive less
heat for oc1a1 ra tog of primarv air than the coals with higher
volatile matter contents The latter coals give gimilar cpantiti
of heat for ecual prima%v air sunprlies,
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TABLE 20y

Heat Evolved by the Fuels with Erual Primary Air Rates.

.., g | Heat Evolved (E.U.7/sq.ft/min. ) )for P.Air Rates ofy
Fuel : v i 33TeT sq. cf/sq. | 67 ctf/sq, | 93 cf/sq,
f V'M°§f%./min? g%,/min; | ft./min, | ft,/min,
N.A.,Anthracite 8.0 4.4 8 7.8 9,9 13,1
Mooifontein 22.6 5.4 £,8 Ex -
Tshoba e 5e6 Q,2 11,6 ~
W, Widdlings 22,3 6,1 9.6 - o
W.Whole Coal 2l A 6.4 10,5 - o
Bankfontein 30,2 6.4 10,7 -
Bellevue 34,7 6.4 INIPNE - -
Waterpan 27 4 6.6 10,6 13,6 e,
W, Float 30.© - 11,0 - \ o

C. IHE HFEAT DEVELOPED BY THE FUELS WITH EQUAL TOTAL AIR SUPPLY,

(1) Without Excess Air,

The total cuantities of air reonired to complete’y combust
the N,A,Anthracite for primary air rates of 23, 53, 67 and 93 cf/sq.
ft/min. are 77, 128, 156 and 228 cf/sq,ft/min respectively,

Assuming these fixed total air rates, the relative cuantities of reat
evolved by the coals can be calculated, These results are habulated
in Table 28,

TABLE 28

Heat Developed by the Fuels for Eoual Total Air Rates when no
Excess Air is Supplied,

| % | HeatBvolved(EX/sq.f/min) for Total Alr Rates of )
Fuel [ VoM, [ 77 cf/s0,i 128 cf/sq.! 156 cf/so, 228 cf/sq.
§ | ft./min, | ft,/min, | ft./min. | f£t,/nmin,
N.A,Anthracite €.0 4,8 7,8 9,0 17,1
Mooifontein 22,6 5,0 8.3 >
. Bellevue 34,7 5.6 797 =
Bankfontein 30,2 4.9 9,5 - -
Tshoba 16.7 5.2 8,0 il =
W, Midd1lings 22.3 5.0 e X €
W, Float 30,9 - 9,9 -
W.Whole Coal 2 6.3 9,7 - =
Waterpan 27,4 S Q,4 11,8 18,2

It is evident from these fisures that the differcnces in
heat developed per souare foot of erate ares ver minute between the
N.A, Anthracite and the coals with the same total air surnly are very
much smaller than when ecual primary ailr rates are. considered,
However, the anthracite liberates the least amount of heat under
these conditions, then follow the Ermelo-Breyten and Natal coals
generally and lastly the Witbenk coals arpear to develop the most
heat with egual total air rates,

The order of the fuels is similar to that shown in Tahle 26
(page 56) where the heat 4in &,Units developed hy one pound of total
air is calculated,
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(ii) With 50 Per Cent Excess Secondary Air,

The different rates of total air recuired for efficient
combustion with 50 ver cent excecs air of the N:A.Anthracite for
primary air rates of 33, 53, 67 and ©3 cf/so.ft/min, would be 90, 166,
201 and 206 cf/sq.ft/min., respectively., = The heat vhits/so. FT/er.
developed by the coals assumine these total air rates and 50 per cent
excess secondary air were calculated from the averase 'ratios
Secondary ALY ciyen in Teble 21,  The vesults are shown in Table 29,

Primary Air e g

TABLE le

Heat Developed by the Tials for Egual Total Air Rates when
50% Iizcess Secondary Alr is Supplied,

;?Ol Cf/aﬁ,é?@é “V’SU
;ft /mln. Ft,/m1n

e

i B L Heut;bdhf_TE"J“

Fuel P 166 ci/sc
fft./min,

N.A,Anthracite 7.8 ope 1343
Mooifontein o B = =
‘Bellevue 2 -

Bankfontein ERb| - ;
T=hoba §,Q 10,7 ’
W, Middlings 9.3 i

Wy Float ' 2,7 = -
W, Whole Coal S - =
Waterpan 0,4 11.6 6.1

The differences between heat developed by the arnthracite and
by the coals have generally heen narrowed down by this comparison,
The generzl order of the coals has not been altered, however,

D, THE HEAT DEVELOPED BY THE FUSLS_WITH NATURAL DRAVGHT,

In Table 30 the heat liberated by the fuels with natural
draught expressed in Evaporative Units mer scvare foot of rrate area
per minute is egiven, '

TABLE 30,
Heat Liberated by the Fuels with Natural Draueht,

el L% BT Heat developed bv “Natural Draueht |

B B P V.M, ! oAsh in E.T, /sc ft/min. i
N.A,Anthracite g,0 T4 2.3
Mooifontein 22,6 22,3 2.2
Bellevue 34,7 11,2 3.5
Bankfonteiln 30,2 13.2 4,3
Tshoba 16,7 R 4,3
W, Middlings 27,3 14,1 4,0
W, Float 30,¢ 7,0 -
W, Whole Coal 27,2 e, 3,9
Waterpan 27,4 12.% 4,3

Hith the exception of the low calorific value and hich ash

M001r0pt03n coal, the co 1s develon more heat than the anthraci®
with natural dwquvht, Th1 is not only due to the sloweyp’ bUﬁﬂin?

characteristics but also to the very high bed resistance of tho
N.A.Anthracite,

An interesting feature indicated in Table 30 ig that under
natural draught conditions, the Wolvekrans Middlines coal WL“W
develop more heat than the Wolvpkrano Wholo Coal, This fact will be
of great importance in determining whether the two-stare washing
treatment of Witbank. coal is advisable,
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he Average Compvosition ¢

No.of C.Rate P.A.

Fuel V;N Ngd gas  1bs/sg. Rate % %
: 'lvvﬁ;ts series ft/hr. cf/sc. CO0p ‘02 =&
A : b ol ft/min, M
Nehosnthracite ¢.0 2 5 10 X15 3.3 0.3 ¢
2 5 2 33 la2 “SESSE 2
5 3 34 R 04 0.3
2 E 43 07 0,2 0.6 ¥
1 2 Byl @3 0.2 0, 5y )
1 2 71 133 0.3 iy 3
Tshoba 16,7 1 3 a0 2] 6.7 0,4 ]
Lh 3 26 33 T 0.5 i
3 B 43 53 2 0] | T
1 2 54 67 1.6 R
1 2 (4 . RO BN 0,2 -
1 2 8o 133 BUZ ) 82 . C
Mooifontein 22.6 2 4 12 # 42 B0 @3 ¢
P 'fl' ’ _’"j) C D\j ,‘- I3 L?; O o :< 4
4 3 49 53 Zath Ue 3 3
1 2 65 67 755t | Y PR
1 2 87 23 8.7 0.1 p
1 1 129 133 9.3 0.3 1
Waterpan 27.4 2 4 20 =20 5,6 el 2
5 4 31 33 EI O i
3 3 50 53 4,1 0.4 z
2 4 64 7 1.8 0.4 ¢
i 2 85 93 L9 8.4 .. C
1 2 109 = 25 0.4 2
Bellevue 34.7 1 2 17 %18 2.9 0.3 7
1 > 31 33 1.4 0.6 - 2
1 2 53 53 36 8.3 L
Bankfonteir 30,2 1 2 21 ®¥21 11,1 o5
1 2 31 33 2 0.6 -
1 2 59 53 Vil S T
Wolvekrans ke 1 2 18 %20 7.3 0.5 1
ihole coal i- 2 30 33 3 © 0.9 2
1 2 49 53 187 0.6 ‘
Wolvexsrars 22,3 i 2 19 ®22 6.6 0.6 z
Middiir~e 1 3 26 33 2.1 ] 2
2 5 46 53 25 LSRR,
Wolvekre.as 30.9 1 4 51 53 el s HENET. 2
Float

® Obtailned bv Natural Draugh
£ TIncludes illuminants
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T A BER
the Gas at Different Combustion

Rates.
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