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FIG. 2.—Assembly of coal hopper and refractory “dutch
oven ™ for first model of vibrating-grate stoker.
1. Refractory * dutch oven.” 2. Coal hopper.
3. Coal feeder.
oven had no water cooling, and the grate was made of a
1-in steel plate ; this combination resulted in overheating
of the stoker, clinkering on the grate and eventual
damage. Howevér, the feasibility of the firing system was
sufficiently demonstrated to warrant the development of
an apparatus more closely resembling a prototype stoker.

2.3. Redesigned Mark 2 Stoker
The redesigned stoker, which was designated the

3o et

FIG. 3 (Right)—View of Mark |
2vibrating grate during assembly.

1. Finned grate bars. :
2. Main windbox. L
3. Damper-controlled air zones. i
4. Windbox side plates.
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present arrangement any leaking air coming up the
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Mark 2 model, incorporates alloy cast-iron grates and
water cooling in the furnace. The grate and windbox
assembly is shown in Fig. 3. As before, the grate is 1 ft
wide by 2 ft long, but the slope has been reduced to
% in/ft, because comparison of the performance of the
previous model with that of a full-sized industrial
vibrating grate sloped at  in/ft showed that the increased
slope offered no practical advantages. The burning
surface is made up of heavy bars having air-oooled fins.
These bars are cast in grey iron alloyed with 1 per cent
chromium and 1 per cent nickel, a composition which
has been found capable of withstanding 1200° F without
oxidation growth, compared with 800° F for ordinary
grey iron. There are four air zones under the grate, each
equipped with a sliding damper to regulate air flow from
the main windbox. Total grate air opening equals
2-6 per cent of the effective grate area.

The grate and windbox assembly is mounted on
flexure plates, which are inclined away from the discharge
and at 15° from the vertical. Thus, when vibrating the
grate moves up and down as well as backward and
forward. The design of the flexure plates is explained in
Appendix 1 to this paper. The assembly is surrounded by
a welded steel water jacket 3} in high, as shown in Figs. 4
and 5. This serves as a clinker chill. To provide clearance
between it and the vibrating grate, yet prevent coal from
falling off the sides of the grate, the windbox side plates
were first extended 2 in above the grate surface, as shown
in Fig. 3. These extensions were cooled to some extent by
the water-walls, which were parallel to them. However,
with this arrangement it was impossible to obtain a
reliable sample of flue gas because of dilution by air
passing upward between the windbox side plates and the
water-walls. The side plates were, therefore, cut off flush
with the grate surface, and sealing is now accomplished
by means of a § by l-in steel strip welded to each
water-wall, overlapping the grate by about % in, with
about } in vertical clearance to the grate. With the
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TABLE 2.—TyPICAL COMBUSTION DATA FOR LIGNITE

Combustion air pressure, in w.g.
Timer “ on” | Furnace Smoke, Orsat, per cent

Time period draught Grate zone Ringelmann

sec in min | in w.g. | Windbox No. co o Total

1 2 3 4 * 2 air

13.15 0-5in1-0 0-05 1-5 0-2 0-8 0-5 0-2 0-1 8:0 11-6 220
13.30 0-5in 1-0 0-05 1-0 0-2 0-7 0-5 0-2 0-1 8-8 10-8 203
13.45 0-5in1-0 0-06 1-0 0-2 0-7 0-5 0-2 0-1 11-2 8-2 163
14.00 0-5in 1-0 0-03 1-0 0-2 0-6 0-5 0-2 0-1 13-0 6-8 147
14.15 0-5in1-0 0-03 1-0 02 0-7 0-4 0-2 0-1 136 6-0 139
1430 [ 0-5in1-0 0-03 1-0 0-2 0-6 0-5 0-2 0-1 8-8 10-8 203
14.45 0-5in1-0 0-01 1-0 0-2 0-8 0-6 0-2 0-1 11-6 8-0 160
15.00 0-5in 1-0 0:03 1-0 0-2 0-7 0-6 0-2 0-1 9-0 10-6 200
15.15 0-5in1-0 0-03 1-0 0-2 0-7 0-6 0-2 0-1 9-8 9-8 186

Average grate heat-release rate, Btu/ft* h = 154 900. Combustible in ash, per cent = 3-8.

TABLE 3.—TypPIiCAL CoMBUSTION DATA FOR WEAKLY AGGLOMERATING BiTuMiNous COAL

Combustion air pressure, in w.g.
Timer “ on ” | Furnace Smoke, Orsat, per cent
Time period draught Grate zone Ringelmann
sec in min in w.g. | Windbox No. Cco o Total
1 2 3 4 . " air
13.30 0-5in 1-0 0-02 292 22 22 1-0 0-5 0-2 14-4 4-0 123
13.45 0:6in 1-0 0-02 22 2:2 2:2 1-0 0-5 0-3 13-0 5:2 132
14.00 0-6in1-0 0-01 20 20 2:0 1-1 0-5 0-2 13-6 32 132
14.15 0-6in 1-0 0-02 20 2-0 2-0 1-0 0-5 0-2 15-0 2-4 112
14.30 0-6in1-0 0-02 20 20 2-0 1-0 0-5 0-2 12-0 6-4 142
14.45 0:6in1-0 0-02 1-8 1-8 1-8 1-0 0-5 0-2 11-8 66 144
15.00 0-6in 1-0 0-02 1-8 1-8 1-8 1-0 0-4 02 12-0 6-4 142
15.15 0-6in1-0 0-03 1-8 1-8 1-8 0-8 0-5 0-2 16-2 2-4 113
15.30 0-6in1-0 0-02 1-8 1-8 1-8 0-8 0-5 0-2 13-6 5-1 131

Average grate heat-release rate, Btu/ft? h = 245 100. Combustible in ash, per cent = 8-6.

Typical combustion data are given in Table 3 while
corresponding grate temperature patterns are given in
- Fig. 7.

3.4. Combustion Tests with Strongly Caking Low-ash-
fusion Bituminous Coal

The most interesting test with the strongly caking coal
was one in which the stoker was overfed somewhat beyond
the capacity of the forced draught fan in an attempt to
achieve a burning rate near that recommended for com-
mercial equipment. This resulted in low values of excess
air and rather high grate temperature.

Beginning with a clean grate, intense combustion was
established on the first two zones. The fire-bed was about
4 in thick, remained porous and burn-out was completed
on the third zone. With each vibration cycle of the grate
there was a 2 or 3 sec puff of smoke, which often
exceeded No. 1 Ringelmann in density. Temperatures at
the surface of the first two grate zones were about
1100° F. After about 45 min these temperatures began
to drop, which was an indication that clinker was
forming on the grate surface and beginning to obstruct
air flow. Then the previously porous fire-bed on the

first zone began to agglomerate into a solid mass 5 to 6in
thick, which was advanced down the grate more through
the action of the feeder than through the action of the
vibrator. This coke mass broke up on the second grate
zone and burnt out on the third grate zone, but was

continually regenerated by the incoming coal on the
first zone.

Gradually, as the clinker continued to build up on the
grate and began to obstruct air flow to the second grate
zone, the coke mass thickened to 7 or 8 in and lengthened
so that it covered the first and second zones ; it then
broke up and burnt out on the third and fourth zones.
Combustion conditions were still good and burn-out
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Fi1G. 7.—Grate surface temperatures when burning non-
caking bituminous coal.
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The performance of any stoker is profoundly influenced
by the design of the furnace which houses it, and certainly
the refractory furnace must be considered when
evaluating the pilot-scale vibrating grate. The only water

*cooling in the furnace was a narrow clinker chill along
each side and a loop around the feeder spout ; the rest of
the furnace was maintained at ncar incandescent
temperatures during operation. The resulting high
furnace temperature was doubtless largely responsible
for the smoke-free combustion of high-volatile coal.
However, it doubtless also contributed to the high grate
temperature and resultant clinkering.

Another factor contributing to clinkering on the grate
was the low excess air value of 20 to 30 per cent. In
Canadian industry it is normal practice to operate with
50 per cent excess air when burning strongly caking, low-
ash-fusion coals. This minimizes clinkering in two ways :
first, by lowering grate temperature through the increased
mass of cooling fluid, and second, by providing more
uniformly oxidizing conditions in the fire-bed, with
corresponding rise in ash softening temperature.

The conclusion that a water-cooled furnace and
increase excess air will reduce grate temperature is
supported by results of experiments with strongly caking
coal on a full-size vibrating stoker in a water-cooled
furnace.?2 In these experiments, with other factors such
as fire-bed thickness, resembling those applying to the
model stoker, it was found that grate temperatures
could be maintained at less than 500° F at heat release
rates of 350000 Btu/ft%h, at about 160 per cent total air.

Of course high grate temperatures and clinkering
could be prevented by water cooling the grate, but, as
previously mentioned, this results in a complicated
construction which is unattractive for application to a
packaged boiler, and to vibrate the greater weight at the
desired frequency of 1200 c.p.m. requires stiffer flexure
plates, which in turn makes it difficult to achieve the
desired amplitude.

It would appear, then, that a suitable furnace for a
full-size plate feeder air-cooled vibrating grate burning
strongly caking, low-ash-fusion coal would be one having
water-cooled walls to prevent the excessive fire-bed
temperatures conducive to clinkering. On the other hand,
the vibrating action of the grate advances green coal
much more rapidly than coal which has begun to
agglomerate, hence ignition must be stabilized at the
front of the grate to prevent the fire from being shaken
into the ash pit. However, when starting up the model
stoker it was found difficult to stabilize ignition until the
refractory furnace was hot. Therefore, to stabilize ignition
and prevent smoke, it would seem desirable to equip the
furnace of a full-size stoker with a considerable area of
refractory so placed that heat is reflected on to the area
where the coal enters the furnace. The reflected heat
could be provided by a refractory front wall or by a small
front arch. Experience with the first model stoker
demonstrated that a full-size stoker would require
clinker chills to prevent clinker from sticking to the side
walls and interfering with movement of coal down the

- grate, while water cooling of the coal entrance would be
necessary to prevent coal from caking in the entrance and
jamming the feeder. Of course there should be sufficient
furnace volume to avoid flame impingement on water-
cooled surfaces.

The basic design features of the pilot-scale vibrating-
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grate stoker appear to be sound, and the feasibility of
extrapolating them directly to a full-scale grate has been
demonstrated by the previously mentioned experiments
on a full-size industrial spreader-fired vibrating grate
having many of the same features. That is to say, a full-
scale grate should be sized for a grate heat-release rate of
350000 Btu/ft2h, with air openings totalling 2-5 to
3 per cent of grate area. It should vibrate at a frequency
of about 1200 c.p.m., with an amplitude of § to % in. The
forced-draught fan should be sized to provide 50 per cent
excess air at maximum firing rate, at a static pressure of .
about 3 in water gauge, and the windbox should be
zoned to permit control of primary air to obtain
maximum grate cooling with a minimum of excess air.
The stoker feeder plate should be about 11 in high to
permit fire-beds 2 to 4 in thick. It was observed during
the tests that when a heavy bed of coke built up, with
perhaps some clinker resisting movement down the grate,
vibration was not very effective in advancing the fire-bed,
and operation continued only because the feeder was
capable of moving the whole coke mass. In anticipation
of this a powerful feeder mechanism should be provided.

To minimize caking the thickness of the incoming fuel
bed should be no more than 4 in. This means that burn-
out will normally be accomplished within 4 ft of grate
travel, hence there is little point in building a grate
longer than 6 or 7 ft. Accordingly, large stokers should
be made wider than long to meet the grate area require-
ments.

5. CONCLUSION

The combination of a plate feeder with a vibrating
grate appears to have considerable potential as a rugged,
flexible stoker capable of burning a wide variety of coals
automatically. The basic simplicity of the apparatus
should permit manufacture and control costs to be
competitive with those for conventional stokers. An
important advantage of this stoker is that, by virtue of
being adaptable to the packaged boiler concept and having
continuous ash discharge, it is capable of providing
automatic operation from a capacity of about 50 1b of
coal/h, where at present no equivalent equipment exists
except for stokers requiring premium coals, to a capa-
city of about 2000 1b of coal/h, where spreader-fired
continuous ash discharge stokers become economically
feasible. It thus spans a gap in a very popular size range
that at present is filled only by inadequate stoker equip-
ment or by oil- or gas-fired equipment.
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_or
aﬂd dst = Zg—E‘} . . . . . . (2)
The latter formula is derived, for a system having four

T flexure plates, from the formula :

oL . .
dst_TEl, derived for a system having two

-+ 1-h flexure plates, given on page 100 of * Vibration Problems
-1 in Engineering,” by Timoshenko. .
- In this formula :
Q = weight of the system, 1b
L = length of the flexure plates, in
E = modulus of elasticity, for steel = 30 x 108
I = moment of inertia of a flexure plate, in*

On the basis of space considerations in the stoker
design it was decided to use flexure plates with a free or
flexing length of 7 in, and to support them as shown in
7 » Fig. 9. The grate and windbox assembly had already

been built, hence its weight was readily established at

200 Ib. For reasons previously given, a natural frequency

of 1200 c.p.m. was desired, thus T was established at

0-05 sec. Substituting this value for T in equation (1)

3 gave a value for d,, of 0-00204 ft or 0-0245 in. It was

g MACHINE SCREWS  then possible to solve equation (2) for 7, and a value of
BOTH ENDS 29 x 10~ 4 was obtained.
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cold-rolled mild steel, and to facilitate manufacture it

- 1.5 was desirable to choose dimensions that would require

- little modification to stock sizes. Therefore, in the
3

-]

2 . formula 7 = bliz’ which applies for a rectangular cross-

i a1 section, figures representing stock thickness were
[ substituted for A, and the formula was solved for width
_/ b, until a value was obtained that met the space require-
ments of the grate design. For example, if # was assumed
" to be in, b had to be 2:23 in, which was too wide for
the space available. When # was assumed to be {5 in,
bhad tobe 1-14in, which was acceptable.
APPENDIX 1 The above calculations are based upon the ideal

Desi — e assumption that the ends of the flexure plates have
esign of Flexure Plates for Pilot-scale Vibrating Grate absolutely no angular motion. In practice, this is difficult

The formulae used in designing the flexure plates were: to achieve. Fastened as shown in Fig. 9, flexure plates

cojw

FiG. '9.—,Flexure Plate mouuting.

a. 15 in thick by 1-14 in wide, which should have given the

T=2r [ | . . . . (1) system a natural frequency of 1200 c.p.m., actually gave

32-2 it a natural frequency of about 720 c.p.m. The desired

Where T = period of vibration in seconds ; natural frequency of 1200 c.p.m. was obtained by using

ds = static deflection in feet of the system under flexure plates § in thick by 1-50 in wide, which, with
a perpendicular load equal to the weight rigid mounting fixtures, theoretically should have given a
of the system ; natural frequency of 2200 c.p.m.

(Paper received 19th May, 1964.)

i
3

It had been decided to make the flexure plates from
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