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10 BURN WoOoD continved

the stack as fAyash. Extraneous matter,
like earth, stones, sand, {orms clinkers
on the grates.

Combustion alr enters the furnace,
up through the grates, through openings
in the furnace doors to pass over the
fice, through the feed-hole openings in
uncontroiled furm, horizontally through
special tuyeres in side and center par.
tition walls above the grates. Air may
also be admiticd through tuycres in the
bridge wall and through nozzles in the
arch. nose.

All oxygen passing up through the
first two inches of burning fuel bed com-
bines with 1he carbon to form CO,
Above this level, CO, reduces to CO on
contacting further hot carbon. Combus-
tible gas leaving the fuel bed containg
CO and hydrogen, a combination known
8s producer gas, which has a heating
value of about 200 Dtu per cu fi.

. Increasing nir-flow rate through the
grete raises the gas-production rate
without affecting completeness of com.
bustian, Peoducer gas burps at the sur-
face of the cone-shaped Yhel pile. To
complete this burning, nbout B5% of the
combustion air must be supplied over
the fire, the remainder through the grate.

Air for burning tha gas must be ap-
plied near the fuel-pile surface with a
velocity great enough to insure contact
and turbulence. This Insures malintain-
ing a high temperature and causes o
high rate of heat transfer to freshly
fired fuel to force rapid disiillation of
moisture and volatile.

Thearetica) combustion air

= 1161 + 348(H -%’)

where C, H and O are weights of 1hese
components per 1b {uel as shown by the
ultimate analysis.

Actual air needed for combustion
varies from the theoretical over a wide
range depending on furnace layout,
load, fuel type, firing method, as it does
for any fuel. Excess air must be de-
termined experimentally for each in-
stallation. In general, hogged fuel needs
sbout 339 more sir than No. 6 fuel oil.
To recapitulate well-known relation-
ships: (1) CO, in flue gas is an index
of combustion efficiency, (2) Exit-gas
temperature is an index of boiler effi-
ciency. (3) Combustibls in the ash is
an index of grate efficiency. Within lim.
ita each of these indexes influences the
other. )

Burning Behavior. Small particles,
like sander dust, ignita and burn in-
stantaneously, Pieces the size of saw.
dust teke a few seconds to burn com-
pletely. Large picces up 10 2x2x6 in.
may take hours to burn up, With these
large pieces, the surface loses volatile
matter and moisture firet, and time
elapses before the inner fibers give up

I: Typical Analyses of Waste-Wood

Percantages by Weight

Colit. -
Fuel redwood
Moisture:
As rocoived, % 50.4
Air dried, % 73
Proximate analysis (dry):
Volatile, % 82.3
Fixed carbon, % 17.3
Avh, % 0.2
Ultimote onalysis {dry):
He, % 5.9
C, % 538
Ny, % o1
0,% 403
5, % T 00
Ash, % 0.2
Highor heoting volue (dry):
Bt per |b ’ 9920

Western Oouglos
hemlock fir
57.9 s
73 6.5
742 820
23.6 12.2
22 0.8
5.8 %]
504 523
o1 o
41.4 40.3
0.1 0.0
2.2 0.
8320 9050

Fuels

ample Calculation of
:ails:ble Heat in Wood Fuel

lii: Typleal Test Rosults, Boilers Burning
Waste Wood in Producer-Gas-Type Units
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on of an air heater. The contact with front and sides of the fucl This [leature practically eliminates

IV: Firing Data of West Coast Waste Wood

Heoting velues, dry 9000 Btw per

Steors pressure 150 peig
Fea) molsture, % ]
Hoating velus, @ fired, Bl per 1b......0100

Fuel meistuze lows, Stu per Ib...... ... M0

Velatite distiligtion less, Biu pes ... 144

Net beeting value, Bte per 1D..

Lb steam gemscated per (b foal fired:

At 40% over-oll ¢Miciency
At 30% over-el! efficlency bR
At 60% ever-afll gitfciancy %0

Feedwates famparature

perature ot least 100 F higher
- keop the heater
ize.

pile. A large part of this air rises and
scrubs the arch and upper side walls,
reducing the temperature of these sur-
faces.

Air leaking in through the {eed-hole
openings reduces alr coming in through

Stock tempirature Y 5095 B
1 |1 w0 w3 erature drop of 300 F causes
5 Bk perature tise of 520 F, be-
TI00 610 300 40 0 D o difference in specifie heats
wm s e e PRIGi1 0iid alr. This differenco hetwean.
giid:fall increases as the fuel mois-
s m L LI tligcreascs and as the amount of
an s e e Rabeaidd’ in:cl::;ms thraugh the feed
Fiirics Design, Two types of dutch-
0 n LE2 LR tlgns are the conventional, and
18 1m 220 140 1 lled producer-gas type, sec p 91.
: the conventiona) typo air for com-
% n 114 e edters through the grates helow

"ud openings in the roof, in

these components. This delay resuylts
from the low heat conductivity of wood.
Loss of moisture and "volaliles causes
the outer wood layers to shrink and
crack., This permits the inner layers to
give up their gaseous compenents.
Waste wood burns stowly because of
the high moisture content. It can be
burned aa tast as water and volatile mat-
ter distill ofl. This motter in turn de-
pends an the rapidity of heat supply.
Fresh fuel receives heat by rodiation
from the buming fuel, walls and arch,
and by conduction through the wood and
furnace gases. For rapid combustion,
fuel should be finely shredded.
Combustion 4

4

P p a
great deal on moisture conient. Max-
imym temperatures obtainable with 2095
excess air st 70 F range as {ollows:
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339 moisture

S0% moisture ..
60% moisture ..
679 moisture ..
1% moisture ..

75% moisture

Maximum temperatur
with an air preheater, passin
the combustion alr entering the
at 70 F and leaving ot 600 F,
remainder leaking Into the lerm&
70 F, range an follows: g
© 339% wmolsture .

509 maisture ..

609 moisture .,

679 moisture ..

1% moisture ..

75% moisture

{0'coming through the furnace-
nings. None of this sir is un-
co'ﬁgiul either by rato of flow, dires-
‘Or:iritennity of blast.
on air enters through - the
s and comes up through the
paisa under the impetus of atmospherie
,only. It finds ite way through
thed mostly where the pile is
R = This prevents uniform distri-
E,hpf'}_; distillation air and minimizes
S%-geveruting capacity of the fuel
24 Al flow depends on the furnace
) Ehh in turn varies with fuel-bed
‘,’E‘L’g‘,‘- site of fuel particles and rels-
"pac [ng.” "This type installation
E{»,?millvunnlrn]led gas genera-

boe
i
3

air is ‘drawn through small
e furnace doors, or through
es if the doors are apen.
ascally kept closed to prevent
€ out. This afr is largely un-
At beat it can only coms in

the fi d penings. It also cools

the arch, aggravaling the loss of ra-

diated hcat. Air and gas enter the

boiler in uncontralled fashion markedly
duci 4

The conventionaltyps dutch oven,
comparable with the hand.fired coal
grate, -is an inefficient burner. It is &
fow-cost instailation, but for given stearn
output requires a larger boiler and
stack than dots the producer.gas type.

Producergastype ovens have distil-
lation alr forced into the ashpit under
positive pressure by a blower, controlled
by steam pressure. Much of the air
finds §ts way through the thinner edges
of the fuel bed, but tha flow varies in
response 1o steam demand. This feature
reduces the grate and arch area noeded.
- Distillation air Is not affected by the air
leaking in through the {uel-foed open.
ing.

Overfite .air enters under forced
pressure through watercooled oast:iron
tuyeres in side and center walls. This
air blasta against the hot fuel pile where
it contacts the hot earbon for good com-
bustion. Praciléally the whale surface
of the fuel pile has good oxygen supply.

In this type dutch oven there in »
slight positive pressure. Hence the fur-

nace and ashpit doors must be gas tight.’

The main combustlon space below the
boiler recelves well-mixed gas and air

clinker formation,

Center-wall oven partitions allow
cleaning one side of the furnace st a
time. For the producer-gas oven they
provide space for installing more air
tuyere castings. This breaks up l!\e fuel
bed into smaller units, exposing more
fuel-pile surface to contaot with oxygen.
This more nearly approaches conditions
in coalfired furnaces with- level fuel
beds. ’

- Cost Comparisen. To give an ldes
how various fuels effcct stoam coats
here are results of one study we made
for & West Coast lumber mill:

Hogged [uel, 45% moisture, 4500 1b
per unit, 9000 Biu per 1b dry, $3.10 per
unit delivered into dutch oven includ-
ing a charge of 10c per unit for storage
and conveying.

No. 6 uel oil, 42.gal barrels, 150,090
Btu per gollon, $2.27 per barre), in.
cludes 12¢ per barrel for storage, heat-
in umping.

"‘l"h'; resulting costs per 1000 1b of
steam burning hogged fuel or oil were:

Wood in conventional oven. .. .40¢c
Wood in producer-gas oven. . ..26c
0il in conventional furnace. . ..52¢

Thess figures do not include ash-dis-
posal and soot-blowing equipment,

Table 111 shows some typica) tests of
industrial bollers burning woste wood.
Table IV shows variation in boiler per-
formance for different fuel and boiler
conditions.

Most of this inlormation was obtained
from Frank Balden, president of F E
Balden, Inc, Portland, Oregon. Ho has

ducted research work in the field of

from the duich oven in lied quan-
tities.
Because of reduced operating and
i costs, led grates

are recommended for both type ovens.
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waste-wood burning for many years.
- He also pioncered the producer-gas-type
dutch oven. There aro many of these
plants on the West Coast.
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