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ABSTRACT.mA new method of comminuting wood chipping machines. Although conventional whole-
has resulted in a new wood particle form called tree chips can be sucessfully combusted in solid fuel

. chunkwood, which is much larger than the common boilers, they are not necessarily the most desirable

pulp-size chip. Chunkwood appears well suited for form for wood as a solid industrial fuel. For example,
use as a fuel,but nothing is yet known about its they tend to have high solid particulate emissions
storage, drying, or combustion characteristics. This because of the high flue gas velocities when burned

paper reP0rts on two exploratory drying experiments in industrial scale combustors. Additionally, chips
we conduct_ to see whether chunks, with their much tend to layer and thereby restrict the flow of under-

larger interparticle voids, dry more readily than chips, fire combustion air. Pulp-size chips also cause bridg-
In one experiment we used natural convective am- ing problems, require considerable energy to pr>
bient air to dry chunks and chips and found that duce, have a low bulk density, and layer closely when
chunks dried much faster than chips. In another ex- stored in piles and thus restrict the mow_.ment of air
periment we used forced ambient air to dry chunks necessary for natural drying. This lack of venting in

and chips and found that chips dried faster than chip pilesalso contributes to heat build-up and .'iI,_
chunks. HoWever, the chunks offered much less re- danger.

• . 'sistance to forced air flow and thus required less fan
energy. We recommend that larger, more controlled In conjunction with harvesting operations, we hay-.
studies be undertaken to further document the am- explored ways to comminute small diameter trees
bient drying characteristics of chunkwood as corn- and logging residue into particles suitable fb) ring

pared to chips, flaking for flakeboard production or for use as _ solid
fuel. As a result of this research, two different types

KEY WORDS: Energy wood, fuel, moisture content, of machine have been developed that produce "chunks"
biomass for energy, fuel enhancement, fuel charac- of wood that appear well suited for either use (Arola
teristics. • et al. 1982, Arola et al. in prep., Barwise et al. 1977,

Barwise et al. 1982). The resulting chunks are much
Today wood is increasingly used for generating larger, require less energy to produce, and have

industrial energy--mainly process steam and heat. somewhat greater bulk density than conventional
The principle source of energy wood has been mill pulp chips. They also exhibit entirely different bulk-
residues. Butrecently, whole-tree chips have been ing characteristics because of their chunky and ir-
gaining in use mainly because they are readily avail- regular shape.
able in large quantities due to the commercial in-
troducti0n and widespread use of whole-tree portable
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In a pile or thick layer of this material, large void
spaces exist between particles. It was our belief that
these chunks, with large interparticle voids, would
dry faster and generate, less solid particulate emis-
sions when burned than conventional wood chips.
However, because these chunks are a new particle
form, information is not available on their storage,
drying, or combustion characteristics. Our work in
chunkwood production and drying is the beginning
foundation. •

For use as a solid fuel, any amount of drying prior
to combustion is advantageous. Therefore, the pur-

ferencesP°Seof oUrbetweenStUdyWaSchunkedtOdeterminewoodanddryingconventionalratedif-
pulp.sizechips under ambient air test conditions. ........ ':....._ .... _ .... -- .......

METHODS Figure 1.--Test setup for natural convective drying

We established two simple drying experiments us- of chips (left) and chunks (right).
ing.ambient room air (drawn from within our sea-

sonally heated machine shop building) to compare In the second experiment using forced air convec-
these new potential fuelwood chunks and conven- tive drying, we devised a test apparatus so that a
tional pulp-size chips. The first experiment used nat- known quantity of grebn- chips or chunks could be
ural convective air drying while the second experi- dried by forcing ambient air through the particles.
ment used forced air convective drying. In these Tobegin, a 7.3 ft3cylindrical container (standard 55-
experiments we used Wood from both aspen and red gallon barrel) with a screened bottom insert was filled
maple. The chips were made using a Morbark "Chip- with chips, weighed, and set on a 7.5 hp variable
Pac ''_Model 3-48 chipper set to produce 3/4-inch long volume blower system. The blower's inlet restrictor
standard pulp chips. The chunks were made on our was adjusted to give a nominal 340 cfm of air flow
experimental chunking machine. From independent through the filled barrel (fig. 2). The 340 cfm level
tests with the machine, we found that chunks ranged was chosen because it was the lowest practical level
from 2 to 5 inches, and averaged 3.5 inches long. at which this particular blower system would oper-
Particle cross sections ranged from about 1/2 inch up ate and not because it was optimum for drying. As
to the full diameter of the bolts being chunked (Arola the particle drying progressed, the following data
et ai. 1982). were periodically noted: chip weight; elapsed time;

air flow rate; pressure drop through the chips; am-In the natural convective air drying experiment,
• equal volumes of green chunks and chips were placed bient air temperature and relative humidity; and

in separate 3.6 ft 3 (one-half of a 55-gallon barrel) atmospheric pressure. We alsodeterminedbeginning
• cylindricalcontainers,setoutinan openroom,and and endingmoisturecontent.Afterthebarrelfulof

allowedtofreelydry(fig.1).Initialtareand sample chipswas dried,an equalweightofchunkswasdried
weightswere determined.The greenwood weights followingthesame procedure.Forthisseriesoftests,
initiallyrangedbetween60 and 85pounds.Tomon- fiverepetitionswere made foreachspeciesusing
itormoistureloss,bothcontainerswereperiodically uncontrolledambientroom air.Inallcases,we ter-
weighed.Becauseoftimeand spacelimitationsand minatedthedryingtestswhen theweightlossstopped
the preliminarynatureofour study,the testwas orthe dryingratewas so slowthatitwas judged
repeatedonlyonce,by species.Therefore,ourresults impracticaltocontinue.

arenotbasedon replications. The aspentestswere run fromtheend ofMarch
_The use of trade, firm, or corporation names in until the end of May; the ambient air temperature

this publication is for the information and conve- averaged 73° F, and the relative humidity averaged
nience of the reader. It does not constitute an official 32 percent. The red maple tests were run .between
endorsement or approval of any product or service by early June and early August. The ambient air tern-
the United States Department of Agriculture to the perature averaged 75° F, and the relative humidity
exclusion of others that may be suitable, averaged 60 percent.
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Figur e 2.-- Test setup for forced air convective drying, s
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For both experiments, wedetermined and plotted TIME(Xl0 2 HOURS)

average moisture contents (wet weight basis). Figure 3.-=Time required for natural convective drying
of aspen and red maple chunks and chips.

In our second test series we calculated the energy
used (power x time) based on the air horsepower lows for easy air flow, as opposed to the fiat character
dissipated within the wood bed. We calculated air of chips, which layer closely and restrict air move-
horsepower from the equation (McDonald et al. 1967): ment and trap moisture. We observed that at the end• ofournaturalconvectiveairdryingtests,when the

Airhp = 0.0001575pQ chipsand chunkswereemptiedfromthecontainers,
thechunk containerwas completelydrywhilethe

where p= pressuredropacrossthe wood bed in chipcontainerwas rustyandwet.Fortheredmaple
inchesofwater,and Q = airflowrateinft3/min. (runduringthe more humid summer months),we

actuallyfoundstandingwateratthebottomofthe

EXPLORATORY RESULTS chip barrel.
In ourforcedairexperiments,we foundthatthe

•Inournaturalconvectiveairdryingtests,we ob- chunksdriedslowerthanthechips(fig.4);however,
servedthatthechunks driedmuch fasterand toa thepressurerequiredto forcethe airthroughthe
lowermoisturecontentthanthechipsforbothspe- chunks was much lessthan forthe chips--conse-
cies(fig.3).This findingSupportsour beliefthat quently,theenergyrequiredwas much less(fig.5).
chunksdryfasterthanchipsundernaturalconvec- Thesedifferencesagainareattributedtothechunks'
tiveairdrying.(Conclusivedatashouldbedeveloped largerinterparticlevoidspaces,which offermuch
Underconditionsofcontrolledtemperatureand hu- lessresistancetoairmovement.Incommercialprac-
midity.)Though unsubstantiated,we attributethe tice,thisenergyadvantagecouldpossiblyoffsetthe
marked differencebetweendryingratesofchunk- added Costofthe largerdryingbinthatwould l_e
wood and chipstothebulkycharacterofthechunk- requiredtogivethesame productionrate(pounds
wood_which _ves largerairspaces(voids)and al- ofdrywood perhour)asforchips.
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Figure 4.--Time required for forced air convective Figure 5._Energy required for forced air convective
drying of aspen and red maple chunks and chips, drying of aspen and red maple chunks and chips.
The curves represent the average of five repetitions. The curves represent the average of five repetitions.
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