VE[CS/24 315-77¢
Dogfes(21HETTE

Task: Trommel Dynamics
7063 - 1/2 “ks“‘_“

Working Paper 7063-2/WP5
DOE/CS/24315--T6

DE82 008582

WORKING PAPER

PILOT~-SCALE TROMMEL:
EXPERMENTAL TEST DESCRIPTIONS
AND DATA

by

Richard Bolczak

U.S. Department of Energy Contract
DE-AC-03-80CS-24315 _

20036

National Center for Resource Recovery, Inc.
Washington, D. C.

rein 10 any specific
e or Stherwise, d
e T:.”semem, recommendation, or favoring by .:Wu' i
Rk Sl ] e Un
he Untited Ste e . 2nd 0pinlons of aithors expresedt herale ar T
ited States Goversment or any agency thereof,

LN" necessarily constitute or jm
Slates Government or any agency
necessarily state or reflecy thnse of ¢

September 1981

NQTICE

THIS REPORT IS ILLEGIBLE TO A DEGREE
THAT PRECLUDES SATISFACTORY REPRODUCTION

DISTRIBUTION OE THIS DQCUMENT IS ONLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Dorfas]ay3s -

INTRODUCTION

In July 1980, teSting on a pilot scale trommel began
at the National Center for Resource Recovery's Resource
Recovery Laboratory in Upper Marlboro, Maryland. This acti-
vity was initiated to .support theoretical work on development
of a model on trommel performance reported in an accompany-
ing set of working papers (1), and to supplement data col-
lected in full-scale ‘testing at Recovery 1 in New Orleans
reported in Reference 2. This report provides descriptions
and summaries of testing through July 1981 at which time all
work on this contract was terminated.

The pilot trommel was 3.2 m (10.5 ft) long and had an
inside diameter of 0.9 m (3.0 ft). The drum was driven by
a variable speed motor/reducer and.tfunion wheel/rim drive.
For all tests it was inclined down from feed to discharge at
4—1/20. The surface of the barrel consisted of a 0.3 m (12 in)
solid ring at the feed end, a 1.3 m (48 in) section of trans-
parent perforated Lexan screen, a 0.15 m (6 in) solid
structural ring, a 1.2 m (48 in) section of perforated steel
screen, and a 0.3 m (12 in) solid structural ring at the
discharge end. On the inside surface, 8.equally spaced rows
of 35 mm (1-3/8 in) high lifters ran axially across the inlet
and 2vscreen sections. The screen sections contained 51 mm
(2 in) diameter holes on staggered centers. The pattern is

shown in Figure 1.
'S, .
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Figure 1. Trommel Screen Pattern 50.8mm (2 in) Diameter Holes



All the experiments on the pilot trommel during this
period were conducted utilizing prepared feedstocks of iden-
tical nearsized flakes .and wooden blocks. Although the
program planning called for testing on other sizes of pre-
pared feedstocks, mixtures of flakes and eventually some
actual waste feedstocks, the program was terminated before
thése later experiments could be conducted.

A further comment should be made on the reasons for
selecﬁion of prepared,'hnifOrmly-sized, nearsized block and
flake feedstocks for the pilot trommel testing. Such feed-
.stocks offer the .advantage of reducing or eliminating the
effect of material property variations - a problem particu-
larly significant in testing MSW. The trends and relationships
easily obtained and reliably evaluated'without concerns of
representative sampling, material-degradat;on and moisture
- variations present with use of Msw:feedstock.; The uniformity
in particle and batch properties-isvaiso helpful in_initial-
development and refinement of modeling functions.  If pre-
dictions on dynamic behavior and screening relationships can
be verified for selected feedstocks, then the process and
éonfidence of extending the model to mixtures and eventually
actual waste feedstocks is enhanced. The selection of flakes
and blocks sized near the hole size also provides increased
senéitivity to changes in trommel performance.

Prepared feedstocks were not intended as the only

feedstocks to be tested in the pilot trommel. Rather they



wére to have served as important starting points with sized
fractions and mixtures of MSW to follow. Such tests on real
MSW would be needed to be able to relate the pilot results
model verifications to full-scale test results in New Orleans
and the United Kingdom. However, as mentioned, such testing
on prepared feedstocks was not conducted prior to the
termination of the contract so the results are not available
. to report heré.

This réport provides the test results in a.topical format
since data applicable to more than one group of results was
often gathered simultaneously. 'Eor‘example, residence time
and separation efficiency. data were collected during the-same
test but here are reported separately. . There are  three group-
ings of results. The first groué, Feedstock Tests contains
data on feedstoqk properties.  This group includes description
of the feedstocks and results of tests on fhe probability of
passage, the dynamic angle of repose, and the coefficient of
friction for the test flakes. The second test group on
Residence Time and Impingement Tests contains data on the move-
ment of flakes and blocks through the trommel. The last'group,
Mass.Split, Screening Efficiency and Undersize Distribution
contains data on flake and block mass splits to the undersize
and oversize products and the axial and'sectorial distribution
in the undersize.

It should be noted that video tape -recordings . were made
-of ﬁoét of the trommel tests described in the report for use

in making specific test measurements (angles of detachment,
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dynamic bulkidensity,-etc.) and to. preserve a record of the

test conditions for future reference. These tapes were

submitted to the Department of Energy at the same time as

this report.



FEEDSTOCK TESTS

.Probability of Passage - Test Flakes

Black and white paper flakes of the same size were
procured for the trommel tests. The white flakes were used
‘almost exclusively as the feedstock in the tests described in
this report. The flake size was experimentally determined
(see below) to provide for single dropvprobability of passage
of 10-15% on a 51.mmv(2 in) hole pattern. A random sample
of 10 white flakes indicated a long side mean length of
44.0 mm (standard error of the samples, s = 0.21 mm) and a
1short side mean length of 44.4 mm (s = 0.45). The flakes
were 0.23 mm thick and weighed 0.29 g.

o A pattefn duplicating the screen surface of the trommel
was prepared out of Lexan (see Figure 1) and used to measure
the probability of passage of a single flake impinging on its
surface. Fifty flakes ‘were dropped on the pattern, one at a
time, from. a height of 0.6 m (2 ft) and the number of flakes
passing through the screeﬁ pattern recorded. The test was
repeated 60 times. The highest numher of flakee which passed
through was 11 (3 times) and the lowest 1 (one time). The
mean value passing for the 60 tests was 6.1 (s = 2.57). Con-
verting this to a percent and calculating a 95% confidence
interval resulted in a probability of passage between 11.0%
and 13.4% with a mean of 12.2%.

Dynamic Angle of Repose

In a 1927 Bureau of Mines report, "Passage of Solid



Particles Through Rotary Cylindrical Kilns" (3)‘the dynamic
angle of repose defined as .the maximum angle which material
. may be carried up a trommel without sliding down the drum.
The déta.on dynamic angle of repose was collected here for
use in the theoretical investigation of the material dynamics
and associated flow and impinéement characteristics of the
flake feedstock. During the testing, two different angles
were measured. The angle of first.slide was the angle at
which the first several flakes slid down as the test drum was
rotated. The angle of collapse was the angle at which the |
mass of flakes collapsed onto itself as the teét drum was
rotated.

‘White paper flakes (45 mm x 45 mm) were placed in a
cardboard test drum 0.28 m (11 in) wide and 0.56 m (22 in)
in diameter. About 1.9 Kg (4.25 1lb) of flakes, enough to
£ill ~18% of the drum volume as recommended in the Bureau of
Mines réport, were placed in the drum and the ends covered
with clear plastic. The material was mixed pribr to the
‘measurements using two methods. To create a random flake
orientation, the drum was flipped side-over-side. To create
a stratified orientation, the drum was slowly revolved until-
the flakes lined up with each other in groups, forming strata.
Such groups would take different orientations in relétién‘to
each other and the flakes tended to act with a group rather
than individually. After mixing, using one of these two
techniques, the drum was placed on its side on a flat surface,

and the‘gpint of contact between the drum and the surface was
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mafked to begin the test. The drum was slowly rolled until
‘the indicated flake movement .was observed. The distance the
point. of .contact traveled through was recorded, then later
converted to an angular displacement, i.e., the dynamic
angle of repose. This procedure was repeated 30 times. A
summary of the results is presented in Table 1.

Coefficient of Friction

Depending on the coefficieﬁt of friction between p;rticles;
and between particles .and the drum in a rotating system like -
a trommel, particles will be carried higher, or to a greafpr
angular displacement by the centrifugal forées‘Of’rOtation.

To obtain.an estimate of the coefficient of friction between
the paper flakes, a series of tests were developeé and con-
'dpgped. The project scope and schedule did not permit suffi-
cient £e$ting to statistically verify the precisioﬁ or -accuracy
of the test methods or results.

There were several basic assumptions made about .the
_coefficient of friction, namely:

1. The coefficient of friction for dry, sliding surfaces

is mainly a function of contacting materials;

2. The coefficient of friction is largely independent of

‘the load and surface roughness; and

3. The coefficient of friction is only slightly dependent

on the sliding velocity.

Two types of tests were performed. One type used a
hanging weight with a support string running over a pulley and

attached to a 'second weight on a horizontal surface. . By



placing the second weight on top of a test flake and then
removing small increments of weight until the test flake moved,
é measure of the coefficient of static friction was obtained.
When the particles moved without acceleration, the system was
in equilibrium and the force exerted by the hanging weight
was equal to the friction force. From this, the coefficient
of kinetic friction was obtained. |

The second method for determining static coefficients
involved placing a weight on the test flake then inclining
the surface on which it rested until the flake and weight
began.to slide. Similar tests were conducted to determine
the angle at which it would slide at a constant speecd to
measure the kinetic coefficient of friction. Table 2 presents
& summary oI the data for different test surfaces and black
and white test flakes. Two types of surface were used: flat
sheets qf paper and flakes of paper strewn to represent &

bed of material.
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RESIDENCE TIMES AND IMPINGEMENT TESTS

A series of tests were conducted on the pilot trommel to
determine the residence times and number of impingements of
flakes and blocks as they moved through the trommel. ‘Resi-
dence time here refers to the time interval between the moment
an oversize particle enters and the moment it leaves the dis-
charge end of the trommel. However, residence time of an
undersized flake or block may also be measured. In that case,
the axial distance traveled in the trommel must be measured
to obtain a meaningful residence time.

Impingement refers to the impact between a flake or block
on the surface of the trommel screen or on flakes or blocks
~that are'laying on the trommel screen. As a particle moves
through the trommel, it is carried by lifters or friction up
the side wall. 1In the idealized case, the-particle will be
carried up to a point determined by .the fotational speed and
surface interactions, leave the surface, fly downward, and
impact.near the bottom surface of the trommel (See Reference
1 for a more complete discussion of particle dynamics). In
p?actice, the flékes and blocks did not undergo these two
distinct "riding" and "flying" phases. Specifically, the
flakes particles tended to slide downward over the screen
while the blocks would typically bounce and roll across and
down the drum. Judgments had to be made as to what consti-
tuted an impingement. Although no strict guidelines were

developed, the observers tended to agree closely on the total
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number of impingements during a test.

Residence times and impingements were determined under
various loading and operating conditions. A "seed“ flake waé
introduced into the trommel along with other white flakes.
The seed flake woulcd carry distinguishing markings, usually
fluorescent paint. The undersize seed flakes were the same
size as thé prepared feedstocks, 45 mm square, "and weighed
0.29 g while the overside seed flakes were 51 mm (2 in)
square and weighed 0.45 to 0.55 g. The flake tests fell into
three categories: batch tests with undersize seed flakes?
batch tests with oversize seed flakes, and steady state tests
with oversize flakes.

In the batch tests, 100 to 1000 undersize flakes were
intro&uced into the trommel. The seec flakes were either
painteé (C.40 g), black (0.34 g) or marked white (0.29 g).
They were fed into the trommel along with the batch.of white
flakes. Observers at the feed and discharge ends measured
residence times with stop watches while counting the number
of impingements. Often the seed flake would pass through the
screen to the undersize. When this happened, the axial posi-
tion of the flake was estimated using a scale with 152 mm
(6 in) increments marked on the inside of the trommel. Air
currents, particuiarly at very dilute loadings, occasionally
caused the particle to move forward with an uneven velocity
and at times even reverse direction. At times, a seed flake
woulé wedge under a lifter; when this occurred, the period

that it was wedged was subtracted from the total residence
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times. In this series, 4 or 5 tests were conducted at each
.operating condition. The averages.of the observations of .

resident times and impingements for each test are presented
in Table 3.

A shortcoming of the first series»of tests was the lack
of data on residence times fof the full length of .the trommel
due to loss of the seed flakes to the undersize. In the
next series of tests, oversize seed flakes were fed in batches
with 1000 white flakes. Observers at the feed and discharge
end measured the residen&e time and counted the impingements,
The observer at the feed end counted and timed the movement in
the first -half (actually 1.7 m (5.5 £t)) of the trommel andé:
the observer at the discharge end did the same in the .second
half (i.4 m (4.5 £t)). The hand signals of test enginéers
'noting the entry, impingement, and discharge times were
recorded on video tapes for later replay and documenting of
data.

.The results of these batch tests are preseﬁted in Table 4
for the two halves of the irommel length indicate that a
flake proceeded at differént rates depending on which half
of the trommel in which it was moving. This difference was
attributed to the more dilute loadings in the second half due
to loss‘of flakes to £he undersize in tﬁe first half. As noted
above, at very dilute loadings the flakes tended to stall for
long periods, in which case the particular run was terminated
and repeated.

The gext series of tests were similar in procedure to the
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" batch tests but designed to represent steady state loading.
Pre-weighed bags were charged at 15 sec intervals. Initially,
the oversize discharge was collected and weighed at 30 sec
intervals. The purpose was to determine if steady state had
been achieved, i.e., the discharge rate was steady. Under
conditions of very light loading and high trommel speeds the
data indicated that flakes discharged from the trommel in
random frequency pulses. This data was confirmed by obser-
vation. Under higher loadings no similar indications of such
pulsing was apparent. However, the measuring equipment and
techniques were considered too crude to produce consistent
and reliable data, and because the lower loading conditions
were nét those of primary interest, the weighing of flakes
at the discharge was discontinued.

The tests were 5 to 15 min in duration, depending
on the feedrate and the number of flakes available. The data
was statistically reduced and is presented in Tables 5 and 6.
Table 5 presénts the mean and standard error of residence times
and number of impingements for seed flakes. As noted in the
table, the weight of seed flakes varied depending on the
thickness of paint. This also .applies to the data in Table 6
which presents, in order, the low, median, and high values.

One other measure of residence time for which data was
collected is the "leading edgde." With the trommel empty and
rotating, the time of entry of the first charge of flakes was
noted. The time when the leading edge of the flakes reached

the discherge end was noted. The elapsed time from feed to
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diécharge is considered the leading edge time. The leading
edge does not refer to the first flake, but fo the first flakes
which are moving through the trommel in a group. Again,
subjective judgments were involved, but the observer agree-
ment was close. Leading edge times are presented in,Table 7.
It should be kept in mind that the test was performed during
simulated steady state operation, i.e., bags of flakes were
continually being fed at 15 sec intervals.

Additional tests to determine residence times were
conduéted, at a higher loading rate, specifically 0.9 Mg/h
(1 tph) which was achieved by feeding 13,000 flakes every
15 sec into the trommel. At this rate it was not possible
to follow a seed flake visually, so impingements could not
be counted. Residence times were measured by timing a number
of ovefsize painted seed flakes (51 mm x 51 mm, 0.45 to 0.55 g)
from input to discharge. The residence times measured during
this series of tests are shown in Table 8,.along with the
mean and standard error.

Using the same techniques developed to determine impinge-
ments and residence times for flakes, similar data was gathered
for wooden blocks. The blocks were made of oak, were cube-
'éhaped at 33.3 mm (1.31 in) on each side and weighed 25.0 g.
Residence times and impingemehts were measured by recording
the signals of observers on video tape, then playing the tape
back, counting the impingement signals and the time between
entry and exit. The seed blocks were painted oversize blocks

(40.4 mm each side, 44.7 g). Table 9 presents mean residence
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times and the standard error and Table 10 presents the low-

median-high data.
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MASS SPLIT, SEPARATION EFFICIENCY
AND UNDERSIZE DISTRIBUTION TESTS
The results of separation tests on the pilot trommel are

included in this section. These data were gathered from the
tests reported in the previous section where collection of
flake and block residence time and impingement data was the
major objective. The 45 mm square flakes, 33.3 mm cubes or a
mixture of flakes and blocks were charged varying rates at 15
sec. intervals. After the tests, the oversize and undersize
fractions were collected and the mass split éalculated.

In this section, the fraction of the input that passed
through the screen is termed the undersize fraction and the
fraction bf'the inpu£ that exited the trommel at the discharge
end is-termed the oversize fraction. Note this use of termi-
nology.»;Since all of the test flakes and blocks were small
enough to pass through the screen holes, undersize and over-
size.shoula not be confused with the actual particle size.

Since only a single undersize feedstock (flakes or
blocks) was used for the tests reported here, the screening

efficiency and mass split are defined by the same formula.

Separation Mace Eplit Masz of Undersize.

~ Mass of Oversize +
Mass of Undersize

Efficiency ~ (% to undersize) x 100

The summary of the results of flake tests is presented in
Table 11. Note that the mass split in Tables 11 - 15 reported

as "% to the oversize" which is simply 100% minus the mass
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split as "% to the ﬁndersize."'

Comparing the reéults of tests conducted,near the begin-
ning of the test series with those conducted near the end
revealed higher flake separation efficiencies for the same
conditions, for the later tests. This inconsistency can be
attributed to wear on the flakes. As the edges or corners are
'beht, the flake dimensions are reduced and more of such
smaller flakes will be screened into the undersize.

A series of tests were performed to_determine the
separation efficienciés for the wooden blocks under s;mulated
steady state-opération. A summary of those test results is
included in Table 12. The block separation tests yielded |
higher efficiencies than did the flake tests. Relatively few
blocks were observed to reach the second half of the trommel
or the oversize. To obtaln more repreéentative mass splits,
the tests were re-run with the second half of the trommel
blanked off with alumiﬁum shéets, thereby reducing the screen-
ing area by half. 'The results are shown in Table 13. |

The final series of separation tests were conducted on
mixtures of the flakes and blocks. Measured proportions of
blocks and flakes were combined and then fed into the trommel
at 15 sec intervals. The>trommel speed was kept.constant at
20 rpm. The composition of the mixture was vafied from test
te test. The resulﬁs aré'shown in Table 15.

Undersize Distribution

"To gain more insight into the distribution of the particles

reporting\to the undersize, a wooden compartmentalized structure
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waé placed under the trommel. The structure was divided along
the axis of the trommel into four divisions of equal 0.6l m

(2 £t) length. They were numbered consecutively from 1 to 4,
beginning with the section nearest the feed end. Table 15
summarizes the axial distribution data for blocks recorded
during steady state loading. Table i6 summarizes the axial
distribution data for mixtures of flakes and blocks recorded
during simulated steady-state operation.

The undersize collection box was also subdivided to
collect materia]‘pass;ng through € sectors arovund the &ircum-
ference of the trommel. The layout of the collection struc-
ture in relation to the trommel is shown in Figure 2. Looking
down the barrel, along the axis of the trommel from the feed
end, vertical partitions parallel to the axis of the trommel
were lécatea so that material passing through a sector from
0 to 45° to the left of center fell in one compartment, and
0 to 45° to the right of center fell in another. Material
falling through sectors from 450 to 90° left (or right) fell
in separate compartments as did particles exiting the screen
in sectors over 90°, right or left. Tables 17 through 29
summarize the sectional distribution data for flakes gathered

during steady state loading.
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Table 18. Screening Separation for Flakes at a Trommel Speed of
10 RPM and a Loading Rate of 1000 Flakes/1l5 Sec.
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Table 20. Screening Separation for Flakes at a Trommel Specd of
20 RPM and a Loading Rate of 1000 Flakes/1l5 Sec.
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25. Screening Separation for Flakes at a Trommel Speed of
20 RPI1 and a Loading Ratec of 2000 Flakes/l5 Sec.
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Tablc 26. Screcening Separation for Flakes at a Trommel Speed of

30 RPM and a Loading Ratec of 2000 Flakes/l5 Sec.
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able 27. Scrcening Scparation for Flakes at a T
10 RPM and a Loading Rate of 3000 Flakes/1l



48

TEOMMEL SPeed O ePfm
e O Tt

T=st TouRATMow WAL R

FLow: 'S FRlom FEED w0 (Secnow 1) TC Dig cwares
et (SeEcTiose 4\ Roranow s CILOLYLO\SE toweS
NS eED Fomn Dhiscantee D \\E.\va‘\‘\" A
AL DeEtestrnmneDl W BikEcnioe OF FLow FEOow

e =20

S=FAEATON BY wEWewT
Bt s9 © Qo—ésl L8 -0 | O=-a"% A_JQct + %0 |LerT] ToTaL
| | e lesa | Bz | 182 | LB =\ \
B oes | G0 | as | zEE | Al SRR R
2 14aq | toa | L4 | an o4 4 2
2 mak 1 =R0 TERES | gen 28 | 8 ] 4
S—— | j | roreL

SEPARATION RY PER coT weEleuT

T T80 Be -4 (4s-o ©-45 | AS-90 +~C80 lLerT| ToDTAL
LY e Ldne ) | uEeE | e ooan T 1 z=8
T \©. 8 R BN T ~ AT
= =4 | 9 | 6o | Tl VB | 6k | 3 | S
o ‘53‘\\‘2; e T 2\5 ‘\.{_—‘ Aot 4 o :’\::
S T e | S| A4 7t fFovall 106
—_—

Table 28. Screening Separation for Flakes at a Trommel Speed of
20 RPM and a Loading Rate of 3000 Flakes/l5 Scc.
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Table 29. Screening Separation: for Fla
30 RPM and a Loading Rate of 2000 Flakes/l5 Sec.
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