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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 trornmel 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 trunion wheel/rim drive. 

For all tests it was inclined down from feed to discharge at 

4-1/2°. 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 lift,ers ran a.xially across the inlet 

and 2 screen sections. The screen sections contained 51 mm 

(2 in) diameter holes on staggered centers. The pattern is 

shown in Figure 1. 
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All the -experiments on the pilot trommel during this 

period were conducted utilizing prepared feedstocks of iden­

tical near sized .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 

these later experiments could be conducted. 

A further comment ·should be .made on the reasons for 

selection of prepared, ·.uniformly-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 

between trommel equipment and operating variables can be more 

easily obtained and rel.iably evaluated without concerns .of 

representative sampling, material degradation and moisture 

variations present with use of MSW :feedstock •. · The uniformity 

in particle and batch properties is al~o helpful in initial· 

development and refineme~~ of modeling functions. · If pre­

dictions on dynamic behavior and screening relationships can 

be verified for selected feedstocks, then the process and 

confidence 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 

sensitivity to ~hanges in trommel performance. 

Prepared feedstocks were not intended as the only 

feedstocks to be tested in the pilot trommel. Rather they 
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were 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 here. 

Thi·s report provides the test re·sul ts in a topical format 

since data applicable to more ·than one group of results was 

often gathered simultaneously. ·For ·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 group, Feedstock Tests contains 

data on feedstock properties. Thi~ group includes description 

of the feedstocks and results of tests on the 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 trammel. .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 most of the trommel tests described in the report for use 

in making specific test measurements (angles of. detachment, 
-~-
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dynamic bulk density, .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. 
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FEEDSTOCK TESTS 

Probability of Passage - Test Flakes 

Black and white paper flakes of the same size were 

procured for the tro:rnmel tests. The white flakes were used 

al6ost exclusively as the feedstock in the tests described in 

this report. The flake size was experimentally determined 

(see below) to provide for single drop probability of passage 

of 10-15% on a 51 rnrn (2 in) hole pattern. A random sample 

of 10 white flakes indicat.ed a long side mean length of 

44.0 mm (standard error of the.samples, s = 0.21 rnrn) and a 

short side mean length of 44.4 mm (s = 0.45). The flakes 

were 0.23 mrn thick and weighed 0.29 g. 

A pattern duplicating the screen surface of the trornrnel 

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 ~ere dr0pped on the pattern, one at a 

time, frorn.a height of 0.6 rn (2ft) and the number of flakes 

passing through the screen pattern recorded. The test was 

repeated 60 times. The highest. number of flakeE which passed 

through was 11 ( 3 times) and the :Lowest 1 (one t.:i.me) . 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 ll.O% 

and 13.4% with a mean of 12.2%. 

Dynamic Angle of Repose 

In a 1927 Bureau of Mines report, "Passage of Solid 
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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 data on dynamic angle of repose was collected here for 

use in the theoretical investigation of the material dynamics 

and associated flow and impingement 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 

ro~ated. The angle of collapse was the angle at which the 

mass of flakes collapsed onto itself as the test 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 lb) .of flakes, enough to 

fill -18% of the drum volume as recommended in the Bureau of 

Mines report, were placed in the drum and the ends covered 

with clear plastic. The material was mixed prior 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, formin·g strata. 

Such groups would take different orientations in relation 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·point of contact between the drum and the surface was 
·'.. 
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marked 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 l. 

Coefficient of Friction 

Depending on the coefficient of friction between particles, 

and between particles .and the drum in a rotating system like 

a trommel, particles will be carried higher, or to a gn=~?.t-.Pr 

angular displacement by the centrifugal forces ·of rotation. 

To obtain.an estimate of the coefficient of friction between 

the paper flakes, a series of tests were developed and con­

ducted. The _project scope and schedule did not permit suffi­

cient testing to statistically verify the precision 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 



9 

placing the second weight on top of a test flake and then 

removing small increments of weight until the test flake moved, 

a 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. 

of kinetic friction was obtained. 

From this, the coefficient 

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 speed to 

measure the kinetic coefficient of friction. Table 2 presents 

a surr~ary of the data for different test surfaces and black 

and white test flakes. Two types of.surface were used: flat 

sheets of paper and flakes of paper strewn to represent a 

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 trammel. 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 trammel screen or on flakes or blocks 

that a;r-e laying on the trammel screen. As a particle moves 

through the trammel, it is carried by lifters or friction up 

the side wall. In the idealized case, the,particle will be 

carried up to a point determined by the rotational speed and 

surface interactions, leave the surface, fly downward, and 

impact.near the bottom surface of the trornrnel (See Reference 

l for a more complete discussion of particle dynamics). In 

practice, the flakes 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 was 

introduced into the trornrnel along with other white flakes. 

The seed flake woulc carry distinguishing markings, usually 

fluorescent paint. The undersize seed flakes were the same 

size as the prepared feedstocks, 4 5 mrn square, ·and ,,1eighed 

0.29 g while the overside seed flakes were 51 rnrn (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 

introduced into the trorrmel. The seec flakes were either 

painted (0.40 g), black (0.34 g) or marked white (0.29 g). 

They were fed into the trornrnel along V..7 i th 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 v:c.s estimated using a scale with 152 rnrn 

(6 in) increments marked on the inside of the trornrnel. Air 

currents, particularly 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 

would 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 for 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. OL~ervers at the feed and· discharge 

end measured the residencP time and counted the impinqement::;;. 

The observer at the feed end counted and timed the movement in 

the first half (actually 1.7 m (5.5 ft)) of the trommel and· 

the observer at the oischarge end did the same in the second 

half (1.4 rn (4.5 ft)). The hand signals of test engineers 

noting the entry,· impingement, and. discharge times were 

recorded on video tapes for later replay and documenting of 

dat.a. 

The results of these batch tests are presented in Table 4 

for the two halves of the trommel length indicate that a 

flake proceeded at different 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 the undersize in the 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 next 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 trammel speeds the 

data indicated that flakes discharged from the tro~mel 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 not 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 presents 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, medi~n, and high v~lues. 

One other measure of residence time for which data was 

collected is the "leading edge." With the trammel 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 disch~rge end was noted. The elapsed time .from feed to 
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discharge is considered the leading edge time. The leading 

edge does not refer to the first flake, but to the first flakes 

which are moving through the trommel in a group. Again, 

subjective judgments were involved, butthe observer agree­

ment was close. Leading edge times are presented in ~able 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 

conducted, 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 oversize 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

shaped at 33.3 mm (1.31 in) on each side and weighed 25.0 g. 

Hesidence times and impingements 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 tromrnel 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 rnm 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 calculated. 

In this section, the fraction of the input that passed 

through the screen is termed the undersize fraction and the 

fraction of the input that exited the trammel 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 should 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 

Efficiency = 
Mace Split 

(% to undersize) 

Mess of Under~ize 

= Mass of Oversize + x 100 

Mass of Undersize 

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 simpJ.y 100% minus the mass 
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split as "%to the undersize." 

Comparing the results 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 inconsiste.ncy can be 

attributed to wear on the flakes. As the edges or corners are 

bent, 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 efficiencies for the wooden blocks under simulated 

steady state operation. 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 trammel 

or the oversize. To obtain more representative mass splits, 

the tests were re-run with the second half of the trammel 

blanked off with aluminum sheets, 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 trammel 

at 15 sec intervals. The trammel speed :was kept constant at 

20 rpm. The composition of the mixture was varied from test 

to test. The re·sul ts are shown in Table 1 5. 

Undersize Distribution 

To gain more insight into the distribution of the particles 

reporting to the undersize, a wooden compartmentalized structure 
-~. . . 
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was placed under the trornrnel. The structure was divided along 

the axis of the trornmel into four divisions of equal 0.61 m 

(2 ft) 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 16 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] pAssing through 6 3ectors aLuund thP circum­

ference of the trornmel. The layout of the collection struc­

ture in relation to the tromrnel is shown in Figure 2. Looking 

down the barrel, along the axis of the trornmel from the feed 

end, vertical partitions parallel to the axis of the tromrnel 

were located 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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