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OLIVER L. ~lCCASKII,L, agricultural ('1I!,ill('('r.~, 


Agril'u.ltural Engineering Re.~earch Division, 

Agricultural Research Service 


-Since 1960, more and more cotton 
has been harvested by machine, 
Because of the speed with which 
the IUlITesting machines work, cot
tOil arri\'es at the gin plant at a 
much faster pace and contains 
more foreign matter, Because of 
this, numerous changes have been 
made in \'arious segments of the 
cotton industry. Ginning plants, 
for instance, IUl\'e had to increase 
their capacity to cope with the in
creased rate of han'esting. To in
erpase the capacity of a cotton gin 
requirps greater volumes of high
pressure air to move the machine
halTested cotton through the plant. 
This increase in the \'olume of 

high-pressure air required to con
vey the machine-harvested cotton 
has created an air pollution prob
lem. Separating and collecting the 
foreign matter from high volumes 
of air is a sizeable problem, At 
present, the 1'l11a11 diameter cyclone 
is the most practical de\'ice for 
collecting the foreign matter from 
the high-\'olume, high-pressure air 
systems of modern ginning plants. 

This is a report of expl';riments 
conducted o\'er a 3-year period at 
the CS. Cotton Ginning Labora
tory, Stoneville, Miss., to deter
mine the collection efficiency of 
the Atomic Energy Commission 
(AEC) small-diameter cyclone. 

OBJECTIVES 


The primary objectins of this 
study were to determine the col
lection efficiency of the Atomic 
Energy Commission (AEC) cy
clone, and the size and concentra
tion of particles exhaustpd from it. 
Efficiency of the cyclone and size 
and concentration of the exhausted 
particles were to be determined 
for two trash sizes, various operat

ing air velocities, and trash input 
concentrations, A secondary obje.c
tive was to determine the particle 
size composition of normal gin 
trash from machine-picked cotton, 
Data obtained from this study 

could be applied to the design of 
future trash-collecting systems for 

cotton gins, 

1 
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REVIEW OF LITERATURE 

Harrel mid Moore 1 found that 

the small-diameter AEC cyclone 
collector was more efficient for col
lecting small gin trash than was the 
large-diameter cyclone. For aver
age trash feed rate of 0.080 pound 
per minute nnd an air ""~locity of 
about 3,OOf) feet per minute, and 
with the trash exit closed, they 
found thai the small-diameter cy
clone was 84.34 percent efficient. 
The collection efficiency for the 
large-diameter cyclone operating 
with the trash exit closed was 63.0;3 
percent. 

Bakel' anel Stedronsky 2 found 
that the small-diameter cyclone was 
!)!Ul-! pereent efiieicnt on large trash 
removed from stripper eotton when 
the cyclone operated with an inlet 
air \'elocity of approximately ;3,000 

feet per minute (the recommended 
"elocity) !tr!.d a trash feed rate of 
1.4 pounds per minute. A sta
tistical1y significant increase in 
efficiency from this DD.D'-l percent 
"'as found when the feed rate .was 
increased to 40.8 pounds per min
ute .At the higher feed rate, the 
efli~iency was DD.D6 p.:::rcent. The 
dust concentration of the exhaust 
air was O.002iHi5 grain per cubic 
foot for the 1.4 pounds pm' minute 
fee(1 rate and 0.0447DD grain per 
cubic foot for the 40.8 pounds pel' 
minute feed rate. 

Baker anel Stedronsky also found 
that the aO-inch-diameter cyclone. 
used in their experimep.,ts per
formed more efficiently at i.nlet air 
\'(·locities of 3,000 feet per minute 
or lower. 

EQUIPMENT AND 

A sehematie of the piping sys
tem for the test layout is shown in 
figure 1. The system ('onsisted of 
a feed hopper, the cyclone, a gate 
yah'e, and a centrifugal fan. 

The fped hopper (fig. 2) was dl'
signed, constructed, and calibrated 
so that the quantity of trash might 
bl' nccumtply controlled and uni

1 Harrpl, E. A., llnd :lloon', Y. 1'. TIIASH 

('OLLECTINll SYSTE~IS AT COTTON GINS. 

r.S. J)ppt. Agr., ARR 42-(\2. 22 IIp. 1!)(l2. 

, Raker, Roy Y., and Stl'drom;ky, V. L. 
GI:-; TIIASH COr.LECTION EFFICIENCY OF 

S~IAU. IlIA~IETEII CYCLONES. U.S. J)ppt. 
Agr., ARS 42-133. 16 llP. 1!)67. 

INSTRUMENTATION 

formly introduced into the all' 
stream. The feed hopper consisted 
of It gl'ooYed rol1er, 5 inches in 
di:uneter, connected to an elec
tronic, variable-speed motor with 
dial-setting controls. The feed hop
per also contained an elapsed t5me 
metpr to record the operating time, 
and a \'ibrator to prevent bridging 
of the trash in the feed hopper and 
to assure uniform feeding. As a,n 
operating unit, the feed hopper al
lowed a variation of input feed 
rates from 0 to 20 pounds per min
ute. The input concentrations for 
this experiment, based on the cy
clone's operating air volume were 
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ORIFICE 

TRASH FEED 
HOPPER7 

/ 

CONTAINER 

(GATE VALVE -
FIGURE 1.-Schematic of the piping system for the test layout. 

PN-!H96 

FIGURE 2.-Trash feed hopper for cyclone 
evaluation test. 

l'quiyalent to a range of from 4:.4: 
to IS!) grains per cubic foot of air 
handled. 

To minimize the loss of trash 
from the system, the equipment 
was designed to operate on nega
tive pressure. This required an air

tight metal container attached to 
the trash exit of the cyclone. After 
each experiment the container was 
removed, dumped, cleaned, and re
placed on the cyclone for the next 
experimental lot. 

The cyclone was 16 inches in di
ameter and designed according to 
the AEC standards as described by 
Harrel and :Moore and shown in 
figure 3. An involute was attached 
to the exit of the cyclone to mini
mize the turbulence of ail' lea ring 
the cyclone. This allowed a more 
accurate measuring and sampling 
of the exhausted air by the pitot 
tube and sampling orifice. 

The high-volume air sampler 
(fig. 4) was connected to the 2-inch 
sampling orifice by a 2-inch di
ameter flexible hose. In sampling 
the exhausted air, the high-volume 
air sampler was equipped with a 
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A 

_J 

CYCLONE DESIGN PROPORTIONS 

BC = DC/4 

HC = DC/2 

DE = 0(/2 


LC = 2DC 


Sc =
DC/ 8 

Ze = 2DC 

Jc = 12" MINIMUM 

FIGURE 3.-Relative dimensions for an Atomic Energy Commission. small-diameter 
cyclone. 
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relay switch connected to the feed 
hopper. This relay switch insured 
that the sampling time would be 
the same as the feeding time and 
eliminated the possibility of thp. 
high-\'olume air samplPT operating 
when not exposed to desired test 
cond itions. 

Samples were drawn through a 
:2-inch sampling orifice locn.ted 10 
pipe diameters froin the. cyclone. 
Other equipmerlt included a pitot 
tube and manometers, a yariable

PN-24Gispeed, high-\'olume air sampler, It 

barometer, and a hygrotherl11o FlGL'HE 4.-I:Iigh-vol·ume sampler showing 
graph. Fiberglas til ter. 

METHODS AND PROCEDURES 

Operational Procedures 

The collectioll vf the trash size 
groups required separate screening 
of regular gin trash. The two size 
groups 'were obtained by screening 
regular gin trash through 8- by 8
and 16- by 16-mesh corrugated 
wire. The gin ~rash from each 
screening was kept separate and 
precisely weighed before it wus fed 
into the system. All trash was ob
tained from late-season, machine
picked Mississippi Delta cotton. 

After the trash was introduced 
into the experimental system, the 
feed hopper and dial-setting con
tI'oIs ,yere set at a precalibrated 
position for each desired test con
dition. 'When the feed unit was 
started, the. time was recorded at 
both the feed unit and the high
yolume air sampler. Time was also 
recorded nt both locations upon 
completion of each test run. The 

actual input concentration to the 
('yclone was determined from the 
elapsed time, the weight of trash 
introduced, and the total air ,"01-

UOlP handled. 
The sampling station was de

signed so that the 2-inch sampling 
ori fice was centered in the i -inch 
pipe with the open end facing into 
the direction of airflow (fig. 5). 
The pitot tube was also centered in 
the 7-inch pipe and located 4 inches 
ahead of the orifice opening. These 
units were installed so that the 
velocity pressure could be accurate
ly determined immediately ahead 
of the sampling orifi.::e. The desired 
settings for operating air ,"olmnes 
were obtr.ined usinf! a manometer 
connected to the pitot tube 1'0 de
termine the air velocity pressure, 
and a gate \'fLlve locat.ed 8 feet 
ahead of the centrifugal -fan to 
y!try the ail' volume. Velocity pres

http:locat.ed
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AIRFLOW 
~ 

PN-2498 

FIGl'HE 5.-Air·sampling orifice and pi tot 
tube. 

::iurl?, static pressure, relati,'e hu
m idity, barometric pressure, and 
tCIll pern ture were recorded at the 
:;Hlllpling station (fig. 6). 

From these data air yelocity and 
"olume were calculated. The "01
unH' of tlir to be sampled through 
the high-\'olume a,l' sampler Tor 

PN~2499 

FIGUlm ti,-Uata recording station for 
\'(>locitr pressun', static pressure, rela
ti\'(~ humidity, barometric pressure, 
and temperature. 

isokinetic sampling was determined 
from these data. (Isokinetic sam
pling is the condition where the air 
yelocity in the iiampling orifice is 
exaetly equal to the "elocity in the 
conduit being sampled.) "Tith the 
aid of a variable "oltage supply, 
the intake air "olul1Ie thl"Ough the 
sampler could be adjusted to 
any desired reading from 0 to 70 
cubic feet per minute. For each 
test run, the ,'elocity pressure 
,vas measured, and calculations 
were made for intake air ,'ohllnC', 
The high-yolume air sampler was 
adjusted so that the exhausted air 
could be sampled isokinetically, 

Before starting each test run, a 
clean, preconditioned, preweighed, 
Type A Fiberglas filter was placed 
on the intake of the l>igh-,'olumtl 
ail' sampler. rpon completion oT 
C'acit test run the Fiberglas filter 
with all particles filtered from the 
air stream was remoyecl Trom the 
sampler with extreme care. Eaeh 
filter was carefully folded and 
plaeed in a protectiye em'elope fol' 
analysis in the laboratory. 

Laboratory Procedures 

To determine tllP tllllount of'dust 
collected, the filters were condi
tioned in the laboratory for 2-1 
hours at 65 percent relati ,'e Im
mitlity and 70° F. and weighed 
both before and after use to the 
nearest one-thousandth of a gram 
on the analytical balance. The 
amount of dust collected waS de
termined by subtracting the origi
nal clean filter weight from the 
final filter weight for each filter. 
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After correcting the intake "olume 
o± ail' through the high-"olume air 

'sampler to standard atmospheric 
conditions, the exhaust concentra
tions were calculated in grains per 
cubic foot of ail' handled. From 
these dust concentrations, along 
with time and the air yolume han
dled by the system, the cyclone 
collect ion efficiency was obtained 
for all test conditions. 

_\ count and size detel'mination 
was made of the trash particles 
from the test filters using a micro
scope with an image-splitting 
measuring eyepiece attachment (fig. 
7). In this image-splitting attach· 
ment, a prism gystem produces a 
double image of the mieroscopl' 
field of \·iew. Rotating the mi
crometer screw rotates the prisms 
and produces a doubll' image of 
the particle. The images of the 
particle tra\'erse one another in 
the field of ,·iew. Particle size is 
determined by reading on the mi

\ 
PN-2500 

I"lGeRE 7.-IUlagt'-splitting U1t'asuring 
eyepiece attachment used to measure 
1111 I'ticle sizt'o 

crometer scrl'W thl' amount of 
prism rotation necessat'y to plael' 
the double images of the object 
exactly edge tu edge in the desired 
axis of lIleaSlirell1l'nt. 

EXPERIMENTAL DESIGN 


The 1D68 experiment consistl'tl 
of one trash size, three len~ls of 
inlet ail' velocity to the cyclone. 
and three trash input concentl'll
tions. The trash used in the experi
ment was sifted through 16- by 
16-mesh corrugated wire and was 
classified as small gin trash. The 
expel'iment was conducted as n 
randomized complete block design 
and replicated three times. 

In 1969 a similar experiment was 
conducted but a second trash si?!.' 

was added to determine the effects 
of trash size on cyclone collection 
pllieiellcy and l'xhallst dust concen
tration. This second trash size was 
sifted through 8- by 8-mesh screen 
wire and waS referred to as largl' 
gin trash. The only difference in 
till' two trash si?('s was that the 
large gin trash contail1l'd some 
larger particles along with the 
IIslIal small particles, The 1D6\) ex
periment consisteo of two trash 
sizes, and the same three levels of 
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inlet air velocity and trash input 
concentrations. The experiment was 
a :3 by 3 by 2 factorial, arranged 
in a randomized complete block 
design and replicated three times. 

The ln70 experiment was de
signed to study the same relation
ships as the previous experiments, 
hut at lower trash input concentm
tions. These lower concentrations 
\\'1.'1'1.' in the range expected under 
Ilorma I ('yclone operating comli
tions at a cotton gin. The four 
input ('oncentrations averaged 4.4:, 
;~~·U~, 70.5, and 105.0 grains pel' 
('ubic foot of air handled. The sanD 
t\\'o trash sizes and three inlet ail' 
\'elocities "\\'ere used as in the previ
OilS pXlwriments. The 1D70 experi
ment was a :3 by 4 by 2 factorial, 
arranged in a randomized complete 

block design and replicated three 
times. 

Each experimental test lot con
sisted of an exact amount of gin 
trash. This quantity of material 
was placed in the trash feed hopper 
and uniformly introduced into the 
eXI)(,I'imental setup (fig. 5). The 
high-\'olume ail' samplel' was used 
to sample the exhaust ail' from the 
cyclone. For each expel'imental test 
lot, the weight of the material 
trapped on the filter of the high
\'olume air sampler was deter
mined. From this data, along with 
the input concentration, ail' volume 
handled, barometric pressure, and 
temperature, the collection t~ffi

ciency of the cyclone and the dust 
concentration in the exhaust ail' 
were determ i ned. 

EXPERIMENTAL RESULTS AND ANALYSIS 


Total Gin Trash Composition 

An anlysis by Iveight of total 
gin trash composition for particles 
larger than 150 microns was ob
tained by screening regular gin 
trash through 100- by lOO-mesh 
stainless steel wire. Experimental 
results indicated that 96.4D percent 
of regular gin trash was too large 
to pass through the 100-mesh 
screen and was classified as gin 
trash greater than 150 microns in 
diameter. The amount of gin trash 
passing through the 100- by 100
mesh wire was classified as smaller 
than 150 microns and amounted to 
a.51 percent by weight of the total 
trash composition. The trash par

ticles smaller than 150 mIcrons 
were separated into smaller cate
gories with n, sonic sifter with 
automatic pulse operation and \'al'i
ous sizes of pl'ecision sie\'es t fig. 
8) . 

The composition of gin trash ill 
late-season, machine-picked Missis
sippi Delta cotton was as follows: 

Particle Trash 
Size Content 

Micron8 Percent:> 150 _______________________ 96.49 
75 to 150 _______________________ 1.82 

30 to 75 _______________________ 1.34 
10 to 30 _______________________ .34 

<: 10 _______________________ .01 

Totai ___________ ._______ 100.00 
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PN-2S01 
FIGURE S.-Sonic sifter with automatic 

pulse operation used to separate trash 
PIl rtides smaller than 150 microns. 

Cyclone Exhaust Ih.st 
Concentration 

High Input Concentrations 

The results of the 1968 and 196U 
experiments which included aYer
age input concentrations of 115 to 
1HU gmins per cubic foot were simi
lar in analysis. By an analysis of 
variance on both 1968 and 196D 
data, it was found that operating 
air velocity and input concentra
tion significantly affected (at the 
0.005 le\'el) the dust concentl'ation 
in the cyclone exhaust. 

E vidence of this significant eli f
ference can be seen by comparing 
the treatment means shown in 
table 1. It should be noted that as 
the input concentrations increased 
and inlet air velocity exceeded 3,000 
feet per minute, the dust. concen
tration in the cyclone exhaust 1lI

crea Ised significantly. 

An analysis of variance of the 
1969 data for average input con
centrations in (he range of 134 to 
189 grains per cubic foot revealed 
that the introduction of a different 
trash size had no statistically sig
nificant effect on the dust concen
tration in the cyclone exhaust. 

Low Input Concentration 

Data from the 19iO experiment::;, 
which included input concentra
tions from 4.4: to 105 grains per 
cubic foot, revealed that trash size. 
opemting air velocity, and input 
concentrations had statistically sig
nificant effects on the dust concen
tmtion in the cyclone exhaust. All 
factors were statistically signilicant 
at the 0.005 probability level. The 
treatment means of these signifi
cant factors are shown in table 1. 

A total composite curve of ex
Imust dust concentration represent
ing data for both trash sizes and 
the entire range of operating air 
"elocities and input concentrations 
is plotted in figure 9. The coefficient 
of determination for this curve is 
n.:i6. 

Cyclone Collection Efficiency 
High Input Concentration 

Analysis of variances for the 
1968 and 1969 experiments involv
ing average input concentrations 
of 115 to 189 grains per cubic foot 
re\'ealed that operating air velocity 
had a significant effect on the col
lection efficiency of the cyclone. 
These effects were statistically sig
nificant at the 0.025-probability 
le\·el. Both years' data show a 
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TABLE l.-Treatment means 0/ ewJLau8t dust concentration /01' expe'ri
ments, 1968-'10 

Mean Mean Average Mean 
dust Average dust input dust 

Relative concen- inlet concen- concen- concen
Yf!:U' trash size tration air velot:!ity tration tration tration 

Gr. per F.p.m. Gr. per Gr. per Gr. pe,. 
cu. ft. cu. ft. cu. ft. cu. ft. 

1116::; Small 0.152 1890 0.137 115 0.145 
2880 .135 137 .146 
3780 .182 166 .164 

1!l69 Small .092 1800 .on 134 .Oil 
Large .089 2727 .081 166 .097 

3470 .113 189 .103 
1970 Small .0443 1800 .034 4.4 .0031 

Large .0347 2700 .039 38.3 .0248 
3600 .045 70.5 .0503 

105.0 .0799 

--- 0.16 
;:) 
u 

.......... 
VI 

C 


...C 0.12 
C) 

z 
oi= 0.08 
<C 
£II:: 
I 
Z y 0.00906 + 0.00062 x ~ 0.04 
z 
o 
u 

o 
o 40 80 120 160 200 240 

INPUT CONCENTRATION (Grains/cu. ft.) 

FIGURE 9.-Total composite curve of cyclone dust concentration representing both 
trash sizes and all test conditions. 
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sharp deci'ease in collection effi erating air "elocity, and input con
ciency when the recommended inlet. centrations significantly affected 
yelocity of 3,000 feet per minute the collection efficiency of the cy
is exceeded. clone. All factors were statistically 

The analysis for each year indi significant at the 0.005-probability 
cated that trash input concentra le,·el. The treatment means for col
tion had llO significant effect on the lection efficiency for these tests are 
collection efficiency. The 1969 ex shown in table 2. 
periment revealed that the intro A composite of all data indicated 
duction of a diffetent trash size that the cyclone operated at an 
had no statistically significant ef an~rage collection efficiency of 
fect 011 the collection efficiency of ~)!).!)27 percent. It is evident from 
the cyclone. the treatment means that the col

The treatment means of cyclone lection efficiency decreases as op
collection efficiencies are shown in cmting air "elocily exceeds the 
table 2. It should be noted that recommended 3,000 feet pel' min
data for 1968 represent collection ute. 
efficiency on small trash only. 
Dabl, for 1969 represent overall Size Distribution of 
collection efficiencies for large and Emitted Particles 
small trash. 1968-69-70 Experiments 
Low Input Concentrs:!ions Dust particles emitted from the 

Test data from the 1970 experi- cyclone and collected on the filters 
ments i1wolving input concentra- of the high-volume air samplers 
tions of 4.4 to 105 grains per cubic were measured and counted with 
foot re\'ealed that trash sizes, op- the image-splitting microscope at-

TABLE 2.-Treatment means 	of cyclone collection effioiency for ernperi
ments, 1968-70 

Average 
Mean Average Mean input Mean 

Relative cyclone inlet cyclone concen- cyclone
Year trash size efficiency air velocity trationefficiency efficiency 

Gr. per 
Pet. F.p.m. Pet. eu,. tt. Pet. 

1968 	 Small 99.884 1890 99.893 115 99.868 
2880 99.894 137 99.888 
3780 99.863 166 99.896 

1969 	 Small 99.944 1800 99.952 134 99.94',
Large 99.946 2727 99.949 166 99.942 

3470 99.934 189 99.947 
1970 Small 99.923 1800 99.938 4.4 99.935 

LargO'! 	 99.938 2700 99.934 38.3 99.936 
3600 99.920 70.5 99.929 

105.0 	 99.924 
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tachment. Accumulative percent
ages were used to express the par
ticle size distribution. Particles 
collected by the air filters from one 
replication of the 1968 experiment, 
two replications of the 1969 ex
periment, and one replication of 
the 1970 experiment were measured 
and counted under the microscope. 
From each filter five separate dust 
slides were prepared, each from a 
different area of the filter. From 
each slide, several distinct areas 
were viewed, pond the particles were 
measured and counted, A minimum 
of 25 separate areas were counted 
from each filter. Approximately 
45,000 dust particles were viewed, 
measured, and counted during this 
3-year study. 

100 

--c::: 80 

Regression equations, which were 
calculated for each factor for each 
experiment, were similar for par
ticle size distribution. Because of 
this observation, all data were com
bined to yield a composite equation 
as follows: 

Y = 107.57020 - 146.91170 ~ 
where Y = 

accumulative percentage of 
particle:.; and X = 

particle size in microns. 
This equation is plotted in figure 
10. This composite curve represents 
both trash sizes and all test con
ditions for the 3 years' experi
ments. The coefficient of determina
tion for the above equation was 
0.990. 

III 
u Y 107.5702 - 146.9117 (ljx) 
~ 

III 
0.. 

Z 60 
0 
t= 
::J 
en 
c¥ 40 
..... 
U') 

C 
w 
N 
Vi 

20 

o 
24 

PARTICLE SIZE {Microns} 
o 4 8 12 16 20 

FIGURE lO.-Composite of Ilecumullltive particle size distribution for all test 
conditions. 
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SUMMARY AND CONCLUSIONS 

Experiments conducted over a 

3-year period at the U.S. Cotton 
Ginning Research Laboratory at 
Stone\'ille, Miss., show that the 
Atomic Energy Commission cy
clone is virtually 100 percent effi
cient on particles larger than 20 
microns in diameter. Particles 
smaller than 20 microns were part
ly collected in decreasing amounts 
as they became smaller. The AEC 
cyclone was found to have an aver
age overall collection efficiency on 
small gin trash of 99.927 percent. 

Other significant results obtained 
from the 3-year experiments were 
as follows: 

1. Operating air velocities sig
nificantly affect the cyclone's col
lection efficiency with greatest 
efficiencies being in the range of 
3,000 feet per minute. 
2. For the high input concen
trations, mither trash size nor 
input concentrations significant
ly affected the collection effi
ciency of the cyclone. 

3. For input concentration nor
mally encountered by the cyclone 
at a cotton gin (less than 105 
gmins per cubic foot) the ex
periments indicatE.'d that trash 
sizes, operating air \·elocities, and 
input concent::·ations had It sig
nificant effect on the collection 
efficiency of the cyclone. 
+. For the high input concentra
tions, test results revealed tllll.t 
opening air velocities and input 
concentrations significantly af
fected the dust concentration in 
the exhaust air from the cyclone. 
5. For the high input concentra
tions, the trash size had no sig
nificant effect on dust concentra
tion in the exhaust air from the 
cyclone. 
6. For the low input concentra
tions (less than 105 grains per 
cubic foot), data revealed that 
trash sizes, operating air veloci
ties, and input concentrations 
significantly affected the dust 
concentration in the exhaust air 
from the cyclone. 
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