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CHAPTER I 

INTRODUCTION 

Surveys have shown that cotton gin effluents are a major source 

of air pollution in cotton growing communities. This type of pollu

tion is especially severe in West Texas since most of West Texas 

cotton is machine stripped or scrapped. The recent increase in gin 

capacities (3) has greatly magnified the pollution problem because 

many gins are not capable of handling the increased trash load due 

to ineffective trash handling equipment. Government surveys have 

shown that gins emit trash into the atmosphere in the form of dust, 

small pieces of cotton stalk and lint fly (3). This particulate 

matter contains significant amounts of arsenic, bacteria and pesti

cides. Particulate-laden air causes a severe decrease in visibility 

which can be hazardous to traffic if the gin is operated near a high

way. It also causes adverse effects on the health of many people 

living downwind from a gin, plant damage and destruction and damage 

to personal property (3). Government regulations are rapidly be

coming more restrictive in the amount of particulate matter emitted 

from cotton gins (2). Also the reduced demand for cotton will only 

allow the cotton gins to invest a minimal amount of capital in con

trol equipment. In light of this, it is imperative that new, ratio

nal, and economical methods be developed for controlling particulate 

pollution from cotton gins to meet proposed clean air standards. 
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in-line filters. The cotton is then sent to the press where it is 

compressed into bales. 



CHAPTER III 

AMOUNTS OF TRASH ASSOCIATED WITH COTTON PICKING TECHNIQUES 

There are five methods employed in harvesting cotton: handpick-

ing, handsnapping, machine picking, machine stripping and machine 

scrapping (14). Table 1 shows the per cent of cotton harvested by 

each method (14) in the U.S. and in Texas in 1964. This table shows 

that there is much more machine stripped cotton in Texas than the 

U.S. average. Personal interviews (6) have also shown that the amount 

of machine scrapped cotton is increasing in Texas. 

Table 2 shows the total weight of raw cotton it requires to pro

duce a five hundred pound bale with respect to cotton harvesting tech

niques (14). This would mean that in West Texas alone there would be A 

approximately 2.7 billion pounds of trash handled for an expected 

cotton product of 1.8 million bales in the 1970-71 season. 

Since machine stripping is the major method of harvesting cotton 

in Texas, an average gin producing 3000 bales of stripped cotton per 

season would handle about 2.3 million pounds more trash and moisture 

than a gin producing 3000 bales of handpicked cotton. 

At El linger, Texas, a government survey (3) showed a sizable 

increase in the particulate concentration downwind from a gin with 

increased amount of trash in the raw cotton. A sampling site was 

chosen 300 feet downwind from the gin. Raw cotton averaging 2000 

pounds per 500 pound bale showed 983 micrograms of particulate matter 

per cubic meter of air. Then air samples were taken for raw cotton 

i a 



TABLE 1 

METHODS OF HARVESTING COTTON (1964) 

Method % in U.S. % in Texas 

Handpicked 16 2 
Handsnapped 6 13 
Machine picked 58 20 
Machine stripped 19 64 
Machine scrapped 1 1 

TABLE 2 

WEIGHT OF RAW COTTON/500 lb. BALE 
FOR DIFFERENT HARVESTING TECHNIQUES 

Method 

Handpicked 
Handsnapped 
Machine picked 
Machine stripped 
Machine scrapped 

lb. 
per 

of raw cotton 
500 lb. 

1383 
2049 
1472 
2159 
2473 

bale 
lb. 
pel 

waste and seed 
^ 500 lb. bale 

883 
1549 
972 
1659 
1973 



averaging 2500 pounds per 500 pound bale produced. These samples 

showed 3587 micrograms per cubic meter of air. This is over a 300 

per cent increase in particulate matter emitted to the atmosphere. 



CHAPTER IV 

KINDS OF ATMOSPHERIC POLLUTION EMITTED FROM COTTON GINS 

Particulate Matter 

Air samples taken downwind from cotton gins were shown to ex

ceed Type A, B and C air quality standards set by the Texas Air Con

trol Board. These regulations (5) are that 90% of the air samples 

taken cannot exceed 125, 150 or 175 micrograms of particulate matter 

per cubic meter of air at the gin property line. Samples taken down

wind from gin effluents at distances of 200 feet and 1200 feet were 

found to contain up to 76000 micrograms per cubic meter and up to 

2100 micrograms per cubic meter, respectively. These samples were 

also analyzed for particle size. At a distance of 200 feet downwind, 

50 per cent of the particles were above 5 microns, and at a distance 

of 1000 feet downwind, only 20 per cent of the particles were above 

5 microns. A limit of 5 microns was chosen (3) in that any parti

cles smaller than this are able to enter the respiratory tract. 

Arsenic 

Arsenic is used to defoliate about 70 per cent of Texas cotton. 

When grab samples of raw cotton were taken from cotton trailers and 

tested for arsenic content, it was found (3) that arsenic content 

ranged from 4 ppm to 1000 ppm by weight. Air samples taken at 100, 

1200, and 2000 feet downwind showed that the arsenic content ranged 

(3) from 141 to 0.1 micrograms per cubic meter of air at 100 feet, 

0.80 to 0.07 micrograms per cubic meter of air at 1200 feet, and an 

8 



average of 0.10 micrograms per cubic meter of air at 2000 feet. The 

allowable arsenic content according to the Texas Air Control Regula

tions (5) is such that there is no damage to human or animal life or 

vegetation due to arsenious compounds in the atmosphere. 



CHAPTER V 

EFFECTS OF COTTON GIN POLLUTION 

Vision Reduction 

The effect of particulates on vision has been described (5) in 

the following manner: 

The emission of suspended particulate matter which 
passes onto or across a public road and creates a 
traffic hazard by impairment of sight distance or 
intensifies an existing traffic hazard condition is 
prohibited. A traffic hazard resulting from impair
ment of sight distance shall be deemed to exist 
whenever horizontal sight distance at or near ground 
level is reduced to 2400 feet or less in rural areas. 

Since particulate matter concentrations of 76000 micrograms per cubic 

meter of air were found 200 feet from some cotton gins, this would de

finitely impair the horizontal sight of a vehicle operator to dis

tances much less than the maximum 2400 feet. 

Public Health 

Through interviews conducted (3) by public health nurses, medi

cal doctors, and letters received by doctors stated that many people 

living downwind from cotton gins experience adverse physical effects 

from gin dust and lint: 

In my opinion the air pollution from cotton gins 
is a major source of allergy in the State of Texas. 
I see patients from all over West Texas 
It would be easy to go through the files and find 
literally dozens of children who are easily con
trolled with a minimum amount of medication and re
gular hyposensitization injections for pollen, dust, 

10 
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mold spores, etc. until the cotton gins begin opera
ting in the Fall. Regardless of their underlying 
allergies, they are almost invariable made worse 
when they are in an area where lint from cotton gins 
is in the air. 

Vegetation 

Plants in a garden 1200 feet downwind from a cotton gin in West 

Texas were observed to have a 40 per cent kill. The soil in the gar

den was analyzed (3) and found to have an arsenic content of 168 ppm 

by weight. Leaves from peach trees killed in this garden also showed 

the same arsenic concentration. Linder (10) states that when the 

arsenic content on peach trees is over 130 ppm, the trees show toci-

city symptoms. The next year the prevailing winds were such that the 

same garden was at the edge of the gin dust plume. No kill of vege

tation was observed that season. 

Personal Property 

The effect of gin dust and lint in the atmosphere to personal 

property can be exemplified by the damage of window air conditioning 

units downwind from cotton gins. These air conditioners became so 

clogged with gin dust and lint that they had to be professionally dis

mantled and cleaned every year. This maintenance is quite expensive 

for the property owner (3). 



CHAPTER VI 

LABORATORY OBSERVATIONS OF COTTON GIN EFFLUENT 

Particulate samples were taken from the effluents of in-line 

filters and cyclones at the U.S.D.A. South Plains Research Ginning 

Laboratory at Lubbock, Texas, during the 1969-70 ginning season. 

The samples taken from the in-line filters were composed of small 

pieces of lint, small sticks, leaf trash and small dust particles as 

shown in Pictures 1, 2, and 3. When this material was sprayed vig

orously with water, some of the water droplets soaked into the lint, 

but many were entrained within the spaces between the lint fibers. 

After the lint was sprayed, it was dumped into a beaker containing 

water. The lint pieces coagulated and formed clumps of lint. These 

lint clumps stayed about two thirds above the surface of the water as 

shown in Figure 2. 

Figure 2 

Lint Clump on the Water Surface 
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Another sample of lint was placed into a water filled beaker and dump

ed and squeezed. It was noticed that only the large trash entrained 

in the lint settled out. The small dust particles were still on the 

lint fibers. 

Another test was made on the cohesiveness of wet lint with a metal 

sheet. When wet lint particles were blown against a flat sheet of 

metal, the lint clung to the metal after impact. A spray of water was 

then sent down the flat sheet of metal and the lint washed off the 

metal fairly easily. It was also observed that the lint combined with 

other pieces of lint forming clumps of lint as it was washed off the 

metal surface. 

The dust sample taken from the cyclone effluent contained dust 

particles ranging in sizes from submicron to over 50 microns, sticks 

of various shapes and sizes were found, and a large amount of small 

lint particles were also found in the sample (see Picture 4). This 

lint seemed to loosely hold the dust and sticks in clumps of various 

shapes and sizes. When this sample was sprayed with water and allow

ed to settle in a water filled beaker, about 40 per cent came to the 

water surface, about 50 per cent settled to the bottom, and about 10 

per cent of very small particles remained suspended. The particulate 

film on the water surface was thick enough to trap air bubbles. Air 

bubbles were also found in the bottom layer of dust in the beaker. 

This was probably due to air caught in the loosely packed clumps of 

lint, dust and sticks. This laboratory work also showed that these 

particles could have a fairly strong affinity for each other. 
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CHAPTER VII 

POLLUTION CONTROL METHODS FOR COTTON GINS 

These methods are currently in use to control the emission of 

particulate matter emitted into the atmosphere by cotton gins. These 

methods include filtration, cyclonic separation and water scrubbing. 

Filtration 

Filtration methods commercially available can be separated into 

two different types, a rotating drum filter and an in-line filter. 

Tests were made (11) on the collection efficiency and static pressure 

drop of different rotating drum filters at the Cotton Ginning Research 

Laboratory at Stoneville, Mississippi. The results of their tests 

are tabulated in Table 3. 

TABLE 3 

DUST AND LINT FLY CONCENTRATIONS FROM 
A UNIT LINT CLEANER EXHAUST 

Type of Drum Covering Holes/in. Lint Fly and Dust 
and Hole Diameter Concentration Pass-

ed Through the Drum 

Perforated Metal 
0.109 in. dia. 

Perforated Metal 
0.75 in. dia. 

Perforated Metal 
0.033 in. dia. 

Perforated Metal 
0.02 in. dia. 

100x100 Mesh Screen 

47 

72 

234 

625 

0.0056 
between 

15 

in. 
mesh 

0.116 g/cu.m. 

0.105 g/cu.m. 

0.073 g/cu.m. 

0.061 g/cu.m. 

0.049 g/cu.m. 
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The per fora ted metal drum (0.02 i n . d i a . holes) and the 100x100 mesh 

screen e l iminated a l l of the l i n t f l y and a l l but 0.061 to 0.049 grams 

of dust per cubic meter of a i r . The s t a t i c pressure drop through 

these drum f i l t e r s was below the maximum of 0.5 inches of water so 

not to cause choking of the g in exhaust fans. 

Tests were also made on i n - l i n e f i l t e r s by the U.S. Department 

of A g r i c u l t u r e . The resu l ts of the tests were that an i n - l i n e f i l t e r 

co l l ec ted a l l of the l i n t and a l l but 0.034 grams of dust per cubic 

meter of a i r . In order to keep the s t a t i c pressure drop through the 

i n - l i n e f i l t e r ' s f i l t e r media (which consists of e i t he r a 40x40 or 

a 105x105 mesh screen) less than 0.5 inches of water, a brush is a c t i 

vated by a pressure drop contro l switch to wipe the co l lec ted mater ia l 

o f f the f i l t e r and al low i t to f a l l i n a trash bin below the i n - l i n e 

f i l t e r (12) . Figure 3 i s a diagram of l i n t f i l t e r s of th i s type. 

Cyclone Separators 

Cyclones are qu i t e e f f e c t i v e fo r c o l l e c t i n g large t r a s h , but 

most of the small pa r t i c l es ranging from 10 microns down are not re 

moved from the exhaust of the gin and are blown in to the atmosphere ( 3 ) . 

Water Scrubbing 

Wet a i r c leaning methods which are cu r ren t l y in use to cont ro l 

a p o l l u t i o n from gins are water i n j e c t i n g and water scrubbing. A 

water i n j e c t i o n system involves i n j e c t i n g water in an exhaust l i n e be

fo re i t enters a cyclone. The water scrubbs the p a r t i c u l a t e matter 
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from the exhaust air and then the polluted water flows out the bottom 

of the cyclone and into a pond where it is recycled back through the 

cyclones. This method is almost 100 per cent efficient in removing 

large and small particulate matter from the gin's exhaust. An odor 

and a trash handling problem is created by this method. Also the cost 

of installation of a water injection system is about $20,000.00 which 

is much too expensive for an average cotton gin (13). Water scrubbing 

systems have been developed and proven to be quite effective for trash 

removal from gin effluents. However, all of these systems (15) ex

cept spray chambers have a static pressure drop greater than 0.5 inches 

of water as shown in Table 4. 

TABLE 4 

PRESSURE DROP THROUGH SCRUBBING DEVICES 

Type Pressure Drop in Inches of Water 

Packed Bed , 0.5 in/ft. 
Floating Bed 4 in/stage 
Spray Chamber less than 1 in. 
Cyclonic Scrubber 2-8 in. 
Induced Draft 2-6 in. 
Wetted Filter 0.3 in/filter 
Venturi 10-100 in. 

The cotton gins which are using these methods, excluding a spray cham

ber, have had to purchase new fans which can withstand the respective 

static pressure drop. This is economically unfeasible for most cotton 

gins. Water scrubbing also creates several problems such as odor, 

trash handling and nozzle clogging. However, since a 0.5 inch of 
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water pressure drop is the limiting design condition, a spray chamber 

with impingement surfaces should be the most feasible solution. 



CHAPTER VIII 

SOLUTION 

Theoretical Scrubber Design 

To remove lint fly, dust and sticks from gin exhausts, a water 

scrubber and particle impinger was proposed. The design of this scrub-

ber-inipinger was based (9) on water scrubbing theory, impingement 

theory, spray nozzle theory, and preliminary experiments performed on 

particulate gin effluent samples. 

The set of independent variables and their assumed values for the 

scrubber-impinger design were as follows: 

1. Quantity and pressure of scrubbing fluid (75 gpm and 60 psig) 

2. Quantity of gas to be handled (8000 cfm) 

3. Size and distribution of scrubbing fluid droplets (50 to 

1000 microns) 

4. Inlet gas velocity (36.2 feet per second) 

5. Size, shape and distribution of the air-borne particles (0.1 

to 40 micron diameter spheres for dust, 80 to 1000 micron 

long cylinders for sticks and 100 to 1000 microns long ribbons 

for lint) 

6. The viscosity of the entering gas (0.018 centipoises) 

7. The retention time of the gas in the scrubber (one second) 

8. Pressure drop through the scrubber (0.5 inches of water) 

From the previous eight independent variables, the following can be 

20 
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calculated: 

1. The scrubber dimensions and shape 

2. The collection efficiency of the scrubber 

3. The water make-up rate. 

The dimensions and shape of the scrubber-impinger were chosen 

such that the effective air scrubbing time would be one second with 

respect to a maximum acceptable pressure drop through the scrubber of 

0.5 inch of water. Using the air flow rate of 8000 cfm and a one sec

ond scrubbing time, the required effective scrubbing volume was then 

calculated to be 133 cubic feet. The shape of the chamber was design

ed based on physical properties of dust laden lint. Preliminary ex

periments showed that when wet lint collided on a flat sheet of metal, 

the lint clung to the metal. It was also observed that the lint would 

wash off the metal fairly easily and combine with other pieces of lint 

as it flowed down the metal sheet. Considering these calculations 

and observations, a rectangular box shape was chosen for the scrubbing 

chamber with dimensions of 8 feet in height, 4 feet in width and 4 

feet in length. 

The scrubber collection efficiency was estimated (4) by 

n = 1 - exp [-(3n^xy/2D^)] 

where n = the collection efficiency 

n. = the target efficiency (the fraction of particles which 

will collide with the water droplets) 
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D. = the diameter of the droplets 

X = the ratio of the volumetric liquid flow rate to the 

volumetric gas flow rate 

y = the height of the scrubber. 

The assumptions made in using this equation to determine the collec

tion efficiency were: 

(a) The dust particles were spheres with diameters of 0.1, 1.0, 

10 and 40 microns. 

(b) The stick particles were cylinders with diameters of 80, 100, 

500 and 1000 microns. 

(c) The lint particles were ribbons of 100, 500 and 1000 microns. 

(d) The particles will impinge on the liquid droplets. 

(e) The water flow rate was 75 gpm. 

(f) The air flow rate was 8000 cfm. 

(g) The water droplets ranged from 50 to 1000 microns. 

Target efficiencies of 1.00 were calculated for all particles from 0.1 

to 500 microns and 0.97 for particles 1000 microns in diameter. The 

theoretical collection efficiency of the scrubber was calculated to 

be 99+ per cent for all cases. 

The water make-up rate was calculated to be 0.14 gallons per 

minute. This was assuming that the inlet air had a relative humidity 

of 20 per cent and a temperature of 80°F and that the air becomes 

completely saturated in the scrubber with no water droplet carry over. 
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Theoretical Trash-Water Separator Design 

The design of the trash-water separator was limited chiefly by 

preliminary experiments and the available equipment. Since the lint 

was found to float on the water surface, a skimming technique was de

veloped which is discussed in the next section. 

In order to determine the effectivenss of the settling chambers, 

hindered settling calculations assuming spherical particles were made 

for each chamber. Assuming a 50 volume per cent of dust particles in 

each chamber, it was found that all particle sizes under 60 microns 

would not settle in the first tank and all particles under 40 microns 

would not settle in the second tank. This size of particles should 

neither effect the pump's perfonnance nor clog the spray nozzles. 

The total retention time of the settling system was calculated 

to be about two minutes at a water flow rate of 75 gallons per minute. 



CHAPTER IX 

AIR SCRUBBER AND PARTICLE IMPINGER UNIT 

Scrubbing and Impingement Chamber 

Figure 4 shov/s the air flow pattern through the chamber. The 

air passes through the chamber, around a large baffle, through a 

series of small baffles (mist eliminators) and then out of the cham

ber. The nozzles were placed in strategic positions in order to wet 

the particulate-laden air effectively and to provide enough water to 

wash the collected particulate matter from the chamber walls. Figure 

5 shows the placements of the nozzle taps (each nozzle tap has two 

nozzles). Three nozzle taps (N^, N^ and No) are not shown. They 

are, however, syrmetrical with nozzle taps N,, N^ and N^. Nozzle 

taps N. and N^ (N, ^ ) , type WR-10 with fine conical spray patterns 
I b I , b 

were placed such that the spray was concurrent with the air flow. 

This should wet the trash-laden air with almost no impact force on 

the particulate matter. Eight other nozzles (N^ 7 and N^ g ) , type 

F-20 with coarser flat sheet sprays were positioned such that the 

water spray was perpendicular to the air flow. This crossflow ar

rangement would also wet the air with little impact force. Two larger 

nozzles (N- Q ) , type TR-50 with yery coarse conical sprays were placed 
4,9 

at the top of the chamber. These nozzles provided the necessary water 

to wash the collected particulate matter from the chamber walls. Pres

sure gauges were placed on the nozzle taps so the amount of water 

flowing (1) through the nozzles could be determined. 

24 
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Figure 5 

Nozzle Placements 



27 

Pressure Taps 

In order to determine the pressure drop through the chamber,pres

sure taps were placed in the air inlet and outlet lines where the 

mean square velocities occurred as shown in Figure 6. These taps were 

made of quarter inch copper tubing and bent in the direction of air 

flow to prevent clogging by particulate matter. The taps were then 

connected to a manometer inclined at a 15° angle containing colored 

water as the manometer fluid. This gave accurate pressure drop read

ings through the scrubber-impinger. 

Settling Chambers 

Figure 7 shows the dimensions and the shape of the two settling 

chambers. The lint and dust-laden water flowed from the scrubber to 

the first settling tank. Here the lint was skimmed off the water 

surface. A baffle was installed at an angle of 70° to the direction 

of water flow. This allowed the lint to slide across the baffle and 

out the one foot long three inch deep drainage notch. The skimmed 

lint was then caught by a porous sack placed inside a drum. The sack 

acted as a filter and caught the lint and allowed the water to drain 

to the bottom of the drum and then to be recylcled back into the first 

settling tank. The second settling tank contained a baffle to aid in 

particulate settling so that no particulates should be carried over 

and cause nozzle clogging. The water level in the settling system 

was kept constant by the use of a float valve. The water required to 
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keep the level in the settling system constant was recorded by a flow 

recorder connected to a differential pressure cell which measured the 

pressure drop across an orifice plate. 



CHAPTER X 

TRASH COLLECTION 

The wet trash was collected by a cloth bag inserted inside the 

lint overflow tank as shown in Figure 6. After the collection bag 

had filled, the trasii was dumped on the ground and allowed to dry in 

the ambient atmosphere. After several days of drying time, the trash 

that had been dumped on the ground formed a compressed block which 

simplified handling and removal. 
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CHAPTER XI 

OBSERVATIONS DURING SCRUBBER-IMPINGER OPERATION 

During operation of the scrubber-impinger, it was observed that 

at low water pressures there was an insufficient quantity of water 

to wash the lint from the scrubber-impinger walls. There was \/ery 

little air turbulence prevalent inside the chamber. Most of the 

trash was collected on the vertical flat wall of the scrubber-imping

er opposite the air inlet line. It was also noticed that lint collect

ed on the water lines to nozzles 1 and 6 and on the mist eliminator. 

These observations showed that the trash was collected mostly by wet 

impingement not by scrubbing. Nozzle clogging by lint was a contin

uous problem requiring frequent cleaning of the nozzles. The water 

usage rate could not be accurately determined in the short gin runs 

available during the testing process. 
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CHAPTER XII 

TESTING VARIABLES 

The effect on efficiency of air flow rate, nozzle tap water pres

sure and the number of nozzles in operation was investigated. 

The volumetric air flow rate was chosen as the primary variable 

affecting the effective scrubbing time. The range of the air flow 

rates and the corresponding scrubbing time used in this study are as 

shown in Table 5. 

TABLE 5 

EFFECTIVE SCRUBBING TIME FOR VARIOUS AIR FLOW RATES 

Air Flow Rate Effective Scrubbing Time 
cfm sec. 

5400 1.25 
5120 1.56 
4160 1.95 
2560 3.12 

If particulate removal occurs mainly by a scrubbing phenomenon, the 

range of variation of the scrubbing time should significantly affect 

the efficiency of the control device. The four air flow rates shown 

above were achieved by adjusting a cradle valve installed in the en

tering air line. 

Water pressure delivered to the nozzle taps was chosen as a 

second variable. High particulate removal efficiency at low water 

pressures would allow a decrease in equipment size and cost and would 
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also reduce the operating cost. Table 6 shows the water pressures 

at the operating nozzle taps with the corresponding total water flow 

through these nozzles. Each row in Table 6 represents a separate 

test condition. For example, when row one is tested with only nozzle 

taps N^ 7, N^ g and N^ g in operation, the total water flow rate is 

8.96 + 10.80 + 8.60 = 28.36 gpm. 

TABLE 6 

WATER PRESSURES AND FLOW RATES THROUGH EACH NOZZLE TAP 

'"̂ 1,6 ^̂ 2,7 ^3,8 '"̂ 4,9 

Pressure Flow Pressure Flow Pressure Flow Pressure Flow 

Row ps ig 2£m ps ig g]3rn ps ig gpm ps ig gpm 

1 
2 
3 
4 

In order to determine whether all the nozzles were required for ef

fective operation of the scrubber-impinger, various nozzle taps were cut 

off during operation. The four variations used were: 

N«: all the nozzles in operation 

Ng: nozzle taps N^ ̂  not in operation 

Np: nozzle taps N^ g not in operation 

Nr.: nozzle taps N^ g and N^ g not in operation. 

The reason for determining the affect on collection efficiency of the 

number of nozzles in operation was for economic purposes. A decrease 

19.0 
16.0 
13.0 
9.5 

2.72 
2.52 
2.28 
1.92 

15.0 
12.5 
10.0 
7.5 

8.96 
8.24 
7.32 
6.20 

22.0 
18.0 
15.0 
11.0 

10.80 
9.80 
8.96 
7.68 

30.0 
25.0 
20.0 
15.0 

8.60 
7.90 
7.00 
5.00 
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in the number of nozzles required for satisfactory collection efficien

cy would reduce the initial and operating cost. 



CHAPTER XIII 

PARTICULATE SAMPLING 

Air Flow Rate 

The mean square air flow rate was determined for each position 

of the cradle valve by making an equal area pilot tube traverse (7). 

A standard pi tot tube (7) was used and was connected to a 15° in

clined manometer. The traverse consisted of two sets of ten readings 

90"" apart for each flow rate as shown in Figure 8. 

I- ,,10 9" ^̂  •̂ " f 9.2" '̂ -̂  

!_. i 1 i 

X Indicates sample probe placement 

Indicates points of location of 
pi tot tube 

Figure 8 

Pitot Tube Traverse for Inlet Air Flow 
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Each set of readings was spaced so as to be at the center of annular 

rings of equal aroa in the entering air line. The mean square veloci

ties for each valve setting were found to be 6400, 5120, 4160 and 

2560 cfm at an air temperature of 75°F and a relative humidity of 20 

per cent. The location of the mean square velocity for every air 

flow rate occurred approximately two inches from the bottom of the in

let air line as shown in Figure 10. Another traverse was made on the 

air exit port of the scrubber-impinger as shown in Figure 9. 

• . . • 

. • • • 

• • • • 

X Indicates sample probe place
ment 

• Indicates points of locations of 
pitot tube 

Figure 9 

Pitot Tube Traverse for Exit Air Flow 
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Assuming an exit temperature 70°F and a 100 per cent relative humi

dity, the mean square velocity for each air flow rate was found to be 

6360, 5090, 4100 and 2500 cfm. The location of each of these flow 

rates occurred at the point shown in Figures 8 and 9. 

Isokinetic Sampling 

If the sampling velocity is not the same as the bulk air velo

city, gross errors (7) in particulate measurements can occur. This 

is especially true if the particle sizes are three microns and great

er. In order to eliminate these errors, the sampling rate must be 

adjusted to equal the bulk air velocity. This is known as isokinetic 

sampling. Figure 10 shows the effect of nonisokinetic sampling on 

the collection of particulate matter. 

As seen in Figure 10(a), when the velocity of the air stream is 

greater than that through the sample tap, portions of the gas stream 

will be deflected around the tap. This causes particles with low 

inertia to follow the deflected air streamlines, thereby, not enter

ing the sample probe. The inertia of the heavier particles causes 

them to break out of the air streamlines and enter the probe. The 

result is a nonrepresentative sample containing an over abundance of 

the coarse particles and relatively few small particles. The opposite 

effect occurs if the sampling velocity is greater than the bulk air 

velocity as shown in Figure 10(b). Under this condition, additional 

small particles will be sucked Into the sample probe resulting In a 

nonrepresentative sample containing too many small particles. 
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-a .-

(a) 

••m » 

(b) 

High iner t ia part":cles 

Low iner t ia part ic les 

Figure 10 

Sampling Effects Due to Nonisokinetic Sampling 
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Sampling Probe Placement 

Since previous government surveys (3) have shown that particulate 

matter emitted by cotton gins has sizes ranging down to less than five 

microns, it is imperative that isokinetic sampling be achieved. Sample 

probes two inches in diameter were used for sampling the entering and 

exiting particulate concentrations. These probes were installed at 

the point where the mean square air velocity occurred in both the in

let and outlet lines of the scrubber-impinger (7). Table 7 shows the 

sampling velocities through the two inch probe required to achieve 

Isokinetic sampling. Due to the small difference in mean square ve

locities in the inlet and outlet lines the same sampling probe velocity 

was used for each. 

TABLE 7 

AIR VELOCITIES THROUGH THE SAMPLE PROBE 
TO ACHIEVE ISOKINETIC SAMPLING 

Air Stream Velocity Sampling Probe Velocity 
cfm cfm 

6400 
5120 
4160 
2560 

45 
36 
29 
18 

To insure that the bulk air flow rate did not change during operation 

a velometer was inserted one foot before the sample probe. These 

sampling velocities shown In Table 7 were achieved by using a Staplex 



41 

High Volume Air Sampler connected to the sampling lines. A variac 

was used to control the air flow rate through the sample probes. 

Removal Efficiency of the Scrubber Impinger 

In order to determine the removal efficiency of the scrubber-

impinger, the entering and exiting particulate matter was collected 

on 8x10 inch Gelman Type A glass fiber filters. Before weighing the 

clean filter paper and the particulate laden filters, the filters 

and samples were conditioned in an atmosphere of 70°F and 60 per cent 

relative humidity for at least 24 hours. The weights of the clean 

filters and the particulate laden filter paper were then determined 

on a Mettler Balance to the nearest ten thousandth of a gram. The 

collection efficiency, n, was then calculated by the relations 

r, = (l-W^/W^) x 100 

where 

W 2 = M2/(V2 X t) 

and 

W ̂  = M^/(V^ X t) 

where 

n = the collection efficiency 

W = the grams of particulates per cubic meter of air 

exiting the scrubber-impinger 



42 

W, = the grams of particulates per cubic meter of air 

entering the scrubber-impinger 

Mp = the grams of particulates collected exiting the 

scrubber-impinger 

M, = the grams of particulates collected entering the 

scrubber-impinger 

V^ = the air velocity through the exit sample probe in 

cfm 

V, = the air velocity through the inlet sample probe in 

cfm 

t = the ginning time in minutes. 



CHAPTER XIV 

TESTING PROCEDURE 

The following eight step procedure was used for collecting data 

for each test: 

1. Record the weights of the clean filters before operation. 

2. Record the bulk air velocity and adjust the high volume air 

sampler, respectively. 

3. Record the pressure drop across the scrubber-impinger. 

4. Record the water pressure for each nozzle tap. 

5. Record the amount of make-up water. 

6. Record the ginning time. 

7. Change the filter paper after each run. 

8. Record the weights of the particulate laden filters after 

24 hour conditioning. 

This data was then used to determine the results of this study. 
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CHAPTER XV 

RESULTS 

Effect of Design Variables on Collection Efficiency 

A 4x4 Latin Square design was used in the first series of tests to 

determine the effect of water pressure, air flow rate and the number 

of nozzles in operation on the overall efficiency of the scrubber-

impinger. The results of these tests are tabulated in Table 8. 

The statistical evaluation of the data is shown in Table 9. 

The analysis of variances (8) is summarized in Table 10. Each 

variable was then tested to determine whether it had a significant 

affect on efficiency at a significance level of < = 0.05. The F which 

corresponds to this significance level is 4.76. As the calculated F's 

were all less than 4.76, the null hypothesis of no significant affect 

on efficiency was accepted for each variable over the range studied. 

This implies that neither the variation of the air flow rate, the 

number of nozzles in operation nor the water pressure on the nozzle 

taps significantly affected the scrubber-impinger's collection effi

ciency. 

The second set of tests were to determine the effect of water 

pressure and air flow rate on the scrubber-impinger's operating ef

ficiency at higher inlet particulate concentrations. Table 11 tabu

lates the results from these tests. 

The second series of tests was performed as a balanced incom

plete block (8) as shown in Table 12. The analysis of variance is 

presented in Table 13. 
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TABLE 9 

LATIN SQUARE FOR THE EFFECT OF WATER PRESSURE, 
AIR FLOW, AND NOZZLE OPERATION ON EFFICIENCY 

3 2 4 1 

47 

5120 2560 4160 6400 Y'j 

*Calculated efficiency 

J 

N^ n = 90 n = 81 n = 94 r, = 95 360 

1 3 2 4 

Np p, = 90 n = 80 n = 88 n = 85 343 

4 1 3 2 

N^ n = 83 n = 83 n = 88 n = 67 321 
D 

2 4 1 3 

N n = 96 n = 95 n = 88 n = 94 373 
8 

359 339 358 341 1397 

The numbers 1 , 2, 3 and 4 correspond to the row number of water 
pressures on each nozzle tap. 

n = col lect ion efficiency 



TABLE 10 

ANALYSIS OF VARIANCE FOR THE FIRST SERIES OF TESTS 

48 

Source of Variat ion 

Air Flow Rate 
Nozzles in Operation 
Water Pressures on 

the Nozzle Taps 
Error 

Deg rees of 
Freedom 

3 
3 
3 

6 

Sum of 
Squares 

86 
379 
102 

280 

Mean 
Square 

29 
126 
34 

47 

F 

0.62 
2.68 
0.72 

Total 15 847 

TABLE 11 

RESULTS FOR THE ANALYSIS OF THE EFFECT OF AIR FLOW RATE AND 
WATER PRESSURE ON EFFICIENCY AT HIGH INLET PARTICULATE 

CONCENTRATION LEVELS 

Row of Corresponding 
Water Pressures 

2 
3 
1 
1 
2 
3 
2 
3 
1 
1 
2 
3 
2 
3 
1 
1 
2 
3 

Air Flow 
cfm 

4160 
6400 
5120 
4160 
6400 
5120 
4160 
6400 
5120 
4160 
6400 
5120 
4160 
6400 
5120 
4160 
6400 
5120 

g/m 
Entering 

0.159 
0.370 
0.681 
0.142 
0.151 
0.076 
0.240 
0.409 
0.381 
0.107 
0.079 
0.081 
0.154 
0.422 
0.269 
0.081 
0.146 
0.056 

g/m 
Exit ing 

0.0741 
0.0636 
0.0291 
0.0178 
0.0251 
0.0102 
0.0084 
0.0352 
0.0301 
0.0081 
0.0023 
0.0039 
0.0147 
0.0071 
0.0210 
0.0060 
0.0027 
0.0045 

%n 

53 
83 
96 
87 
83 
86 
97 
91 
92 
92 
97 
95 
90 
98 
92 
93 
98 
92 

= collection efficiency 
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TABLE 12 

BALANCED INCOMPLETE BLOCK DESIGN FOR THE AFFECT OF AIR FLOW AND 
WATER PRESSURE ON THE NOZZLE TAPS ON EFFICIENCY* 

Air Flow Rate cfm 

6400 5120 4160 Zn • 
J ^ 

1 = 91 n = 91 X 182 

CO 
a> 
s. 3 
</) 
C/1 

<u 
i - CL 
a. 03 

+-> 
S-
OJ OJ 

4-> 1 — 

ra N 
2 N 

o 
M- C 
O 

JC 
CO U 
i - (T3 
O O) 

JD 
E c 
3 O 
e 
2 
O 

Ctl 

3 

2 

1 

Z r i . 
. 1 
1 

= 9 3 X M = 80 173 

= 93 •! = 91 184 

184 184 171 539 

*The efficiencies shown represent an average of three efficiencies 
at each set of conditions. 
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TABLE 13 

ANALYSIS OF VARIANCE FOR THE SECOND SERIES OF TESTS 

Degrees of Sum of Mean F 
Source of Variation Freedom Squares Square 

Air Flow Rate 2 57 29 1.45 
Water Pressure on 2 44 22 1.10 

the Nozzle Taps 
Error J _ 20 20 

Total 5 121 

Each variable was again tested to determine whether it showed a signi

ficant effect on the scrubber-impinger's operating efficiency. Again 

the -x = 0.05 significance level was used to determine the effect of 

each variable on efficiency. For this test series, the tabular value 

of F at ,. = 0.05 is 199.5. Since the calculated F's were all less 

than 199.5, the null hypothesis that the affects of air flow rate and 

water pressure on the nozzle taps on efficiency was accepted for each 

variable over the range studied. This again implied that neither the 

air flow rate nor the water pressure on the nozzle taps had a signi

ficant affect on the scrubber-impinger's efficiency. 

Collection Efficiency at Various Levels of Entering Particulate 

Concentrations 

Tests one and two were combined and a plot of the scrubber-

impinger's collection efficiency versus the entering concentration 

of particulate matter was made as shown in Figure 11. These efficien

cies ranged from a low of 53 per cent to a high of 98 per cent with 
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Figure 11 

Scrubber-Impinger Eff iciency for Various Amounts 

of Entering Particulates 
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an average of 92 per cent. According to this data, the collection 

efficiency of the scrubber-impinger was independent of the entering 

particulate concentration. This would give a tremendous flexibility 

in the operating conditions of the scrubber-impinger in that the same 

average collection efficiency for both high and low entering particu

late concentrations could be expected. 

Maximum Ground Level Particulate Concentration 

Sutton's Equation, 

^a 
Z = — 

u C^ X^-" X 10-^ exp (Hg^/C^X^"") 

3 
where Z = the ground level concentration in ^g/m 

Q = the emission rate in g/sec 
a 

- = 3.14 

u = the mean wind speed set at 3.8 m/sec 

C^ = the isotropic diffusion coefficient set at 0.010 for 

neutral conditions 

X = the downwind distance from the emission source in 

meters 

n = the stability parameter, nondimensional, set at 0.25 

for neutral conditions 

H = the effective stack height set at 4.88 m 
e 

was used to calculate the maximum ground level concentration of parti 

culate matter at various distances downwind from the cotton gin as 
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required by Regulation I of the Clean Air Act of Texas (5). Only emis

sions from the three lint cleaners were used in the calculation. 

Particulate concentrations downwind were determined for two cases, 

(A) when the exhaust of the lint cleaners was eiiiitted directly into 

the atmosphere and (B) when the exhaust of each lint cleaner was taken 

through a scrubber-impinger which would remove 92 per cent of the en

tering particulate matter. The emission rates, Q^, for cases (A) and 

(B) were calculated by the relations 

and 

Q^ = (1 - 0.92)(V^.^)(P^ + P2 P3) case (B) 

where V . = the bulk air flow rate for each lint cleaner set at 
ai r 

3.78 m^/sec 

p = the par t icu late concentration emitted from l i n t c lean-

3 
number 1 set at 0.343 g/m 

P = the part icu late concentration emitted from l i n t cleaner 

3 
number 2 set at 0.064 g/m 

P = the part icu late concentration emitted from l i n t cleaner 

^ 3 
number 3 set at 0.064 g/m . 

Figure 12 shows the maximum ground level part iculate concentrations 

for cases (A) and (B) at distances downwind from the gin. The maxi

mum ground level par t icu late concentrations for cases (A) and (B) are 
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Distances Downwind from the Cotton Gin 
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3 
1670 and 180 .g/m , respectively, occurring at a distance of 280 feet 

downwind from the gin. This shows almost a 10 fold decrease in ground 

level particulate concentration when the scrubber-impinger is used to 

control the lint cleaner emissions. Since emissions from lint clean

ers constitute the major source of health problems and material dam

age from cotton gin effluents, this 10 fold reduction is wery benefi

cial to people living near a gin. It should be noted that this is 

still above the allowable emissions for particulates (5). 

Maximum Air Flow Rate 

The maximum air flow through the scrubber-impinger was deter

mined by calculating a regression line from the data in Table 14 in 

the form of y = 0.0665x where y is the pressure drop in inches of 

water and x is the air flow rate in thousands of cubic feet per min

ute. 

TABLE 14 

PRESSURE DROP THROUGH THE SCRUBBER-IMPINGER AT 
VARIOUS AIR FLOW RATES 

Pressure Drop Air Flow Rate 
in. of water cfm 

0.0 0.0 
0.192 2520 
0.238 4050 
0.350 5050 
0.425 6400 
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The regression coefficient, R, was determined to be 0.9975 which would 

imply that there would probably be a linear relationship between this 

data 99 per cent of the time. By inserting the maximum allowable pres-

sure drop of 0.5 inches of water into the regression equation, the 

maximum air flow rate through the scrubber-impinger was found to be 

7500 cubic feet per minute. 



CHAPTER XVI 

SIGNIFICANCE OF RESULTS 

Although a statistical analysis showed that the efficiency was 

independent of the parameters investigated, the tests provided a valu

able knowledge on the phenomena involved in collecting lint cleaner 

effluents by a wet impingement technique. If the particulate matter 

was collected by scrubbing, the ranges of the parameters studied would 

probably have a significant affect on the scrubber-impinger's collec

tion efficiency. However, if the particulates were collected by wet 

impingement, the ranges of the parameters could very possibly not have 

affected the efficiency. Phenomena observed inside the scrubber such 

as lint collection on the nozzle taps, N-, ^, and on the mist elimina

tor showed that the collection of particulate matter was probably by 

wet impingement. 

Probably the most significant result of this study is the ten 

fold decrease in particulate matter emitted from the gin's lint clea -

ers when the scrubber-impinger was used. This decrease would not only 

reduce the amount of property damage due to lint fly, but it would 

also reduce the public health problems caused by gin emissions. 

Comparing the scrubber-impinger with dry particulate collection 

methods, the scrubber-impinger had approximately a 10 per cent (6) 

greater average efficiency for a large range of entering particulate 

concentrations at air flow rates up to 7500 cfm. Another advantage 

In using the scrubber-impinger would be in the ease and effectiveness 

57 
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of trash collection. However, it should be noted that these results 

do not imply that a scrubber-impinger should be implemented in every 

gin, but only when the amount of trash emitted is very restrictive, 

for example, when a gin is located near a populated area. 



CHAPTER XVII 

FURTHER DEVELOPMENTS 

Since this study showed that the particulate matter was mainly 

collected by wet impingement, a device should be designed based on 

wet impingement. In order to determine the limits of operation on 

this device, it is recommended that a wider range of the design para

meters be studied and exiting particle size distribution be deter

mined. It should be noted that a device implementing wet impinge

ment has a tremendous possibility as a particulate collection device 

for other industries such as cotton seed oil mills, delinting plants, 

grain storage, cement plants, etc. Thus, testing of this impinger 

should not be limited only to cotton gins, but it should be tested 

on other industries as well. 
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