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() Executive Summary: The purpose of the project was to study of principal properties of aerosols
under operating conditions at cottonseed oil mill in Uzbekistan. For this reason equipment for personal
and stationary air sampling was purchased for LUizbekistan collaborators. The coilaborating researchers
to became familiar with the research tools visited Israel and got training in Technmon-israel Instinne of
Technology, in Israel Institute for Occupational Safety and Hygiene, and in Laboratory of Air Pollution
in Israel Ministry of Labor. Mass concentration of particles and their size distmibution have “een
studied in hulling - separation department of the Cottonseed Onl Mill in Uzbekistan. The average level
of dust concentration have been measured by the stationary personal samplers and by personal
samplers attached to the operators. It was found that a major fraction of the cottonseed dust found in
the hulling-separation room consisted of respirable particles.

With the purpose of study of properties of the cottonseed packed bed filters used for cleaning of air
and catching of valuable dust in processes at cottonseed oi) mills an experimental installation was
developed and assembled in Technion (Israel). Experiments were carried on to study the parameters
that influence the pressure drop and mean velocity for air flow through packing of cottonseed.
Dimensionally homogeneous predictionable equation that relates the pressure drop to the airflow rate
was proposed. A joint paper with Uzbekistan collaborators "Airflow through Granular Beds packed
with Cottonseeds” was published in scientific journal "Biosystems Engineering’.

Pilot rigs were developed and assembied in Architectural Building Instinne of Tashkent and in
hulling-separation room at cottonseed oil mill for study of air-cleaning properties of cottonseed packed
bed filters. The measured data showed that pressure drop increases with increasing of dust
concentration in the air, of airflow rate, and thickness of the bed laver.

Our experiments showed that granular bed filters filled by cottonseeds provide good possibilities for
adjustment of dust particle removal and cleaning of air in local exhaust ventilation sysiems.
Inexpensive cottonseed fillers, which were return to the raw material afier its filling with dust. made
possible unnecessary of additional dust-removing devices. The cottonseed bed {ilters located in exhaust

hoods made practicable development of principai new local exhaust ventilation systems.
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D) Research Objectives: The purpose of this research was to study and develop methods and devices
thar control dust particle emissions in cottonseed o1l processing. Another objecuve pursued in this
research is the reduction in the loss of raw matenals during particle emissions. Suggestad in thig
research is the cottonseed filled bed filters, placed inside suction hoods of aspiration ot local exhaust
ventilation systems, which are differentiated from the usual ventilation systems in the mentioned
processes and contains the innovative aspects of the project.

This study was undertaken to develop information on the dust levels, and the particle size distribution
in the working environment of hulling-separation area during the normal processing operations in
high-capacity hulling-separation processes at cottonseed oil mill in Uzbekistan.

The purpose of this study is to obtain general expression for prediction of pressure drop across beds
due 1o resistance caused by the presence of cottonseed particles in the layer. to analyze the mechanism

of cotton dust removal by layer packed by cottonseed as well.
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E) Method and Results:

Research Performmed in Uzbekistan:

Dust-concentration determination.

The "total dust” mass sampling carried out by personal sampler that was used as a roving sampler in
workers breathing zone and at stationary locations were placed stationary personal samriers. Stationary
personal saraplers were used for "area or fixed sampling” (Hinds, 1999). Open face e 37-mm fiker
bolders (SKC, Inc., Catalog No. 225-1) were mounted at breathing zone height on stands (SKC. Inc..
Catalog No. 225-503). A three-piece cassette constructed of polystyrene to hold a 37-mm-diameter
filter was used. Dust samples were collected on a 37-mm-diameter polyvvinviclonde filters with a
5-um-pore size (SKC, Inc., Catalog No. 225-8-01). The personal air sampler was aftached to a AirChek

2000 pump with NiCad battery pack (SKC, Inc., Catalog No. 210-2002).

The IOM inhalable dust samplers (SKC. Inc., Catalog No. 225-70A) we used as roving samplers. It
was a reusable filter cassette with a sampling head designed to better measure a worker's exposure 10
total airborne particulate. The personal dust sampling device has a cylindrical body 37 mm in diamneter.
One end of the cylinder contains a flat circular cover cap that has a 15 mm circular orifice with a thin
lip protruding outwards. When taking a sample with the |OM Inhalable Dust Sampler, the {OM
cassetie/filter was weighed as a single unit before (pre-weigh) and after (post-weigh) sampling.
Therefore, ail of the dust both on the filter and on the internal walls of the cassette is contained in the
data, including the tvpically larger dust particles; nothing inside the cassette filter assembly escapes
analysis (Mark and Vincent, 1986). The [OM Sampler used with a reusable filter cassette that holds a
25 mm filter with a S-pum-pore size. The IOM Pump Kit, includes PCXR4 sample pump, charger.
single adjustable low flow holder, etc. (Cat. No.224-PCXR4PKB (230V).

The flow rate of a personal sampler was 2.0 I’min. By that air flow rate the IOM Sampler effectiveiy

traps dust particulates up to 100 um in size (Mark and Vincent. 1986).
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Air samples in each distinct work area at the hulling-separation room were collected at locations
which provide representative samples of air to which the worker is exposed Fig /.. The samplers
were cleaned prior to sampling. The samplers were calibrated in the laboratory betere they are used in
the workshop. The orifices were calibrated by use of a wet test meter. Afier exposure the cassette with
samples were shipped to the analytical laboratory in a suitable container to prevent damage in wansit.
The filters were faced upward (Wesley et al. 1979. Hughs et al. 1981) 10 insure that the collected dust
didn't lost before laboratory weighing.

An analytical balance that has a sensitivity of 0.01mg (Sartorius. model MC210S) used for weighing
of the sample. The balance was located in a dust free air-conditioned room with controlled temperature
24°C plus or minus 1°C and relative humidity (RH) 45%. The filters to equilibrate them were held in
this environment for a 24 h before each weighing, i.e. before and afier exposure. As it recommended
(Hinds, 1999) three blank (control) filters and a reference mass of approximately the same weight as
the filters were weighed each time as the filters are weighed. Field blanks were collected and used o
correct field sample weights. Dust concentrations were calculated by dividing the correciad weight of
dust collected on each filter by the volume of sampled air.

The total dust concentration is expected being measured by two mentioned types of personal
samplers simultaneously, attached 1o the two sides of each operator.

Particle size measurements

Dust samples for particle-size analyses were collected with the same sampling equipment as for dust
level measurements (ASHRAE, 1993b; ACGIH, 1983 and 1988: Bernhardt. 1994: Allen. 1990: EPA.
1984; Hinds, 1999).

Allen (1990) wrote that filtration is the simplest method of removing particles from the atmosphere
for subsequent analvsis. The most efficient filters for this purpose are the membrane filters that consist
of cellulose esters. They were used in our experiments. These filters are soluble 1n acetone. so that was
possible to dissoive away the filter and transfer the deposited matenial 10 prepared surfaces for further

examination. The membrane filter was placed on a dry microscope slide. The slide is inverted over a



watch glass half-filled with acetone. the vapors of which render the filter transparent after two or five

minutes. The filter is aliowed to drv for two to five minutes and is then ready for analvsis.

Dust samples were collected on a 37-mm-diameter mixed cellulose esters (MCE? filters with a
0.435-um-pore size (SKC, Inc., Catalog No. 225-9). Dust samples collected by the IOM Samplers were
on a 25-mm-diameter MCE filters with a 0.8-pum-pore size (SKC, Inc., Catalog No 223-19).

As it recommended (Wesley et al.1979) all samplers we started at the same ume and allowed them
to run for 30 to 60 min to get an adequate deposit of dust on the filters for particle size measurements.
The filters were handled in the same manner as described for filters used for dust-level determinations.

Dust particles were sized with graduated scales, using a standard microscope. The method includes
visual determination of particle sizes in which individual particles are observed and measured. The
particle size was the projected area diameter in stable orientation in microscopy. The total number of
measured particles for one station was about 600.

Results of measurement of particles concentrations and particle size distribution

In this chapter are given the results of measurements of particle concentrattons and particle size
distribution in air of hulling -separation room at Uzbekistan cottonseed otl mill.

In Table 1 is shown the average mass concentrations of particles at the second floor of hulling -
separation rocom. The weighted average elutriated concentration was 36.11+32.11 mgm’ (r=49),
where 7 is the number of filters analvzed. Total mass concentrations measured by the stationary
personal samplers in adjacent locations averaged 134 .24 £ 112 .62 mg/m’ (r—=45). Dust concentration
measured by the roving personal samplers averaged 132.94 £108.24 mg'm’ (n—=66). The large
difference in airborne dust concentrations measured by the total mass samplers and the vertical
elutriators resulted mainly from a considerable amount of short non-respirable airborne fibers.

The highest elutnated concentrations were found in between the huller—separator pairs (in locations
V1, V3, V6, V7, see Figure 3). The stationary personai samplers (SPSs), however. did not give such

distinctive results. Minimum readings by anv measurement technique were achieved in the ailey



between the two rows of huller—separator pairs (in iocations V4, SP7. SP8. and SP9). This finding was
predicted based on the huller—separator design and the central feeding of the two-huller rows. causing
dust emanation away from the svmmetry piane in Figure 3. Similariy. readings or personal samplers
attached to operators spending more time near the locations V4. SP7, SP8§ and SP9 were much lower
(50% or less) than those of workers in other locations (Table 1).

Typical size distributions of coftton dust particulate matter generated during normal operatons in the
hulling—separation room are listed in Tabie 2. About 40-60% of the measured particles were <2 um.
and about 75-85% had a diameter <8 pm. That means, a large fraction of the dust emanated dunng
normal operations in the cottonseed oil mill is respirable.

Discussion on dust levels in the hulling—separation department

Our results show a considerable variation in dust levels in the hulling-separation room. with the
highest readings obtained in between huller—separator units on the same row.

A major fraction of the cotton dust found in the hulling-separation room consisted of respirable
particles {Table 2). For quantifving potential exposure of workers in the hulling—separation department
to respirable cotton dust, a correlation between the average concentration of cotton dust at breathing
height, as measured by the stationary VEs, and the concentration actually in contact with the workers.
as measured by the RPSs, is required.

Non-uniform airborne dust concentrations were found at breathing height in the hulling-separation
department of a cottonseed oil mill. A major fraction of the dust (w1 %) consisted of particles larger
than |5 pm. Differences in readings of the vertical elutriators, stationary personal samplers, and roving
personal samplers are statistically significant, and are attributed to the distinct nature of the sampler
dvnamics during sampling. The obtained in measurements data can be used for estimating the potential

occupational exposure to cotion dust of workers in the hulling—separation room of cottonseed oii mills.



Research Performed in Israel

Method and Procedure Facilities. Development of experimental set-up to studv the pressure drop

actoss cottonseed filled beds.

To study the pressure drop across beds due to resistance caused by the presence of cononseed
particles in the laver an experimental installation was developed. The experimental set-up is shown in
.“ig. 2. Our experimental set-up is essentially similar to the instaliation use.” by {Carman P C, 1997;
Dairo O U & Ajibola O O, 1994; Devies C N, 1973; Fuchs N A. 1973: Otany Y et al.. 1989: Pagano A
M et al., 2000; Tabak S, 1989; Tardos G I, 1997; Tien C, 1989).

Experimental stand included the following elements: the studied granular bed filter (A) filled by
cottonseed, diffuser before the filter and contractor after it, a fan (B), ducts {C). damper (D).

The studied filter had a paralielepiped spaced frame constructed with an angle bar. The
cross-section of the two opposite sides of the frame exposed to the direction of airflow was 1*!m and
the width was of variabie value, changed from 50 to 130 mm. A right angle basket including
cottonseed filler was placed into the frame. There were three types of baskets. Each had different width
50, 100, and 150 mm. Baskets were built of angle bars and the parallel sides exposed to air flow were
covered by grids of wire.

Continuous bulk density of filied cottonseeds 760 kg/m’ in studied filters was mainzained by
weighing of filled cottonseed and by keeping even distribution of the loading seeds in the filter.

Calibrated Pitot (E) tube and an orifice flowmeter were used for airflow rate measurements. The
orifice flowmeter (F) was built in the round pipe: its diameter was 78 mm. The flowmeter was installed
between flanges connecting two pipe sections. Flange pressure tapes penetrate the flange and are at a
standard distance of 25.4mm (] inch) from either side of the onfice. The exact geometry and
specification of the orifice followed the ISO 5167-1 (1991), ISO5167-1. Amendruent 1 {1998) and
ASME (1971) standards.

The pressure drop values were measured at three points: on the filter, i.e. before 2nd after it: by Pitot

tube, and by orifice flowmeter. Each of the measurement points were connected to a separate
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differential manometer (SHAEVITZ Pressure Sensors, P-3061 Transducer) and 2 computer data
acquisition svstem (LABTECH, Laboratory Technologies Corporation. Version 6.1.2). Each of the
mentioned measurement points were connected paralle! to a single U-manometer. The pressure drop
values measured on the filter were determined as the difference between the overall pressure drop in air
flow through the filled filters and pressure drop through the basket grids onlv. Each test was made
during 10 sec and repeated 100-1) times and the average pressure drop in airflow was determined. To

get proper values of air densities dry bulb and wet bulb temperatures were measured during the

experiments.

Results of measurement of the pressure drop across cottonseed filied beds.

The values of the pressure drop due 1o the airflow through beds of fuzzy and bare cononsead
particles of different layer thickness, i.e., 50, 100 and 150 mm are presented in Fig. 3

The airflow rate per unit area of filter surface perpendicuiar to the air stream flow was varied from
0.025(m°s™" m2100.22 (m’ s ) m™. As the flow rate of air increased. the pressure drop across the
filter increased for all of the particles tested. As the airflow rate increased from about 0.025 (m*s ) m
?100.22 (m’s™) m?, the pressure drop increased from about 14 1o 85 Pa for the fuzzy and to 74 Pa
for bare cottonseeds in the bed of 50 mm thickness. However. as seen from Fig 3. the pressure drop for
both the 100 and 150 mm thickness of fuzzy cottonseed beds considerably exceeds the pressure drop
for the fuzzy cottonseeds in the bed of 30 mm thickness, with pressure drop from 15 10 182 Pa and
from 20 to 257 Pa, respectively.

The measured pressure drop in the bed of 100 and 150 mm thickness of fuzzy cotonseed.
considerably exceeds the pressure drop measured in the bare coftonseed beds of the same thickness.
The pressure drop increased from approximately 15 to 182 Pa in the 100 mm fuzzy cottonseed bed. and
from {3 to 159 Pa in the 100 mm bare cononseed bed. as the air flow rate increased from about 0.023
(m’sHm2100.22 (m”*s ") m™. Asthe flow rate of air increased the pressure drop increased from

about 20 to 257 Pa in 150 mm fuzzy cottonseed bed, and from 20 to0 219 Pa in 1 50 mm bare cononseed

bed.



Increasing of the thickness of the both fuzzy and bare cottonseed bed from 30 to 100 to 130 mm
leads 10 a relatively even increase in the pressure drop due to the airflow through the hed.

Calculations and discussion on the pressure drop across cottonsaed filled heds

The expressions, needed to predict the pressure drop across the beds, caused by the resistance from
the presence of the particies, was based on Eqn (1) proposed by Carman (Coulson er al.. 1991) and

equation (2) proposed by Ergun (Coulson et al., 1991).

Carman (Coulson et al., 1991) found that when iy , was ploned against Re, using loganthmic
ou?

coordinates, the data for the flow through randomly packed bed of solid particles could be correlated
approximately by a single curve, of general equation:

R__ aRe! +cRe! (1)

2

2

where: a. b, ¢, d are constants.

Ergun (Coulson erf al., 1991) has obtained a good semi-empirical correlation for pressure drop as
follows:

& _ aRe | +c ()

=

Py

The calculations 1o obtain the best-fit coefficients and the corresponding plots were camed out
using Microsoft Excel. Numerical values for the coefficients, where ¢=0 are given below. Coefficient a
had values 22.72, 45.13 and 50.06 for bare seed fillers, and 44.67, 55.0 and 58.0 for fuzzy seeds. where
thickness of the fillers changed from 50 to 100 and 150 correspondingly. The values of coefficient a
for fuzzy seeds exceed values of coefficiem a of bar seeds for beds with the same thickness. The
possible reasons for this behavior was the presence of short fibers adhered to the cottonseed hull.
Moreover, the difference between the coefficients obtained in this research is probably due to the
unusual morphology and surface character of the filler particies. including the fuzziness of the cotton
seeds in comparison to the smoother and much more spherical shape of the particles used by other

investigators (Coulson er @/, 1991). The peculiarity of the shape and surface charactenstics of the



cottonseed particles also leads to differences in the values of their drag coefficient iTabak & Wolf.
1998).

Calculated values of exponent b were found to vary from -1.11 to -0.91 for smudred different
cottonseed beds. The values of exponent b were very close to the value of -1 obtained by Carman.
Kozeny (Coulson ef al,, 1991) and Ergun (1952) using the analogy between streamline flow through a

tube and streamiine flow th-ough the pores in a bed of particles.

Conclustons for pressure drop due 1o airflow across beds filled with cottonseeds.

In this study the cottonseed bed fillers of different fuzziness were used. Therefore the pressure drop
due to airflow across beds filled with cottonseeds depends on the airflow rate, the thickness of the bed
and the fuzziness of cottonseeds. The pressure drop was found to increase as the flow rate of air
increased for beds of all particles studied. The pressure drop increased from about 14 to 85 Pa for
fuzzy and from 14 10 74 Pa for bare cottonseed beds both of 50 mm thickness and as the air flow rate
was increased from about 0.025 (m* s "Ym % 10 0.22 (m’s) m .

For the same range of airflow rate, the pressure drop was found to increase approximately from 13
to 182 Pa for fuzzy cottonseed beds of 100 mm and from 20 to 257 Pa of 150 mm thickness and from
13 to 159 Pa for a bare cottonseed bed of 100 mm thickness, and from 20 to 219 Pa for a bare
cottonseed bed of 150 mm thickness. Thus the pressure drop in 100 and 150 mm fuzzy cotionseed beds
considerably exceeds the pressure drop in bare cottonseed beds of the same thickness. An increase in
thickness of the bare and fuzzy cottonseed bed from 50 to 150 mm results in a monotonic increase in

pressure drop at the same airflow through the bed.



Research Performed in Israel and Uzbekistan

Air Cleaning bv Contontseed Bed Filters

Cur experiments showed that granular bed filters, filled by particles of cottonsesds and placad in
suction hoods solved many problems in aspiration svstems. like carrying out of low paruculate
concentration in ducts and prevention of duct obstruction. It makes possible of regulating of air
cleaning efficiency, the resistance of filter, dust-holding cap-.ity and the like. It le~ds to unnecessary of
additional dust-removing devices and provides of recovering dust particles in raw material. The
cottonseed filter fillers are inexpensive, they were returned to the raw material after its filling with
dust.

The functioning of granular bed filter may be qualified (ASHRAE, 2000: ASHRAE Standard 32-1)
by the following minimum of parameters: effectiveness, pressure drop, dust holding capacity, etc. It s
also important to take in account the effect of formation of compressible and incompressible deposits
on incompressible partition.

Experimental study on experimental rigs equipped with cottonseed bed filters performed in
Technion (Haifa, Israel) and Ventilation laboratory in Tashkent (Uzbekistan). The study included
investigation of the next parameters:

1. Aerodynamical characteristics of the clean filters that included study of pressure drop across the

filter (its resistance) as a function of airflow rate, type of bed filler. thickness of the bed layer.

o

. Efficiency (or arrestance) of filter.

. Pressure drop versus parameters of dust air mixture and duration of filter function (before the

Ll

next cleaning and regeneration of fillers).

4. Dust holding capacity (inmtegrated amount of dust held by the filer)

5. The available duration of filter operating without regeneration in economically expedient
conditions.

The methods of the investigation are based on the recommendations of (ACGIH. 1983: ASHRAE,

1999; ASHRAE, 2000; ASHRAE, 2001, ASHRAE. Standard 52-1: US EPA (40CFR-Chapter !-Part

-—
2
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60, Appendix A, Method 5); EPA, ReportNo.EPA-60074-77-27b, 1984; Tabak S. i989: Tomany J P,

1975). The data obtained during the experiment was represeniative of the conditons of technological

equipment operation and revealed the characteristics that will be important to the consumer. The

experiments were carried out as near as possible to the operating conditions of filter eraployment
Efficiency of an air cleaner measures their ability to remove particulate matter from an air stream.
The degree to which narticulate matter is separated from air stream 1s known as the efficiency of 1
collector and the fraction of material escaping collection is the penetration.
The efficiency of a collector is expressed (ASHRAE, 2000) as a percent of the mass flow rate of
material entering and exiting the collector:

7=100(w —w,)/w, =100w_/w,

where:

n -efficiency of collector, %,

w, -mass flow rate of contamination in gases entering collector;
w, - mass flow rate of contamination in gases exiting collector;
w, - mass flow rate of contamination captured by collector.

The efficiency of a collector can be expressed in terms of the concentrations of particulate matter

entering and exiting equipment.
Facilities. Development of an experimental installation for study the filter characteristics.
According to our experience in experimental investigations of granular bed filters and the
recommendations of literature sources (ASHRAE, Standard 52-1; US EPA Electronic Code of Federal
Regulations {40CFR-Chapter 1-Pant 60, Appendix A, Method 5); EPA. Report No.EPA-600 4-77-27b,
1984; Tabak S, 1989; Tomany J P, 1975) the experimental installation included the following devices
and elements: an intake contractor, ducts, dust feeder device for quispace distribution of expenimental

dust, diffuser, the studied granular bed filter, contractor, orifice meter for measuring of the air flow

rate, choke, a fan, a dust scoop nozzle with chuck.
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The investigated filler was placed between two grids of wires. The distance between the gnds was
able for arranging. The investigation was carried out with filters of 50, 100 and 150 mm thickness bed
fillers.

The method of collecting a sample of particulate matter from a gas stream involves collection train
for a specific period of time. In order to insure particle size-representative sample (especially for
particles larger than 1 micrometer as it is in case of cottonseed dust) from the primary stream. the flow
into the probe must be isokinetic, i.e. the speed and direction of the air flow entering the prob must be
equal to those of the primary stream. In addition. the leading edge of the prob must be knife-edged to
minimize particle impaction losses.

"Apex Instruments” Isokinetic Method 5 Source Sampler, confirmed with the construction design
criteria and specifications cited in US EPA Method 5, Code of Federal Regulations (40CFR Part 60)
and APTD-0581 Document was used in our experiments.

To carry out the experiment as near as possible to the operating conditions of realiv filter
employment the dust used in the experiment was collected from hulling separation operations at
cottonseed oil mill. The quantity of the dust that is going to the fiker is determined by weighing the
dust which is served by the feeder and is controlled by means of calculating the data received after
measuring the concentration of the dust before the filter, the volume of the used air and the duration of
the experiment.

The quantity of the dust caught by the filter was determined by calculating the data received after
measuring the concentration of the dust in the air in front of and behind the filter and the corresponding
volume of the used air and the duration of the experiment. The mass of dust that had not been caught
by the filter was calculated as a difference between the served and the caught dust and calculated the
residual concentration of the dust.

Results and discussion on pressure drop and effectiveness of dust catching by cotionseed filled bed

filters.



The values of the pressure drop and effectiveness of dust catching by cotntonsead filled filters of
different thickness of 50 and 100 mn. initial concentration of dust of 0.5, 1.0 and 2.0 ¢ m" are
presented in Table 3 and 4. The initial filtration velocity was 0.2 m’’s.

It is seen from the Table 3 and 4 as the time of filters using was increased. the pressure drop and
effectiveness was found to increase for samples of all dust concentrations. Maximal pressure drop
where using of th. studied filters could be expedient were 1000-1200 Pa. That is the time when the
cottonseed filler in the filter have 1o be cleaned or changed. These values were accepted basing on our
experience of design of local exhaust ventilation systems. In Table 3 is shown that pressure drop of
1263 Pa was reached in 50 mm thickness filter by concentration of dust 0.5 g/m’ during 55 h after
beginning of testing. From Table 4 is seen that at the same conditions for filter of 100 mm thickness
pressure drop of 1140 Pa was reached during 90 h of it functioning.

It is seen from the Table 3 and 4 that the pressure drop in air flow with inital concentranon in the
range 1.0- 2.0 g/m’ considerably exceeds the pressure drop in air flow whose initial concentration was
0.5 glm3 . In the Table 3 is shown that for filter of 50 mm thickness by dust concentration of 2 g‘m*
maximal expedient pressure drop of 1181 Pa and effectiveness of 99.9% were reached during 33 h.
During 35 h pressure drop reached of 814 Pa and effectiveness 99.2% in the same filter by dust
concentrations of 0.5 g/m’. Maximal expedient pressure drop of 1263 Pa and effectiveness of 99.7%
were reached in filter of 50 mm thickness by concentrations of dust 0.5 g’m” during 55 h. After 35 h
testing the pressure drop reached the maximal expedient value of 1133 Pa and effectiveness of 99.9 %%
in the 50 mm thickness filter by dust concentration 1.0 g/m’.

In Table 4 is shown that in filter of 100 mm thickness the maximal expedient pressure drop were
reached 1176 Pa during 35 h, 1112 Pa duning 60 h, and 1140 Pa after 30 h by inibal dust
concentrations of 2.0 g/m’, 1.0 and 0.5 g/m’correspondingly. The effectiveness of the filters was there
99.90, 99.89 and 98.89 % accordingly.

influence of the cottonseed filler bed thickness on the pressure drop and effectiveness of the filter

was shown in Table 5. There was a comparison between bed 30 and 100 mm  filler thickness. At the

16
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beginning of the experiment (0 h) pressure drop of 320 Pa in 100 mm thickness bed about two times

larger then pressure drop in 50 mm bed that was 163 Pa. After 20 b running the pressure drops in air

thickness bed. Thereupon there was an inverse phenomenon. During 40 h afier filter running the
pressure drop in 50 mm thickness bed became value of 892 Pa and after 55 h it was 1263 Pa. These
values considerable exceeds the appropriate values ¢ 682 Pa and 810 Pa measured at the same period
of time at the filter of 100 mm thickness bed. This phenomenon may be explained in the following
way. The process of filtration of cottonseed dust particles followed by the deposition of particles in a
layer on the frontal surface of the filter and partially by settling of small particles in the pore channels
of the cottonseed layer. Then pressure drop in air flow through the filter includes at least two
components: pressure drop on cottonseed bed properly (including the resistance of the grid supports the
cottonseed in the filtration layer) and the added component formed by layer of deposited particles on
frontal surface of the cottonseed bed. During the process of filtration the significance of each of the
components permanently changed. At the time of beginning of the process of filtration (0 h) the
pressure drop results of the resistance of cottonseed bed only (including the resistance of the gnid
supports the cottonseed 1n the filiration layer). So at the beginning of filtration process (0 h) the
pressure drop in 100 mm thickness filters about two times larger in all samples then in filters of 50 mm
thickness bed. In the process of growing of the deposited particles layer resistance of it became larger
then the resistance of cottonseed bed layer.

If the dust concentration is higher and became 1.0 g/m’, as it is shown in Table 6, there occurs the
same phenomenon. But the equality of the pressure drop in case of 50 mm and 100 mm thickness bed
happened earlier, during 15 h of running the filtration process. The value of pressure drop for case of
50 mm thickness bed was 504 Pa and for 100 mm thickness bed was 498 Pa. The effectiveness were
99 5% and 99.85% respectively.

By dust concentration of 1.0 g’m3 the maximal expedient pressure drop in case of 50 mm thickness

bed had the value of 1133 Pa and the effectiveness of 99.9 % and took place after 35 h of the beginning
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of filter test. The values of maximal expedient pressure drop of 1112 Pa and effectiveness of 99.8%%
for 100 mm thickness bed were occurred during 60 h after beginning of the test.

In opposite to previous cases the filtration process by dust concentration of 2 g m’ as it is seen Fom
Table 7, characterized by special properties. As usual. at the beginning of the process 10 h) the pressure
drop at the cottonseed bed filter of 00 mm thickness was two times larger then in case of 30 mm
thickness. ‘\fter 20 h of filter performance the values of pressure drop both for 30 and 100 mm
thickness beds became about equal. For 50 mm thickness bed the pressure drop was 729 Pa and for 100
mm thickness it was 732 Pa. The effectiveness were 99.8% and 99.58% respectively. Thereafter the
pressure drops in both cases had grown approximately in equal manner. The values of maximal
expedient pressure drop for 100 mm thickness bed filters was 1176 Pa and for 30 mm thickness bed
was 1181 Pa and they took place during equal period of time, 35 h from beginning of the test. The
reached effectiveness in both cases was 99.90%.

Results of measurement of pressure drop and effectiveness of filter with thickness {30 mm by inital
filtration velocity of 0.2 m/s is shown in Table 8. By dust concentration of 0.5 g‘m" pressure drop
during relatively long period of time of 50 h reached 565 Pa that is sufficient low compared (o pressure
drop values of 1116 Pa for 50 mm thickness and 764 Pa for 100 mm thickness layers. But al the same
conditions the effectiveness of filter with thickness 150 mm remains 98.5% which was low compared
to effectiveness of 99.6% and 99.2% for filters with thickness 50 mm and 100 mm correspondingly. By
higher initial concentrations of dust in the air of 1.0 and 2.0 g/m’ the pressure drop and effectiveness of
filter with thickness 150 mm increased faster. After short period of time of 23h pressure drop in the

filter reached 564 Pa and effectiveness 99.8% by concentration of 1.0 g/m’. And by concentration of
2.0 g'm’ the pressure drop achieved 6§90 Pa and effectiveness 99.9 % during 20 h of the filter testing.

The cottonseed filled bed filters were studied in hulling-separation workshop in real conditions at
cottonseed oil mill in Uzbekistan. The significant technological operation is hulling of seeds and the
separation of the kernel from its hull. There are aspiration svstems that include of suction hoods of

suitable construction, dust removing devices and ducts. Suggested in this research is the aspiration or
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local exhaust systems from hulling-separation equipment. which are differentiated from the usual
svstems and contents of cottonseed filled bed filters, placed inside suction hoods of suitable
construction. Result of this study is shown in Table 9.

Results of measurement of pressure drop and effectiveness of filter with thickness 50 mm by
relatively high initial filtration velocity of 0.5 m/s is shown in Table 8. By different dust concentrations

varied from 0.74 t01.89 g’m’ pressure drop during short period of time of 24 h reached [440 Pa. The

effectiveness of filter increased from 97.11 to 99.43%.

Conclusions of air cleaning processes by cottonseed bed filters

l. The main objective pursued in this research to develop methods and devices which control dust
particle emissions was performed. Our experiments showed that granular bed filters filled by cotton
seeds provide good possibilities for adjustment of particle removal and air ¢leaning in local exhaust
ventilation systems. The developed cottonseed filled bed filters support maintenance of low dust
concentration, possibility of adjustment of air cleaning efficiency up te 99.9%, and the required
resistance of filters. [t leads to unnecessary additional dust-removing devices. It makes able to retumn of
dust particles to raw matenial, to obtain an inexpensive filter filler as cottonseed, which was returned to
the raw material after its filling with dust. Suggested in this research cottonseed filled bed filters placed
in exhaust hoods makes possible development of principal new local exhaust ventilation systems.

2. In our expeniments were studied 50, 100 and 150 mm thickness bed filters filled by cononseed.
The cottonseed filled filter by the dust concentration of 0.5 g/m’ in air flow before filtration can be
used during 55 h without changing of the seed fillers for 50 mm thickness bed filters and for 90 h for

100 mm thickness bed filters. The changing of the fillers was performed by maximal expedient
pressure drop of 1000-1200 Pa. If the initial concentration of dust was 1.0 g‘m’ the necessity for
renovation or changing of the filler took place 35 h after it using for 50 mun thickness bed filters and
afier 60 h for 100 mm thickness bed filters. For concentration of dust of 2 g'm’ the duration of filters

functioning without changing the filler both for 50 mm thickness and for100 mm bed filters became

equal of 35 h. The reached effectiveness in both cases was 99.9(0%%.



3. Study of cottonseed filled filters of 150 mm thickness by dust concentration 0.5 ¢ m” showed that
during period of time of 50 h the effectiveness of the filter remains low, compared to the filter layers ot
50 mrm and 100 mm. By dust concentration of 1.0 g/m’ the pressure drop in the 130 mm thickness
filters increased fast achieving 564 Pa during 25 h, i.e. in relatively short period of time. When dust
concentration arise to 2.0 g/m® the pressure drop increased during 20 h too fast achieving 690 Pa. ie.
during short period of time as well, compared to filter layers of 50 mm and 100 mu1.

The peculianities of pressure drop and effectiveness of the cottonseed filled bed filters of different
thickness are explained by relation between the pressure drop in flow of the air at enuv of the filter and
in airflow in pores of filter depth of different thickness. The next reason is the relation between the
pressure drop in the soft deposit of dust on the surface of the filter and pressure drop strictly in

cottonseed filled layer of the filter.

Due to this discussion for practical aim is recommended application of cotionseed filled bed filters
with thickness between 50 and 100 mm.

4. The usual aspiration systems possess some disadvantages: the particles of cottonseeds sucked into
the hoods were transferred in ducts on relatively long distance, usually theyv are suspended in the ducts
and often obstruct them. The particles of seeds become non-returnable to the raw material. The
dust-removing devices i.e. cyclones did not always provide the required catching of dust and cleaning
of air.

These shortcomings are eliminated by cottonseed filled bed filters placed immediately in suction
hoods. Our experiments showed that granular bed filters, filled by particles of cottonseeds and placed
in suction hoods solved many problems in aspiration systems, as maintenance of low particles
concentration in ducts and elimination of duct obstruction; possibility of adjustment of air cleaning
efficiency, resistance of filter, dust-holding capacity and the like. It makes able unnecessan additional
dust-removing devices; removal of cottonseed elements near the technological equipment and

providing for the return of dust particles to raw material; inexpensive filter fillers, that can be returned

to the raw material after its filling with dust, etc.
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Figure {. The second floor at the hulling—separation department. H1. H2. S1. and S are the first
and second hullers and shakers, respectively. V(i) and SP (i) are the sampling locations of the vertical
elutriators and the stationary personal samplers, respectively.
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Fig. 2. Experimental installation for study of the pressure drop across granular bed filters filled by
cottonseed particles; (4) studied filter; (B} fan; (C) ducts; (D) damper: (E) Pitot tube. (F} orifice flow

meter; (G) pressure transducers; (H) computer; (A} U-manometers.
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Fig. 3. Pressure drop as a function of the airflow velocity through a bed of fuzzy and bare
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Table 1. Dust concentrations in the hulling—separation department at the sampling locations shown in

Figure 1.
Mass concentration of dust (mg'm’}
Sampler type Vertical elutriator
Sampler # of Samples Mean S.D. Min Max
location
Vi 6 43,73 39.52 235 80.3
V2 6 28.91 25,34 23 38,3
V3 8 33,42 30.72 17 362
VL 7 26,59 24 81 23 33.4
V5 6 33,66 28.65 16 37.9
V6 7 38.64 35,27 14 70.7
V7 9 45,27 42,45 25 78.3
Average 49 36,11 3211
Stationary personal sampler

SP1 3 149.8 146.22 123 172
SP2 3 133.5 130,62 118 143
SP3 3 133,5 130.34 100 130
SP4 3 1472 142,65 130 170
SP3 3 142.3 140.94 137 166
SP6 3 1374 134,53 123 143
SP7 3 113,7 109,45 104 135
SP8 3 127.4 125.24 96 142
l SP9 3 1233 120,42 97 156
' SPi0 3 1389 136,62 132 141
i SP11 3 157.7 155,74 149 168
: SP12 3 1494 147.55 154 163
SP13 3 139.6 137,56 118 157
SP14 3 143.3 141,38 111 171
SP15 3 132.8 129,86 96 149

Average 45 154.24 112,62
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Table 1. Dust concentrations in the hulling—separation department at the sampling locauons shown in

Figure 1. (Continuation)

Roving personal sampler

# of Samples

Mass concentration of dust ( mg’ms)

Mean S.D. Min Max
3 139,58 137,23 1333 148.4
3 135.56 129,85 125,7 138.4
3 153,82 148,57 1452 174.7
3 118,52 114,87 113,5 128.7
3 150,47 147,65 143.8 136.3
3 133.82 131,85 1294 148.8
3 121,58 118,59 08.3 154.6
3 131,89 127,56 110.5 145.3
3 161.42 158,95 1383 169.2
3 121,54 118,67 116,5 126.0
3 127,15 124 85 123.8 135.6
3 139,73 136,24 131,3 145.6
3 130,21 128,19 114.8 145.4
3 115,71 112,54 112.8 126.4
3 121,84 118,67 P 9428 143.8
3 124,83 122,97 ' 1217 1297
3 134,68 131,57 118.4 145,3
3 148,46 145.68 139.5 139.6
3 115,36 112,54 80,39 1512
3 13527 132,64 124 147.6
3 151,73 148,39 1343 172.4
3 111,54 107,96 90,45 129.4
66
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Table 2: Size distnbution of cotton dust particles collectied by the vertical elumator. Data are given in

terms of frequency {%] and standardized frequency (% um™').

Sampling Bin size Mean |
512¢€ j
[um]
T Point  05-1] 1-2 [2-4]4-88-16|16-32]32- 6464~ 128!
| [um] | [pm)] | [pm) | [pm] | {pm] | [pm] | (pm} | [pm] |
IVI] [%] [2573 (3173 [1834]11.79 [ 450 | 4.12 | 3.79 S
| [% um™) | 51,46 | 31,73 | 917 1 295 | 056 | 026 | .12 L 0.00
v2]  [%] | 1859 | 23,07 12297 1923 747 | 415 | 357 | 095 6.83
| [% wm™] [ 37,18 | 23,07 [1149 481 | 095 | 026 | 0.1 | 0.0
(V3 [%] 17,82 | 25,95 (22,78 13,32 935 | 6,13 | 3.62 1 1.0 733
R pm’'} | 35,64 | 2595 (1139]3,33 | 117 [ 038 [ 011 | 002, B
val  [%) 18,69 | 28,43 [15,68]13,18[ 11,76 | 682 | 445 | 099 : 796 !
[%pm’] [ 37,38 | 2843 | 7,84 | 3,30 | 147 | 043 | 0.4 L 00
V5. [%] 12320 33,1511570 9,94 | 884 [ 434 | 332 | 1.5 6.88
[%pm'] | 46,40 | 33,15 ' 7,85 249 | 1,11 | 027 | 010 | 002
V6! [%] | 23,15 127,18 16,13 12,831 12,65 | 5.04 | 3.02 6.01
| [Yo pm™) (4630 27,8 | 807 321 | 158 | 032 | 009 | 000
V7 [%] | 2580 | 2727 /16,14 14,90 8.0 422 | 3,17 I % J
[% um™] | 51,60 [ 27,27 | 8,07 [ 3.73 le | 026 ] 010 | 000 }
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Table 3. Pressure drop and effectiveness of filter with thickness 50 mm

Pressure drop and effectiveness of filter with thickness 50 mm. initial |

Time.
h filtration velocity 0.2 m/s and different dust concentrations in air
{included pressure drop of a grid ~]105 Pa}
Concentration Concentration Concentration
| 0.5 g¢/m3 1.0 ¢/m3 2.0 g¢m3
| Pressure | Effective | Pressure | Effective | Pressure | Effective
drop, Pa | ness,% . drop, Pa [ ness, e { drop, Pa | ness, %

0 189 966 | 190 98 190 98.8
5 223 962 | 262 991 286 99.2
10 294 97 376 | 993 395 99.6
15 406 082 | 504 09.5 542 99.8
20 485 984 | 686 99.6 729 99.8
25 [ 592 98.5 _{}_ §31 99.7 855 - 99.9
30 ¢ 674 99.1 984 99.8 1023 99.9
35 | 814 | 992 1133 99.9 1181 99
40 | 892 | 994 I
45 1020 1 994 |
50 . 1116 996 |
55 ] 1263 | 997
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Table 4. Pressure drop and effectiveness of filter with thickness 100 mm

Test Pressure drop and effectiveness of filter with thickness 100 mm. |
duration, | initial filration velocity 0.2 m/s and different dust concentrations in
h air (inciuded pressure drop of a grid ~103 Pa?
|
i s
7 Concentration Concentration Concentration
0.5 g/m3 1.0 g/m3 2.0 g'm3
} Pressure | Effective | Pressure | Effective | Pressure | Effectuve
i _drop,Pa | ness,% | drop,Pa | ness.% | drop,Pa | ness. %
| 0 320 96.21 322 97.78 322 98.71
5 1 352 96.31 379 98.09 418 98.84
L1000 | 396 97.56 432 98.32 510 98.92
P15 | 448 97.89 498 98.85 621 99.37
20 489 98.35 375 99.16 732 99.58
25 546 98.41 596 99.34 91 99.78 .
30 586 98.64 721 99.46 1040 99.86 .
35 634 98.62 762 99.59 1176 99.90 |
|40 682 98.79 798 99.69 I
[ 45 | 728 99.12 876 | 99.75 ;
|50 | 7164 99.23 954 | 99.76
55 810 9932 1036 99.89 !
60 | 862 99.48 1112 99.89 f
65 | 895 99.53
70 | 943 972 |
75 979 99 81 |
80 . 1032 99.88
85 1083 99.89 |
|90 1140 | 99.89 | | i




Table 5. Pressure drop and effectiveness of fiiter with thickness 50 mm and 100 mm and imtial dust
concentration 0.5 g/m3

Test duration,

Pressure drop and effectiveness of filters by initial

h filtration velocity 0.2 m/s and dust concentration 0.5 g'm3 |
(included pressure drop of a grid ~105 Pa) 1'
Filler thickness 50 mm Filler thickness 100 mm |
f 'Pressure drop,|  Effective  |Pressure drop,]  Effective
Pa ness, % ! Pa ness, %o
0 | 189 96.6 | 320 96.21
s | o m 968 352 9631
10 | 294 97.7 396 97.56
( 15 406 982 | 448 97.89
20 485 98 4 489 98.35
25 592 98.5 | 546 98.41
‘ 30 674 991 586 98.64
TREE 814 | 992 634 98.62 -
! 40 892 99.4 682 98.79 |
45 1020 9.4 728 99.12 .
30 1116 96 | 764 9923
55 1263 997 | 810 99.52
60 [ { 862 9948 |
65 ] 895 99.53
70 | 043 99.72
75 I 979 99.81
80 | 1032 99.88
83 e | 1085 99.89
L% B [ 1140 99.89




Table 6. Pressure drop and effectiveness of filter with thickness 50 mm and 100 mm and initial dust

concentration 1.

0 g/m3

Test duration, Pressure drop and effectiveness of filters by initial
h filtration velocity 0.2 m's and dust concentration 1.0 g'm3
(included pressure drop of a gnd ~105 Pa)

Filler thickness 50 mm Filler thickness 100 mm

Pressure drop,| Effective |Pressure drop.| Effecuve

Pa ness, % Pa ness, %
0 | 190 98 322 97.78
5 262 99.1 379 . 98.09
10 376 99.3 432 . 98.32
15 504 99.5 498 98.85
20 686 99.6 575 99.16
25 831 99.7 596 99.34
50 984 99.8 721 99.46
35 1133 99.9 762 99.59
40 798 99.69
45 876 99.75
50 954 99.76
55 1036 | 99.89
60 1112 ~ 99.89

65
70




Table 7. Pressure drop and etfectiveness of fifter with thickness 50 mm and 100 mm and initial dust
concentration 2.0 g/m3

Test duration. Pressure drop and effectiveness of filters by initial
h filtration velocity 0.2 m/s and dust concentration 2.0 g'm3
(included pressure drop of a grid ~103 Pa)
Filler thickness 50 mm Filler thickness 100 mm
Pressure drop,| Effective |Pressure drop,| Effective |
Pa ness, % Pa ness, %
0 190 98.8 322 98.71
5 2¢6 99.2 418 98.84
10 395 99.6 30 98.92
15 542 99.8 621 99.32
20 729 99.8 732 99.58
25 855 99.9 891 99.78
30 1023 99.9 1040 99.86
35 1181 99.9 1176 99.90 |
40
45 N
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Table 8. Pressure drop and effectiveness of filter with thickness 150 mm

[ Test | Pressure drop and effectiveness of filter with thickness 150 mm. |
duration. | imtial filtration velocity 0.2 m's and different dust concentrations in .
h air (included pressure drop of a grid ~105 Pa) i
Concentration Concentration Concentration
0.5 ¢/m3 1.0 g/m3 2.0 g'm3
Pressure | Effective | Pressure | Effective | Pressure | Effective
| drop, Pa | ness,% | drop,Pa | ness, % | drop.Pa | ness.% !
0 | 252 96.1 266 95.9 369 96.6 |
5 372 96.2 406 96.8 505 87.7
10 410 96.4 465 97.4 562 98.6
15 465 96.5 492 98.3 610 99.9
2 485 96.7 543 99.1 690 99.9
|25 488 96.9 564 99.8
30 490 97.1
35 | 492 97.4 i
40 | 496 97.8 f
45 508 | 982
50 565 98.5
55
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Table 9. Pressure drop and effectiveness of filter with thickness 50 mm

Test | Pressure drop and effectiveness of filter with thickness 50 mm. initial |

[ 1

duration, filtration velocity 0.5 m's and different dust concentrations in air
h (included pressure drop of a gnd ~105 Pa)
Pressure drop, | Dust particles concentration, Effective
Pa g/m3 ness. %o
In airflow before| In airflow
the filter bevond the
filter

0 212 1.32 0.036 97.11
2 268 1.32 0.034 96.68
4 346 1.89 0.036 98.09
6 520 1.74 0.018 98.51
8 930 | 0.88 0.012 98.64
10 1050 1.03 : 0.010 98.83
12 1110 0.74 0.006 99.29
14 1180 1.09 0.006 90.45
16 1260 0.81 0.007 99.14
18 1340 0.86 0.006 99.19
20 1360 1.18 0.008 99.75
22 144G 1.36 0.007 99.48
24 1440 1.42 0.008 99.43
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F) Impact. Relevance, and Technology Transfer: An impact was rendered in methods of air

contamination control in industrial workshops with scientific and practical aims. The acquired
knowledge and expenence are very useful in implementation of air pollution control in indusmial, civil
and agricultural buildings in Uzbekistan. Especially it's related to Cottonseed Oi] Mill Industry. The
nurnber of population of Uzbekistan is about 24 million. The seed oi! industry of Uzbekisian processes
about 2 mjllion ton seeds every year. The industry consists of more than 20 large mills with a daily
output of 800-1200 ton seed each. The processes of handling of seeds (such as weighing, hulling,
separation, preparation for extraction, handling of cottonseed cake and the like) result in large emission
of dust particles, bath inside the mill and to outside environment.

Joint scientific collaboration in solution of dust removing and air cleaning problems made the
Uzbekistan researchers acquainted with modem methods and procedures of experimental and
theoretical study of filters for cleaning of air.

Uzbekistan collaborators used the purchased experience and knowledge in teaching and in scientist
research work with students. The results of the project were used in training of students in methods of
physical and mathematical modeling of dust catching processes in bed filters.

Collaborating on the joint paper published in scientific journal "Biosystems Engineening” added to
the Uzbekistan rescarchers experience for publishing in international scientific journals.

The results of investigation of cottonseed filled bed filters were used in design of venulation
systems for hulling-separation departments of Cottonseed oil mills. The obtained measurement data

were used for estimating the potential occupational exposure to cotton dust of workers in the hulling-~

separation rooms of cottonseed oil mills.

G) Project Activities/Outputs:

1) Dr. Yu. Rashidov, Head of Heating, Vetilaton and Air Conditioning Department in
Architectural-Building Institute of Tashkent, involved as a senior researcher in the Project. visited in

June, 2001 to Technion (Israel), to Israel Oil Seed Mills, to Israel Institute for Occupational Safety and

Hygiene. and to Laboratory of Air Pollution in [srael Ministry of Labor.
34



Co-Principal Investigator Dr. S. Tabak (Technion) in August 2000 visited 1o Prof. G. Tardos in the
laboratory for dust particles measurement and agglomeration tools at Citv University of New York
(NY).

Dr. S. Tabak visited in September, 2002 and 2003 10 Distinguished Professor R. Pfeffer in New
Jersey Institute of Technology (NJIT), A Public Research University, Department of Chemical

Enginecring, .“hemistry and Environmental Science, New Jersey Institute of Technology. University

Heights, NEWARK, NJ 07102-1982.

2) List of training.

According to the Project workplan the Uzbekistan collaborator (Dr. Yu. Rashidov} got training in
Technion-Israel Institute of Technology. Also we got an agreement with one of the Oil Seed Mills here
in Israel in order to train the Uzbekistan collaborators to use the bought research tools for concentration
and particulate size distribution measurements in workshop conditions. We have accomplished the
mentioned experiments and training.

We arranged also the training of Uzbekistan collaborators in Israe] Institute for Occupational Safety
and Hygiene, and in Laboratory of Air Pollution in Israel Ministry of Labor how 1o use the
experimental tools.

Dr. S. Tabak contacted the laboratory for dust particles measurement and aggiomeration tools at
City University of New York (NY). During the visit to the laboratory (August, 2000) Dr. S. Tabak
have been acquainted with the measurement tools and their functioning. We needed according to the
workplan of the Project to study of the particles size distribution of dust of cottonseeds and their
elememnts (kernels, hulls, etc).

Dr. S. Tabak visited to Prof. Robert Pieffer in New Jersey Institute of Technology and got
discussion and consultations in mathematical modelling, analvsing of the research data. and. especially,

advises in preparing of a paper for scientific journal. The paper was published in sciemific journal
"Biosystem Engineering”. We wish to thank Prof. Robert Pfeffer of the New Jersey Insutute of

Technology, Newark. NJ for many insightful technical discussions during the progress of this research.

5
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3) A joint paper named "Airflow through Granular Beds packed with Coftonseeds™ of Israel and
Uzbekistan collaborators B. Askarov, U. Rashidov as co-authors was published in scientific journal
"Biosystern Engineering”, Volume 88, Issue 2, June 2004, Pages 163-173. (Reprint is enclosed).
H) Project Productivity: The project accomplished all of the proposed goals.
[) Future Work: The performed project made an enormous contribution in pe¢ ssible future collaboration
between scientists of U.S A., Israel and Uzbekistan. The implementation of this Project became a
fruitful and productive scientific collaboration between Isracl and Uzbekistan researchers. The
collaboration became useful for both sides, especially for Uzbekistan, which got acquainted with
modem and state-of-the art scientific methods and equipment, using new technology for measurement,
acquisition, preparation and presentation of scientific data. Continuation of the scientific collaboration
is unvalued and desirable by both Uzbekistan and Israel sides, We hope the CDR’CAR Fund will be
renewed and will help in continuing of this collaboration.
Ackpowledgments: [srael and Uzbekistan collaborators wish to thank the U.S.-Israel Cooperabve
Development Research Program, Economic Growth, U.S. Agency for International Development for

support in this fruitful international scientific collaboration
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The study is concerned with local exhaust ventilation systems for dust control in the hulbng-separation process
in cottonseed oil mills. Expenments were carned out 1o study the parameters that influence the pressure drop
and mean velocity of airflow through a packed bed of cottonseeds. both bare and fuzzs. The expenmenal
facility included a blower, ducts, and a granular bed filter filled with cottonseeds connected to the ducts. An
orifice lowmeter and a Pitot tube were installed in the duct and connected o electronk pressure transducers.
A transducer was also used for measurements of the pressure drop across the packed bed filters The pressure
transducers were connected to a computer with data acquisition sofiware. The parameters vaned dunng the
expeniments were the presence and absence of cottonseed fuzziness, the laver thickness of the packed
cottonseeds. and the airflow rate. The measured data showed that pressure drop increases with increasing
airflow rate. presence of fuzziness of the cottonseeds and thickness of the bed laver An equation that relates
the pressure drop to the airflow rate is proposed based on the Carman equation and coefficients obraimed by
regression analysis. Graphs plotted in accordance with this correlation equation compare fasourabls with

most of the measured data.
2004 Silsoe Research Institute All rights resenved
Pubiished by Elsevier Ltd

1. Iatroduction

In some parts of the world, cottonseed is an cssential
source of vegetable oil. As well as producing oil for
human consumption, cottonseed oil mills produce a
number of other by-products: the hulls keft over after
hulling-separation processes of the cottonseeds, the
collonseed cake. left over after the extraction of oil
from cottonseed meals, er¢. The hulls and the cottonseed
cake are used as a feed for livestock. The hullmg-
separation processes of the cotionseeds are accompanied
by considerable dust emanation in the environment The
dust contains fine paruchkes of cotiensced meats and
hulls and may pose an occupational hazard (Mattock
etal., 1976, Pameleral . 1982; Tabak, 1989; Tabak eral..
2002b). This study s concerned with dust control tn
hulling-separation processes in cottonseed mulls. Local
exhaust ventilation systems (ASHRAE. |999) are
normally the most effective methed of controlling air
pollutants: capturing pollutants at or near their source is

1537-5110330.00
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the only way to ensure comphance with threshobd it
values (TLVs) in the worker’s breathing zone.

In o1l production. mosi cottonseed processing opera-
uons, such as storage. dryving, cleaming of sweds, and
separation of meats from hulls use airfflow. Preumanc
conveying of by-products plays an important roke in
handling and processing of cottonseeds. Cottonsceds
used for oil production have different lint contents (0
14%). Accordingly. the coltonseeds may be divided mto
three groups. namely: hare cottonseeds with lint content
of 0 1% by mass; semi-fluffed cottonseeds with lint
content of |-2-5%,. and fuznn cottonseeds with lint
conlent hitgher than 2-3%,

The bare cottonseeds resemble an elhpsoid of rotatior
whose cross-sectional diameter reaches a2 maximum
slightly off centre. The bare cottonseed has a body with
a smooth surface rexture and s able 1o flow smoeothls.
Fuzzv cottonseeds tend to adhere together with short
staples that essentially aflect their aerodynamic proper-
ties. Owing to the method of lint removal and residual

« 2004 Srbsoe Research Insuitule Al nghts reserved
Pubhsbed b Elwevwer Lid
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Notation

A total cross-sectional area of the bed, m* O airflow rate arisen by huller working ele-
A orifice area, m* ments. m' s~
a.c coefficients o, airflow rate sucked through the technologi- -
B permeability coefficient for the bed, and cal openings and chinks in housing of ,

depends only on the properties of the bed enclosure, m's ™'
bd exponents R, component of the drag force per unit area of \
D, pipe diameter, m particle surface in the direction of motion, N |

| D, orifice diameter. m m - i

b d diameter of particle, m Re Reynolds number of particles

L d, equivalent diameter of particle, m Re, modified Reynolds number
d, diameter of the tube. m Syparncie  Specific surface area of the particles, mm™?
d,, equivalent diameter of the pore channels, m S .y surface area of the particles when the !
e fractional voidage of the bed. voidage, or particles are packed in the bed, m* :

porosity S, bed specific surface area of the bed, m’m * !
K constant depending on the physical proper- 8 .4 surface area of the bed presented 1o the
ties of the bed and fluid fluid. m”
K, correction factor of the orifice flowmeter u average velocity of flow of the fluid, defined

- K dimensionless constant whose value depends as (1. AXdV/dr), ms™ !

; on the structure of the bed u, average velocity through the pore channels,
X' Kozeny's constant ms '

thickness of the bed, m 7 terminal velocity of particle, ms™' j

( length of the tube, m e votume of the bed, m?

! length of channel, m Vpariicte  volume of the particles, m® !
AP pressure difference of across the bed, Pa vV volume of the fluid Aowing in time £, m*s™' '/
{p) — p2) pressure drop in the orifice lowmeter, Pa ] ratio of the orifice diumeter 0 to the pipe
0 discharge flow rate, m*s™' diameter D,

P airflow rate in local exhaust ventilation u dynamic viscosity of the air, kgm 's™’

i system, m's ' 0 density of air, kgm ™

F Qe airflow rate induced by falling bulk materi-

i‘ als, m’s™!

lint content, fuzzy cottonseeds are approximately
sphencal.

Interaction between airflow and a fuzzy seed is a very
complicated process. It is difficult to reduce excess
pressure drag or frictional drag because as the airflows
through the staples. The drag coefficients of both fuzzy
and bare cottonseeds, have been determined in previous
experiments (Tabak, 1989; Tabak & Wolf, 1998),

The sizes of cottonseed, cottonseed hull, and meat
particles are within the limits of 107°-10" 2m (Tabak &
Wolf, 1998) and the Reynolds number Re in pneumatic
separation and pneumatic conveving, defined by
the following equation, is usually in the range of 10°-
2x 10%

U dp?

Re = —— ()
1

where: d, is the equivalent diameter of particle in m; u; is
the terminal velocity of particle in ms™"; p is the density

of air in kgm' % and y the dynamic viscosity of air in
1,1

kgm™'s

I.l. Cerronseed oil mill processing and emissions

The handling and processing of cottonseed at cotton-
seed oil mills result in particulate matter (PM) emis-
sions. A cottonseed oil mill uses several main processes
where dust may pose an occupational hazard (Parnel
eral., 1982; Bailey et al., 1948:; Lear, 1985; Matlock et al..
1976, Smith, 1975 Tabak, 1989). Cleaning, delinting,
hulling of seeds. separation of meats from hulls, and
rolling of meats before extraction of oil; and pneumatic
conveying of by-products contribute considerably to
dust emission. A significant dispersion of cottonseed
cake dust into the environment occurs in the processes
of handling and displacement.

To prevent occupational exposure leading to byssi-
nosis and other disabling respiratory diseases, the cotton
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industnes are required to comply with the occupational
safety and health standards promulgated under the
Occupational Safety and Health Actof 1970. [n the Act.
the National Insutute for Occupational Safety and
Health (NIOSH)} was authonsed 1o develop and
establish recommended occupational safety and health
standards, and to conduct research and experimental
programmes for developing and improving the cntena
for occupational safety and health standards. Speafic to
the cotton industries, employers are required to limit the
amount of respirable cotion dust in the air by utilising
dust control measures, ie. efficient ventilation. enclosing
the process equipment and placing it under negative
pressure.

The current Occupational Safety and Health Admin-
istranion (OSHA} permissible exposure limits {OSHA
PEL) for cotton dust (raw) in the cotton indusiries range
from 0-2 to Imgm™* These values represent a time-
weighted averape (TWA) concentration that must not be
exceeded dunng any B8h work shift mm a 40h working
weck. The NIOSH recommended exposure Limits
{RELs) for cotton dust (raw). representing the highest
allowable airborne concentration that is not expected to
injure workers. is set at 0-2mgm™ >, based on a TWA for
up te 10h each day dunng a 40h week. The American
Conference of Governmental Industrial Hygienists
(ACGIH) also set the TLV for cotton dust at 0-2mgm " *

(ACGIH, 1988). The TLV represents a cotton dust
concentration to which it is believed that workers may
be regularly exposed. without developing adverse health
effects. Although for cotton dust. of the three indoor
occupational exposure limits outlined. only the OSHA
PEL has an enforcement power as a legal standard.
Therefore, 1t 1s noteworthy that although OSHA PELs
for cotton dust exist for specific operations and
industries, there is as vet no specific exposure limit for
cotton dust in cottonseed oit mills.

The problems of dust dispersion and need for air
cleaning at cottonseed oil mills are influenced by the
machinery. the amount of equipment enclosure. and the
charactenstics of aspiration and local exhaust ventila-
tion systems {(ASHRAE, 1999 Bailey er al. 1948
Tabak. 1989, Clark & Johnson. 1981: Clark. 1977;
Steele. 1982; Tabak er ai., 2002a).

Smith (1975) showed a high content of fine particles in
dust-laden air taken from cottonseed processing equip-
ment in oil mills and discussed the application of air
pollution control equipment such as cyclones or even
fabnc filters.

Steeic (1982) reported on theoretical and practical
approaches for mimmising workplace environmental
dust. The dust e¢scaping during the sand and dint
removal processes for the coltonseed was discussed.
An engineening solution was proposed for collecting

dust in the hulling-separation room. which allowed dust
levels to be minimised to | §mgm

Lear (1985) siressed the importance of designing dust
control, which includes the following two aspects. First.
the operation must be enclosed as much as possible
while allowing for all necessann mamtenance and
observation. Then suction must be applied at the most
suttable point and in sufficient quantity to place the
entire operation under negative pressurc. These mea-
sures will prevent the dust from eascaping nte the
working environment.

According to previous works (Matlock er al. 1976,
Tabak, 1989), the highest quantity of PM generated
inside the mill is in the handiing. scparation, and
delintertng areas. In relation to the hulling-separation
processes, Parnel er al. (1982) noted that the bulhing and
separation rooms consistentls seemed to have high dust
concentrations relalive to the rest of the mil Dust
content in the air causes (wo major problems: pellutien
of the environment and loss of raw matenal.

1.2. Dust control in cotionseed mills

This study is concerned with dust control 1 huihing-
separation processes in cottonseed mulls. A local exhaust
ventilation system for hulling-separavon umts with a
proper airflow rate i1s able to prevent dispersion of dust
into the mner environment of the workshop. The airftow
rate @, in m’'s™' i local exhaust ventilabon systems
includes several components | Fig /). These components
are the airflow rate brought up by the working clements
of hulling machines ;. the airflaw rate sucked through
the technological openings and chinks in the housing of
the enclosure (,. and the airflow rate induwoed by bulk
matenals falling 1n chutes @, and @.:. The bulhng-
separation unit (Fig. /). equipped with a local exhaust or
aspiration system. includes the buller (A). separator (B
with upper (C) and lower sieve (D). enclosuing hood (Eb,
duct (F}. chute for hulls i G). and chute for meats (H). In
the local ¢xhaust ventilation svsiem. the hood~ were
joned by vertical ducts feeding into a long horizontal
duct connected 1o a cyclone. which 1s connected o a
ventilator. This system has some disadvaniages, ¢ g. the
particles sucked into the hoods are transferred in the
ducts for a relatively long distance so that the honzontat
ducts are verv frequenty obstructed by the setthed
panticles. This ulumately leads to the farlure of the
ventilation svstem. Another disadvantage is the rela-
uveh low collection eficiency of the (yvclones.

Tabak (1959} suggested a solution to the aforemen-
tioned problems. Instead of cyclones located at the end
of the local exhaust ventilation system, cottonsged-filked
bed filters were placed in 2ach suction hood. Ths
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Fig. I. Local exhaust ventilarion system of hulling-separation
equipment for collonseeds: (A) huller, (B) separator; (C}
upper sieve; { D) lower sieve; ( E} enclosing hood: (F) duct; {G)
chute for hull: ( H) chute for kernels; 0,. exhaust capacity of the
local exhaust ventilation system; Oy, air that induced by the
hulfler warking elements; (., air that sucked through technolo-
gical openings and chinks in the housing of the enclosure; Q.
and Q2. air currents induced by falling bulk materials in chutes
which leave the technological equipment

provided an effective means for entrapping the dust
particles and so preventing these moving through the
duct system. The fillers used in the bed filters were
cottonseeds or cottonseed hulls. The effectiveness of the
cottonseed bed filters depends on the thickness of the
flled layers, bulk density of the filled seeds and air
velocity.

The purpose of this study is to obtain a general
expression for the prediction of the pressure drop across
a granular bed due to the resistance caused by the
presence of cottonseed particles in the filter layer, in
terms of the voidage and specific surface of the granules.
Measurement of pressure drop and air velocity, knowing
the cottonseed fuzziness and bulk density, allows for
evaluating the external surface area of the cottonseed.

2. Airflow through a granular bed

The airflow through beds composed of seed and grain
particles is a frequently used in air pollution control
processes (Dairo & Ajibola, 1994; Pagano et al., 2000:
Tabak, 1989} and therefore expressions are needed to
predict pressure drop across beds due to the resistance
caused by the presence of the particles. The drop in
pressure for flow through a bed of particles provides a
convenient method for obtaining a measure of the
external area of particles (Coulson e al., 1991).

5. TABAK ET AL

2.1. Darcy’s faw

Darcy showed that the average velocity, as measured
over the whole area of the bed, was directly proportional
to the driving pressure and inversely proportional to the
thickness of the bed. This relation is known as Darcy’s
taw (Coulson er al., 1991) and can be written as

u=K ‘—?P) @)
where: AP is the pressure drop across the bed in Pa; / is
the thickness of the bed in m; « is the average velocity of
flow of the fluid. defined as (1/4)d¥7ds) in ms™': A4 is
the total cross-sectional area of the bed in m*: ¥V is the
volume in m" of the fluid Aowing in time fin s; and K is a
constanl depending on the physical properties of the bed
and Aud.

The linear relation between the rate of flow and the
pressure difference indicates that the fow is streamiine,
This is expected because the Reynolds number of the
flow through the pore spaces in a granular material is
low, since both the velocity of the fluid and the width of
the channels are normally small. The resistance to flow
then arises mainly from viscous drag. Therefore, Eq. (2)
can be expressed as:

(-AP)_ (=4P)
i ul

where: y is the viscosity of the fluid inkgm™'s™'; and B
is termed the permeability coefficient for the bed, and
depends only on the properties of the bed (Coulson ef af.,
1991).

The general structure of a bed of particles can be
characterised by the specific surface area of the bed S poy
and the fractional voidage of the bed, e

u=K

3

Sted _ 1
Ve 1
where: S, nq 15 the specific surface area presented to the
fluid per unit volume of bed when the particles are
packed in a bed. with units in m>m*; S, is the area of
the bed presented to the Auid in M Vheq is the volume
of the bed in m* and / is the thickness of the bed in m.
The fraction of the volume of the bed not occupied by
solid material. ¢, is termed the voidage or porosity and is
dimensionicss. Thus, the fractional volume of the bed
occupied by solid material is (1—¢).

The specific surface area of the particies, S, o0
m*m " is the surface area of the particles divided by its
volume:

R) shed = (4 )

S
particle
Ss‘uamde =3 (5)
F purtivic
where: S it 15 the surface area of the particles in m”
when the particles are packed in the bed and Vi is
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the volume of the partickes in m* For a sphere of
diameter 4 in m. for example:
S = ——
]‘Pll’k K(ds:,-‘!b’ (6)
If point contact occurs between partickes so that only
a very small fraction of surface area is lost by

overlapping (Coulson er al.. 1991), ie. Spu= Spricte
Eqn (5) can be wnitten as

S _ Sn-rn'k _ Sbn:' Ss.hm'
ATk T V

parnck - Freall —f)= (Il -

N

or

Sibd = S:.pwnrlr“ - e) (8)

Some values of S and e for differenr beds of particles
have previcusly been documented (Coulson ¢t al., 1991).

2.2. General expressions for flow through packed beds in
terms of the Carman-Kozeny eguation

The analogy between streamline flow through a tube
and streamline flow through the pores in a bed of
particles has been used for denving a general expression
(Coulson et al., 1991) for flow through packed beds. The
equation for streamline flow through a circular tube 1s

d; (—AP)
H= 32_[1 T (1]

where: u is the average velocity of flow of the fluid in
ms™': {—AP)}is the pressure drop across the bed in Pa; 4
is the dynamic viscosity of air in kgm~"s " d, is the
diameter of the tube in m: and /, is the length of the tube
in m. I{ the free space of the bed is assumed to consist of
a series of tortuous channels. the equation for flow
through a bed may be rewritlen as:

_ 42 (-AP)
- K'ﬂ ’r

where: u, is the average velocity through the pore
channels in ms ' &, is some equivalent diameter of the
pore channels in m; K’ 13 a dimensionless constant
whose value depends on the siructure of the bed; and I
is the length of channel in m. It should be noted the u,
and I in Eqn (10) now represent conditions in the pores
and are not the same as y and {in Eqns (2} and (3), but it
is reasonable to assume that ' is directly proportional to
1. and that

(10)

i

u =- 'II)

4

For Eqn (1. Kozeny proposed (Coulson ¢t al., 1991)
an expression for the equivalent diameter of the pore

size o, as:
d == - ¢
S.lpm'iril — e}

Ssh:."
Then. 1aking vy =ue and I = I. Eqn (10) becomes
(Coulson er af., 1991):

(2

Lot e 1-AP) ] e 1(-Ap

K" S‘:'\-d H ! - FS.(:M.’HH” - e': u !

i

Kozeny's constant is generally denoted by K° and s
usually taken to be equal 1o 5. However. K7 s
dependent on porosity, particke shape. and otber factors
A companson of Eqn (1} with Egn (31 shows that the
permeability coefficient B is given by

1 e

# Kk Sfa'mu“ - oY (h
Equation (13) applies 1o streamline flow conditrons bui
Carman and others (Coulson e af.. 1991) have exv:onded
the analogy with pipe flow to cosver both streamline and
turbuleat flon condiuons through packed beds In this
treaiment, a modified Reynolds number Re: 15 plotted
against a modified fncuion factor R, pw

The modified Reynolds number Re; 15 obtained by
taking the same velocity and charactensin  hncar
dimension d7, as were used in denving Eqn i13). Thus.

u e p up

== - = (L5
€S punciell —Vu S, il -~ €W

Rt’]

The fnction factor. which 15 plotted against the
modified Reynolds number, 15 R, plrl where R, s the
component of the drag force per unrt area of partcke
surface in the direction of motion 1n Nm ° or Pa and
can be related to the properues of the bed and pressure
gradient as follows. Consider the forces acting on the
fluid in a bed of unit cross-sectional area and thickness /
The volume of particles 1n the bed 15 K1 - ¢) and
therefore the total surface is 5, azmma /() — €). Thus, the
resistance force is given by the expression Ry S, ponid ~
{1 — ¢). This force on the flusd must be equal o that
produced by pressure difference of AP actoss the bed
Then, since the free cross-section of fluid 3 equal Lo ¢

(APl = RiS, prncicll) - €}
e {—AP)

R, = 163
! Siprncal) € t

Carman found that when R, pi; was plotied agawnst
Re, using loganthmic coordinates. hus data for the flow
through a randomly packed bed of solid partiches could
be correlaied approximatels by a singlke cune. whose
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general equation was

R

— = SRe;' + 0-4Re]™"
puy

a7)

From this equation, it can be seen that for values of
Re; less than about 2 (Coulsen et al., 1991), and the
second term is negligible and can be omitted. Therefore,
Eqn (17) becomes

RI', = 5Re]!
pu

(18}

Ergun (1952), writing d = 6/S; grricie has obtained a
good semi-empirical equation for pressure drop as
lollows:

Rl 417Rert 4029
g

In Eqn (19} (Coulson et al, 1991), the first term
represents viscous drag losses which are more significant
at low velocities and the second term represents kinetic
encrgy losses which become more significant at high
velogities.

(19

3. Experimental materials and methods
3.1. Cottonseed samples

The experiments that form the basis of this paper were
carried out in October-March, 2002-2003 at the
Technion (Israel). In this study, an average value of
the density of air p was taken as 1-21kgm™". The
deviation of the measured values from the above air
density ranged between —3 and +4%.

i

The research was carried out with fuzzy and bare
cottonseeds as the media of the granular bed filters,
Fuzzy and bare cottonsced samples in quantities
(approximately 400 kg) sufficient for an experiment were
prepared in the following way. Four portions, each of
400 kg mass, were randomly taken from different bulk
quantities of cottonseed of the same fuzziness. These
four portions were mixed together to assure that each
sample has the same lint content. The mass of each test
sample of the seeds was weighed with an electronic
balance, and was evenly supplied into the filter basket.

To ensure the cottonseed and by-product samples had
approximately the same moisture content, the samples
were placed in thin layers and kept in an air-conditioned
room for 24 h before the study. The moisture content of
the samples was kept at the 10--12% d.b. this i1s most
frequently encountered as an optimum moisture content
in the cottonseed oil production industry. The quantities
of seeds in each sample were then carefully mixed with
water, allowed to equilibrate for a further 24 h and then
dried in an air-drying cabinet, if it was needed, to
achieve the requisite seed moisture content. The
moisture content of cottonseed samples was determined
by using standard methods (ASAE, 1992), at an oven
temperature of 103°C, and a heating time of about 4h.

3.2. Experimental arrangement

To study the pressure drop across beds due to
resistance caused by the presence of cottonseed particles
in the layer an experimental installation was designed
and built. The experimental arrangement is shown in
Fiy. 2 and 15 similar to the installation used by other

Fig. 2. Experimental installation for study of the pressure drop across gramuar bed filters filled with cotronseed particles: (A) fan;
(B) damper: (C) ducts: (D} filter: { E} Pitot tube; (F) orifice flow meter; (G} pressure transducers. (H) computer: { M} U wbe
manometers
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investigators {(Carman, 1997, Dairo & Ajibola, 1994;
Devies, 1973; Fuchs, 1973; Otany er al., 1989; Pagano
et al., 2000; Tabak. 1989; Tardos, 1997; Tien. 1989).

The expenimental rig included the following elements:
the granular bed hlter (D) filled with cottonseed. a
diffuser before the filter and a contractor after it, a fan
(A), ducts (C), and a damper (B). The filter had a
parallelepiped spaced frame constructed with an angle
bar. The cross-section of the two opposite sides of the
frame exposed (o the direction of airflow was Im by I m
and the width was variable. and could be changed from
50 to 150 mm. A right angle basket including cottonseed
filler was placed into the frame. There were three types
of baskets. each of a different width of 50. 100. and
150 mm. respectively. Baskets were built of angle bars
and the parallel sides exposed 10 atrflow were covered by
grids of wire. A bulk density of cottonseeds of
160 kg m * was maintained in the filter by carefully
weighing the filled cottonseed and by evenly distributing
the seeds in the filter.

A calibrated Pitot tube (E) and an onfice lowmeter
{(F) were used for the measurement of airflow rate. The
onfice flowmeter was 78mm in diameter and was
installed between Aanges connecting two pipe sections.
Flange pressure taps were located at a standard distance
of 254mm from either side of the orifice. The exact
geometry and specification of the orifice followed the
[SO 5167-1 (ISO, 1991), [SO5167-1. Amendment |
(1SO. 1998) and ASME (1971} standards. The orifice
flowmeter was calibrated by limung a volumetrnically
measured amount of air. The correction (actor K, was
determined and compared with correction factor values
given in ASME Standard PTC 19.5 (ASME, 1972). The
contraction coefficient, friction loss coefficient. and
approach factor 1/(1 — ', where B8 is the ratio of
the orifice diameter D in m. (o the pipe diameter D, in
m. can be combined for the onfice flowmeter into a
single constant K. which is a function of geometry and
Reynolds number. The orifice flow-rate equation re-
commended by ASHRAE (2001) 1s

!2(}91 - p)
Q = KIAIV_—p_

(20}
where: Q is the discharge flow rate in m's™'; A, is the
orifice area in m"; and (p\—p=) 1s the pressure drop 1n Pa.

Pressure drop values were measured at three points:
before and after the filter; at the Pitot tube; and at the
onfice flowmeter. Each of the three measurement points
was connected to a separate {G) pressure transducer
(SHAEVITZ Pressure Sensors. P-3061 Transducer) and
a computer data acquisition system (LABTECH.
Laboratory Technologies Corporation. Version 6.1.2).
Each of the measurement points was also connected 1o a
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U-tube manometer (M). The pressure drop valucs
measured across the filter were determined as the
difference between the overall pressure drop due (o the
airflow through the filled fillers and pressure drop
through the empty basket gnds only. Each measurement
was repeated 100- 110 imes over a 10s intenal and the
average pressure drop due (o the airflow was deter-
mined. Data collected from the LU-tube manometers
served to check the transducer readings for pressure
drop. To obtain correct values of the air density, dn
bulb and wet bulb temperatures were ako measured
during the experiments.

4, Experimental results

The values of the pressure drop due to the airflow
through beds of fuzzy and bare coltonseed particles of
different laver thickness, te. 50, 100, and 150mm are
presented in Fig 3

The airflow rate per unit arca of flter surface
perpendicular to the air siream flow was vaned from
0025 10 022 (m's 'ym °. As the fiow rate of air
increased. the pressure drop across the filter increased
for all of the particlkes tested. As the airflow rate
increased from about 0-025 to 0:22tm*s ‘ym °. the
pressure drop increased from about 14 to 85 Pa for the
fuzzy and to 74Pa for bare cottonseeds in the bed of
50 mm thickness. However, as seen from Fig 1. the
pressure drop for both the 100 and 15 mm thickness of

Presure drop. Pa

0 005 ot o115 o2
Airflow velocity through bed. m st

Fig 3. Prestwre drop as a function of the amflom veiociny

through a bed of fuz:y and hare cottonseed particles of different

layver thickness: 3. S0 mm laver of hare seed . N0 mm laver of

Juzzy seed: £, 100 mm laver of bare seed A, 100tmm laver of

Juzzy seed: T 150 mm laver of hare seed. @. | M mm lgvee o
Juzzv seed
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fuzzy cottonseed beds considerably exceeds the pressure
drop for the fuzzy cottonseeds in the bed of 50mm
thickness, with pressure drop from 15 to 182Pa and
from 20 to 257 Pa, respectively.

The measured pressure drop in the bed of 100 and
150mm thickness of fuzzy cottonseed, considerably
exceeds the pressure drop measured in the bare cotton-
seed beds of the same thickness. The pressure drop
increased from approximately 15 to 182Pa in the
100 mm fuzzy cottonseed bed. and from 13 to 159 Pa
in the 100 mm bare eottonseed bed, as the zirflow rate
increased from about 0-025 to 0-22(m>s 'ym~". As the
flow rate of air increased the pressure drop increased
from about 20 to 257Pa in }50mm fuzzy cotionseed
bed, and from 20 to 219Pa in 150 mm bare cottonseed
bed.

Increasing of the thickness of the both fuzzy and bare
cottonseed bed from 50 to 100 to 150 mm leads to a
relatively even increase in the pressure drop due to the
airflow through the bed.

5. Calculations and discussion

The expressions. needed to predict the pressure drop
across the beds, caused by the resistance from the
presence of the particles, was based on Eqn (17
proposed by Carman (Coulson et al., 1991) and Egn
(19) proposed by Ergun (1952).

Carman (Coulson ef af., 1991} found from Eqn (17)
that. when R./pu% was plotted against Re| using
logarithmic coordinates, the data for the flow through
randomly packed bed of solid particles could be
correlated approximately by a single curve. of general
equation:

R
L= aRet+cRe!

puy

2n

where: a, b, ¢, 4 are constants.
Ergun (1952) obtaimed with Eqn (19) 4 good sem:-
empirical correlation {or pressure drop as follows:
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The calculations to obtain the best-fit coefficients and
the corresponding plots were carried out using Micro-
soft Excel: numerical values for the coefficients. where
¢ =0, are given in Table 1.

The tabic sbows the coefficient @ had values 22.72,
45-13. and 50-06 for bare seed fillers, and 44.07, 55.0,
and 58-0 for fuzzy seeds, where thickness of the fillers
changed from 30 to 100 and 150 mm correspondingly.
The values of coeflicient a for fuzzy seeds exceed values
of coefficient a of bare seeds for beds with the same
thickness. The possible reasons for this behaviour was
the presence of short fibres adhered to the eottonseed
hull. Morcover, the difference between the coefficients
obtained in our research and the coefficients given by
Eqns (18) and (19) i1s probably due to the unusual
morphology and surface character of the filler particles,
including the fuzziness of the cottonseeds in comparison
to the smoother and much more spherical shape of the
particles used by other investigators. The peculiarity of
the shape and surface characteristics of the cottonseed
particles also leads to diflferences in the values of their
drag coefficient {Tabak & Wolf. 1998).

Calculated values of exponent & were found to vary

from ~1-11 to —0-91 for studied different cottonseed
beds. The values of exponent b were very close to the
value of -1 obtained by Carman, Kozeny (Coulson

eral., 19911 and Ergun (1952) using the analogy between
streamline flow through a tube and streamline flow
through the pores in a bed of particles.

Graphs plotted in accordance with Eqn (22) using the
coefficients given in Table 1 compared favourably with
most of the measured data for both fuzzy and bare
(Figs 4 9} cottonseed filter beds. The values for the
coefficient of determination R® varied from 09672 to
0.9979.

6. Conclusions

[n this paper, the cottonseed bed fillers of different
fuzziness were used. Thereflore, the pressure drop due to
airflow across beds filled with cottonseeds depends on

i:aRefa—c (22y the airflow rate. the thickness of the bed and the
puy fuzziness of cotionseeds. The pressure drop was found
Table 1

Coefficients a and b for Egn (21) based on the experimental data: &%, coefficient of determination

Coefficients Thickness of bare cotranseed filler, mm Thickness of fuzzy cortonseed filler, mm
50 100 150 50 100 150
a 2272 4513 50-06 4407 550 58-0
b — 107 -0.99 -1-0 —1-11 -0-91 10
R 0-9959 0:9917 0-9971 0-9979 0-9702 0-9672
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Friction factor, dimensionless

16}
14}
12}
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™

5 10 15 X
Modified Reynolds number

Fig. 4. Comparison beiween measured ( @ 1 and calculuted 1 —:
values of the friction factor for a fuz=y cotionseed laver of 30 mm

thickness

Friction factor, dimensionless
@ = R oW o de A O o DD
T

=

5 10 b5 20 25
Modified Reynolds number

Fig. 5. Comparison between measured ( @ ) and calculated i — :
values of the friction factor for a bare cotionseed laver of S0 mm

thickness

Friction fuctor, dimensionless

1 i 1 L

h

10 15 (] 25
Modified Reynolds number

Fig. 6. Comparison beiween measured ! @ ! and calculated —,

values of the friction factor for a fuzzy cotionseed layer of

100 mm thickness

u

Friction factor, dimensionless
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Fig. 7 Comparison betwern measwed - @ - and calculated —

ralues of the friction factor for a bare coitonseed Lvwer of

100 mm thickness

&
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Friction factor, dimensionless
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Fig. 8 Comparison between measwred ' @ - and colculated —

values of the friction factor for a fuzzv coltomseed laver of

150 mm thickne ss

Friction lactor, dimensionless
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Fig. 9. Comparison between measured @ : and calculaied —

values of the friction facior for a bare conoaseed Zawver of
150 mm ihickness
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to increase as the flow rate of air increased for beds of all
particles studied. The pressure drop increased from
about 14 to 85Pa for fuzzy and from 14 to 74 Pa for
bare cottonseed beds both of 50 mm thickness and as the
airflow rate was increased from about 0-025 to
022(m’s ym .

For the same range of airflow rate, the pressure drop
was found 10 increase approximately from 15 to 182 Pa
for fuzzy cottonseed beds of 100mm and from 20 to
257Pa of 150mm thickness and from 13 to 159Pa
for a bare cottonseed bed of [00mm thickness,
and from 20 to 219Pa for a bare cottonseed bed of
150 mm thickness. Thus, the pressure drop in 100 and
[50 mm fuzzy cottonseed beds considerably exceeds the
pressure drop in bare cottonseed beds of the same
thickness. An increase in thickness of the bare and fuzzy
cottonseed bed from 50 to 150mm results in a
monotonic increase in pressure drop at the same airflow
through the bed.
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