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C1 Executive Summan.: The purpose of the project was 10 stu& of principal properties oiaeroso!~ 

under operating conditions at cononseed oil mill in LTzbelrinan. For this rsaron q u i p n e n ~  6 r  -oal 

and station- air sampiing was purchased for Lizbeksls co!!akr,!ors. Re ;~!lz!m--'- .-a,, - ~ - c h e r s  

to became familiar ~ i t h  rhe research tools bisited Israel and got rraininp in Technjon-Israel liw<?se of 

Technology, in Israel hmitute for Occupational Safety and Hygiene. and in Labratory of .* Pollution 

in Israel M i n i m  of Labor. Mass concentration of panicles and their size dimibuCon have k e n  

studied in hulling - sepamtion department of the Cononseed Oil Mill in Uzbekinan. The a v e q e  let-el 

of dust concentration have been measured by the stationar). personal samplers and b)- personal 

samplers anached to the operators. It was found that a major fraction of the cortonsxiJ d m  found in 

the hullingseparafion room consisted of respirable particles 

With the purpose of study of properties of the cononseed packed bed filters u s d  for cleaning of air 

and catching of valuable dust in processes at cononseed oil mills an experimental innallaxion aas 

developed and assembled in Technion (Israel). Experiments were carried on to study the paramergs 

that influence the pressure drop and mean velocity for air flow through p a c h g  of maonwed. 

Dimensionally homogeneous predictionable equation that relates rhe pressure drop to the airflow rare 

was pioposed Ajoint paper with Uzbekistan collaborators ".Airflow through Granular Be3s e e d  

aith Cononseeds" was published in scientific journal 'Biosystems Engineering'. 

Pilot rigs were developed and assembled in Architectural Building Instime of Tashkent and in 

hulling-separation room ax cononseed oil mill for study of air-cleaning properties of wonseed packed 

bed filters. The measured data showed that pressure drop increases w i t h  increasing of dust 

concentmion in rhe air. of airflow rate, and thickness of the bed layer. 

Our experirnenls showed that granular bed fihers filled by cononseeds provide good possibilities for 

adjustment of dust particle removal and cleaning of air in local eshaust \.entilarion systems. 

Inexpensive cononseed fillerst which were return to rhe raw material after its filling with ci.d made 

possible unnecessar). of additional dust-removing devices. The cononseed bed filters loca~rcl in extwm 

hoods made practicable development of principal new local exhaust \-entilation system.. 



DI Research Obiectives: The purpose of this research was to study and develop mebeds a d  de\ices 

thar control dust particle emissions in cononseed oil processing. .hother ohjecdve pm-ued ia ';his 

research is the reduction in the loss of raw materials durir?g p d c ! e  emissicr.s. Slq2$2 - ir. +is 

research is the cononseed filled bed filters, placed inside suction hoods of aspirarion or I& exhaw 

ventilation ?stems, which are differentiated from the usual ventilation systems in the menrionej 

processes and contains the inno\-ative aspects of the project. 

This study mils undertaken to develop information on the d m  levels, and rhe parricle biLe disbibuuon 

in the working enbironment of hulling-separation area during the normal pnxessmg opcrations in 

high-capacity hulling-separation processes at cononseed oil mill in Uzbebnan. 

The purpose of this study is to obtain general expression for prediction of pressure drop aaw ke& 

due to resistaoce caused by the presence of cononseed pamcles in the layer. to analyze .be rnec!mism 

of cotton dug removal by layer packed by cononseed as well. 



EI .Method and Results: 

Research Performed in Uzbekistan: 

Dust-concentration determination. 

The "total dud' mass sampling carried out by personal sampler that was w i d  as a rnling sampler LI 

worken breathing zone and ar stationary locations were placed nation- personal sarnrlen. Sgtionary 

personal samplers were used for "area or fixed sampling" (Hinds, 1999). Open face py 2 3 7 - m  fihei 

holders (SKC, hc., Catalog No. 22-1)  were mounted at breathing zone height on Wik (SKC. lnc.. 

Catalog No. 225-503). A three-piece cassette consuucted of polyqrene to hold a > 7 - m 4 a m e t e r  

filter was used. Dust samples were collected on a 37-mmdiameter pol~inylcloride fi!ten w i t !  a 

5-pm-pore size (SKC, hc., Catalog No. 225-8-01). The personal air sampler urn anached to a .-iirCheL 

2000 pump with NiCad batlery pack (SKC. Inc., Catalog No. 210-3002). 

The IOM inhalable dust samplers (SKC. Inc., Catalog No. 225-70.4) we used as ro\ing samples. It 

was a reusable filter cassette uith a sampling head designed to bmer measure a worker's exposure to 

total &me particulate. The personal dust sampling device has a cylindrical body 37 mm in diameter. 

One end of the cylinder contains a flat circular cover cap that has a 15 mm circular orifice aith a thin 

lip proeuding outuads. U'hen taking a sample wilh lhe IOW lnhalable Dun Sampler. the IOM 

-eifiher was weighed as a single unit before @re-weigh) and afrer (pon-avighj sampling. 

Therefore, all of the dust both on the filter and on the internal u . d s  of the cassene is conrained in the 

data. including h e  typically larger dust particles; nothing inside the c a s s e t ~ f i l w  assembly escapes 

analysis (Mark and Vincent, 1986). The IOM Sampler used uilh a reusable fiher casette holds a 

25 mm filter with a 5-pm-pore size. The IOM Pump Kit. includes PCXR1 sample p i p ,  charger. 

single adjustable low flow holder. ac .  (Cat. No.224-PCm-tPKB (230\1). 

The flow rate of a personal sampler uas 2.0 L'min. By that air flow w e  rhe 1051 Sampler effectiveiy 

traps dust particulates up to I00 ,m in size (%lark and \*incent. 19861. 



. l ir  samples in each distinct work area at the hulling-separation room wen: collected at Icecations 

which prohide representative samples of air to which the worker is exposed (Fig. i i. Phe sampleis 

were cleaned prior to sampling. The samplers were calibrated in the lahrar~r \ .  before C?e:- z-e ?L& i2 

the workshop. The orifices were calibrated by use of a wet test meter. .Mer expornre the casmc with 

samples were shipped to the anal)tical laboraton* in a suitable container to prevent damage in w i t .  

The filters were faced upward (Wesley et al. 1979. Hughs et al. 1981) to insure that the al1ec.d dun 

didn't lost before laboratov wvighlng. 

.4n analytical balance that has a sensitivity of 0.Olmg (Sartorius. model XfC2 10s) used for weighing 

of the sample. The balance was located in a dust fke airconditioned room with conmlled temperature 

24°C plus or minus l 'C and relative humidity (RH) 45%. The filters to equilibme rhem were held in 

this environment for a 24 h before each weighing, i.e. before and after exposure. ris it recommended 

(Hinds, 1999) three blank (coneol) filters and a reference mass of approximately the same \\-eight as 

the filters were weighed each time as the filters are weighed. Field blanks wprr collectd a d  used to 

correct field sample weights. hsf concentrations were calculated by dividing t5e c o r n e d  \\right of 

dust collected on each fiher by the volume of sampled air. 

The total dust concentcation is expected being measured by mentioned p~ of p e ~ n a l  

samplers simultaneously, attached to the two sides of each operator. 

Particle size measurements 

Dust samples for particle-size analyses were collected with tbe same sampling equipment as for d m  

level measurements (ASHR4E. 1993b: ACGM. 1983 and 1988: Bernhardt 1994: .Allen 1990: EP.4. 

1984; Hinds, 1999). 

Allen (1990) wrote that f i b t i o n  is the simplest method of removing particles from tbe atmosphere 

for subsequent analysis. The most efficient filters for this purpose are the membrane filters lhat consin 

of cellulose esters. They were used in our experiments. These filters are soluble in acetone. so d u t  n u  

possible to dissolw away the filter and transfer the deposited material to prepared surfaces for funher 

examination. The membrane filter was placed on a @ microscope slide. The slide is in\-ened over a 
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watch glass half-filled ttith acetone. the vapors of which render the filter transparent after x c  o: rive 

minutes. The filter is allowed to dry for nvo to five minutes and is then for analys!~. 

Dust samples were collected on a 37-mmdiameter mixed cellulose Hers  (3ICEi filers \\ith a 

0.15-pn-pore size (SKC, Inc., Catalog No. 225-93. Dust samples collected b? the IO3I Samplen \\.ere 

on a 25-mm-diameter MCE filters with a 0.8-pm-pore size (SKC, Inc., Catalog No 225-1 9). 

As it recommended (Wesley et al.1979) all samplers we med at d..e same time and allowed &em 

to run for 30 to 60 min to get an adequate deposit of dust on the filters for particle size measuremenrs. 

The filters were handled in the same manner as described for filters used for d ~ - l e v e l  derermkmiom. 

I)llst particles were sized with graduated scales, wing a standard microxope. The method kl& 

\~-isual determination of particle sizes in which individual panicles are o b m e d  and m d .  Thc 

particle size was the projected area diameter in stable orientation in microxopv. The total n u m k  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 concentAonr and panicle size 

distribution in air of hulling -separation room a! Uzbekistan cononseed oil mill. 

In Table I is showm the avemge mass concentrations of particles at the second floor of hulling - 

sepamtion room. The weighted average elmriared concentration was 36.1 1 ? 32.1 I mg'm' ( ~ 4 9 1 .  

where n is the number of filters a n a l > d .  Total mass concennations me& by the stationan- 

personal samplers in adjacent locations averaged 134.24 2 112.62 mgm' ( ~ 4 5 ) .  D m  conrmwtion 

measured by the roving personal samplers averaged 132.91 5 108.24 mg'm3 ( ~ 4 ) .  The laiie 

difference in airborne d~ concentrations measured by the total mass samplers and the venial 

elmriators resulted mainly from a considerable amount of shon non-respirable airborne fibers. 

The highest elutriated concentrations were found in between the huller-separator pairs (in lwationr 

V1. V3, V6, V7, see Figure 3). The s t a t i o w  personai samples (SPSs). ho\vsvsr. did nai gi\-e 9x5  

distinctive results. Minimum readings b!- any measurement technique were achieved in the dlq- 



beween the nvo rows of huller-separator pairs (in iLocadons V4, SP7. SP8. and SP9). This fin&?: , % \\'as 

predicted based on the huller-separator design and the c e n d  feeding oithe nvo-kller :o\tx caujiqg 

dust emanation aria>- kom rhe ? m r n e p  ~ i a n e  in Figure j. Similariy. readings o i p M n A  a ~ p ! e . i  

attached to operators spending more time n a  the locations V1. SP7. SP8 and SP9 a~et-e much lower 

(50% or less) than those of workers in other locations [Table I ). 

Tlpical size distributions of cotton dun panicdate maner generated during normal opradons in the 

hulling-separatjon room are listed in Table 2. About 4060°/b of the measured padcles u r n  -C pm. 

and about 7545% had a diameter -=3 pm. That means a large &tion of the dun emanated during 

normal operations in the cottonseed oil mill is respirable. 

Discussion on dun levels in the hulling-separation d e m e n t  

Our results show a considmble variation in dust levels in the hulling--tion room. Nith &e 

highest readings obtained in between huller-separator units on the same r o ~ - .  

A major hct ion of h e  conon dust found in the hulling-separation mom consiaed of respiiaMe 

panicles (Table 2). For quantifSing potential exposure of workers in the hulling-separarion depamnenr 

to respirable cotton dust, a correlation between the average concentmion of conon dust a: breathing 

height, as measured by the stationary VEs, and the concentration actualh. in comaa nith h e  unrkerx 

as measured by the RPSs, is required. 

Son-uniform airborne dust concentrarions were found at breathing height in the hullicg-separarion 

department of a cottonseed oil mill. A major fraction of &e dust (M %i consined oipamcles layer 

than 15 pm. D i f f m c e s  in readings of the vertical elutriators, stationan- personal samplers. and roving 

personal samplers are statistically significant, and are athibaed to the dinioct narure of the sampler 

&aamics during sampling. The obtained in measurememi data can be wed for enimating ihe pstential 

occupational exposure to conon dun of workers in the hullinwparation room of conox-ed oil =ills. 



Research Performed in Israel 

Method and Procedure Facilities. Devel0pIDent of experimental set-up to s f u h  rhe press-&re iim~ 

xxss m n o d  fi!ld Seds. 

To study the pressure drop across beds due to resistance caused by the presence of  anonseed 

pamcles in the layer an experimental installation was developed. The experimental set-up is shown in 

-. 
:~g. 2. Our experimental set-up is essentially similar to the tnstallation use: by !Carman P C. 1997: 

Dairo 0 U & Ajibola 0 0 ,  1994; Devies C N, 1973; Fuchs N .4.1973: Orany Y a al.. 1989: Pagan0 .-\ 

M et al., 2000; Tabak S, 1989; Tardos G 1,1997; Tien C, 1989). 

Experimental stand included the following elements: the studied ganular bed filter (-4) filled by 

c o t t o m  diffuser before the filter and contractor after it, a fan (B). ducts (CI.  dam^ ID). 

The mdied filter had a parallelepiped spaced Eiame constructed uith an angle bar. The 

cross-section of the two opposite sides of the h e  exposed to the h o n  of airflow \ras I I m and 

the width was of variable value, changed from 50 to I50 mm. A right angle basket including 

cottonseed filler was placed into the frame. There w m  three ~ p e s  of baskets. k h  baJ different wid& 

50, 100, and I50 mm. Baskets were built of angle bars and the parallel sides exposed to air flow  ere 

covered by grids of wire. 

. . 
Continuous bulk density of filled cottonseeds 760 kgfrn' in d i e d  f i l m  was umnamd by 

weigbmg of Nled cottonseed and by keeping even distribution of h e  loading seeds in the filter. 

Calibrated Pitot (E) tube and an orifice flowmeter were used for airflow rate rn-ts. Ibe 

orifice floameter (F) =as built in the round pipe: its diameter mas 78 mm The floumner \\as installed 

bemeen flanges connecting two pipe sections. Flange pressure rapes penetrate the flange and are at a 

standard dinaoce of 25.4mm (I inch) h m  either side of the orifice. The exan geomq-  and 

specification of the orifice followed the IS0 51 67-1 (1991 ). IS05 167-1. Amendment 1 ! 1998) aid 

iZsME (1971 ) standards. 

The pressure drop values were measured at three pints: on the filter. i.e. before ad nder it; by Pitot 

tube. and by orifice floumeter. Each of the measurement points were connected to a separate 



differential manometer (SKEVITZ Pressure Sensors, P-3061 Transducer) and a computer data 

acquisition system (L4BTECHI Laboraton Technologies Corporation, I'ersion 6.12). Each a i ~ !  

- 
men5ond nem.rre-, :  ~ L I S  wex coniected pa l l e l  to 2 single U-mulon t r~ .  I he ;m-= LT P 

values measured on the filter were determined as the difference between the overall p i s  drop in air 

flow through the filled filters and pressure drop thtough the basket grids only. Each ten uar made 

during 10 sec and repeated 100- 1 i .) times and the average pressure drop in airtlow \\as determined. To 

get proper values of air densities dry bulb and wet bulb temp- upre m e d  during *k 

experiments. 

Results of measurement of the pressure drop across wuonseed filled beds. 

The values of the pressure drop due to the airflow through beds of fun?. and hare c o m d  

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 perpendicular to the air meam flow uas b a r i d  fmn 

0.025 (m ' s -') rn -' to 0.22 (m s ") m-'. .4s the flow rate of air i n c h  the pressure dmp across h e  

filter increased for all of the particles tested. -4s the airflow rate increased born about 0.025 (m ' s ' )  rn 

-' to 0.22 (m s -') m-'. the pressure drop i n c r e d  bom about 14 to 85 Pa for the fuzq and to 74 Pa 

for bare conooseeds in the bed of 50 mm thickness. However, as s e n  born Fig. 3. he pressure drop ior 

both the 100 and 150 mm thickness of funy cononseed beds considerably exceeds h e  pressure drop 

for the fun) cononseeds in the hsd of 50 mm thickness. with pressure drop bom 15 ro 181 Pa and 

from 20 to 257 Pa, respectively. 

The measured pressure drop in the bed of 100 and 150 mm thickness of fuzzy conooseed 

considerably exceeds the pressure drop measured in the bare cononseed beds of dK same thickness. 

The pressure drop increased fium approximately 15 to 182 Pa in the 100 mm fun?. c o n o d  bed an3 

h m  13 to 159 Pa in the 100 mm bare cononseed bd. as the air flow rate increased born abut 0.025 

(m ' s -') m to 0.22 (m ' s -') rn -:. As the flow rate of air increased ~e pressure drop increased fmm 

about 20 to 257 Pa in 150 mm fuzzy cononseed bed and from 20 to 2 19 Pa in 150 mm lrare m n o d  

bed. 

i 0 



Increasing of the rhickness of the both fun). and bare wnonseej bed h m  50 to I C@ to 1 TO rnm 

leads to a relatively even increase in the pressure drop due to the airflow b u g h  the kd. 

Cdcdshois  a i~d  diwssion on the preexe  &o;, acxss mttonsxl  !i!!d !xis 

The expressions, needed to predict the pressure drop across the beds. ca& hy the resistance !?om 

the presence of the panicles, was based on Eqn ( 1 )  proposed Carman (Coulson er d.. 199: ) a d  

equation (2) Froposed by Ergun (Coulson et 01.. 1991 ). 

Carman (Coulson er d., 1991) found that uhen R1 uas ploned a g a h  Re, using lo--.lhmic L; 
coordinates, the data for the flow b u g h  randomly packed bed of solid particles could be conelated 

approximately by a single curve, of general equation: 

where: a, b, c, dare constants. 

Ergun (Coulson er d., 1991) has obtained a good semiempirical correlation for pressure drop as 

follows: 

A= aRef+c (21 
P.: 

The calculations to obtain the &st-fit coefficients and the corresponding plots were carried out 

using Microsoft Excel. Numerical values for the coefficients, where c=O are given k low.  Cmficient a 

bad values 22.72,45.13 and 50.06 for bare seed fillen, and 21.07,55.0 and 58.0 for f i  d. uhcre 

rhickness of the fillers changed from 50 to 100 and 150 correspondingly. The \.dues of coefficient a 

for f b q  seeds exceed values of coefficient a of bar seeds for beds uith the same thickness. The 

possible reasons for this behaior uas the presence of short fibers adhered to the cononseed hull. 

Moreover. the difference beween the coefficients obtained in this reseanh is probably due to h 

unusual morphology and surface character of the filler particles. including the fuzziness of  he conon 

seeds in comparison to the smoother and much more spherical shape of the particles used b:- o h  

investigators (Coulson era)., 1991). The peculiariv of the shape and surface characterinics of h 



cottonseed particles also leads to differences in the values of heir @ coefficient ! T a m  6: 'Koli. 

1998). 

Czlcdated \.dues of expnent b were feud to v q  h f r o m  -I . !  1 t -0.91 for m~died diffexn! 

c o n 0 4  beds. The values of exponent b were v e p  close to the value of - I  obtained by Carman 

Kozen); (Coulson er d,  1991) and E m  (1952) using the a n a l o ~  between meamline flow- h u g b  a 

rube and streamline flow t lough the pores in a bed of particles. 

Conclusions for pressure drop due to airflow across beds filled with cononsex&. 

In this study the cottonseed bed fillers of different fuzziness were used. Therefore the pressure drop 

due to airflow across beds filled with cononseeds depends on the airflow rare, ihe t h i c k  of the bed 

and the fuzziness of cottonseeds. The pressure drop was  found to increase as the floa- rate of air 

increased for beds of all particles studied. The pressure drop increased from about 14 to 85 Pa for 

and from 14 to 74 Pa for bare cottonseed beds both of 50 mrn thickness and as h e  nit flow rare 

was increased from about 0.025 (m' s -') m -2 to 0.22 (m' i') m -'. 
For the same range of airflow rate, the pressure drop nas found to inc- approximately from I5 

to 182 Pa for filw cononseed beds of I00 mm and from 20 to 257 Pa of 150 mm r h i c k  and h m  

13to159Paforabarecononseedbedof100mthic~~.andfrom~Oto219Paforabare 

cottonseed bed of 150 mrn thickness. Thus the pressure drop in I00 and 150 mrn fizzy cononseed beds 

considerably exceeds the pressure drop in bare cononseed beds of the same thickness. .An i?neast in 

thickness of the bare and funy cotto& bed from 50 to I50 mrn results in a monotonic increase in 

pressure drop at the same a i d o n  h u g h  the bed. 



Research Performed in Israel and Uzbekistan 

.2ir Cleaning bv Cononseed Bed Filten 

Oai e x p i i n e n s  sboxed that g~pn'dx k d  5ltes. fi!led SF pa?icles of cottons-2s a;-d p i t i d  ia 

suction hoods solved maw problems in aspiration ?stems, like carping om of low paniadaie 

conmuation in ducts and prevention of duct obstructioa It makes possible of regulahg of air 

cleaning efficiency, the resistance of filter, dun-holding mp-.-;ir?. and the like. It lc-.& to -- o i  

additional dust-removing devices and provides of recovering dust pai-~jcles in ran material. The 

cononseed fiher fillers are inexpensive, they were returned to the raw material after its filling ~ i t h  

d m  

The functioning of -mular bed filter may be qualified (.4SHR.4E. 2000: .+SHR.U Standad 52-1 i 

by the following minimum of parameters: effectiveness, pressure drop. dust holding capacity. etc. 11 is 

also important to take in account the effect of formation of compressible and incompressible deposits 

on incompressible &tion. 

Experimental study on experimental rigs equipped uith cononsud bed filten performed in 

Technion (Haifa, Israel) and Ventilation laboraton. in Tashkent (Uzbekistanl. Tbe d y  i n c l a  

investigation of the next parameters: 

I .  Aerodynamical characteristics of the clean filters that included study of pressure drop acres h e  

fiher (its r e s imce)  as a function of airflow rate, ~ p e  of bed filler. thickness of the kd layer. 

2. Efficiency (or arrestance? of filter. 

3. Pressure drop versus parameters of dust air mixture and duration of filter furmion &fore t&e 

next cleaning and regeneration of fillers). 

1. Dust holding capaciv (megrated amount of dust held by the fiher) 

5 .  The available duration of filter operating without regeneration in economicalb rspzdient 

conditions. 

The methods of the investigation are based on the recommendations of (ACGM. 1983: ASHRU. 

1999; ASHR-%EI 2000; ASHRAE, 200 I .  ASHRAE. Standard 52- 1 : US EP.4 (10CFR-Chapter 1 - P i x  

13  



60, Appendix .-ZI Method 5); EPA, ReponNo.EPAdOOi4-77-27h. 1984; Tabak S. i989: Toman:- J P. 

1975). The dam obtained during the experiment was representative of the conditions oiteckmIogid 

equipinem oprstion aiid ievealed t5e chamcteiistics t5at uill be Lqpoitza to the ;ons;;;e:. T3e 

experiments were camed out as near as possible to the operating coodirions of filter emplo?men~ 

Efficiency of an air cleaner m e w s  their ability to remove particulate maner from an air s m .  

The degree to which narticulate maner is separated from air stream is k n o w  as the efficiency of I 

collector and the fraction of material escaping collection is the penetration. 

The efficiency of a collector is expressed (ASHRAE, 1000) as a percent of the mass flow m e  of 

material entering and exiting the collector: 

q = l O o ( w , - q ) l y  =100~;!*.,. 

where: 

q efficiency of collector, %, 

w, -mass flow rate of contamination in gases entering collector, 

w,, - rnass flow rate of contamination in gases exiting collector, 

u;- mass flow rate of contamination captured by collector. 

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

entering and exidng equipment. 

Facilitian 

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 (40CFRChaprer I -Part 60, Appendix it Method 5); EPA. Repon So.EPA-600 $77-2%. 

1984; Tabak S, 1989; Tomany J P, 1975) the experimental installation included the follouing dmices 

and elemenrs: an intake contractor, ducts, d m  feeder de\i.ice for quispace distribution oiespnmental 

d u ~  diffuser, the studied -mular  k d  filler. conmctor. orifice meter for meamring of the air flow 

rate, choke, a fan, a dun scoop nozzle with chuck. 



The investigated filler was placed between rwo grids of wires. The dinance betwen the grids \\as 

able for arranging. The investigation was carried out with filters of 50, 100 and 150 mm rhiclness bed 

fillers. 

The method of collecting a sample of panicdate maner from a gas stream involves collection wain 

for a specific period of time. In order to insure particle size-represenwive sample (especially for 

particles larger than 1 micrometer as it is in case of conoaseed dust) from the primary meam. the flow 

into the probe must be isokinetic, i.e. the speed and direction of the air flow entering tbe prob mun be 

equal to those of the primary stream. In addition the leading edge of the prob must be knife-edged to 

m h h i z  particle impaction losses. 

"Apex Lnstnunents" Isokinetic Method 5 Source Sampler, confirmed with the conmuction design 

criteria and specifications cited in US EPA Method 5, Code of Federal Regulations (WFR Pan 60) 

and APTD-OSS I Document &-as used in our experiments. 

To carry out the experiment as near as possible to the o p e d n g  conditions of d h  fiher 

employment the ducd used in the experiment was collected from hulling separation operations a 

cottonseed oil mill. The quantity of the dust that is going to the fiher is determined by weighing the 

dust which is m e d  by the feeder and is controlled by means of calculating the data received aft= 

measuring the concentration of the ducd before the fiher, the volume of the used air and the d d o n  of 

the experiment 

The quantity of the dust caught by the filter was determined by calculating the data recei~rd after 

measuring the concentration of the dust in the air in front of and behind the fiher and the comspn&np 

volume of the used air and the duration of the experiment. The mass of dun tha  had not been caught 

by the fiher was calculated as a difference between the sewed aod the caught dun and calcullned the 

residual concentration of the dust. 

Results and discussi-d effectiveness of dust catchine bv w n o d  filled bed 

filters. 



The values ofthe pressure drop and effectiveness of dun catching by cononseed filled filters of 

different thickness of 50 and 100 mm. initial concentration of dun of 0.5. I .O and 2.0 g mr are 

presented in Table 3 and 4. The initial filtration velocip was 0.2 rn3's. 

h is seen h m  the Table 3 and 4 as the time of filters using uas increased. the pressure drop and 

effectiveness uas found to increase for samples of all dun concentrations. Maximal prrssure cinp 

where using of *.. studied fihen could be expedient were 1000- 1200 Pa That is the time \\hen the 

wnonseed filler in the filter have to be cleanad or changed. These d u e s  were accepted basw on our 

experience of design of local exhaust ventilation systems. In Table 3 is shoun that presure drop of 

1263 Pa was reached in 50 mm thickness filter by concentrarion of dun 0.5 em' during 55 h a h  

beginning of testing. From Table 4 is seen that at the same conditions for filter of 100 mm t h i c k x s  

pressure drop of 1 140 Pa uas reached during 90 h of it functioning. 

It is seen h m  the Table 3 and 4 ha! the pressure drop in air flox uilh initial c o ~ ~ o n  in the 

range 1 .O- 2.0 g/m3 considerably exceeds the pressure drop in air flow ~ h s e  initial c o ~ t d o o  was 

0.5 dm3.  In the Table 3 is shown that for filter of 50 mrn thickness by dun concenwrion of 2 p'm3 

maximal e x w e n t  pressure drop of I 181 Pa and effectiveness of 99.9?A were reached during 35 h. 

During 35 h pressure drop reached of 8 14 Pa and effectiveness W.2% in the same filter dust 

concentrations of 0.5 g/m3. Maximal expedient pressure drop of 1263 Pa md effec!i\.ewsr of 99.7". 

were reached in filter of 50 mm ~ c k n e s s  by concentrations of dust 0.5 g!m' during 55 h. 35 h 

testing the pressure drop reached the maximal expden t  value of 1 133 Pa and effectiveness of W.9 ". 

in the 50 mm thickness filter by dun concentmion I .O g!m3. 

In Table 4 is s h o w  tbat in filter of 100 mm thickness the maximal expedient p~aure drop u rn  

reached 1 1 76 Pa during 35 h, 1 I I2 Pa during 60 h and 1 140 Pa after 90 h by injtial dun 

concentrations of 2.0 gfm', I .O and 0.5 g~m3correspondmgl!:. The effectiveness of the filters uas there 

99.90,99.89 and 98.89 %accordingly. 

Muence of the cottonseed filler bed h c h e s s  on the pressure drop and effectiveness oithe filra 

was shoun in Table 5. There was a comparison beruzeen bed 50 and 100 mm filler thickness. .Ar rhe 

16 



beginning of the experiment (0 h) pressure drop of 320 Pa in 100 mm thickness bed abut n ~ - o  rimes 

larger then pressure drop in 50 rnm bed that was 163 Pa. . a e r  20 h running h e  pressure drops in air 

flow through the filters m became about mud: 189 Pa in 100 mm thickness I d  and J85 P. in 50 

thickness bed. Thereupon there was an inverse phenomenon. During 10 h after filter running the 

pressure drop in 50 mm thickness bed became value of 892 Pa and after 55 h it was 1263 P a  These 

values considerable exceeds the appropriate values cr682 Pa and 810 Pa m e 4  at rhe same period 

of time at the filter of 100 mm thickness bed. This phenomenon may be explained in ihe following 

way. The process of filtration of cottonseed dust particles followed by the deposition of panicles iri a 

layer on the frontal surface of the filter and panially by settling of mall particles in the pore cbanwls 

of the cottonseed layer. Then pressure drop in air flow through the filter includes at least hvo 

components: pressure drop on cottonseed bed properly (including the resislance of the grid suppons the 

cottonseed in the filuation layer) and the added component formed by layer of deposited particles on 

ffontal surface of the cottonseed bed. During the process of filuation the significance of each of ihe 

components permanently changed. At the time of beginning of h e  procss of filmion (0 h) the 

pressure drop results of the resistance of cononseed bed only (including the resinance of the grid 

supports the cottonseed in the filtration layer). So at the begimmg of filuation process (0 hi the 

pressure drop in 100 mm thickness filters about two times larger in all sarnplm thcn in f i l m  of 50 mm 

thickness bed. In the process of growing ofthe deposited panicles layer resistance of it h e  larger 

then the resistance of cottonseed bed layer. 

If the dust concentration is higher and became I .O g!m3, 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 mrn thickness bed was 503 Pa and for 100 mm thickness bed mas 498 P a  The effectiveness upre 

99.j0,6 and 99.85% respectively. 

By dust concentration of I .O g'mj the maximal expedient pressure drop in case of 50 mm hckness 

bed had the value of 1 I33 Pa and the effecti\.eness of 99.9 3.o and took place afier 35 h of the heginning 

1; 



of filter test. The values of maximal expedient pressure drop of 1 11 2 Ps and effectiveness of 9 9 . 8 Y ~  

for 100 rnm tluckness bed were occurred during 60 h after beginning of h e  ten. 

In opposite to pre\ious cases the filtration process by dun concentration of 2 p m' :. ,I .- ;a seen 23" 

Table 7, characterized by special properties. As usual. at the be-einning of h e  process 10 h) he ;ermre 

drop at the cottonseed bed filter of 100 mm thickness was rwo times larger then in case of 50 turn 

thickness. if?er 20 h of filter performance the values of pressure drop both for 50 ant' 100 nuri 

thickness beds became about equal. For 50 mm thickness bed the pressure drop MZ 729 Pa and for 100 

mm thickness it w a s  732 P a  The effectiveness were 99.8% and 99.58?/0 respecdvely. Thereafter rhe 

pressure drops in both cases had grown approximately in equal manner. Tbe values of maximal 

expxhent pressure drop for 100 mm thickness bed filters was 11 76 Pa and for 60 rnm thickness bed 

was 1 1  81 Pa and they took place during equal period of time, 35 h from begbung of rhe resl The 

reached effectiveness in both cases was 99.Wh. 

Results of mrnurement of pressure drop and effectiveness of filter with thickness 150 mm b>- initial 

filtration velocity of 0.2 mfs is shown in Table 8. By d m  concenbarion of 0.5 g'ol' pressurr drop 

during relatively long period of time of 50 h reached 565 Pa h a t  is sufficient low comparad to pressure 

drop values of 1 1  16 Pa for 50 mm thickness and 764 Pa for 100 mm thickness layers. But at the same 

conditions the effectiveness of filter with thickness 150 mm remains 98.53 d i c h  \*as low cornpared 

to effxtiveness of 99.6% and 99.2% for filters with thickness 50 mm and 100 mm c o r r e s p o ~ .  B:- 

higher initial concentrations of dust in the air of I .O and 2.0 grn' h e  pressure drop and etfecrivanss of 

Nter with thickness 150 mm increased faner. .Mer short period of time of 25h pressure drop in rhe 

Mter reached 564 Pa and effectiveness 99.8% by concentration of I .O @m'. .And by conceouation of 

2.0 g'm3 the pressure drop achieved 690 Pa and effectiveness 99.9 'Yo during 20 h of the filter testing. 

The c o t t o d  filled bed fihers were studied in hulling-separation workshop in real conditions at 

cottonseed oil mill in Uzbekistan. The significant technolo_nical operation is hulling of d s  and ~ 5 c  

separation ofthe kernel from its hull. There are aspiration systems lhat include of suctian booS of 

suitable consrmction, dust remo\.ing delices and ducts. Suggested in this research is the aspiration fir 
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local exhaust systems h m  hulling-separation equipmenr which are differentiated horn the usual 

systems and contents of cononseed filled k d  filters, placed inside suction hoods o i  suiubfe 

c o m c t i o n .  Result of this study is s h o w  in Table 9. 

Results of measurement of pressure drop and effectiveness of filter uith thickness I@ nun by 

relatively high initial f i b t i o n  velocity of 0.5 m's is shown in Table 8. By different dun cc?ncennations 

varied from 0.74 101.89 g'm3 pressure drop d ~ - i n g  short period of time of 24 h reached 1 UO P a  Ths 

effectiveness of filter increased h m  97.1 1 to 99.43)b. 

Conclusions of air cleaninn processes bv cononseed bed filrers 

I .  The main objective pursued in this research to develop methods and devices which conrrol dun 

F c l e  emissions was performed. Our experiments showed that granular bed filters filled by cotton 

seeds provide good possibilities for adjustment of particle remo\.al and air cleaning in local exham 

ventilation systems. The developed cottonseed filled bed filters support maintenance of low dust 

concentration, possibility of adjustment of air cleaning efficiency up to 99.Yh. and aod required 

resistance of filters. It leads to unnecswy additional dust-removing devices. It d e s  ahle to ~ n v n  of 

dusr particles to raw material. to obtain an inexpensive filter filler as cottonseed which .uas murued to 

the raw material after its filling with dust. Suggffted in h i s  research cottonseed filled tred filters placed 

in exhaust hoods makes possible development of principal new local exhaust veotilarioa ?gems. 

2. Ln our experiments were studied 50,100 and I50 mrn thickness bed filters filled 5?- cono&. 

The cottonseed fitled filter by the dust concentration of 0.5 &!m3 in air flow before f i l e o n  can k 

used during 55 b without changing of the seed fillers for 50 mm thickness bed filers and for 90 h for 

100 mm thickness bed filters. The changing of the fillers uas performed by maximal e s m e n t  

pressure drop of 1000- 1200 P a  If the initial concentraxion of dust was I .O g'm' the wcasip for 

renovation or changing of the filler took place j5 h after it using for 50 mm thickness bed filters ar~d 

after 60 h for 100 mm thickness bed filters. For concentmion of dun of 2 grm' ihe d d o n  of filters 

functioning witbout changing tbe filler both for 50 mm thickness and for1 00 mm bed filters became 

equal of 35 h. The reached effectiveness in both cases nas 99.m. 



3. Study of cottonseed filled filters of 150 rnm thickness by dun concenmtion 0.5 g m'sho\ved that 

during penod oftime of 50 h the effectiveness of the filter remains lo\\-. compared to !be filter layers o i  

50 ZIEI m d  !00 TI. By dust conce-tration of 1.0 p'rn' th p=ss7n drop L? ~ ! e  150 ra L ! C ~ S S  

filters increased fast achieving 5 6 4  Pa during 25 h i.e. in relatively shon period of time. B k n  dun 

concentration arise to 2.0 dm" the pressure drop increased during 20 h too fast achie\ing 690 P a  i.e. 

during ;hen period of time as well, compared to filter layem of 50 mm and 100 rr~ 1. 

The peculiarities of pressure drop and effectiveness of the cononseed filled bed film of different 

thickness are explained by relation W e e n  the pressure drop in flow of the air at entry of tbe film id 

in airflow in pores of filter depth of different thickness. The next reason is the relation h w n  the 

pressure drop in the soft deposit of d u n  on the d a c e  of the fiher and pressure drop strid>- in 

cottonseed filled layer of the filter. 

Due to this discussion for practical aim is recommended application of coflonseed filled bed f i h m  

with thickness between 50 and I00 mm. 

4. The usual aspiration systems possess some disadvantages: the particles of cotto& sucked into 

the hoods were msferred in ducts on relatively long distance, usually the). are suspended in tbe d m  

and often obstruct them. The panicles of seeds become non-returnable to the raw material. The 

dun-remobing devices i.e. cyclones did not always provide the required catching of d m  and cleaning 

of air. 

These shortcomings are eliminated by cottonseed filled bed filters placed immedialy in suction 

hoods. Our expeiments showed that granular bed filters, filled by p&cles of cotto& and placed 

in suction hoods solved many problems in aspiration systems. as maintenance of low pamcles 

concentration in ducts and elimination of duct obstruction; possibil* of adjusunent of ai- cleaning 

efficiency, resistance of filter, dun-holding capacity and the like. It makes able unn- additional 

dun-removing devices; removal ofcottonseed elements near the technological equipment and 

providing for the return of dust particles to raw material; inexpensive filter fillers. tha~ can be re& 

to the raw material after its filling with dust. etc. 



Figure I .  i%e secondjlmr at rhe hulling-separotlotlon departmen!. H I .  H2. Sl.  ond S2 m e  rk?frsr 
and second hullers and shakers, respectively. IJ(i) ond Sf (i) m e  rhe sampling Iocw'ons of  rk ~vnica l  
elutriarors and the stationm).personal samplers, respecriveiv. 



Fig. 2. Experimenral i~1dIatl~on for study ofrhe pressure akop across granular bed.filrersfilled h.r 

1 
conomeedpmricIes; (4) srudiedfilrer; @)fin: (C) ducts; Dj ahper:  iE) Piror rube: IFI onfice.flow 
merer; (G) pressure trmducers; (H) compurer: (Afi 5-manomerers. 



I Fig. 3. Pressure d o p  as afunction of the aiflow velocity rhrough a bed ofjuzz7. rmd b e  
cottomeedpw-ticles of weren t  kryer thickness: ci. 50 mm lo)cr of bare seed: m. 50 mm h e r  .q/ 
&yseed;& 100mmlPyerofbareseed: A.  100mmlayeroffU- seed; c .  / j O m m l q w r g / h  

I seed- w, 150 mm lPyer of&y seed 



Table 1 .  Dust concentrations in the hulling-separation deparnneot at the sampling locations shonn 

Figure 1. 

I I Mass concentration of dust (me rn't 

I 
Sampler I i of Samples 1 Mean j S.D. I 

Sampler hpe Venical elutriator 



Table I .  Dust concentrations in the hulling-separation depanment at the sampling locations shoun in 

Figure 1. (Continuation) 

I Roving personal sampler 
1 

:! of Samples i 

M z s  concentration of dust (mglm') i 



Table 2: Size distribution of cotton dust particles collec~ed by the vemcal elmiaror. Dam are v e n  in 

terms of kquency [%] and nandardized frequeoc>- 19.; ,m"]. 

Sampling Bin size ' Mean i 
I size i 



Table 3. Pressure drop and effemheness of tilter uith dickness 50 mm 

Time. b 
I 

hssure drop and effectiveness o f  filter uith thickness 50 rnm. inidal i 
1 I filmtion velain. 0.2 mJs and different dust concenm~ons in air 

pressure drop of a Llld -105 Pa! - ~ 

BESTAVA/LABLE COPY 

Concentration 
1.0 p'm3 

Pressure I Effeztix 
j I drop, Pa 
1 0  i 189 

5 1 223 

, Concen!zxion 
1.0 e'm3 

F'ressu~r-~~ 
ness, 06 : dmp, Pa I ness. 000 

96.6 1 190 98 
dropP Pa 

190 

10 j 294 97.- ) 376 

ness. % 
98.8 

96.9 

E-1 814 9 9 . 2  i l l 3 3  99.9 
, 

1181 ! 99.9 ! 

i 

45 1 1020 99.4 1 1 

99.3 395 1 99.6 
262 99.1 286 99.2 a 

504 
686 

. 831 

99.5 
99.6 
99.7 

15  1 406 1 98.2 

- 984 

542 99.8 
729 1 99.8 i 
855 1 99.9 1 

1 20 

99.8 i 1023 1 99.9 

485 1 98.4 
: 25 ! 592 98.5 

j 674 I 99.1 



Table 4. Pressure drop and effectiveness offilter with rhichess 100 mm 

Test Pressure drop and effectiveness of filter with rhickness 100 mm. 
duration. 1 initial tilrration velocity 0.2 m's and different d u s ~  concenuations in : 

h I air (included pressm drop of a grid -!05 Pa') 
I 



Table 5. Pressure drop and effectiveness of filter with h i c h e s s  50 mrn and 100 mrn and initial 
concenmion 0.5 g'm3 

(Test duration, Pressure drop and effectiveness of filten by initial 
I h 1 filtration belocin 0.2 ms and dust concentration 0.5 e mj 

I 
- 

( includi  pressure drop of a grid -105 Pa) I 
Filler thickness 50 mrn I Filler tluclcness 100 rnm ? 

I IPmsm droo.1 Effective hessure droo.1 Effwtive 

Pa / ness. % I pa I ness. 4.0 
0 189 96.6 I 320 96.21 



Table 6. Pressure drop and effectiveness of filter with thickness 50 rnm and 100 r ~ m  and inidal d m  
concenmtion I .O g8m3 

(included pressure drop of a p id  - 105 Pa) 
- 

Filler thickness 50 mm Filler thickness I00 mm 

I Test duration. 
! h 

IPressure drop, 1 Effective &sure drop. 1 Effective 1 

Pressure drop and effectiveness of filters by initial j 
filmtion velociw 0.2 m's and dust concenmtion ! .O g ' d  j 



Table 7. Pressure drop and effectiveness of filter with thickness 50 mm and 100 mm and ini:ial 
concentmion 2.0 gjm3 

1 Test duration. / Pressure drop and effectiveness of filters by initial 
I 
I 

I filtration velcxi" 0.2 rnls and dust concentration 2.0 p m 3  I 
(included oressure droo of a mid -105 Pa) 1 - 

Filler thickness 50 mm Filler thickness 100 mm 
Pressure drop. Effective IPressure drop./ Effective 

dust 



Table 8. Pressure drop and effectiveness of filter nith thickness 150 mm 

Pressure drop and effectiveness of filter nith thickness I50 mm. 1 1 d z o n .  I initial filmtion velocitv 0.2 m;r and different dust concentra~ions in ; 
I 

l h l  
(iic!uded pressure drop of a grid - 105 Pa\ I 

Concenhation Concenmtion i Concenmuon I 



Table 9. Pressure drop and effectiveness of filter uith rhichess 50 rnm 

Tes~  ( Pressure drop and effectiveness of filter nith thickness 50 rnm. initial 1 
1 duratioe ! tiltration velocih 0.5 m's and different dust concenmtions in air 

(incl"ded pressure drop of a grid - 105 Pa) 

1 Pressure drop, Dust particles concenmrion. j Effective 
i Pa ness. O,O 

the filter 



F) Impact. Relevance. and Technolow Transfer: An impact rendered in methods of air 

contamination conuol in indumial workshops with scientific and practical a ims.  T%e acquired 

knowledge and experience sre veiy llseful in hplcmentaion of air pollmion a n m l  in i n d ~ m d .  ci\il 

and agricultural buildings in Uzbekistan. Especially it's related to Cottonseed Oil \fill Mum\.. The 

number of population of Uzbekistan is about 24 million. The seed oil industry of Vzbebsran procesces 

about 7- million ton seeds every year. The indurr) consists of more than 20 large mills uirh a daily 

output of 800-1200 ton seed each. The processes of handling of seeds (such as weighing. hulling. 

separillion, preparation for e m t i o n ,  handling of cononseed cake and the Me) Rsulr in large emission 

of dust paiticls, borh inside the mill and to outside environment. 

Joint scientific wllaboration in solution of dust remo\ing and air cleaning problens made the 

Uzbekistan researchers acquainted with modem methods and procedures of experimental and 

thmrerical study of f i l tm for cleaning of air. 

Uzbekistan collaborators used h e  purchased experience and knouledge in teaching and in scientia 

research work wtth students. The results of the project were used in training of srudmls in methods of 

physical and mathematid modeling of dust catching processes in bed filters. 

Cotlaboracing on the joint paper published in scientific journal "Bios?stems Engktz inC - added to 

the Uzbekistan -hers experience for publishing in intemarional scientific journals. 

Tbe results of investigation of cononseed filled bed fillers were used in design of vendlaion 

systems for hull ing-sepdon depanmenu of Cottonseed oil mills. The obtained measrerent  data 

m e r e  used for estimating the potential occupational exposure to conon dust of workers in the hulling- 

separation rooms of cononseed oil mills. 

G) Proiect Acti\itieu'OutDuts: 

I )  Dr. Y u  Rashidov, Head of Heating. Vetilation and Air Conditioning Depamnent in 

.4rchitecrural-Building InstiMe of Tashkent, involved as a senior researcher in the Project. \isired in 

June, 2001 to Technion (Israel), to Israel Oil Seed Mills, to lsrael Innitute for Occupatiod S a f q  and 

Hygiene. and to Laborator). of .4ir Pollution in Israel h i i n i w  of Labor. 
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CO-Principal lovestigator Dr. S. Tabak (Technion) in ..iugw ZOO0 \isired ro Prof. G. Tudor in h e  

laboraton for dust particles measurement and agglomeration tools ar C iy  C ~ v e r s i y  of Ye\\. Yo& 

PY). 

Dr. S. Tabak visitad in September, 2002 and 2003 ro Dininguished Professor R. Pfeffer iz~ Sew 

Jersey Institute of Technolog (NJIT), A Public Research tiniversih, Department ofchemical 

Engineering, .:hemistry and Environmental Science, New Jersey Institute of Technoloe. Cniversip- 

Heights, hTW;\RK, NJ 071 02-1 982. 

2) List of training. 

According to the Projwi workplan the Uzbekistan collaborator (Dr. Yu Rashidov) pot wining in 

Technion-Israel Institute of Technology. Also we got an a p m e n t  with one of the Oil Seed %fills here 

in Israel in order to bain the Uzbekistan collaborators to use the bought research tools for c o ~ b a r i o o  

and particulate size dimibution measurements in workshop conditions. H'e have accomplished the 

mentioned experiments and training. 

We arranged also the training of Uzbekisran collaborators in Israel Institute for Occlrpational Safer)- 

and Hygiene, and in Laboratory of Air PoIlution in Israel Ministry of Labor how TO use the 

experimental tooIs. 

Dr. S. Tabak contacted the laboratory for dust particles meanvement and agglomemioo tools a~ 

City University of New York (NY). During the visit to the laboratory (August. 2000) Dr. S. Tab& 

have been acquainted with the measurement tools and their functioning. We needed according to rhe 

workplan of the Project to shldy of the panicles size distriburion of dusl of cononseeds aod their 

elemenrs (kernels, hulls. etc). 

Dr. S. Tabak visited to Prof. Robert Pfeffer in New Jw lnnitute of Technolog?. and got 

discussion and c o d t a t i o n s  in mathematical modelling, amlying of the research data and. especial!!. 

adlises in preparing of a paper for scientific journal. The paper a% published in scientific jolnnal 

"Bios\.nem Engineering". We ieish to thank Prof. Roben Pfeffer of the Sew Jerse!- h i ~ e  of 

Technology, Newark, NJ for many insightful techrucal discussions during the p r o p s  o i ~ s  m h .  

: C - - 



3) A joint paper named ".4irflow through Granular Beds packed uith Cofionxeds" of lmel  and 

Uzbekistan collaborators B. Askarov. U. Rashidov as co-authors uas  published in scientific ,journal 

"Biosystem Engineering", Volume 88, Issue 2. June 2004. Pages 163-173. Reprint is enclosed). 

H) Proiect Productiviw: The projea accomplished all of the proposed goals. 

I) Future Work: The performed project made an tnormous conmbution in pc ssible future collahration 

behveen scientists of U.S.A., Israel and Uzbekistan. The implementation of h i s  Projecr bgame a 

f i t f u l  and productive scientific collaboration between Israel and Uzbekistan researchen The 

collaboration beuune useful for both sides, especially for Uzbekistan which got aquainred uith 

modem and state-of-the art scientific methods and equipment, using new technology for meanucmcnr. 

acquisition, preparation and presentation of scientific data Continuation of the scientific collaboration 

is unvalued and desirable by both Uzbekim and Israel sides. We hope the CDRtC.AR Fund uill be 

renewed and ail1 help in continuing of this collaboration. 

Acknowled~ents:  Israel and Uzbekistan collaborators wish to thank the U.5-hael  Coopedve 

Developmenr Research Program, Economic Growdr, U.S. Agency for I n t d o d  Developmen! for 

support in this f i t f u l  i n t e m d o d  scientific collaboration 
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Airflow through Granular Beds packed with Cottonseeds 

'C in l  and Env~ronmmul E a m n g  kpnmcnt.  F w l i )  of Apriul~ural Enprrrnw T a h n m . t u a d  t n s ~ ~ u s  r< T h m h ~  
Techruon C q .  Hatfa 3 - a .  I m c l :  c - m i l  of cnnnpondong author am.baka icchunn mh- r il 

- k p F t  of Ci\d En@nmng, T d k c n t  A x h ~ t m u n l  8mkJlng lml~lua. I l  \ a > n  Srr Trrhkml. I. 1 -nun 
RAM E ~ g m n n g  lh' . 261 Roua 44 W. E t m u ~ n d  Park. 31 07407. I SA. r-rrml il?autuk r !h~ .-. 

The study i s  concerned with local exhaust ventilation systems for dust control in the hu lbn?vparat~m p m - m  
in cottonseed oil mills. Experiments were carried out to study the parameters that influcncr thc pressure drop 
and mean velmt? o f  airtlou through a packed bed o f  cottonseeds. b t h  bare and f w .  The ctpcrimental 
facility included a blower. ducts, and a granular bed filter filkd with cottonseeds conm-ted to thc du,s .An 
oritice flowmeter and a Pitot tube were installed in the duct and connected to electronr pressure t r a n d u m  
A transducer was also used for measurements of the pressure drop across the packed bed h l t m  Thc p-urr 
transducers were connected to a computer w ~ t h  data acquis~tion sonrare Thc parameten baned dunng thc 
experiments were the praencr and absence of cottonseed fuzziness. the la!er thrLncu o f  thc packed 
cottonseeds. and the airflow rate. The measured data showed that pressure drop i w x a s n  ul th i m i w n g  
airflow rate. presence of fuzziness of the cottonweds and thickness of the bed la!er .An cquatlm that relates 
the pressure drop to the a i r f l o ~  rate i s  proposed based on the Carman equation and c c r i k m u  obulncd h! 
regression analysis. Graphs plotted in accordancr with t h ~ r  correlation equation compare fa\ourdhl! u;th 
most of the measured data. 
I ?au S ~ k u  R e a r c h  lnrlitvic ,411 rights e n d  
h b l ~ s h c d  b? ElY~lcr Ltd 

I n  some parts of the world, c o t t o n d  is an essential 
source of vegetabk oil. As well as producing oil for 
human consumption. cottonseed oil mills produce a 
number of other by-products: the hulls k f t  oher after 
hulling-separation promsps of the c o t t o n d s .  the 
cottonseed cake. left over after the extraction o f  oil 
from cottonseed meats. erc. The hulls and the cottonseed 
cake are uud as a feed for I~vestrxk. The hulling- 
r~paration proccnes of the cottonseeds are accompanied 
by considerable dust emanation in the environment Thc 
dust contains tine panicks of cottonseed mcats and 
h u h  and may pose an caupational hazard (Matlrxk 
eral.. 1976; Parneleral. 1982: Tabak. 1989. Tabak era/.. 
2002b). This study IS concerned with dust control in 
hulling-separation processes in c o t t o n d  mtlls. Local 
exhaust ventilation systems ( A S H M E .  I*) are 
normally the most effective method o f  controlhng alr 
pollutants: capturing pollutants at or near their soum is  

the only wa) to ensure compl~ancr w i l h  thruhohi l1m11 
values (TLVs) in the worker's breathing nnu 

I n  oil production. m n t  d lonsecd p-ng opera- 
tions. such as storage. dn~nn .  ckamng d seeds and 
separation o f  meats from hulls u u  airtlow Pneumat~ 
conveying of by-products pla!s an lmpoflant rok  in 
handling and pr-in_e of cononsecds C o t t o n d s  
used for oil production habe different ltnt mnrents 10 
1.10.). Acrordingl!. thc cottonseeds ma! be dtbidcd ~ n t o  
three group. namel?: lure cottonseeds uith hnt ~nntent 
of 0 I'i b! mass; uml-fluBed cotto& uith lint 
content of l ? 5 * . :  and f w  ~mttonsaeds u ~ r h  l ~ n t  
content htgher than 2-5'.  

Thc bars cottonseeds m b k  an dl~& of matlor. 
u h o u  cross-secilonal d~arneter r a c k  a martmum 
slightly off antre. The bare cotlonseed has a bod! ui th 
a smcwth ruriam texturc dnd I, abk to flou mmlhl ! .  
Fuu?  cottonseeds tend ro adhere topecher u i th shon 
staples that essent~ally affect lhclr aerod>namw proper- 
t ~ e s  Owing to the method o i  l ~ n t  m o r a l  and residual 
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I Notation 

I Kf' 
I I i 
f 
AP 

total cross-sectional area of the bed, m2 
orifice area, m2 
coefficients 
permeability coefficient for the bed, and 
depends only on the properties of the bed 
exponents 
pipe diameter, m 
orifice diameter. m 
diameter of particle, m 
equivalent diameter of particle, m 
diameter of the tube. m 
equivalent diameter of the pore channels. m 
fractional voidage of the bed. voidage, or  
porosity 
constant depending on the physical proper- 
ties of the bed and fluid 
correction factor of the orifice flowmeter 
dimensionless constant whose value depends 
on the structure of the bed 
Kozeny's constant 
thickness of the bed, m 
length of the tube, m 
length of channel, m 
pressure difference of across the bed, Pa 

- p?) pressure drop in the orifice flowmeter, Pa 
discharge flow rate, m's-' 
aimow rate in local exhaust \,entilation 
system, m's-' 
aimow rate induced by falling bulk materi- 
als. m\- '  

ail.flo\v rate arisen by huller working ele- 
ments. rn's-l 
airflow rate sucked through the technologi- 

I 
cal openings and chinks in housing of , 
enclosure, m ' s - '  
component of the drag force per unit area of 1 
particle surface in the direction of motion. N 1 

. ?  

Reynolds number of particles 
modified Reynolds number 
specific surface area of the particles. m.'m-' ~ 
surPdce area of the particles when the : 

pi~rticles are packed in the bed, m' 
specific surface area of the bed. m'm ' 
surface area of the bed presented lo the 
fluid. m' 
average velocity of flow of the fluid. defined 
as  (I .A)(dV/dt), ms-  ' 
average velocity through the pore channels. 
m s ~ '  
terminal velocity of particle. m sC' 
volume of the bed. m3 
volume of the particles, m' ' 
volume of the fluid Rowing in time t, m 3 s 1  I 
ratio of the orifice diameter Dr to the pipe 
diameter D l  
dynamic viscosity of the air, kgm I s - '  
densir) of air, kg m '  

lint content, fuzzy cottonseeds are approximately 
sphencal. 

Interaction between aimow 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 1 0 - ~ - 1 0  'm (Tabak & 
Wolf, 1998) and the Reynolds number Re in pneumatic 
separation and pneumatic conveying. defined by 
the following equation, is usually in the range of lO3- 
2 104: 

where: d, is the equivalent diameter of particle in m; u, is 
the terminal velocity of particle in m s l :  p is the density 

of air in k g m  ': and ,r the dynamic viscosity of air in 
k g m l  s ~ ~ ' .  

I .  I .  Corronseed 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 
er 01.. 1982; Railey etal . ,  1948; Lear. 1985; Matlocker 01.. 
1976; Smith, 1975: Tabak, 19891. 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. .4 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 



IRFLOU THROUGH GR4HUL4R BEDS 165 

industnes are required to comply with the occupat~onal 
safety and heallh standards promulgdted under the 
Occupational Safety and Health Act of 1970. I n  the Act. 
the National Institute for Orrupational Safer) and 
Health (NIOSH) was authorised to develop and 
establish recommended occupational safe[) and health 
standards, and to conduct m a r c h  and expenmental 
programmes for developing and impro\ing the criteria 
for occupational safety and health standards. Spec-fic to 
the cotton induslries, employers are required to limit the 
amount of respirable cotlon dust in the air by utilising 
dusl control measures. i.e. eBcient ventilation. enclosing 
the process equipment and placing i t  under negaliie 
pressure. 

The current Orrupational Safer) and Health Admin- 
islration (OSHA) pennlssible exposure limils (OSHA 
PEL) for cotton dust (raw) in  hec cotton industries range 
from 0.2 to I mgm-', These values represent a time- 
weighted average (TWA) concentration that must not be 
exceeded during any 8h work shift in a 40h working 
week. The NIOSH recommended exposure llmits 
(RELs) for cotton dust (raw), representing the highest 
allowable airborne concentration that 1s not expected to 
injure workers. i s  set at 0-2 mg m ' .  based on a TWA for 
up to 10 h each day during a 40 h week. The American 
Conference o f  Governmentdl Industrial H)@enists 
(ACGIH) also set the TLV for cotton dust at 0.2 mgm' ' 
(ACGIH. 1988). The TLV represents a cotton dust 

concentration to which i t  is believed that workers ma) 
be regularly exposed. without developing adverse health 
e8ects. Although for cotton dust. o f  the three indoor 
occupational exposure limits outlined. only the OSHA 
PEL has an enforcement power as a legal jtandard. 
Therefore. il is noteworth) that although OSHA PEL, 
for cotton dust exist for specific operations and 
industries. there i s  as )el no specific exposure limit for 
cotton dust in cottonseed oil mllls. 

The probkms of dust dispersion and need for air 
cleaning at coltonseed oil mills are i n f l uend  by the 
machinery. the amount of equipment enclosure. and [he 
characteristics o f  aspralion and local exhaust \entila- 
tion syslems (ASHRAE. 1999: Bailey er a / .  1948: 
Tabak. 1989: Clark & Johnson. 1981: Clark. 1977: 
Steele. 1982; Tabak er al.. -m)?a). 

Smith (1975) showeda high content offine particks in 
dust-laden air taken from cottonseed processing equip 
ment in oil mills and d i r d  the application of air 
pollution control equipmenl such as pclones or e\en 
fabric filters. 

Steele (1982) reported on theorelical and practical 
approaches for minimising workplace en\~ronmental 
dust. The dust escaping during the rand and dirt 
removal pr- for the c o l l o n d  was discussed. 
An enpeering solution was proposed for collecting 

dust in the hull~ng-separation room. w h d  alloved dust 
le\els to be mlnimlvd to I R mg m ' 

b a r  ( IV8Si st& the lmponanol of d m p t n g  dust 
control. which includes the follou~ng two vpcu First. 
the operation must be cnclosed as much as porribk 
while allowing for all n a c i a n  maintenany m n d  
oburvallon. Then suftion must be a p p W  at ihe mmt 
suitable point and in su&icnt quantlt! to plae the 

entire operation under negatibe prrrsure Thcv mea- 
surer will prevent the dust irom eapsng Into the 
worklng environment. 

According l o  pre\~ous works i\4atlock er a l .  19'6. 
Tabak. 1989). the highest quantlt) o i  PM generated 
Inside the mill i s  in  che handl~ng. upantm. and 
delinlering a m .  I n  relation l o  the hu l l inpuprat~on 
pr-. Parnel er a1 (1981 noted that ihe hulling and 
separation rooms conslstenll) umd to haw high dust 
conoentrations dative tn the rest of the mrll Dust 
content in the alr causa two mapr probkms: pollution 
of the en\ironment and l o u  o i  rau matrrwl. 

I ? Durr conrrol m c o r r m d  m11.h 

T h i s  s t u d  i s  concerned with dust sonlrol m hu01ng- 
separation process in cottonseed mllr A bl exhaust 
ventilation system for hulling-separatwn uniu u i lh  a 
proper airflow rate 1s able to pmen l  d~spcrwon o i  dust 
into the Inner environment of the workshq. The airflow 
rale Q, in m's-' in l ~ a l  exhaust ventllat~on s ) u r n u  
includes seieral componenls I Fig I1 T k e  ~wmpments 
are the airflow rate brought up h) the uork~ng ckma ls  
of hulling machines QI. the airflow ralc wcked lhrough 
the technolopcal openings and chink, in the housing d 
the enclmure Q.. and the dirtlow rate i n d d  b! hulk 
rnatenals falling In chutes Q,, and Q,:. Tbt bu l l~np  
separation unit (Fig 1 I. equip@ wltb a b l  exhauw or 
aspiration syslem. includa the hulkr (Ai. separator ( E l  
with upper (C) and lower s~c\e ID). eDcbwng h d  IEi. 
duct IF). chute for hulls (GI. and chute for m a t s  IH). In 
the 1-1 exhaust \entlbtion s!rtem. the hood- uere 
joined b) bertical ducts feeding Into a long horizontal 
duct connecled to a cyclone. u h d  is connmcd to a 
ventilator. T h i s  s)slem has some hsadranuecs. l q.  the 
particles jucked into the hoods are t radmd in the 

ducts for a relatiwl) long dalana so that the h o m n t a l  
ducts are ven frequcntl) obstructed b) the mtkd 
part ick.  This ult~matel! kads l o  [he failure o i  the 
\entilation s>*tem. n o t h e r  disadvantap is the rela- 
t i \~el? low collea~on effrcmc) oi the qcloner. 

Tabak t 19891 suggmed a solution to the aforemen- 
tioned problems, Instead of c)clona lwated at the end 
of the lwdl exhaust ventilat~on s)stem. cottonseed-filW 
hed filters uere p l a d  in each suctron hood. Thu 
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Fig. I .  h a 1  exhaust vent~btnon s.vstenj of hulling-separation 
equipmenr /or cortonseed~: iAj huller; iBI xparator; iC)  
uppersiece; ! D )  lower sieue; ( E l  enclosing hood: ( F j  ducr: (GI 
chure/or hull: i H )  chute for kernels: Q,. exhauxr capaciry o/rhe 
local erhoust wntilation system; Q h .  air that induced bp the 
huller working elements: Q,, air that sucked through technolo- 
gical openings and chinks in the housing of the enclosure: Q,, 
and QsZ. air mrrents induced by/alling bulk materials in chutes 

~t,hich leave [he rechnoloyiml equipmenr 

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 ellectiveness of the 
cottonseed bed filters depends on the thickness of the 
filled 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. AirBow 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 el 01.. 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 el a / . ,  1991). 

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 
law (Coulson et a/.. 1991) and can be written as 

where: AP is the pressure drop across the bed in Pa: 11s 
the thickness of the bed in m; u is the average velocity of 
flow of the fluid. defined as (I/.4)(dV!dr) in ms-': A is 
the total cross-sectional area of the bed in m'; V 1s the 
volume in m3 of the fluid flowing in timer in s: and K is a 
constant depending on the physical properties of the bed 
and fluid. 

The linear relation between the rate of flow and the 
pressure diference indicates that the flow is streamline. 
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: 

where: p is the viscosity of the fluid in k g m '  sC1; and B 
is termed the permeability coefficient for the bed, and 
depends only on the properties of the bed (Coulson er a / . .  
1991). 

The general structure of a bed of particles can be 
characterised by the specific surface area of the bed Sr.hrd 

and the fractional voidage of the bed. r: 

where: S,,h.d is the specific surface area presented to the 
fluid per unit volume of bed when the particles are 
packed in a bed. with units in Shedis the area of 
the bed presented to the fluid in m2; Vbc,l is the volume 
of the bed in m3 and I is the thickness of the bed in m. 
The fraction of the volume of the bed not occupied by 
solid material. e ,  is termed the voidage or porosity and is 
dimensionlcss. Thus, the fractional volume of the bed 
occupied by solid material is ( 1  e ) .  

The specific surface area of the particles. S,,.,,,,c in 
m'm-' I S  the surface area of the particles divided by its 
volume: 

where: S ,,,,,,,,, is the surface area of the particles in m' 
when thc particles are packed in the bed and V,,,,,,,I, is 
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the volume o l  the panicles in m' For a sphere o l  sue U, as: 
diameter d in m. lor examde: o o 

d _ , l -  - 1 1 1  
nd' 6 S,h.. SI-.Xlr(l-e\ s,-& = - = - 

Md3 '6) d ( 6 )  
Then. taking UI = u r and f I I. Eqn 0 0 1  bccomcs 

I f  point contad m u n  between panicles so that only (Coulson el 01.. 1991 I. 

a ver) small lractton o l  s u d m  area is lost by I d 11-JPI - - I i 
overlapping (Coulson er 91.. 1991 1. i r .  SW= S,,,,,. u = - I (-AP1 -- 

Eqn ( 5 )  can be written as K" Si., P 1 b"S&,i~\ - er 'u  I 

Some values o l  S and e lor dilTerent beds o l  panicles 
have previously been documented (Coulson rr 01.. 19911. 

2.2. General e.rpressionr for /low rhrough puckrd k& in 
r e m  of the Cormon-Ko:eny eguarion 

The analogy between s t r e a m l i n  flou through a tube 
and streamltne flou through the pores in a bed o l  
pan~cles has bern used lor denvtng a general expression 
(Coulson er 01. 1991) lor flow through packed beds The 
equation lor streamline flow through a clrcular tube is 

where: u is the average velocity o l  flow of the fluid in 
m s ' :  (-AP) is the pressure drop across the bed in Pa: p 
i s  the dynamic bixosity o f  air in kgm-Is- ' :  d, is  the 
diametrr o l  the tube in m: and I, i s  the kngth o l  the tube 
in m. I f the tree spamolthe bed isassumed toconsist o l  
a series of tortuous channels. the equation lor flou 
through a bed may be reurirten as: 

8 (-AP) 
UI = I-- 

K'p I' 

where: ul is the average velocit? through the pore 
channels in ms-I: dm is  some equibalent diameter o f  the 
pore channels in m: K' is a dimensionlus Lnnstant 
whose value depcnds on the structure of the bed: and P 
is  the length olchannel in m. I t  should be noted the ul 
and f in Eqn (10) now reprrvnt condinons in the pores 
and are not the same as u and 1 in Eqns (2)  and (3) .  but i t  

i s  reasonable to assume that f is d im31  proportional to 
I. and that 

For Eqn (10). Kozeny proposed (Coulson er 01.. 1991) 
an e r p m i o n  lor the quivalent diameter of the pore 

Kozen)'s constant IS generall denoted K' a r t  is 
usually taken to be equal to 5 H o r n r r .  K- IS 

dependent on poroslt>. panlck shape. and other factors 
4 companson of Eqn I131 u ~ t h  Eqn (31 shows that the 
penneabil~t ~wl f ic lenl  B IS p e n  b! 

Equation (13) applies to streamline flov ~ n d i t m n s  but 
Carrnan and others (Coulwn er ul.. 19911 habe e\!:njerl 
the analog? with ppe flow to caber both strramhn and 
turbulent flow conditions through packed bois In tha 
treatment. a modified Reynolds number Rri is plnrted 
against a modikd frtction factor R! p< 

The modified Reynolds number R-, IS ohc~rned b! 
taking the wme v e l m l !  and chamienux l~ncar 
dimension U, as wrre used in dmbing Eqn i l ? l  Thu. 

The lriction lador. vhlch i s  @red a p n s t  the 
modified Re)nolds number. a R, p < .  where Ri 15 the 
component o l  the drag force p unit area of pa** 
surlace in [he direction of motion in N m  : or Pa md 
can be related to the properties o f  the hed and prruure 
gradient as idlous. Consider the lome aciing on the 
fluid in a bed of unit cross-uctional area md thkLncss I 
The volume of particles in the bed a /(I - er and 
therefore the lolal surface is S,,,,,I(l - el. Thus. the 
resistancr force is  p e n  h! the e\pr-sslon RiS,,,cl - 
(I - el. This l o r n  on ihe fluid must be qua1 to that 
produced b! p m u r e  d~Kerenc~ ~i I P  ao~m the tKt 
Then. s~nce the free cross-stion oTfluid ir equal l o  r 

Carman found that when Ri ,>J uar plotted against 
Rr, using lopnthmlc c 0 0 ~ d l ~ t c %  his data for the tlou 
through a random1 packed bed of solid p a n r b  could 
be correlated approximatel> b) a ringk cune. vhclie 



168 S TABAK ET A L  

general equation was 

From this equation, it can be seen that for values of 
Re,  less than about 2 (Coulson el  ol., 1991), and the 
second term is negligible and can be omitted. Therefore. 
Eqn ( 1  7) becomes 

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

In Eqn (19) (Coulson el  ol., 1991). the first term 
represents viscous drag losses which are more significant 
a t  low velocities and the second term represents kinetic 
energy losses which become more significant a t  high 
velocities. 

3. Experimental materials and methods 

The research was carried out with fuzzy and bare 
cottonseeds as the media of the granular bed filters. 
Fuzzy and bare cottonseed samples in quantities 
(approximately 400 kg) suficient 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 weds was weighed with an electronic 
balance. and was evenly supplied into the filter basket. 

T o  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 a t  the 1@~12% d.b. this is 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 4 h .  

3.1. Cottonseed samples 

3.2. Experimenlul arrungemenf 

The experiments that form the basis of this paper were 
carried out in October-March. 2002-2003 at the T o  study the pressure drop across beds due to 
Technion (Israel). In this study, an average value of resistance caused by the presence ofcottonseed particles 
the density of air p was taken as 1.21 kgm-'. The in the layer an  experimental installation was designed 
deviation of the measured values from the above air and built. The experimental arrangement is shown in 
density ranged between -3 and -4%.  Fig. 2 and is similar to the installation used by other 

Fig. 2. E.~perimen/ol insrallarion/or sfurly o/Ihe pressure drop across yrunulur hcdJi/r~rs,fiIled orirh rarronreedparri~/es: ( A  J /on; 
(B i  dompcr; iC )  durrs: !Dl,f i l fcr: i E )  Pirot mbc; (FJ or~fice/?ow meter: / ( ; I  prerorr rronsducers: f H J  compurer: / M i  L'ruhe 

mor,omcrer.~ 
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investigators (Carman, 1997; Dairo & Ajibola. 1994: 
Devies, 1973; Fuchs, 1973; Otany er a/.. 1989; Pagano 
rr a/ . .  2000. Tabak. 1989: Tardos. 1997: Tien. 1989). 

The experimental rig included the following elements: 
the granular bed filter (D) filled with cottons&. a 
difuser before the filter and a contractor after it. a fan 
(A), ducls (C). and a damper (B). The filter had a 
parallelepiped spaced frame constructed with an ande 
bar. The cross-sestion o f  the two opposite sides of the 
frame exposed to the direction of airflow was I m by I m 
and the uidth was variable. and could be changed from 
50 to 150 mm. A right angle basket Including c o t t o n d  
filler was placed into the frame. There were t h m  types 
of baskets. each o f  a direrent width of 50. 100. and 
150mm. respectively. Baskels were built o f  angle bars 
and the mra lk l  sides es~osed to airflow were co~ered bv 
gnds of wire. A bulk density of cottonseeds of 
760kgm-' 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 orifice flowmeter 
(F) were used for the measurement of airflow rate. The 
orifice flowmeter was 78mm in diameter and was 
installed betu-een flanges connecting tno pipe sections. 
Flange pressure taps were located at a standard distance 
of 254mm from either side o f  the orifice. The exact 
geometry and specification of the orifice followed the 
IS0 5167-1 (ISO, 1991). lS05167-1. Amendment I 
(ISO. 1998) and ASME (1971) standards. The orifice 
flowmeter was calibrated b l  tirmng a volumetrically 
measured amount of air. The correction factor K I  was 
determined and compared with correction factor values 
@ven in ASME Standard PTC 19.5 (AS.ME. 1972). The 
contraction coelficient. friction loss coefficient. and 
approach factor 1/(1 - $)", where ,8 i s  the ratio of 
the orifice diameter 0 2  in m. to the pipe diameter D l  in 
m. can be combined for the orifice floumeter Into a 
single constant KI .  which i s  a function of geometry and 
Reynolds number. The orifice flow-rate equatlon re- 
commended by ASHRAE (?001) i s  

where: Q is  the discharge flow rate in m's I; A? is the 
orifice area in m'; and QI -k )  is the pressure drop lo Pa. 

Pressure drop values were measured at thm points: 
before and after the filter; at the Pitot tube: and at the 
or iha flowmeter. Each of the t b m  measurement poinls 
was connected to a separate (GI pressure transducer 
(SHAEVITZ Pressure Sensors. P-2061 Transducerl and 
a computer data acquisition system (LABTECH. 
Laboratory Technologies Corporation. Version 6.1.2). 
Each of the measurement points was also connected to a 

U-tube m a n o ~ l ~ l e r  (M). Tbe pressure drop v a l w  
measured a c r w  the filter were determined as the 
diKerence between the overall pressure drop due to the 
airflow through the filled filters and p m r e  drop 
through the empty basket grids onl?. Each mcasurcmcnt 
was repmled I W  110 t ima  over a 10s ln tma l  and tbc 
average pressure drop d w  to the mrflow was deter- 
mined. Data collected from the U-tube manometers 
served to check h e  t r a n d u m  readings for pressure 
drop. To obtain correct values of IIIC air densib. dr) 
bulb and wet bulb temperaturn urn alro mcasurcd 
during the esperimcnls. 

The values o f  the pressure drop d r r  to h e  airflow 
throu& beds of fun) and bare cottonuad pan* oi 
diferent layer t h ~ k n e s .  Lr. 50. 100. and l . W m  are 
presented in Fig. 3. 

The airflow rate per unlt a m  of filter surfate 
perpendicular to [he alr stream flow was \ - a d  from 
0-025 to 0.22 (m's-')m--'. A s  the flou rate d air 
increased. the pressure drop across the filter lacrrved 
for all o f  the panicks tested. A s  the alrflou rate 
increased from about 0.025 to 02?1m'r ' ~ m  '. the 
pressure drop ~ncreased from about I4  to S ' h  for the 
fuzq and to 74Pa for barn cottonseeds in the brd of 
50mm thukness. However. as XCTI from Fig 3. the 
pressure drop for both the 100 and 1-33 mm t bkw  d 

Fly J Prr-e &ap a a h r l ~ o n  q i  r k  q&n r r ia r~r l  
rhrnugh n M *f .h - : ,  m d  h n r  r o r r o n v r d p m r ~ h  o J Y n m r  
birr thrrlness 0. O m m  b,n q f b r r  wrd B. .Vlmm b m  4 
li::?. r r r d  L. I0 mm l a ~ r r  o?f hyr x-rd A. /!Xlmm b w  <!I 
/Lr? sped: 2, l 5 O m  !+cr q f h n r  wrd 0. I . W m  bre 01 

!u::l d 
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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 182 Pa and 
from 20 to 257Pa. respectively. 

The measured pressure drop in the bed of 100 and 
l5Omm 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 IS to IS2Pa in the 
10Omm fuzzy cottonseed bed. and from 13 to 159Pa 
In the IOOmm bare eottonseed bed. as  the airflow rate 
Increased from about 0.025 to 0.22 (m's 'im-'. As the 
flow rate of air increased the pressure drop increased 
from about 20 to 257Pa in 150mm fuzzy cottonseed 
bed, and from 20 to 219Pa in l5Omm bare cottonseed 
bed. 

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

5. Cakulatiom and dixussion 

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 e! 01.. 1991) and Eqn 
119) proposed by Ergun (1952). 

C a m a n  (Coulson el al., 1991) found from Eqn (17) 
that. when R l l y u ;  was plotted against Rel 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: 

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 
c = 0. are given in Table I 

The tahlc shows the coefficient a had values 22.72. 
45.13. and 50.06 for bare seed fillers, and 44.07. 55.0. 
and 58.0 for furr) seeds, where thickness of the fillers 
changed from 50 to 100 and ISOmm correspond~ngly. 
The values of coefficient o for fuzzy seeds exceed values 
of coelficient a of bare seeds for beds with the same 
thickness The possible reasons for this behaviour was 
thc presence of short fibres adhered to the eottonseed 
hull. Moreover. the difference between the coefficients 
obtained in our research and the coefficients given by 
Eqns (18) and (19) is probably due to the unusual 
morphology and surface character of the filler part~cles. 
including the f~lzz~ness of the cottonseeds in comparison 
to the smoother and much more spherical shape of the 
part~cles used by other lnvestlgators. The peculiarity of 
the shape and surface characteristics of the cottonseed 
particles also leads to dimerences in the values of their 
drag coeficient (Tabak & Wolf. 1998). 

Calculated ralues of exponent h were found to vary 
from - 1 ,  I I to  -0.91 for studied dimerent cottonseed 
beds. The values of exponent h were very close to the 
value of' I obtained by Carman, Kozeny (Coulson 
er 01.. 1991 1 and Ergun (1952) using the analogy between 
streamline flou through a lube and streamline flow 
through the pores in a bed of particles. 

Graphs plotted in accordance wlth Eqn (22) using the 
coefficients given in Table I compared favourably with 
most of the measured data for both fuzz) and bare 
( F i y s 4  9)  cottonseed filter beds. The values for the 
coeffic~ent of determination R' varied from 0.9672 to 
0.9979. 

6. Conclusions 

where: a, b. c. d a r e  constants. 
E~~~~ (1952) obtained E~~ (19) a good semi- In this paper. the cottonseed bed fillers of different 

empirical correlation for pressure drop as  follows: fuzziness were used. Therefore. the pressure drop due to 
rn a~rflow across beds filled with cottonseeds depends on 
KI 

- = a ~ r ; + c  (22) the airflow rare. the thickness of  the bed and the 
~4 fuzziness of cotlonseeds. The pressure drop uas  found 

Table 1 
Coefficients a and b for Eqn (21) based on the experimental data: R', coefficient of determination 

T11icknc.s~ qf!u/u;:x corlonr~~r(f i l lcr .  nrm 
~~ ~ .~ 

0 100 I SO 
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t o  increase a s  the flow rate o f  a i r  increased f o r  beds o f  all Bailey 4 E: Hilditch T P; I m n g e n ~ k e r  H E: Markley K S 
Darticles studied. T h e  ~ r e ~ s ~ r e  increased from ( 1948) C ottonxed and Couonseed Products. lntcrscience 

Puhl~shers. Inc . New York l 4  to 85Pa for and from l 4  74Pa for 
Caman p C (1997) Fluid flow through g r a n u l a r  beds, 

bare beds both of 50mrn thickness and as the Chsrnlcal Ettglneering Research and Des~gn. Transactions 
aitflou rate was increased from a b o u t  0.025 t o  of the Institute o f  Chemical Engineering; 75 (Suppl). 
0 . : 2 ( m ' s - ~ ) m - ~ .  S3? S48 

F o r  the same range o f  aitflow rate, the pressure d r o p  
was found t o  increase approximately f rom 15 t o  182 Pa 
fo r  fuzzy cottonseed beds o f  IOOmm a n d  f rom 20 t o  
257 Pa o f  1 5 0 m m  thickness a n d  f rom 13 t o  159 P a  
fo r  a bare  cottonseed bed o f  IOOmm thickness, 
a n d  from 20 t o  2 1 9 P a  fo r  a ba re  cottonseed bed o f  
1 5 0 m m  thickness. Thus ,  the pressure d r o p  in  100 a n d  
150 mm f u z q  cottonseed beds considerably exceeds the 
pressure d r o p  in bare  cottonseed beds o f  the same 
thickness. A n  increase in thickness o f  the bare  a n d  fuzzy 
cottonseed bed f rom 50  t o  1 5 0 m m  results in a 

Clark S P (1977) Hulling-separating coltonseed without 
del~nter~ng.  Journ;~l of the American Oil Chemists Society. 
54(7L 286-288 

Clark S P; Johnson L A (1981). Effects of residual cottonseed 
linters on hulling-separating and preparation for extraction. 
Oil Mill Gazetleer. 86(5l. 34~-37 

Coulson J M; Richardson J F; Baekhursl J R; Harker J H 
(1991) Chemical Eng~neering. Pergamon Press. Oxford. 
New York, Seoul. Tokyo 

Daim 0 1'; Ajibola 0 0 (1994). Resistance of airflow of bulk 
sesame x e d .  Journal of Agriculture Engineering Research. 
58, 99-105 

Devies C N 119731. Aerosol Filtration. Academic Press. 
~ ~ 

monoton ic  increase in pressure d r o p  a t  the same airflow London 

th rough  the bed. Ergun S (1952). Fluid flow through packed columns. Chemical 
Engineering Progress, 48, 89-94 

Fuehs Y .4 (19711 hlechamcr of Aerosols Pereamon Press 
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