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ABSTRACT

Based on a sensitivity analysis of design parameters, a prototype uniflow deduster – a cyclone type dust separator – was developed and evaluated.  The prototype has a total pressure drop of 0.4 in water column (100 Pa) and a capacity of 288 cfm (135 L/s).   The prototype was used to verify the uniflow particle separation theory and to evaluate the particle separation efficiency.  Two types of dust were used in the evaluation; an artificial commercial dust and real swine building dust.   It was confirmed that it is possible to separate particles smaller than 10 (m from an air stream for large volume of air flow.  The cut-size of the deduster ranged from 1 to 4.5 (m, depending on whether a laser particle counter or an aerodynamic particle sizer was used.  In terms of particle count concentration measured using particle counters, the particle separation efficiency of the deduster was 90% for particles larger than 10 (m and 77% for particles larger than 7 (m.  In terms of mass concentration measured using mass samplers, the particle separation efficiency was 85%.  Because most of the dust mass is attributed to the larger particles, the number separation and mass separation efficiency agreed very well.  The deduster could be an effective method for air cleaning of dusty airspaces. 
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INTRODUCTION

Possibilities for control of dust in an airspace have been extensively reviewed (Dawson, 1990, Zhang, 1999a).  Common strategies for dust control include suppressing dust production, accelerating dust sedimentation, separating dust from the air stream with air cleaning devices and ventilation.   Some dust suppression methods include spraying or sprinkling oil or oil-soap solution in the airspace (Takai et al., 1993; Zhang et al., 1995, 1996).  To accelerate the dust sedimentation onto the floor, air ionization systems have been investigated (Veenhuizen and Bundy, 1990; Tanaka and Zhang, 1996). 

A number of mechanical methods for dust control have been suggested (Owen, 1982; Carpenter, 1986).  These methods include fiber filters, water or oil scrubbers, electrostatic precipitators and

traditional cyclone type aerodynamic dedusters.  These methods may be associated with the

ventilation system in the barns, and involve large quantities of airflow through the equipment.  It appears to be too expensive to use mechanical  air cleaners to clean large amounts of dusty air.  Additionally, existing mechanical filters were not applicable for separating respirable (smaller than 10 (m) particles (Carpenter, 1986).  There was a need to explore potential techniques and thus to enhance our knowledge or information of reducing airborne dust in dusty air spaces.

Conventional air cleaning devices employ a  filtration media to scrub dust particles from an airstream.  The filtration media must make contact with dust particles to remove  them from the air.  This contact process accumulates dust onto the media quickly and the media requires frequent maintenance or replacement.  

If dust particle removal from an airstream can be made through a non-contact process, an air cleaning device may not need frequent maintenance or replacement.  Traditional cyclones using similar principles to the uniflow deduster (i.e., non-contact process) have been studied since the early 1930’s, and a number of commercial cyclones were developed (Perry and Green, 1984) since then.  The application of these cyclones are largely limited in industry primarily because of to two limitations: (1) high energy consumption; and (2) low dust separation efficiency.  These two limitations are in turn primarily due to the high pressure drop across the cyclone.  In traditional cyclone design, it was assumed that a high pressure drop (which leads to high energy requirement) was required to create high swirl air velocities to force the particle to separate from the airstream.  These high air velocities were associated with high turbulence intensity and particle reentrainment (low particle separation efficiency).  

Some important factors such as the traveling distance and turbulence intensity were also missing in the existing particle separation theories  (Heinsohn, 1991; Ogawa, 1984; Ogawa et al., 1993).  There has been little research on uniflow type cyclones in the past few decades.   Zhang (1999b) developed a particle separation equation for uniflow dedusters and identified key parameters affecting the particle cut-size.  

The purpose of this project was to (1) develop a uniflow deduster – a cyclone type particle separator – with high particle separation efficiency and low pressure requirement; and (2) to evaluate the deduster performance with different types of dust in different types of buildings.   

PROTOTYPE DEVELOPMENT

Based on a sensitivity analysis (Zhang, 1999b), key parameters affecting the particle cut-size and the particle separation efficiency were determined.  In this prototype, the length of the separation chamber (L) was 42 inches (1.07 m), the average radius of the annular tunnel (Ra) was 3-1/3 in. (0.084 m), the gap of the annular tunnel was 1.5 in (0.038 m) and the vane angle was 60o.  Tangential air velocity was maintained at or above 600 ft/min (3 m/s). 

To minimize the electrostatic effect in the separation annular tunnel, several duct materials were tested: galvanized sheet steel, plain PVC and acrylic sheet.  Airflow carrying dust at a high pressure was forced to  pass along the surface of a duct.  Then the dust collected on the duct was collected and weighed.   It was found that the surface roughness of duct materials such as galvanized sheet has a much higher effect on dust particle removal than the electrostatic effect.  Therefore, PVC duct was selected for the deduster because it has a smooth surface.  As shown in Figure 1, dusty air is drawn from the air inlet passing through a set of vanes to establish a spiral flow pattern.  The air then passes through the annular tunnel and converges at the exit section above the dust bunker.  Particles are collected in the dust bunker and clean air is exhausted through the blower.  This prototype has a total pressure drop of 0.4 in. water (100 Pa) and a capacity of 400 cfm (188 L/s).  
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Figure 1.  The prototype of the uniflow deduster was fabricated based on the sensitivity analysis.  Air was drawn into the annular tunnel through a set of vanes with an angle of 60o.  

To visualize the path of particles and flow patterns in the annular tunnel, a transparent acrylic outer tube was used and a transparent dust deposit box was attached.  A white inner tube was selected for better visualization of airflow pattern studies.  To reduce the turbulence intensity in the deduster chamber, inlet and outlet endings were streamlined and fixed to the ducts (Figure 2).  At the entrance of the deduster, the bell-shaped fitting is connected to the outer tube and the hemisphere-shaped fitting is connected to the inner tube, thus forming an annular nozzle shape to minimize the resistance and turbulence.  Eight vane blades were evenly placed around the annular tunnel and angled at 60( with respect to the center axial line of the deduster (Figure 2a). A variable speed fan was attached to the outlet of the deduster to pull air through the unit..  
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Figure 2.    The inlet and outlet of the deduster was streamlined to reduce the turbulence intensity in the deduster chamber.  (a) Eight vane blades were evenly placed around the annular tunnel and angled at 60( with respect to the duct central axis; and (b) the inner tube of the annular tunnel was converged with a smooth streamline to guide the air to exit the deduster.

PARTICLE SIZE DISTRIBUTION

Two different types of dust were used to evaluate the particle separation of the deduster, a commercially available artificial dust, and real swine building dust.  The commercial dust was used in a full size test room in the Room Ventilation Simulator (RVS).  The RVS is an air-conditioned  single-zone building capable of maintaining air temperature at any point between -25 to 40oC with an accuracy of (1.5 oC yearly around.  Thus the RVS can simulate the weather conditions yearly around regardless of the seasonal changes.  In this study, the temperature in the RVS was maintained at 22(1.5 oC.   The test room used in this study measured 18 x 12 x 8 ft (L x W x H).  The swine dust was measured in a swine grower/finisher building.  The size distributions of the two types of dusts are shown in Figure 3. 

(a)


(b)


Figure 3.  Dust size distribution used in the evaluation of the deduster:  (a) a commercial artificial dust; and (b) dust in a swine grower/finisher building.

The count mean diameter of the commercial dust was 1.61 (m with geometric standard deviation of 1.58 (m.  The count mean diameter of the swine building dust was 2.28 (m with geometric standard deviation of 2.1 (m. The mass mean diameter of the commercial dust was 9.1 (m with geometric standard deviation of 2.32 (m.  The mass mean diameter of the swine building dust was 11.28 (m with geometric standard deviation of 1.75 (m.  There were very few large particles (> 7 (m) in the commercial dust, while there are  a large number of large particles in the swine building dust.  Clearly, the commercial dust had a log-normal size distribution, while the swine building dust had a rather irregular size distribution.  

PERFORMANCE EVALUATION

The deduster was evaluated in a laboratory setting and a typical swine building.  All particle separation efficiencies were calculated using the differences of dust concentrations in the upstream and downstream air.  Sampling conditions for the three samplers used, aerodynamic particle sizer, laser particle counter and a multipoint dust mass sampler, were isokinetic.

Evaluation in the Room Ventilation Simulator (RVS)

The deduster was evaluated in a test room in the Room Ventilation Simulator (RVS) using the commercial dust.  A turning table dust generation system was used to evenly supply dust in the room.  Dust was distributed to the room airspace through 25 ports evenly placed on the entire floor area (Wang et al., 1999a).  The room air was first filled with the commercial dust to a concentration of approximately 3 mg/m3 at the level of 2.67 ft (0.8 m) above the floor using a dust generation system. The dust concentration at this height from the floor varied between 1.2 –3.5 mg/m3 during the test.  Because the RVS room is relatively small and has a slot air inlet on one side wall and a slot outlet on the other side wall, it was very difficult to achieve complete mixing conditions.  Thus, it was very difficult to achieve a consistent spatial and temporal stable dust concentration when conducting the tests.  Even in a well mixed flow pattern, the dust spatial distribution had a large gradient from floor to ceiling (Wang et al., 1999b) due to the gravity effect.  Dust concentration was measured using an aerodynamic particle sizer that has a range of 0.5 to 20 (m in aerodynamic diameter.    

To minimize the error due to the uneven spatial distribution and time variation, a total of 20 sets of data, 10 from upstream and 10 from downstream, all from 3 ft (0.9 m) above the floor, were collected in the RVS for the deduster.  The particle separation efficiency then was calculated using differences of dust concentrations at the upstream and downstream.  Each data point in Figure 4 represents 10 data points with a standard deviation shown as the vertical bar. 


Figure 4.  Particle separation efficiency of the deduster using the commercial dust in the Room Ventilation Simulator.

Because the count mean diameter of the commercial dust was only 1.61 (m, which is much smaller than the cut-size of the deduster, the dust separation efficiency is low for small particles (typically smaller than 3 (m).  The dust separation efficiencies are plotted only for particle sizes of 0.5 to 7 (m because there were very few large particles in the commercial dust.  From Figure 4, the separation efficiency is 76% for 7 (m and the cut size is 4.6 (m.   It is reasonable to assume that the particle separation efficiency was higher than 76% for particles larger than 7 (m because the larger the particles, the larger the centrifugal force and thus the easier to separate from the air flow.  

Evaluation in a Swine Grower/Finisher Building 

The deduster was evaluated in a swine grower/finisher building.   The building measures  80 ft long and 40 ft wide.  The capacity is 200 grower/finisher swine fed with mashed corn feed.  The floor is partially slotted.  The total mean dust concentration in the room air was 1.7 mg/m3 at 0.8 m 2.67 ft (0.8 m) above the floor.  

The dust separation efficiency was measured using both an aerodynamic particle sizer (APS) and a laser particle counter (LPC).  Each point in Figure 5 is the mean value of 15 measurements.   The standard deviation is shown as the vertical bar across the data point.  Because the swine building dust had much larger particles, dust separation efficiency is plotted over the entire measurement range of the APS, from 0.5 to 20 (m.  The dust separation efficiency achieved 90% for particles of 10 (m and larger (Figure 5).  For particles smaller than 7 (m, the separation efficiency was 77% .  The particle cut-size was 4.5  (m.   For particles smaller than 7 (m, dust separation efficiencies were slightly higher than the commercial dust. 


Figure 5.  Particle separation efficiency of the deduster in a swine grower/finisher building measured using an aerodynamic particle sizer.  
The tendency of decline of the particle separation efficiency for particles larger than 10 (m is due to the sampling efficiency of the aerodynamic particle sizer (APS).  The APS used in the study has specific sampling characteristics.  The sampling efficiency of the APS decreases as the particle size increases.  Typically, the sampling efficiency is only about 50% for particles larger than 10 (m.  Although the particle separation efficiency is calculated using the difference between the upstream and downstream concentrations, which counteracts some error caused by low sampling efficiency , large variation and errors occurred in the particle separation efficiency. 

To verify the particle separation efficiency, dust concentrations at upstream and downstream of the deduster were also measured using a portable laser particle counter (LPC) and a dust mass sampler.   The LPC measures particle number concentration in six size ranges: 0.3 – 0.5 (m, 0.5 – 0.7 (m, 0.7 – 1.0 (m, 1.0 – 5.0 (m, 5 – 10 (m, > 10 (m.   Since the small particles (< 0.5 (m) are primarily from outside and not the major concern of this study (Zhang et al., 1994), only large particle separation efficiency was calculated.  The size distributions for the upstream and downstream of the deduster are shown in Figure 6.  Each data point in Figure 6 is the mean of five measurements, each was measured at the same level as the APS.  The total particle concentrations and separation efficiencies  from the APS and LPC data agree very well.  However, the cut-size measured using the LPC was about 1 (m, which is much smaller than the APS measurement.  The difference in particle cut-sizes measured using the APS and LPC remain unclear.  Both the APS and LPC were calibrated by the manufacturers prior to the tests, and both were measured under isokinetic sampling conditions.   The authors had no means to perform a direct comparison of the APS and LPC.

The dust mass sampler consisted of six 37 mm diameter filters (0.8 (m porosity), each attached to a critical flow control venturi which maintained an accurate sampling rate at 20 liter per minute.   Three filters were placed upstream of the deduster and three downstream. The filters were dried and weighed both before and after the air sampling in the swine building.  The dust mass collected onto the filters was then used to calculate the dust concentration reduction at upstream and downstream.   The dust mass reduction was 85%.  Because most of the dust mass is attributed to the large particles, the number separation and mass separation efficiency agreed very well.

 

Figure 6.   Dust separation efficiency of the deduster in a swine grower/finisher room measured using a laser particle counter.

There are two major differences between the dust in swine barns compared to the commercial dust.  First, the dust spatial distribution in the swine barn is much more uniform and more stable over time than in the RVS.  Second, there is a larger portion of larger particles (typically larger than 5 (m) in swine building dust than in the commercial dust in the RVS. 

Comparison of the dust separation efficiency for commercial dust and swine building dust, the deduster showed a higher dust separation efficiency in swine buildings for large particles (> 7 (m).  It was also observed that during the experiment, the deduster collected a noticeable amount of dust in the dust bunker in the swine building while much less was collected in the RVS with the commercial dust.  There are at least three reasons for these variations.  First, the commercial dust is primarily composed of small particles with a count mean diameter of 1.61 (m, while the swine building dust has a mean diameter of approximately 2.28 (m.  Since the deduster is more efficient in separating large particles, there was a higher dust separation efficiency and more dust was collected for the swine building dust.  Second, there is likely more oil in the swine building dust than the Arizona dust.  It is a common practice to add 1-2% of oil to swine feed, and the dust generated from the fecal materials and dander are high in protein content.   Therefore, the swine dust is more adhesive and not easily re-entrained into the air flow once it is separated.  The commercial dust is less adhesive and more easily re-entrained into the air stream.  Third, the relative humidity was about 50% in the swine building and about 30% in the Room Ventilation Simulator.  The relative humidity may also change the adhesion of the separated dust and hence the reentrainment of the separated particles.

CONCLUSSIONS

A uniflow deduster was developed to verify that it is possible to separate particles smaller than 10 (m from an air stream with centrifugal action.  This implies that it is applicable to use dedusters for large volume air cleaning in very dusty environments.  Specifically, the following conclusions can be drawn from this study:

· The cut-size ranged from 1 to 4.5 (m, depending on whether measurements were taken with a laser particle counter or an aerodynamic particle sizer.  

· In terms of particle count, the particle separation efficiency of the deduster was 90% for particles larger than 10 (m and 77% for particles larger than 7 (m.  

· In terms of dust mass, the particle separation efficiency of the deduster was 85%, which agrees well with the particle count separation efficiency.
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Sheet1

		DATE: 12/4/98				South Research Center

		Ambient Air (before test)

		bin		trial1		trial2		trial3		trial4		trial5												mean		stan dev		cov

		0.3-0.5		47,313		114,896		108,433		96,321		70,121		140,982		73,154		162,452		184,231		154,016		115,192		44,697		38.8%

		0.5-0.7		181,565		222,317		216,026		197,878		190,867		220,798		185,675		232,199		231,629		220,182		209,914		19,097		9.1%

		0.7-1		101,931		84,693		80,830		84,681		88,549		76,677		94,807		71,418		65,698		71,890		82,117		11,196		13.6%

		1-5		53,840		37,226		40,055		45,757		48,733		35,308		51,983		28,713		26,308		30,677		39,860		9,865		24.7%

		5-10		15,930		10,108		13,185		14,817		17,125		8,789		13,786		6,800		5,959		7,918		11,442		4,017		35.1%

		> 10		15,915		9,334		10,303		11,449		13,806		8,131		12,538		6,447		5,752		7,685		10,136		3,298		32.5%

		Exhaust air from Deduster (test with 1/2" sampling probe, V=600 ft/min)

		bin(um)		trial1		trial2		trial3		trial4		trial5												mean		stan dev		cov

		0.3-0.5		302,854		284,793		296,739		317,195		309,967												302,310		12,434		4.1%

		0.5-0.7		231,795		229,099		233,355		234,360		234,747												232,671		2,300		1.0%

		0.7-1		39,960		44,165		42,753		38,415		40,123												41,083		2,323		5.7%

		1-5		16,363		19,559		16,784		12,498		13,516												15,744		2,807		17.8%

		5-10		1,263		1,872		1,464		652		957												1,242		468		37.7%

		> 10		669		1,417		942		336		494												772		425		55.1%

		Ambient Air (after test)

		bin(um)		trial1		trial2		trial3		trial4		trial5												mean		stan dev		cov

		0.3-0.5		140,982		73,154		162,452		184,231		154,016												142,967		42,078		29.4%

		0.5-0.7		220,798		185,675		232,199		231,629		220,182												218,097		19,005		8.7%

		0.7-1		76,677		94,807		71,418		65,698		71,890												76,098		11,159		14.7%

		1-5		35,308		51,983		28,713		26,308		30,677												34,598		10,265		29.7%

		5-10		8,789		13,786		6,800		5,959		7,918												8,650		3,066		35.4%

		> 10		8,131		12,538		6,447		5,752		7,685												8,111		2,651		32.7%

		Exhaust air from Deduster (test with LPC sampling probe)

		bin(um)		trial1		trial2		trial3		trial4		trial5												mean		stan dev		cov

		0.3-0.5		315,420		308,817		318,849		313,669		308,658												313,083		4,383		1.4%

		0.5-0.7		219,499		214,808		211,413		210,459		206,571												212,550		4,868		2.3%

		0.7-1		36,103		36,732		34,870		34,999		35,132												35,567		813		2.3%

		1-5		14,566		14,559		13,478		14,499		15,178												14,456		613		4.2%

		5-10		1,023		1,584		1,149		1,287		1,759												1,360		305		22.4%

		> 10		606		1,176		758		1,001		1,247												958		272		28.4%

		bin(um)		Ambient(1)		Deduster(1)		Ambient(2)		Deduster(2)		Ambient(Ave)										dp(um)		Efficiency(%)		Mass(am)(mg)		Mass(De)(mg)		Sigma E

		0.3-0.5		115,192		302,310		142,967		313,083		129079.45										0.4		(162.44)		4.33E-06		1.01E-05		102.4

		0.5-0.7		209,914		232,671		218,097		212,550		214005.1										0.6		(10.84)		2.42E-05		2.63E-05		10.1

		0.7-1		82,117		41,083		76,098		35,567		79107.7										0.85		49.97		2.54E-05		1.32E-05		7.4

		1-5		39,860		15,744		34,598		14,456		37228.9										3		60.50		5.26E-04		2.23E-04		12.0

		5-10		11,442		1,242		8,650		1,360		10046.05										7.5		89.15		2.22E-03		2.74E-04		5.6

		> 10		10,136		772		8,111		958		9123.3										10		92.39		4.78E-03		4.04E-04		4.9

																										7.58E-03		9.51E-04

																										Mass efficiency		87.5
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		0		0		0		0		0		0		28211.395502527		28211.395502527

		0		0		0		0		0		0		17085.5939405103		17085.5939405103
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		0		0		0		0		0		0		6660.8440681343		6660.8440681343
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		0		0		0		44696.9445399919		44696.9445399919		12433.5246330235		12433.5246330235		42078.0777721607		42078.0777721607		0

		0		0		0		19096.5241409705		19096.5241409705		2299.8322112704		2299.8322112704		19005.3291026492		19005.3291026492		0

		0		0		0		11195.7573829455		11195.7573829455		2323.1754561376		2323.1754561376		11159.4308322602		11159.4308322602		0

		0		0		0		9864.9139997378		9864.9139997378		2807.1108813155		2807.1108813155		10264.9146465034		10264.9146465034		0

		0		0		0		4016.7653666988		4016.7653666988		467.9607889557		467.9607889557		3065.8449569409		3065.8449569409		0

		0		0		0		3297.9119656736		3297.9119656736		425.121512041		425.121512041		2651.1309473506		2651.1309473506		0
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Deduster(1)

Ambient(2)
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Test of deduster using LPC, ( in SRC on 12/4/98)
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		0		0		0		44696.9445399919		44696.9445399919		12433.5246330235		12433.5246330235		42078.0777721607		42078.0777721607

		0		0		0		19096.5241409705		19096.5241409705		2299.8322112704		2299.8322112704		19005.3291026492		19005.3291026492

		0		0		0		11195.7573829455		11195.7573829455		2323.1754561376		2323.1754561376		11159.4308322602		11159.4308322602

		0		0		0		9864.9139997378		9864.9139997378		2807.1108813155		2807.1108813155		10264.9146465034		10264.9146465034



Ambient(1)

Deduster(1)

Ambient(2)



		0		0		0		11195.7573829455		11195.7573829455		2323.1754561376		2323.1754561376		11159.4308322602		11159.4308322602		0

		0		0		0		9864.9139997378		9864.9139997378		2807.1108813155		2807.1108813155		10264.9146465034		10264.9146465034		0

		0		0		0		4016.7653666988		4016.7653666988		467.9607889557		467.9607889557		3065.8449569409		3065.8449569409		0

		0		0		0		3297.9119656736		3297.9119656736		425.121512041		425.121512041		2651.1309473506		2651.1309473506		0



Ambient(1)

Deduster(1)

Ambient(2)

Deduster(2)

Dust size (um)

Dust Concentration (count/ft^3)

Test of deduser using LPC ( in SRC on 12/4/98)



		0		7.3844191345		7.3844191345

		0		12.0479823419		12.0479823419

		0		5.5893343021		5.5893343021

		0		4.8709176007		4.8709176007



Dust size (mean diameter), mm

Efficiency (%)

Dust Collection Efficiency of Deduster
( 5 replications in SRC using LPC)

0

0

0

0



		0		0		0		44696.9445399919		44696.9445399919		12433.5246330235		12433.5246330235		42078.0777721607		42078.0777721607

		0		0		0		19096.5241409705		19096.5241409705		2299.8322112704		2299.8322112704		19005.3291026492		19005.3291026492

		0		0		0		11195.7573829455		11195.7573829455		2323.1754561376		2323.1754561376		11159.4308322602		11159.4308322602

		0		0		0		9864.9139997378		9864.9139997378		2807.1108813155		2807.1108813155		10264.9146465034		10264.9146465034

		0		0		0		4016.7653666988		4016.7653666988		467.9607889557		467.9607889557		3065.8449569409		3065.8449569409

		0		0		0		3297.9119656736		3297.9119656736		425.121512041		425.121512041		2651.1309473506		2651.1309473506



Ambient(1)

Deduster

Ambient(2)

Test of deduster using LPC, ( in SRC on 12/4/98)



		0		0		11195.7573829455		11195.7573829455		2323.1754561376		2323.1754561376

		0		0		9864.9139997378		9864.9139997378		2807.1108813155		2807.1108813155

		0		0		4016.7653666988		4016.7653666988		467.9607889557		467.9607889557

		0		0		3297.9119656736		3297.9119656736		425.121512041		425.121512041
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Chart3

		0.542		103.3889053635		103.3889053635

		0.583		95.0093052047		95.0093052047

		0.626		93.9802097631		93.9802097631

		0.673		89.2573723712		89.2573723712

		0.723		86.8833701035		86.8833701035

		0.777		76.1829732828		76.1829732828

		0.835		54.4328168077		54.4328168077

		0.898		42.5597017607		42.5597017607

		0.965		45.8297773753		45.8297773753

		1.037		49.2237619895		49.2237619895

		1.114		51.9222776173		51.9222776173

		1.197		45.4003724382		45.4003724382

		1.286		40.4278094649		40.4278094649

		1.382		35.1163064471		35.1163064471

		1.486		28.5626652056		28.5626652056

		1.596		21.2935456949		21.2935456949

		1.715		15.2151359606		15.2151359606

		1.843		14.9728567459		14.9728567459

		1.981		12.9832452082		12.9832452082

		2.129		16.6047149389		16.6047149389

		2.288		15.0384354341		15.0384354341

		2.458		14.1795150706		14.1795150706

		2.642		12.5640828331		12.5640828331

		2.839		13.7488016026		13.7488016026

		3.051		13.7610076682		13.7610076682

		3.278		14.680973359		14.680973359

		3.523		15.6620409337		15.6620409337

		3.786		13.2805311441		13.2805311441

		4.068		13.1359972616		13.1359972616

		4.371		15.4735474403		15.4735474403

		4.698		12.9548112847		12.9548112847

		5.048		11.5605412152		11.5605412152

		5.425		13.0252314106		13.0252314106

		5.829		11.64635541		11.64635541

		6.264		9.9122005665		9.9122005665

		6.732		10.3960811758		10.3960811758

		7.234		9.2538772548		9.2538772548

		7.774		9.1904420592		9.1904420592

		8.354		8.9035271949		8.9035271949

		8.977		6.3617542646		6.3617542646

		9.647		8.5948138014		8.5948138014

		10.366		7.4429295072		7.4429295072

		11.14		6.0645158905		6.0645158905

		11.971		5.6532048741		5.6532048741

		12.864		6.3321898702		6.3321898702

		13.824		6.2297391527		6.2297391527

		14.855		7.0169238189		7.0169238189

		15.963		7.3245821004		7.3245821004

		17.154		9.2415049345		9.2415049345

		18.434		10.3933689674		10.3933689674

		19.81		15.0669390011		15.0669390011



=

Aerodynamic diameter (um)

Efficiency (%)

Collection Efficiency (15 replications)

11.6319306005

19.6746069751

22.5732999487

25.7476165664

26.3569662462

23.2932866406

18.3370962163

13.0033483744

11.5754768968

16.8912142255

15.1265227487

18.4553313917

19.8108743958

20.5329439019

19.7277249183

23.5492766781

22.0673246525

22.9930600695

25.7169430289

27.3246661146

28.3858002455

32.8900658723

36.8643347453

36.2157011721

35.8537321849

38.5585654691

43.524703432

45.8176655073

48.4695895706

50.6252267596

51.2148235879

57.1549076744

59.6855642683

63.5955303628

69.7674475075

74.7278386089

76.7249252687

82.0725444711

84.4417865642

87.8342317358

86.6359456349

90.3278679521

92.068967509

91.8446673203

91.6289628745

93.5866948335

93.1129497454

91.740412492

90.4166706598

91.5841567493

87.7419339022



Sheet1

		80% Power						Upstreamb air																																		Downstream (deduster exhaust air)

								test 1										test 2										test 3														test 1										test 2										test 3

		channel(um)		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Mean(#)		Std Dev		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Sample#1		Sample#2		Sample#3		Sample#4		Sample#5		Mean(#)		Std Dev		Efficiency		Sigma E

		0.523		12.2398		11.9158		11.8358		11.5618		12.2078		14.414		15.378		15.394		14.418		14.016		31.811		31.935		31.707		29.881		27.739		19.097		8.57		11.7078		12.0918		12.8077		12.6737		12.7057		18.556		18.574		19.022		18.436		17.836		14.224		14.978		15.348		19.162		23.072		16.079		3.40		15.8		41.8

		0.542		0.0159997		0.0119998		0.0119998		0.00599988		0.0119998		0.048		0.054		0.046		0.038		0.032		0.184		0.178		0.194		0.184		0.136		0.077		0.07		0.0199996		0.0119998		0.00599988		0.0219996		0.0179996		0.096		0.104		0.126		0.130		0.090		0.056		0.070		0.066		0.072		0.130		0.068		0.04		11.6		103.4

		0.583		0.0279994		0.0359993		0.0319994		0.0159997		0.0179996		0.086		0.106		0.114		0.084		0.080		0.456		0.404		0.428		0.382		0.312		0.172		0.17		0.0299994		0.0339993		0.0239995		0.0299994		0.0219996		0.224		0.178		0.220		0.252		0.212		0.124		0.118		0.142		0.200		0.264		0.138		0.09		19.7		95.0

		0.626		0.0559989		0.0559989		0.0539989		0.0279994		0.051999		0.206		0.180		0.228		0.216		0.170		1.040		1.020		0.998		0.936		0.900		0.409		0.42		0.0719986		0.0859983		0.0599988		0.0719986		0.0639987		0.516		0.402		0.490		0.502		0.472		0.298		0.288		0.308		0.492		0.632		0.317		0.20		22.6		94.0

		0.673		0.151997		0.137997		0.131997		0.0919982		0.097998		0.458		0.570		0.534		0.512		0.442		2.472		2.372		2.354		2.262		1.922		0.967		0.98		0.135997		0.145997		0.149997		0.165997		0.145997		1.146		0.958		1.086		1.106		1.110		0.650		0.620		0.768		1.112		1.474		0.718		0.47		25.7		89.3

		0.723		0.313994		0.295994		0.283994		0.273995		0.265995		0.972		1.084		1.010		0.902		0.860		4.844		4.698		4.556		4.098		3.656		1.874		1.87		0.311994		0.309994		0.351993		0.345993		0.387992		2.124		1.898		2.194		2.054		1.890		1.148		1.156		1.432		2.246		2.854		1.380		0.87		26.4		86.9

		0.777		0.765985		0.801984		0.771985		0.705986		0.679986		1.536		1.718		1.720		1.576		1.500		6.138		6.290		6.048		5.478		5.080		2.721		2.31		0.835983		0.815984		0.833983		0.833983		1.00398		2.910		2.728		2.930		2.894		2.680		1.700		1.696		2.008		3.240		4.194		2.087		1.08		23.3		76.2

		0.835		1.75196		1.70597		1.73197		1.73397		1.65797		2.300		2.488		2.470		2.298		2.232		6.624		6.358		6.312		6.018		5.264		3.396		2.03		1.81196		1.93796		1.79196		1.87796		1.95196		3.456		3.292		3.522		3.358		3.226		2.332		2.518		2.576		3.568		4.384		2.774		0.82		18.3		54.4

		0.898		2.10796		2.03996		2.01796		2.15596		2.00196		2.348		2.486		2.606		2.500		2.414		5.374		5.430		5.176		5.132		4.736		3.235		1.44		2.07996		2.26795		2.32395		2.16796		2.23396		3.242		3.344		3.156		3.304		3.044		2.408		2.628		2.588		3.448		3.980		2.814		0.58		13.0		42.6

		0.965		1.32197		1.32397		1.36797		1.36197		1.30797		1.644		1.784		1.794		1.648		1.558		3.676		3.788		3.598		3.422		3.232		2.188		1.01		1.44397		1.42397		1.51797		1.37997		1.49797		2.236		2.390		2.306		2.310		2.188		1.624		1.788		1.834		2.216		2.872		1.935		0.46		11.6		45.8

		1.037		0.899982		0.805984		0.737985		0.791984		0.799984		1.062		1.100		1.218		1.006		0.908		2.516		2.600		2.524		2.454		2.102		1.435		0.75		0.771985		0.849983		0.757985		0.851983		0.863983		1.484		1.426		1.544		1.452		1.420		1.076		1.068		1.090		1.536		1.698		1.193		0.33		16.9		49.2

		1.114		0.543989		0.583988		0.599988		0.527989		0.577988		0.760		0.866		0.778		0.740		0.622		1.832		1.786		1.782		1.684		1.640		1.022		0.54		0.633987		0.547989		0.549989		0.559989		0.613988		1.178		1.052		1.078		0.998		1.006		0.792		0.746		0.752		1.082		1.416		0.867		0.27		15.1		51.9

		1.197		0.529989		0.49999		0.51399		0.473991		0.49199		0.632		0.678		0.630		0.644		0.520		1.408		1.476		1.330		1.364		1.238		0.829		0.40		0.51599		0.48399		0.423992		0.48799		0.48799		0.826		0.804		0.888		0.844		0.836		0.574		0.582		0.544		0.840		0.998		0.676		0.19		18.5		45.4

		1.286		0.47599		0.49799		0.417992		0.409992		0.419992		0.494		0.590		0.638		0.558		0.468		1.160		1.164		1.154		1.106		1.016		0.705		0.31		0.447991		0.459991		0.425991		0.417992		0.443991		0.696		0.700		0.710		0.612		0.552		0.568		0.442		0.462		0.692		0.846		0.565		0.14		19.8		40.4

		1.382		0.525989		0.48599		0.417992		0.407992		0.417992		0.478		0.614		0.546		0.548		0.416		0.976		1.066		0.944		0.954		0.884		0.645		0.24		0.405992		0.433991		0.415992		0.367993		0.411992		0.594		0.652		0.674		0.600		0.560		0.450		0.378		0.450		0.570		0.730		0.513		0.12		20.5		35.1

		1.486		0.49399		0.457991		0.415992		0.445991		0.409992		0.434		0.554		0.594		0.542		0.380		0.840		0.878		0.840		0.832		0.844		0.597		0.19		0.469991		0.429991		0.389992		0.413992		0.453991		0.560		0.536		0.584		0.524		0.480		0.444		0.410		0.374		0.496		0.628		0.480		0.07		19.7		28.6

		1.596		0.51799		0.545989		0.453991		0.411992		0.399992		0.500		0.604		0.566		0.568		0.534		0.792		0.844		0.706		0.764		0.684		0.593		0.14		0.425991		0.439991		0.415992		0.407992		0.49199		0.510		0.534		0.514		0.442		0.426		0.388		0.376		0.344		0.466		0.616		0.453		0.07		23.5		21.3

		1.715		0.51599		0.51399		0.471991		0.48999		0.447991		0.486		0.624		0.574		0.510		0.456		0.620		0.688		0.578		0.734		0.610		0.555		0.09		0.407992		0.425991		0.423992		0.459991		0.49599		0.438		0.462		0.466		0.436		0.448		0.402		0.332		0.322		0.478		0.486		0.432		0.05		22.1		15.2

		1.843		0.623988		0.557989		0.50399		0.47599		0.47799		0.522		0.592		0.610		0.550		0.494		0.612		0.680		0.598		0.682		0.640		0.575		0.07		0.431991		0.445991		0.449991		0.48199		0.47599		0.432		0.480		0.438		0.470		0.406		0.396		0.302		0.342		0.492		0.594		0.443		0.07		23.0		15.0

		1.981		0.599988		0.559989		0.51799		0.453991		0.575988		0.470		0.636		0.616		0.624		0.494		0.632		0.650		0.574		0.628		0.616		0.577		0.06		0.49799		0.48799		0.397992		0.447991		0.50599		0.458		0.398		0.436		0.386		0.406		0.342		0.340		0.372		0.428		0.520		0.428		0.06		25.7		13.0

		2.129		0.659987		0.607988		0.469991		0.535989		0.52199		0.606		0.708		0.650		0.580		0.470		0.608		0.612		0.566		0.564		0.594		0.584		0.07		0.48399		0.52399		0.467991		0.48399		0.549989		0.422		0.464		0.430		0.376		0.360		0.340		0.280		0.302		0.358		0.520		0.424		0.08		27.3		16.6

		2.288		0.747985		0.657987		0.579988		0.535989		0.575988		0.596		0.692		0.648		0.622		0.520		0.574		0.554		0.564		0.642		0.572		0.605		0.06		0.543989		0.48399		0.51599		0.51799		0.51399		0.454		0.474		0.462		0.318		0.366		0.394		0.332		0.320		0.350		0.458		0.434		0.08		28.4		15.0

		2.458		0.711986		0.589988		0.579988		0.623988		0.573989		0.546		0.702		0.624		0.674		0.566		0.564		0.562		0.572		0.604		0.530		0.602		0.06		0.471991		0.447991		0.48799		0.411992		0.563989		0.374		0.426		0.424		0.322		0.314		0.362		0.280		0.336		0.370		0.464		0.404		0.08		32.9		14.2

		2.642		0.749985		0.613988		0.623988		0.539989		0.565989		0.568		0.706		0.692		0.620		0.544		0.548		0.532		0.566		0.580		0.556		0.600		0.07		0.423992		0.47599		0.441991		0.457991		0.447991		0.332		0.390		0.384		0.334		0.320		0.336		0.294		0.288		0.342		0.418		0.379		0.06		36.9		12.6

		2.839		0.695986		0.615988		0.587988		0.51799		0.571989		0.554		0.642		0.700		0.696		0.460		0.468		0.490		0.490		0.558		0.556		0.574		0.08		0.421992		0.413992		0.445991		0.405992		0.419992		0.360		0.442		0.346		0.336		0.304		0.306		0.306		0.268		0.310		0.402		0.366		0.06		36.2		13.7

		3.051		0.645987		0.607988		0.551989		0.50399		0.52399		0.542		0.682		0.590		0.652		0.492		0.454		0.460		0.488		0.500		0.400		0.540		0.08		0.405992		0.407992		0.393992		0.351993		0.437991		0.336		0.378		0.334		0.308		0.298		0.330		0.250		0.304		0.284		0.372		0.346		0.05		35.9		13.8

		3.278		0.629987		0.575988		0.51199		0.543989		0.555989		0.482		0.620		0.590		0.588		0.490		0.384		0.458		0.426		0.448		0.466		0.518		0.07		0.389992		0.361993		0.329993		0.387992		0.449991		0.288		0.340		0.308		0.260		0.240		0.282		0.264		0.246		0.286		0.340		0.318		0.06		38.6		14.7

		3.523		0.579988		0.665987		0.51599		0.50199		0.50799		0.528		0.616		0.582		0.550		0.432		0.408		0.384		0.368		0.440		0.410		0.499		0.09		0.325993		0.333993		0.335993		0.401992		0.349993		0.310		0.294		0.254		0.208		0.254		0.248		0.198		0.216		0.238		0.262		0.282		0.06		43.5		15.7

		3.786		0.593988		0.577988		0.447991		0.443991		0.463991		0.450		0.540		0.554		0.506		0.374		0.360		0.406		0.326		0.436		0.430		0.461		0.08		0.297994		0.275994		0.315994		0.281994		0.315994		0.254		0.250		0.254		0.210		0.180		0.242		0.180		0.210		0.242		0.234		0.250		0.04		45.8		13.3

		4.068		0.545989		0.421992		0.411992		0.415992		0.447991		0.462		0.564		0.502		0.498		0.362		0.300		0.306		0.354		0.376		0.370		0.423		0.08		0.215996		0.291994		0.251995		0.205996		0.287994		0.230		0.230		0.204		0.200		0.194		0.186		0.176		0.174		0.188		0.230		0.218		0.04		48.5		13.1

		4.371		0.555989		0.453991		0.319994		0.355993		0.375992		0.398		0.472		0.434		0.396		0.324		0.316		0.288		0.266		0.352		0.290		0.373		0.08		0.247995		0.241995		0.215996		0.193996		0.241995		0.172		0.212		0.194		0.138		0.150		0.152		0.146		0.114		0.150		0.194		0.184		0.04		50.6		15.5

		4.698		0.49199		0.413992		0.321994		0.331993		0.355993		0.402		0.432		0.426		0.362		0.316		0.258		0.268		0.288		0.274		0.244		0.346		0.07		0.163997		0.185996		0.213996		0.179996		0.217996		0.140		0.176		0.166		0.174		0.156		0.154		0.134		0.158		0.126		0.184		0.169		0.03		51.2		13.0

		5.048		0.457991		0.415992		0.335993		0.305994		0.319994		0.302		0.392		0.344		0.352		0.294		0.242		0.266		0.214		0.248		0.248		0.316		0.07		0.175996		0.139997		0.153997		0.151997		0.151997		0.134		0.140		0.146		0.112		0.122		0.124		0.092		0.116		0.118		0.152		0.135		0.02		57.2		11.6

		5.425		0.361993		0.349993		0.309994		0.239995		0.279994		0.252		0.324		0.318		0.262		0.238		0.168		0.190		0.202		0.238		0.210		0.263		0.06		0.123998		0.151997		0.113998		0.119998		0.155997		0.088		0.116		0.072		0.082		0.096		0.088		0.102		0.090		0.088		0.102		0.106		0.02		59.7		13.0

		5.829		0.319994		0.315994		0.289994		0.255995		0.269995		0.254		0.250		0.272		0.222		0.210		0.158		0.168		0.178		0.186		0.210		0.237		0.05		0.097998		0.0759985		0.097998		0.0959981		0.137997		0.078		0.092		0.072		0.060		0.084		0.104		0.062		0.062		0.084		0.092		0.086		0.02		63.6		11.6

		6.264		0.283994		0.209996		0.195996		0.197996		0.233995		0.220		0.214		0.240		0.206		0.192		0.152		0.142		0.142		0.124		0.170		0.195		0.04		0.0779984		0.0679986		0.0559989		0.0819984		0.0759985		0.046		0.070		0.060		0.048		0.048		0.056		0.042		0.034		0.068		0.052		0.059		0.01		69.8		9.9

		6.732		0.261995		0.215996		0.197996		0.159997		0.199996		0.172		0.202		0.200		0.182		0.144		0.092		0.126		0.156		0.134		0.128		0.171		0.04		0.0639987		0.0379992		0.0239995		0.049999		0.0679986		0.032		0.056		0.040		0.040		0.048		0.040		0.020		0.030		0.042		0.058		0.043		0.01		74.7		10.4

		7.234		0.249995		0.199996		0.173997		0.147997		0.145997		0.154		0.178		0.176		0.146		0.124		0.088		0.100		0.088		0.094		0.108		0.145		0.05		0.0359993		0.0359993		0.0419992		0.0319994		0.0419992		0.038		0.042		0.022		0.020		0.036		0.044		0.028		0.022		0.038		0.028		0.034		0.01		76.7		9.3

		7.774		0.195996		0.179996		0.149997		0.133997		0.149997		0.124		0.190		0.144		0.150		0.108		0.064		0.086		0.092		0.066		0.096		0.129		0.04		0.0239995		0.0399992		0.0179996		0.0219996		0.0279994		0.014		0.022		0.012		0.028		0.028		0.014		0.018		0.010		0.030		0.038		0.023		0.01		82.1		9.2

		8.354		0.209996		0.143997		0.129997		0.127997		0.175996		0.098		0.130		0.122		0.100		0.096		0.078		0.072		0.052		0.076		0.072		0.112		0.04		0.0299994		0.0219996		0.0199996		0.0259995		0.00799984		0.004		0.008		0.012		0.012		0.016		0.020		0.016		0.020		0.024		0.024		0.017		0.01		84.4		8.9

		8.977		0.155997		0.129997		0.0959981		0.119998		0.153997		0.104		0.104		0.140		0.102		0.072		0.050		0.054		0.062		0.088		0.064		0.100		0.04		0.00599988		0.0179996		0.0159997		0.0139997		0.0199996		0.004		0.014		0.010		0.010		0.014		0.008		0.010		0.012		0.008		0.018		0.012		0.00		87.8		6.4

		9.647		0.159997		0.127997		0.0939981		0.0899982		0.119998		0.082		0.108		0.110		0.082		0.064		0.046		0.056		0.064		0.050		0.048		0.087		0.03		0.00799984		0.00399992		0.00799984		0.0119998		0.0159997		0.006		0.010		0.014		0.000		0.016		0.016		0.010		0.014		0.016		0.024		0.012		0.01		86.6		8.6

		10.366		0.133997		0.0959981		0.105998		0.0959981		0.119998		0.100		0.102		0.064		0.064		0.066		0.042		0.060		0.054		0.064		0.052		0.081		0.03		0.00599988		0.00599988		0.00599988		0.0199996		0.00799984		0.000		0.006		0.008		0.012		0.002		0.004		0.004		0.006		0.014		0.016		0.008		0.01		90.3		7.4

		11.14		0.115998		0.111998		0.0899982		0.123998		0.0879982		0.076		0.100		0.112		0.076		0.076		0.046		0.028		0.024		0.056		0.036		0.077		0.03		0.0099998		0.00399992		0.0099998		0.00799984		0.0119998		0.006		0.004		0.002		0.000		0.006		0.006		0.004		0.012		0.008		0.000		0.006		0.00		92.1		6.1

		11.971		0.169997		0.107998		0.0799984		0.0619988		0.109998		0.064		0.076		0.076		0.050		0.064		0.032		0.052		0.024		0.030		0.032		0.069		0.04		0.0099998		0.00799984		0.00599988		0.00799984		0.00399992		0.006		0.006		0.008		0.004		0.006		0.002		0.004		0.006		0.004		0.002		0.006		0.00		91.8		5.7

		12.864		0.115998		0.0739985		0.051999		0.0659987		0.0959981		0.046		0.064		0.068		0.064		0.046		0.034		0.036		0.032		0.066		0.024		0.059		0.02		0.0099998		0.00599988		0		0.00399992		0.00199996		0.004		0.008		0.010		0.002		0.002		0.006		0.006		0.008		0.004		0.002		0.005		0.00		91.6		6.3

		13.824		0.131997		0.0659987		0.047999		0.0799984		0.0779984		0.052		0.066		0.060		0.074		0.050		0.020		0.038		0.024		0.038		0.016		0.056		0.03		0.00399992		0		0.00199996		0.00199996		0.00399992		0.004		0.004		0.000		0.004		0.004		0.002		0.002		0.002		0.010		0.010		0.004		0.00		93.6		6.2

		14.855		0.107998		0.101998		0.0559989		0.0619988		0.0639987		0.046		0.054		0.054		0.034		0.026		0.020		0.022		0.020		0.040		0.018		0.048		0.03		0.00199996		0.00399992		0.00199996		0.00799984		0.00399992		0.008		0.008		0.002		0.000		0.002		0.000		0.004		0.004		0.000		0.002		0.003		0.00		93.1		7.0

		15.963		0.0799984		0.0779984		0.0679986		0.0759985		0.0899982		0.034		0.046		0.044		0.032		0.030		0.010		0.026		0.024		0.028		0.012		0.045		0.03		0.00199996		0		0.00199996		0.00399992		0.00399992		0.004		0.008		0.004		0.006		0.002		0.004		0.000		0.002		0.008		0.006		0.004		0.00		91.7		7.3

		17.154		0.0659987		0.0579988		0.0279994		0.0719986		0.0439991		0.032		0.036		0.026		0.032		0.022		0.012		0.014		0.010		0.016		0.012		0.032		0.02		0.00399992		0.00399992		0.00399992		0		0.00399992		0.002		0.000		0.004		0.000		0.004		0.002		0.006		0.008		0.002		0.002		0.003		0.00		90.4		9.2

		18.434		0.0459991		0.0359993		0.047999		0.0339993		0.0559989		0.024		0.032		0.016		0.034		0.018		0.010		0.014		0.014		0.014		0.008		0.027		0.02		0		0.00199996		0.00199996		0.00799984		0.00199996		0.004		0.004		0.004		0.000		0.006		0.000		0.000		0.000		0.002		0.000		0.002		0.00		91.6		10.4

		19.81		0.0419992		0.0399992		0.0259995		0.0339993		0.0559989		0.018		0.008		0.018		0.018		0.016		0.008		0.006		0.008		0.004		0.008		0.021		0.02		0.00199996		0.00599988		0.00199996		0.00399992		0.00399992		0.000		0.004		0.008		0.000		0.000		0.000		0.000		0.002		0.004		0.002		0.003		0.00		87.7		15.1
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		0		0		0.074440289		0.074440289		0.0444670611		0.0444670611

		0		0		0.1694333846		0.1694333846		0.0906778151		0.0906778151

		0		0		0.4230624931		0.4230624931		0.2017041782		0.2017041782

		0		0		0.9786143781		0.9786143781		0.4663093286		0.4663093286

		0		0		1.8682190826		1.8682190826		0.8710942916		0.8710942916

		0		0		2.3050984079		2.3050984079		1.0814086035		1.0814086035

		0		0		2.0285936599		2.0285936599		0.8206161746		0.8206161746

		0		0		1.4350894943		1.4350894943		0.5804283119		0.5804283119

		0		0		1.0107568145		1.0107568145		0.4551554254		0.4551554254

		0		0		0.7530511536		0.7530511536		0.3275400174		0.3275400174

		0		0		0.5391139254		0.5391139254		0.2683048245		0.2683048245

		0		0		0.3987157229		0.3987157229		0.1892712311		0.1892712311

		0		0		0.3119872954		0.3119872954		0.136250957		0.136250957

		0		0		0.2431840925		0.2431840925		0.1184419819		0.1184419819

		0		0		0.1912871209		0.1912871209		0.0744533626		0.0744533626

		0		0		0.1372306826		0.1372306826		0.0701854181		0.0701854181

		0		0		0.086593057		0.086593057		0.0506736186		0.0506736186

		0		0		0.0692008836		0.0692008836		0.0675537317		0.0675537317

		0		0		0.0640631813		0.0640631813		0.0577761457		0.0577761457

		0		0		0.0659561746		0.0659561746		0.0842174241		0.0842174241

		0		0		0.062217058		0.062217058		0.079404074		0.079404074

		0		0		0.0555646455		0.0555646455		0.0767201398		0.0767201398

		0		0		0.0671369322		0.0671369322		0.0623978243		0.0623978243

		0		0		0.0822390519		0.0822390519		0.0588859506		0.0588859506

		0		0		0.0814010155		0.0814010155		0.0527921784		0.0527921784

		0		0		0.0747629148		0.0747629148		0.0606046044		0.0606046044

		0		0		0.0900003291		0.0900003291		0.0594341653		0.0594341653

		0		0		0.079947148		0.079947148		0.0432010939		0.0432010939

		0		0		0.0808455647		0.0808455647		0.036674364		0.036674364

		0		0		0.0799476572		0.0799476572		0.0421476136		0.0421476136

		0		0		0.0744866059		0.0744866059		0.0261821113		0.0261821113

		0		0		0.0690967646		0.0690967646		0.021375852		0.021375852

		0		0		0.059400021		0.059400021		0.0244828191		0.0244828191

		0		0		0.0519862271		0.0519862271		0.0201447363		0.0201447363

		0		0		0.0430529389		0.0430529389		0.0142799029		0.0142799029

		0		0		0.0433876563		0.0433876563		0.014054026		0.014054026

		0		0		0.0462645218		0.0462645218		0.0079950771		0.0079950771

		0		0		0.0425509937		0.0425509937		0.0090351918		0.0090351918

		0		0		0.0427399424		0.0427399424		0.0074627711		0.0074627711

		0		0		0.0351387457		0.0351387457		0.0046882833		0.0046882833

		0		0		0.0335578456		0.0335578456		0.0059616641		0.0059616641

		0		0		0.0278117437		0.0278117437		0.0054229491		0.0054229491

		0		0		0.0330506384		0.0330506384		0.0038888651		0.0038888651

		0		0		0.038408158		0.038408158		0.0022928002		0.0022928002

		0		0		0.024736649		0.024736649		0.0031044661		0.0031044661

		0		0		0.029349127		0.029349127		0.0029470946		0.0029470946

		0		0		0.0280219096		0.0280219096		0.0027944966		0.0027944966

		0		0		0.02638994		0.02638994		0.0024918418		0.0024918418

		0		0		0.0200138773		0.0200138773		0.0022508807		0.0022508807

		0		0		0.0151535171		0.0151535171		0.0024918418		0.0024918418

		0		0		0.0157234996		0.0157234996		0.0024455497		0.0024455497



upstream

downstream

Aerodynamic diameter (um)

Concentration (particles/cm^3)

Dust size distribution (15 replications in SRC)
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upstream

downstream

Aerodynamic diameter (um)

Concentration (particles/cm^3)

Dust size distribution (3 tests in SRC on 12/9/98)
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		0		103.3889053635		103.3889053635

		0		95.0093052047		95.0093052047

		0		93.9802097631		93.9802097631

		0		89.2573723712		89.2573723712

		0		86.8833701035		86.8833701035

		0		76.1829732828		76.1829732828

		0		54.4328168077		54.4328168077

		0		42.5597017607		42.5597017607

		0		45.8297773753		45.8297773753

		0		49.2237619895		49.2237619895

		0		51.9222776173		51.9222776173

		0		45.4003724382		45.4003724382

		0		40.4278094649		40.4278094649

		0		35.1163064471		35.1163064471

		0		28.5626652056		28.5626652056

		0		21.2935456949		21.2935456949

		0		15.2151359606		15.2151359606

		0		14.9728567459		14.9728567459

		0		12.9832452082		12.9832452082

		0		16.6047149389		16.6047149389

		0		15.0384354341		15.0384354341

		0		14.1795150706		14.1795150706

		0		12.5640828331		12.5640828331

		0		13.7488016026		13.7488016026

		0		13.7610076682		13.7610076682

		0		14.680973359		14.680973359

		0		15.6620409337		15.6620409337

		0		13.2805311441		13.2805311441

		0		13.1359972616		13.1359972616

		0		15.4735474403		15.4735474403

		0		12.9548112847		12.9548112847

		0		11.5605412152		11.5605412152

		0		13.0252314106		13.0252314106

		0		11.64635541		11.64635541

		0		9.9122005665		9.9122005665

		0		10.3960811758		10.3960811758

		0		9.2538772548		9.2538772548

		0		9.1904420592		9.1904420592

		0		8.9035271949		8.9035271949

		0		6.3617542646		6.3617542646

		0		8.5948138014		8.5948138014

		0		7.4429295072		7.4429295072

		0		6.0645158905		6.0645158905

		0		5.6532048741		5.6532048741

		0		6.3321898702		6.3321898702

		0		6.2297391527		6.2297391527

		0		7.0169238189		7.0169238189

		0		7.3245821004		7.3245821004

		0		9.2415049345		9.2415049345

		0		10.3933689674		10.3933689674

		0		15.0669390011		15.0669390011



=

Aerodynamic diameter (um)

Efficiency (%)

Collection Efficiency (15 replications SRC)
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		0		103.3889053635		103.3889053635

		0		95.0093052047		95.0093052047

		0		93.9802097631		93.9802097631

		0		89.2573723712		89.2573723712

		0		86.8833701035		86.8833701035

		0		76.1829732828		76.1829732828

		0		54.4328168077		54.4328168077

		0		42.5597017607		42.5597017607

		0		45.8297773753		45.8297773753

		0		49.2237619895		49.2237619895

		0		51.9222776173		51.9222776173

		0		45.4003724382		45.4003724382

		0		40.4278094649		40.4278094649

		0		35.1163064471		35.1163064471

		0		28.5626652056		28.5626652056

		0		21.2935456949		21.2935456949

		0		15.2151359606		15.2151359606

		0		14.9728567459		14.9728567459

		0		12.9832452082		12.9832452082

		0		16.6047149389		16.6047149389

		0		15.0384354341		15.0384354341

		0		14.1795150706		14.1795150706

		0		12.5640828331		12.5640828331

		0		13.7488016026		13.7488016026

		0		13.7610076682		13.7610076682

		0		14.680973359		14.680973359

		0		15.6620409337		15.6620409337

		0		13.2805311441		13.2805311441

		0		13.1359972616		13.1359972616

		0		15.4735474403		15.4735474403

		0		12.9548112847		12.9548112847

		0		11.5605412152		11.5605412152

		0		13.0252314106		13.0252314106

		0		11.64635541		11.64635541

		0		9.9122005665		9.9122005665

		0		10.3960811758		10.3960811758

		0		9.2538772548		9.2538772548



=

Aerodynamic diameter (um)

Efficiency (%)

Collection Efficiency (3 tests in SRC on 12/9/98)
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		0		0		0.0814010155		0.0814010155		0.0527921784		0.0527921784

		0		0		0.0747629148		0.0747629148		0.0606046044		0.0606046044

		0		0		0.0900003291		0.0900003291		0.0594341653		0.0594341653

		0		0		0.079947148		0.079947148		0.0432010939		0.0432010939

		0		0		0.0808455647		0.0808455647		0.036674364		0.036674364

		0		0		0.0799476572		0.0799476572		0.0421476136		0.0421476136

		0		0		0.0744866059		0.0744866059		0.0261821113		0.0261821113

		0		0		0.0690967646		0.0690967646		0.021375852		0.021375852

		0		0		0.059400021		0.059400021		0.0244828191		0.0244828191

		0		0		0.0519862271		0.0519862271		0.0201447363		0.0201447363

		0		0		0.0430529389		0.0430529389		0.0142799029		0.0142799029

		0		0		0.0433876563		0.0433876563		0.014054026		0.014054026

		0		0		0.0462645218		0.0462645218		0.0079950771		0.0079950771

		0		0		0.0425509937		0.0425509937		0.0090351918		0.0090351918

		0		0		0.0427399424		0.0427399424		0.0074627711		0.0074627711

		0		0		0.0351387457		0.0351387457		0.0046882833		0.0046882833

		0		0		0.0335578456		0.0335578456		0.0059616641		0.0059616641

		0		0		0.0278117437		0.0278117437		0.0054229491		0.0054229491

		0		0		0.0330506384		0.0330506384		0.0038888651		0.0038888651

		0		0		0.038408158		0.038408158		0.0022928002		0.0022928002

		0		0		0.024736649		0.024736649		0.0031044661		0.0031044661

		0		0		0.029349127		0.029349127		0.0029470946		0.0029470946

		0		0		0.0280219096		0.0280219096		0.0027944966		0.0027944966

		0		0		0.02638994		0.02638994		0.0024918418		0.0024918418

		0		0		0.0200138773		0.0200138773		0.0022508807		0.0022508807

		0		0		0.0151535171		0.0151535171		0.0024918418		0.0024918418

		0		0		0.0157234996		0.0157234996		0.0024455497		0.0024455497



upstream

downstream

Aerodynamic diameter (um)

Concentration (particles/cm^3)

Dust size distribution (15 replications in SRC)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



upstream

downstream

Aerodynamic diameter (um)

Concentration (particles/cm^3)

Dust size distribution (3 tests in SRC on 12/9/98)
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