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Overview Summation 
1. Focus Point 

 

This report is the summary communication of completed ASHRAE sponsored research under the 

title ñRP-1284 Research Project ï Develop a Standard for Testing and Stating the Efficiency of 

Industrial Pulse Cleaned Dust Collectorsò. The objective of this research was to complete a 

three-fold set of tasks aimed at facilitating the promulgation of a formal test method to be 

published by ASHRAE in the near future. 

 

The specific objectives are well detailed in the supporting documentation and appendixes 

attached to this report but can be summarized as follows: 

 Use a ñBlack-Boxò concept - where the test system to be evaluated will be operated as 

per the manufactures instructions without modification and without measuring internal 

variables. The performance assessment elements of the test system (inlet challenge 

hardware, outlet emissions quantification instrumentation and means to provide regulated 

air flow through the system) are to be physically separate elements. These elements 

should be designed so that they can be arranged and independently fastened to the 

ñBlack-Boxò to be evaluated. 

 Use real world ñpulsedò application of full filter elements ï the primary reason other 

methods have been shown to be ineffective ways to access performance is that they do 

not accurately portray the dynamics of pulsed operations of multiple, full filter 

arrangements. This protocol addresses that pivotal issue by requiring that a sequential 

pulsing be used (defined as ñCollector Cleaning Cycleò) with a minimum of 25% pulsing 

occurring on full filter arrangements.  

 Assess the performance in at least two ways ï Total mass emissions and fractional 

efficiency by particle count where no more than 25% of the filter elements are pulsed at 

one time, should be reported. We elected to add a third gravimetric technique as well. 

Specifically: 

1. Mass emissions ï In both total concentration being emitted and mass removal 

efficiency. Total concentration to be expressed in mg/m
3
 of particulate matter 

exiting in the PM 2.5 or PM 10 ranges. Mass removal to be expressed as a 

percentage of the emissions to the challenge inlet mass concentration.  

2. Efficiency by particle size ï expressed as a percentage of the inlet vs. the outlet 

aerosol in particle size ranges from 0.3 m to 10 m. A minimum of at least six 

evenly distributed bands across that particle size range is required. 

3. Gravimetric efficiency ï We have field-testing experience using EPA method 5 

(see reference 12) and recommended adding this technique. Performance is 

measured by sampling isokinetically onto a downstream membrane. The weight 

of the membrane would be used to calculate mass removal efficiency as a 

percentage of the upstream mass concentration. 
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The tasks and objectives were completed over a thirty-month period using filters and equipment 

donated by four different organizations. Several developmental trials were conducted to 

determine the best technique, equipment and instrumentation to achieve the goals. We then ran a 

series of nine ñcriteria testsò to demonstrate technique and define sources of error. We then ran a 

three-test repeatability study using one filter/housing arrangement to identify sources of 

variability.   

 

All these efforts are intended to provide the necessary technical support that will be needed in 

publishing a new ASHRAE test standard for testing industrial pulse cleaned filters and 

equipment systems. Figure 1 below is the initial general layout from the Phase One Report 

(summarized in the supporting documentation section 2 and attached in itôs entirety as Appendix 

C). Figures 2 and 3 on the following pages show how this initial concept manifested in complete 

test system arrangements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Initial Concept from Phase One report 
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Figure 2 - Finished Arrangement of full test - Vertical Cartridge  
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Figure 3 Finished Arrangement of full test - Horizontal Cartridges 
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Overview Summation 
2. Results on Task Assignments 

 

The three specific tasks of the project and our results in achieving them are outlined as follows: 
 

Task One ï Literature and technical review 

Specific Goal = assemble, review and report on all relevant prior art. 

We completed a report entitled ñPhase One Report - RP 1284 Research Project - Develop a 

Standard for Testing and Stating the Efficiency of Industrial Pulse Cleaned Dust Collectorsò. The 

report was approved by the PMS on 20 January 2008. A short abstract of the report is in the 

supporting documentation section 2 and the full report is attached as Appendix C. 

 

Task Two ï Experimental Program 

Specific Goal = propose and evaluate a series of protocol steps and recommend best options. 

Based on the findings of the Phase One report and the guidance of the PMS, we developed and 

completed a program to determine the proposed protocol. We then initiated action to complete 

the steps and test out our recommendations. The specific efforts completed and used to set the 

protocol are detailed here. The protocol is specifically outlined in the ñTask Threeò section and 

as a proposed test protocol synopsis in Appendix F. 
 
 

1. Stages ï after some analysis of the prior art and discussions with several experts in the 

field, we initially looked at a four-stage format to emulate a loading sequence prior to 

performance testing (reference details in the supporting documentation section 5).  The 

intent was to provide a defendable ñconditioningò of the system and filters prior to testing 

under operating conditions. On further review we elected to add a step that allowed us to 

initiate normal system cycling (defined as ñNormal Cleaning Cycleò) both before and 

after the rapid pulse conditioning. This five-stage sequence was used in all testing and is 

our recommended methodology. 

 

2. Concentration measurement capability ï a significant amount of effort and time was 

invested in this area. We ran a number of full feed trials solely to determine the capability 

of feeding the correct challenge concentration and measuring both the upstream and 

downstream concentrations. We settled on an inlet range of 500 to 10,000 mg/m
3
 and 

were able to measure concentrations as low as the required .01 mg/m
3
 downstream. For a 

more detailed description of how and why these changes were made, see the supporting 

documentation section 5. 

 

3. Upstream characterization ï We made a decision early in the project, with the blessing of 

the PMS, to not attempt to measure the upstream concentrations in real time. This was a 

considered a compromise position by some but was judged to be an acceptable alternative 

to the technically un-defendable options (variability of cascade impactors or dilutors for 

example). For a detailed defense of this position, please reference appendix D, Section 
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ñIssues related to RP 1284ò. As the appendix explains, we elected instead to use a total 

mass measurement and characterization of the distribution based on a lab analysis of a 

much smaller concentration developed with an identical aspiration technique. We have 

since learned of a real time instrument capable of both upstream and downstream 

measurements in the ranges that are desired. As of this writing, we have purchased that 

instrument and hope to rerun several of the criteria trials that we conducted to improve on 

our capabilities. 

 

4. Dust feeder ï we ran a thorough set of capability trials on products from two different 

dust feeder manufacturers. We settled on one that has multiple lead screw options and 

was shown to be capable of feeding as required. We did also choose to load and confirm 

throughput manually, a decision that could be upgraded easily to automated methods that 

included a scale and feedback controller provided by the manufacturer. 

 

5. Flow rate ï The accurate control of airflow is vital in any test method development. We 

have experience with several styles of orifice and feedback loops, correcting for ambient 

conditions. Based on this experience, we elected to use a radiused ASTM nozzle that we 

crosschecked with a calibrated flow element. Many of the tests were conducted using 

both devices at the same time. We did find some slight variation in the two methods and 

recommend that standardized pitot tube traverse testing also be used to confirm accurate 

flow. 

 

6. Instrumentation ï We ran two pairs of instrument trials before we settled on the laser 

particle counter, mass meter and gravimetric techniques outlined in supporting 

documentation section 5. The general criteria for these selections were: 

 For the particle counter ï Particle size range from 0.3 m to 10 m. Flow rate of 

one ft
3
/min. Minimum six bands of delineation over the full range. Cost under 

$10,000. 

 For the mass meter ï Real time feed back and capable of data logging feature. 

Expressed size ranges as PM 1, PM 2.5 or PM 10. Small portable and easy to use. 

Cost less than $5,000.  

The general technical specifications of these instruments are detailed in the Task Three 

section below. 

 

7. Criteria testing ï Upon completion of the proposed protocol steps, we ran a series of tests 

to prove out the method. We labeled these tests ñCriteria Testsò and they are the basis of 

our findings. Please reference the supporting documentation section 4 for these results. 

The last three tests in this sequence are a small repeatability study using the same part 

number filters, housing and test parameters on all three tests. This was not part of the 

original scope of work but was judged to be an important issue by the PMS. 
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8. 25% cycling ï in an effort to approximate real world conditions, the RFQ required that 

any testing arrangement have the capability of a 25% pulse sequence (defined in this 

report as ñCollector Cleaning Cycleò). Specifically this means that we expect to have 

25% of the filters pulsed at any one time. In practical terms, this means that we required 

that any test system proposed have filters arranged in multiples of four with individual 

pulsing for each set of filters. (For example ï the cartridge filter test rigs we evaluated 

had four filters and an individual pulse valve for each filter while the bag style unit we 

evaluated had 16 filters with an individual pulse valve for each set of four filters). 

 

9. 9ôs approach ï we have tentatively proposed that these filters be evaluated as performing 

in decade ranges of particle size and mass removal efficiency. In practical terms, the 

filters perform so well that this terminology makes good use of the performance outcome. 

Performance would then be expressed as ñ5 Ninesò for a filter with 99.999% plus 

efficiency or ñ6 Ninesò with a filter performance of 99.9999% plus efficiency. Further 

delineation is possible and may be required to make the standard evaluation meaningful 

in some instances. 

 

10. Operating Parameters ï we reached a set of minimum input criteria for the operating 

parameters that should be supplied from the test requesting organization/individual. They 

are: 

 System test housing layout ï each test system will consist of a housing and filter 

arrangement. The physical details of the system should be well defined in the 

form of a drawing or schematic. Service requirements should be clearly 

communicated and the control system operating instructions should be provided. 

 Flow Rate ï a computed test flow rate for the arrangement. 

 Pulse details ï Frequency, duration, minimum tank pressure and compressed air 

flow. 

 Test challenge dust ï material and concentration expectations as well as PM 

portion that is desired (PM 2.5 or PM 10). 

 High and low pressure drop pulse settings established. 

 

Task Three ï Compilation of Results 

Specific Goal = report the details of the proposed protocol. 

There are five general protocol areas detailed here as well as a proposed test method synopsis in 

Appendix F. A presumption is that the test system and particular operating parameters have been 

agreed to prior to testing and that the unit has been installed with the proper services, airlock 

system and the filters have been correctly installed. 
 

1. Pretest systems checks and verifications: 

a. Calibrate the mass metering instrumentation for the specified test dust per the 

manufacturers instructions. 
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b. Perform an aerosol distribution measurement per Appendix D if direct 

measurement is not possible.. 

c. Establish airflow and confirm that the flow is accurately being measured and 

corrected for ambient conditions (or measured directly if instrumentation is 

available).  

d. Perform a dust feeder throughput check to make sure that the proper amount of 

dust is being effectively aspirated per time interval (periodically checking the 

aspiration/dispersion nozzle for flow and wear). 

e. Confirm that all three instrumentation packages are installed correctly and that 

they are sampling properly. 

f. Perform pulse trials to confirm that the pulse parameters have been met and that 

the reservoir pressure recovers between pulses, specifically during rapid pulsing 

of the stage three conditioning.  

g. Make sure there is sufficient dust on hand and that it is properly dried and 

maintained. 

h. Make sure the air lock and bulk dust removal is operating properly and that there 

are no leaks. 

i. Insure that all safety measures have been addressed (unit is securely mounted, 

electrically grounded and all moving parts are guarded).   

2. Procedural steps: 

a. Stage One ï Static Load Phase = Feed dust without pulsing to the prescribed 

resistance. Record the amount of time and dust to reach this resistance.  

b. Stage Two ï Transition Phase = Establish and run the specified upper and lower 

pressure drop targets for pulsing. Record the resistance data through a minimum 

of two and one half full cycles of pulsing. A pulse cycle is considered a full 

sequence through all four quadrants of pulsing. 

c. Stage Three ï Conditioning Phase = Establish time-initiated pulsing for a rapid 

sequence of pulses for the specified number of pulses. Record the pressure drop 

readings throughout the phase.  

d. Stage Four ï Recovery Phase = Return to the pressure initiated pulsing used in 

stage two. Run ten full cycles. Record the pressure drop reading through out this 

sequence. 

e. Stage Five ï Operation Phase = Maintain the continuous pulsing per the 

requirements in stage four. Start the sampling sequences for all three 

instrumentation packages. Record the system pressure drop such that it can be 

matched up with the emissions from all instrumentation for a minimum of ten full 

pulse cycles.  

3. Data reduction and reporting: (See below for a recommended data summary tool ï 

reference Appendix D for calculation specifics and to Appendix F for the proposed test 

method synopsis). 
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a. Plot the mass emissions vs. dust fed for the gravimetric results. This has been 

shown to be less than meaningful and may be pulled from our recommendation as 

we gain more experience. 

b. Plot the mass emissions vs. dust fed for the mass meter data. 

c. Calculate and plot the mass efficiency using the upstream mass established in the 

set up vs. the measured mass per the instrument.  

d. Calculate and plot the particle size efficiency using the measured upstream 

distribution or the upstream distribution established in the set up procedure vs. the 

downstream measurement from the particle counter. 

e. Format all graphs onto a single page such that the dust fed x axis for all is lined up 

(again reference supporting documentation section 4 for examples). 

4. Instrument/hardware specs of equipment used during this research project:  

a. Particle counter ï Laser diode particle counter; 0.3 to 10 m (micrometer) range; 

minimum of 6 size ranges; 28.3 L/min (one cfm) flow rate; coincidence loss of 

maximum 5% at 400,000 particles per ft
3
; counting efficiency of 50% on 0.3 m 

(micrometer) particles. 

b. Mass meter ï 90
o
 light scattering laser photometer; .001 to 100 mg/m

3
 range; +/- 

0.1 or +/- .001 mg/m3 resolution (whichever is greater); 0.1 to 10 m 

(micrometer) size range; output reported in aerosol mass concentrations of PM 1, 

2.5 or 10 per EPA specifications. 
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c. Gravimetric sampling ï Recommendation is to use a calibrated gas meter and 

membrane sampling protocol similar to EPA method 5 (see reference 12 and the 

schematic below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Material specifications: 

a. Challenge Dust ï Calcium Carbonate dust in various size ranges. The preferred 

material size has a mass mean diameter of 3.0 m (Atomite) but there are several 

size ranges available.  

b. Membrane sampler material ï Teflon with a minimum micron size of 0.3 m. 
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Overview Summation 
3.  Conclusions and Recommendations 

 

Conclusions 

In our research and development of this protocol, it became clear that quantifying the performance 

of pulse cleaned dust removal equipment is exceptionally difficult. Given the wide range of 

variables and differences in inlet/outlet concentrations of up to six orders of magnitude, we were 

compelled to add the gravimetric method to the mass concentration and particle counting 

expectations in the original request for quote on RP-1284. This additional method will be effective 

in judging performance of lower efficiency products and becomes less useful as the level of 

product performance increases. 

 

The protocol developed is capable of delineating performance of these products and enhancing 

decision-making capabilities when designing and specifying the systems. We did find that the early 

stages of the test can be as informative as conducting the full form of the test. Specifically: 

 

1. Stage one loading can be a quick and accurate way to detect very poor performance with 

out ever having to pulse and quantify emissions. 

2. Stage two and three pulse conditioning can be used as stand alone assessment technique 

when evaluating dynamic performance of the systems. 

3. It is likely that a significant amount of testing cost can be avoided by using these 

preliminary data products to make early judgment, thereby accelerating the design process.  

 

 

Recommendations 

The techniques developed in this project were subject to instrument availability and prior art at the 

time the project was initiated. Many aspects of the research were also limited in the project request 

in an effort to reduce the complexity of the protocol. For these reasons, we have the following 

recommendations as follow up to our work. It should be noted that we have taken the initiative to 

act on the first of these recommendations as of this writing. 

 

1. The accurate measurement of real time upstream concentrations should be pursued ï 

while the body of the report details why we elected to avoid this, new instrumentation has 

become available that has this capability. We have procured this equipment and begun the 

assessment of it as a replacement for the instrument recommendations made here. 

2. Reliability and Repeatability studies should be conducted ï the results of our three-test 

repeatability study are explained in the body of the report. Additional works needs to be 

completed in this regard to derive the meaningful span of application of any standard 

written around our findings. 

3. Challenge dust material trials should be initiated ï We used one specific material 

composition in varying size ranges and concentrations. Other materials with industry 

specific physical and composition variables should be experimented with to satisfy the 

application needs anticipated. 

4. An ASHRAE standards project committee should be initiated ï As of this writing, 

preliminary efforts have been made to do so under the auspices of ASHRAE 199P. 
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5. Comparative Field trials ï It should be a clear goal to have the lab protocol indicative of 

meaningful real world results. Additional testing in the field to compare to lab-generated 

results should be sought to attain the goal. 



Page 15 of 145 
 

Supporting Documentation 
1.  Terms, Definitions and Acronyms 

 

Air-To-Cloth 

ratio 

A number representing what is commonly called ñmedia velocityò in 

other air cleaning disciplines. Air-to-cloth ratio equals the total air 

volume per unit time (m
3
/min, typically) moving through the 

collector, divided by the total media area (m
2
 typically) in the 

collector.  Units are important; it is not a dimensionless number.  

ASHRAE  American Society of Heating, Refrigerating and Air Conditioning 

Engineers 

ASTM American Society for Testing and materials ï now officially called 

ASTM International 

Black Box In the context of this report, this term refers to the concept of 

isolating the system to be tested from the other elements of the 

protocol ï thereby confirming that the system parameters being tested 

are set only by the test requesting organization and not controlled or 

influenced in any way by the elements of the protocol.   

cfm Quantity air flow in cubic feet per minute 

CNC Condensation Nuclei Counter 

Collector 

Cleaning Cycle 

The sequence of operational steps in completing a full pulse (see 

pulse) sequence of the filtration elements in the test system. The 

incremental steps include pulse duration and the time needed to return 

to pulse tank pressure expectation. For the purposes of this protocol, 

the cycle includes the total time to individually pulse each 25% 

segment of the filter elements. 

Concentration, 

Mass 

The amount of contamination material in the air expressed as a unit of 

mass per unit volume of air ï example - mg/m
3
 (milligrams per cubic 

meter). 

Concentration, 

Particle Count 

The amount of contamination material in the air expressed as a 

number of particles per unit volume of air ï example - #/ft
3
 (particle 

count per cubic foot) 

Criteria tests A set of tests completed in the proposed protocol format to judge the 

effectiveness of the method. There are nine documented tests detailed 

in the body of the report. 

Filter, Bag Generic filter style consisting of a material fabricated into a closed 

end tube or bag and assembled into a housing/system for dust 

removal.  

Filter, Cartridge Generic filter style consisting of  a pleated cylindrical, or nearly 

cylindrical, construction and assembled into a housing/system for 

dust removal. 

ISO International Organization for Standardization (ISO is NOT an 

acronym) 

L/min Quantity air flow in liters per minute 

Mass emissions The quantification of mass in the exiting air of the filtration system 
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expressed as a concentration (see concentration, mass or particulate). 

Mass removal 

Efficiency 

Quantification of system or filter performance expressed as a 

percentage of the mass removed  to the total mass challenge. 

MERV Minimum Efficiency Reporting Value (from ASHRAE 52.2 standard 

for testing air filtration products) 

Micron Micrometer - One millionth of a meter. Expressed as µm 

NAAQS National Ambient Air Quality Standards 

Normal Cleaning 

Cycle 

The pulse cleaning cycle using upper and lower pressure drop set 

point criteria. This can have any number of pulses (see pulse) 

required to bring the system from one pressure drop setting to the 

next prescribed setting. Used in Stages 2,4 and 5 of the protocol. 

PM 2.5, PM 10 Airborne particulate matter smaller than the accompanying numerical 

value of aerodynamic particle size expressed in microns.  

PMS Project Monitoring Subcommittee 

Pulse Cycle The Initiation of compressed air into one filter element set for one 

occurrence. 

Pulse Clean 

Systems 

The term for identifying air cleaning systems that use  compressed air 

in various techniques and arrangements to momentarily reverse the 

air flow through a filtration system with the objective of removing 

residual contamination from the systems filtration elements.  

Pulse Duration The amount of time that each individual pulse is maintained in the 

pulse pressure release mode of the pulsing valve. Typically expressed 

in mill iseconds. 

Pulse Pressure The pulse tank gage pressure at pulse initiation.  
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Supporting Documentation 
2.  RP 1284 Document Abstracts 

 

Bid Request abstract 

The original bid invitation for this research was sponsored by ASHRAE Technical Committee 

5.4, - Industrial Process Air Cleaning, and distributed for proposal solicitation on 15 Oct 2005. 

In the background section of the document, the status of standards development is explained with 

the emphasis on the fact that no domestic prior art formally addresses the issue of assessing full 

system performance measurements for industrial air cleaning equipment. 

  

Additionally, the document focuses on the need for research in this area, specifically because the 

complexity of various styles of self-cleaning filtration equipment can be difficult to bench mark 

or categorize.  

 

The document lays out a specific set of research objectives to be delivered along with a scope 

expectation that includes a literature review and an experimental program development. 

 

Bid Proposal Abstract (with supporting schedule modification details) 

Blue Heaven Technologies was one of three bidders on the project. Our research proposal 

entitled ñDevelop a Standard for Testing and Stating the Efficiency of Industrial Pulse Cleaned 

Dust Collectorsò (ASHRAE 1284-TRP) was submitted on 12 December 2005. 

 

A brief background and history of known prior work was reported that included a supporting 

argument for the need of the research under consideration.  The scope and objectives from the 

bid request were reemphasized with some additional effort suggested as inclusive of the 

proposal. Specifically, this was a commitment to build and provide a draft standard document of 

the test method as one of the deliverables of the research effort. For reasons of complexity and 

schedule expectations, no such additional effort draft was constructed. It is assumed to be one of 

the initial tasks of a standards writing effort. 

 

A task list of three general areas was proposed in the document and a working schedule to 

complete those tasks by September 2007 (driven from the bid request document) was detailed. A 

comprehensive outline of qualifications of the key personnel to be involved in the research was 

reported along with a section on what facilities would be used to complete the work. 

 

It should be noted here that the formal notification of successful funding approval was received 

on 31 January 2006 from Mike Vaughn, Manager of Research and Technical Services (MORTS). 

The research agreement was submitted from Mr. Vaughn on 9 March 2006 and the signed copies 

were returned to ASHRAE on 14 March 2006. This agreementôs cover letter specified the 
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expected time frame for the work as beginning on 3 April 2006 and completion by 30 September 

2007. 

 

Subsequent to that submittal, progress on the project was delayed and a ñno costò extension was 

requested of the project monitoring subcommittee. Formal approval of the extension request was 

generated from Mr. Vaughn on 21 July 2008 that extended the dead line of the project to 28 

February 2009. The PMS granted additional time to complete on 21 June 2009 with the goal of 

final approval at the January 2010 meeting in Orlando Florida. 

 

Phase One Report Abstract 

A draft phase one report was submitted to the PMS in July 2007 and modified several times. The 

final approval from the PMS was granted on 20 January 2008. 

 

The document focused on three general areas: 

1. Existing Global Test Methods and Standards 

2. Prior research Efforts 

3. A proposed test method outline 

 

A rationalization and background section highlighted a history of the prior art in a much broader 

way than the bid proposal. The impact of this preceding work was anticipated to heavily 

influence the outcome of the experimental program. A key element of the section was the 

ñGuiding Principles RP-1284ò graphic on page 6 of the report. This graphic is used in several 

presentations and reports related to RP-1284. It is anticipated that it will be used further in follow 

up reports and publications. 

 

Detailed preliminary operating parameters are proposed, as was a specific four-step process 

performance assessment technique. These proposals were intended to be the basic groundwork 

for the methods development in the experimental program. 

Finally, a proposed set of system qualification expectations was suggested based on prior 

ASHRAE standards publications. Two appendices were included ï Appendix A was a broad 

table of existing test method comparisons with details on how each dealt with fifteen different  

criteria. Appendix B was a summary report on loading dust trials of matched HVAC filters with 

various dusts. 
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Supporting Documentation 
3.  History of the Methods Development 

 

The steps taken to reach the final form of the method and reporting formats were tedious and 

evolved over a nearly two and one half year period beginning in July 2006. The areas of interest 

and meaningful judgments gleaned from these efforts are documented here for the record. 

 

Area of Interest ï Instrumentation  

We listed over twenty potential instruments to consider and reviewed various technologies for 

the performance areas that were committed to on our RP-1284 bid proposal. Specifically, we 

were looking for instruments that could accurately quantify emissions and characterize 

particulates. Some specific areas that we considered: 

 Gravimetric Sampling (Isokinetic flow onto a membrane) ï measuring mass 

concentrations as ñpost-challengeò data was viewed as supporting information at best. 

We elected to use a variation of EPA method 5 (see reference 12) in the twelve criteria 

tests that we ran with the understanding that this ñsupporting rollò may well be judged 

later as redundant. The sensitivity of this technique comes into question in that the 

concentrations and performance levels of many of the types of products to be assessed 

with this method would provide very little downstream measureable mass in a reasonable 

amount of time during the ñstage-fiveò performance evaluation. 

 Microscopic analysis ï we abandoned this method early in the project. Again, the lack of 

real time feedback was critical and the complexity of the hardware and software needed 

to do the analysis was judged to be more problematic than other methods considered. 

 Tagged particles ï we looked closely at using fluorometric techniques that have 

successfully been used in the past to quantify mass concentrations and flow patterns in 

dusty environments. It was also judged to be less effective than other, more traditional 

techniques. 

 Opacity of emissions ï This was never a serious contender for the project, but in the 

interest of investigating all options, we did look at assessing the opacity of the full 

emission stream or a collected sample of the emissions. The materials and performance 

ranges of the products to be tested simply donôt have meaningful changes in opacity of 

the emissions to make it a viable technique. 

 Mass emissions measurement ï Since the total mass emissions and mass efficiency is a 

critical deliverable of the test method, we spent a considerable effort here in making a 

defendable selection of an instrument. We made a judgment on a real time mass monitor 

that is commercially popular in EPA ambient air quality studies. The instrument is 

capable of measuring PM 1 as well as the PM 2.5 and PM 10 expectations with regard to 

the EPA National Ambient Air Quality Standards (NAAQSôs) for particulate matter. 

 Light Scattering particle measurement ï We spent most of our trial and analysis time in 

this area. We considered photometers, CNC counters and white light instruments. We ran 



Page 20 of 145 
 

trials on (and subsequently abandoned) a popular photometer. We then made a final 

selection of a laser particle counter based on capability and ease of use. The instrument 

has a one ft
3
/min sampling rate and delineates particulate in five bands covering particle 

sizes from 0.3 to 10 m (micrometers). 

 Inertial Separators ï We reviewed the commercially available aerodynamic particle 

sizers, cascade impactors and cyclone devices traditionally used in air quality and dust 

sampling analysis. We elected to not employ these techniques due to a variety of reasons 

ranging from the lack of quick feedback and quantification of data to cost and 

complexity. 

 

Area of Interest ï Support Equipment 

 Dilutors ï We ran several trials of two different commercially available dilutors in an 

effort to dilute the upstream concentrations to a more manageable level for the 

instruments. A 4-1 and a 200 -1 dilutor were used to conduct trials over a three week 

period. We looked closely at the statistics and variability of the data output and found that 

the variation in these devices is dramatic and far exceeded the sensitivity we hoped to 

achieve. This is a primary reason that we abandoned the attempt to sample the upstream 

concentration and instead, elected to model the upstream concentration and distribution 

from set up data (refer to Appendix D). 

 Dust feeder ï We ran trials on two models of feeders deemed capable of the task. The 

wide range of concentrations required was achievable with one particular model. We ran 

all 12 criteria trials and a large amount of throughput trials with this device and have 

judged it to be capable. It has a specific feature of interchangeable lead screws that give it 

a unique ability to adjust for dramatically different size distribution and packing 

characteristics. We chose to manually load the feeder but automating the feed and 

providing real time feed back via scale was one of the features that can be added to this 

particular feeder. 

 Dust aspiration ï We used several different techniques to assess the best way to aspirate 

the mass feed of the dust feeder. We arrived at a simple blower and venturi method 

shown in the ñFocus Pointò section of the Overview Summation and added an air 

powered vibrator to further enhance the capability. 

 Blower and airflow ï We initially considered using the blowers recommended by each 

equipment manufacturer to provide the airflow through each test device. On further 

analysis and in an effort to reduce variables as much as possible, we elected to abandon 

this philosophy in favor of providing a blower capable of all possibilities and using it on 

all tests. The blower we used in development testing and the 12 criteria tests is an 

induced draft, 75 horsepower, radial blade version capable of 12 to 14ò of water in total 

pressure at 10,000 ft
3
/min. The air is re-circulated back into the test room after it has 

passed through MERV 16 extended area filters pre-filtered with MERV 8 pleated filters. 
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 Flow Control ï We elected to use manual techniques and a radiused ASTM nozzle orifice 

to control the flow in all testing. Our experience with auto correcting flow and feedback 

loops is good for daily testing. For the pure research work required in this effort, we 

elected to manually check and adjust, correcting for changes in ambient conditions as we 

progressed. 

 Test Building ï We took measures to provide a controlled environment to the room 

where this testing is conducted. Added insulation was applied to the building and 

additional environmental controls were installed. Specifically we added a three ton, gas 

fired heating and air-conditioning unit as well as a large industrial humidifier ï all in 

keeping with a focus of controlling the relative humidity in the room to 50% +/- 30%. 

Temperature was allowed to vary as needed to maintain humidity levels. 

 

Area of Interest ï Procedural revelations 

 Compressed air ï We learned that the compressed air usage could be more than 50% over 

the manufacturers claims. Stage 3 rapid pulsing dictates a significant usage outside the 

normal operating ranges of the four test stands. For this reason we planned on 

compressed air flow at least 200% of expected usage. This required that we added 

compressor capacity on some tests. 

 Mass balance ï We did a cursory check of total mass in versus total mass out as we ran 

each test. In the haste of running 24 hour shifts, we did make an error on one sequence 

where we loaded the housing to nearly almost full, struggling with pressure drop issues 

that should have been a flag as to the problems that were occurring.  

 Concentration issues ï Variable concentrations were viewed as a primary potential source 

of error in the performance assessments. In manual monitoring of the dust feeding cycle, 

we learned that there are many opportunities for error. Error being defined as short-term 

variability in the feed rate and a resultant variation in the upstream concentrations. This is 

important to monitor closely or add automated features to resolve. 

 Ambient conditions monitoring ï In the long term (70 hour plus) testing that is proposed 

here, ambient conditions could change dramatically. As mentioned earlier, we added 

room controls for humidity and temperature. The problems from poor control here can 

manifest quickly in the form of caked or bridged dust in the dust feeder but can also 

impact the performance of the overall system.  

 Data acquisition ï The complexity of all the data being gathered can be overwhelming for 

manually employed techniques. We elected to use conventional data logging equipment 

after the first few tests. This was shown to reduce error and accelerate the writing of the 

finished report. 

 Fresh dust ï we made a decision early to avoid the reuse of dust in any way. We core 

sampled and measured particle size distributions of several variations/blends of dust that 

had been previously aerosolized. We clearly could show that the distribution and 
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characterization of all the used dusts that we looked at changes in such a way as to make 

calculations of projected upstream values meaningless.
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Supporting Documentation 
4.  Tests Conducted (Summary Listing and Individual Reports) 

 

Summary Listing  

During the formative portions of the methods development, several techniques were used to demonstrate technical feasibility and 

capability. The pertinent details of these steps are addressed in paragraphs three and five of this supporting documentation section. Of 

the numerous trials and experimentations that occurred, ten full test runs were conducted from late 2006 to May of 2008.  

 

The goal of these efforts was to develop a stage strategy that made for proper conditioning of the bag and cartridge products to be 

tested. The resultant five stage strategy that was proposed and approved by the project monitoring subcommittee was then used to 

conduct a series of controlled testing. The results of that series of twelve tests are as follows: 

 

Run # 1: 

Date:    14/15 July 2008 

Objective:   First run(s) at using 5 stage techniques developed ï instrument check out and dust feed confirmation 

  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 4 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes: Aborted in stage 3 when concentration measurement was suspect (measurement technique was judged 

insufficient and methods put in place to resolve).  
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air 

Flow 

Rate 

ft3/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 

µm 

Efficiency 

On 7.07 

µm 

Atomite 570 2000 aborted Not tested Not tested Not Tested Not Tested Not Tested Not Tested Not Tested 
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Run # 2: 

Date:    19 July 2008 

Objective:   Second run(s) at using 5 stage techniques developed - run at ARAMCO concentration  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes: Full sequence tested on Dust trak instrument.  
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 570 2000 138 Not 

Tested 

Not 

Tested 

.00273 99.99947 Not Tested Not Tested Not Tested 

 

 

Run # 3: 

Date:    19 July 2008 

Objective:   Third run(s) at using 5 stage techniques developed ï second run of ARAMCO concentration   

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes:  Rerun of #2.  
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m3
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 570 2000 116 NT NT .0005 99.9995 NT NT NT 
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Run # 4: 

Date:    23 through 27 July 2008 

Objective:   Fourth run(s) at using 5 stage techniques developed - run at higher concentration  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes:    
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 3000 2000 75        

 

Run # 5: 

Date:    31 July through 5 August 2008 

Objective:   Fifth run(s) at using 5 stage techniques developed   

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes:  First full run with the Marblend dust 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 500 2000 48 NT NT .0047 99.99964 99.99985 99.99999 99.99999 
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Run # 6: 

Date:    27 August  through 9 September 2008 

Objective:   Sixth run(s) at using 5 stage techniques developed - high end concentration trial  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes: Test was aborted ï mass balance of the entire unit was not being monitored up to this point on any test. 

The airlock bin evacuation was significantly lower than the high feed rate. Net result was a full housing 

(approximately 75% of the cartridge depth). Implemented a mass balance check as this point. 
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 10,000 2,000 100 +        

 

Run # 7: 

Date:    27 August  through 9 September 2008 

Objective:   Seventh run(s) at using 5 stage techniques developed - high end concentration trial  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes:    
 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 10,000 2000 68 NT NT .0209 99.99977 99.99952 99.99992 99.99998 
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Run # 8: 

Date:    24 ï 25 September 2008 

Objective:   Eighth run(s) at using 5 stage techniques developed  

Filter/Housing description: Four pleated filter elements  

Parameters/settings: Pulse pressure = 90 psi, stage 3 pulse cycle = 3 minutes (individual pulse per element), pulse duration 

=150 milliseconds, stage 5 pulse cycle = 3ò dp pulse, 2ò dp reset 

Additional Notes:  Test Stopped before the end of stage 3 ï very high pressures  
 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

           

 

 

 

Run # 9:  
Date:     29 September to 31 October 2008 

Objective:    Evaluate a pleated bag cartridge -Add in Test for one customer request and interest in this style 

   

Filter/Housing description:   Pleated bag configuration using a bag style housing 

Additional Notes:   Added to the matrix after the initiation ï of interest to all 
 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 500 2000 166 <.01 99.998 .011 99.9976 99.997 99.99985 99.99995 
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Run # 10: 

Date:    11 through 18 November 2008 

Objective:   Repeatability Study ï compare with Run #11 and #12 

Filter/Housing description:  Four pleated filter elements 

Additional Notes:    

 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

Efficiency 

On 1.73 µm 

Efficiency 

On 7.07 µm 

Atomite 2280 2000 71 .031 99.9986 .031 99.9985 99.98 99.992 99.99979 

 

 

 

Run # 11: 

Date:    20 Through 23 November 2008 

Objective:   Repeatability Study ï compare with Run #10 and #12 

Filter/Housing description:  Four pleated filter elements 

Additional Notes:    
 

Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft/
3
min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

% 

Efficiency 

On 1.73 µm 

% 

Efficiency 

On 7.07 µm 

% 

Atomite 2280 2000 71 <0.013 >99.9994 .026 99.9988 NT NT NT 

Atomite 2280 2000 80 <.01 >99.9996 .0234 99.989 99.998 99.9997 99.99996 
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Run # 12: 

Date:    24 November through 3 December 2008 

Objective:   Repeatability Study ï compare with Run #10 and #11 

Filter/Housing description:  Four pleated filter elements 

Additional Notes:  Exterior gasket leak ï second run completed as planned but used to assess performance impact of leak 

 
Challenge 

Material 

 

Challenge 

Concentration 

mg/m
3
 

Air Flow 

Rate 

ft
3
/min 

Test 

Duration 

Hours 

Mass 

Emissions 

mg/m
3
 

Mass 

Efficiency 

% 

PM10 

Emissions 

mg/m
3
 

PM10 

Efficiency 

% 

Efficiency 

On .39 µm 

% 

Efficiency 

On 1.73 µm 

% 

Efficiency 

On 7.07 µm 

% 

Atomite 2280 2000 71 .028 99.9987 .043 99.9979 99.9979 99.9996 99.9996 

Atomite 2280 2000 81 .009 99.996 .033 99.9983 99.9997 99.9999 99.9998 
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Individual Reports (note that test No. 6 was aborted and not included in this listing) 
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