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The NASA led Artemis program missions strive to write the next chapters of lunar surface 

human exploration. To achieve this directive, several spacecraft are required to safely 

transport humans including capsules, orbital elements, and landers. The Artemis profile 

begins with a single-use mission, but ramps up to a sustainable lunar presence and re-use or 

continuous use of habitable vehicles. One of the greatest challenges that crews will face is the 

abrasive lunar dust environment that wreaked havoc on Apollo-era equipment and caused 

human health issues. Dust mitigation strategies to protect crew and equipment follow three-

steps: limit dust entry to habitable volumes; remove dust from habitable volumes; and focused 

cleaning of critical areas (example: displays). To combat dust ranging from sub-micron sized 

particles to macro-sized particles, Environmental Control and Life Support Systems' 

(ECLSS) main line of defense is high-efficiency particulate air (HEPA) filters in the air 

ventilation subsystem. This work investigates a path forward for flight configuration HEPA 

filters for Artemis ECLSS vehicles to meet mission requirements. Preliminary results are 

presented from ongoing testing, which includes a variety of HEPA filter media, lunar dust 

simulants, and airflow rates with variable pressures. The testing has three phases with 

increasing HEPA filter media fidelity: flat for benchmark data acquisition; pleated for higher 

fidelity; and pleated and packaged for the flight configuration HEPA. The tests measure: dust 

concentration versus pressure drop; dust loading/capacity; filter efficiency; and damage 

assessment. Testing results will aid in: increased general knowledge of filtration dust fouling; 

HEPA selection by qualification testing; risk reduction; and eventually calculating 

replacement times for the HEPA filters and the number of orbital replacement units based on 

specified mission loading rates. Future work is outlined for the continued path to qualify 

HEPA filters for Artemis vehicles exposed to potential lunar dust. 

Nomenclature 

AVS = air ventilation subsystem 

ECLSS = Environmental Control and Life Support System 

GRC = [NASA] Glenn Research Center 

HEPA = high-efficiency particulate air 

HLS = Human Landing System 

LDC = lunar dust capacity 

NASA = National Aeronautics and Space Administration 

PD = pressure drop 
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I. Introduction 

ECENT technology development for NASA’s Artemis program investigates a path forward for qualifying high-

efficiency particulate air (HEPA) filters for vehicles to meet mission requirements. This effort was conducted by 

Paragon Space Development Corporation (Paragon) in coordination with National Aeronautics and Space 

Administration (NASA) testing a variety of HEPA filters at Glenn Research Center (GRC) using different lunar dust 

simulants and loading configurations. On-going testing shows that lunar dust can be filtered out by HEPA media and 

that further testing needs to be done in order to determine how effective HEPA filtration can be for removal of lunar 

dust particles. Paragon has worked on every major human space flight program since 1993 and its hardware has flown 

on NASA spacecraft (Orion, Space Shuttle, and the International Space Station), foreign spacecraft (Soyuz and Mir) 

as well as commercial spacecraft. This effort is to ensure crew safety onboard Artemis program vehicles as Paragon 

supports human spaceflight exploration to the Moon, on to Mars, and beyond. 

II. Background 

A. NASA’s Artemis Program 

 The NASA led Artemis program missions strive to write the next chapters of lunar orbit and surface human 

exploration. To achieve this directive, several spacecraft are required to safely transport humans including capsules 

like Orion, orbital elements such as Gateway, and landers such as the Human Landing System (HLS). The Artemis 

profile begins with Orion, Gateway and single-use HLS module (baselined for a 2024 human landing on the Moon), 

but ramps up to a sustainable lunar presence with the re-use of landers and potential continuous use of habitable 

vehicles. This work aligns with several areas of NASA’s Technology Taxonomy (formerly NASA’s Technology 

Roadmap) under TX06: Human Health, Life Support, and Habitation Systems, specifically within TX06.1 ECLSS 

and Habitation Systems1. Under this area, technology development is being conducted for: particulate and microbial 

control; cabin ventilation; and some trace contaminant control (TX06.1.1 Atmosphere Revitalization). Under 

TX07.2.5 Particulate Contamination Prevention and Mitigation (TX07: Exploration Destination Systems), this work 

addresses technologies for: contamination prevention; interior cleaning and protection; and gas quality preservation. 

HEPA filters also touch on areas related to operation, health and maintenance, mitigation, and protection to ensure 

dust tolerance. 

B. Lunar Dust Issues and Mitigation Strategies 

 One of the greatest challenges that crews will face is the abrasive lunar dust environment that wreaked havoc on 

Apollo-era equipment and caused human health issues2. The regolith on the lunar surface is continuously bombarded 

with micrometeorites, resulting in a superficial layer of fine powder, or lunar dust, which is easily agitated, has sharp 

structural edges, and is susceptible to electrostatic charging. As NASA increases activity in cislunar space, the 

exacerbation of regolith disturbance will result in further dust interference and transport into vehicles, necessitating 

an increased need for mitigation. Dust mitigation strategies to protect crew and equipment follow three-steps: limit 

dust entry into habitable volumes; remove dust from habitable volumes; and focused cleaning of critical areas 

(example: displays). Airborne particulate matter such as lunar dust, microorganisms, and other contaminants must be 

filtered out of crewed spacecraft in order to ensure the atmosphere is not hazardous to human health and will not 

damage critical components. In order to effectively and efficiently achieve this, HEPA filters integrated in the 

environmental control and life support systems' (ECLSS) air ventilation subsystem (AVS) were decided as the optimal 

filtration method that can filter particulates down ranging from sub-micron size to a macro-size. This ensures that 

clean, conditioned, breathable, and well filtered air is being circulated within the vehicle by way of the AVS at all 

times. 

C. Air Ventilation Subsystems (AVS) High-Efficiency Particulate Air (HEPA) Filter Mitigation 

 As discussed in Section II.B, A HEPA filter placed within the AVS is one of the most effective ways to filter out 

lunar dust particles. In order to meet ventilation velocity requirements, a carefully designed layout of the AVS ducting, 

supply plenums, and return ports is required. AVS return ports are the most efficient locations for the HEPA filters. 

The placement of the HEPA filters within the AVS return ports is required in order to act as a main line of defense 

against lunar dust circulation within the breathable atmosphere of the vehicle. Additionally, the placement of the 

HEPA filters within the return ports will also protect the inside of the ducting, air revitalization components, and 

sensitive monitors from dust fouling or abrasion, which could lead to component damage and potential hardware 

failures. 

R 
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D. Lunar Dust Simulants 

 There are many different types of lunar dust simulants that represent different geological locations and physical 

characteristics of lunar dust. A few different lunar dust simulants are discussed in the following sections. 

 

1. JSC-1AF 

 JSC-1AF is one the most common lunar dust simulants and is 

currently used at NASA GRC for lunar dust testing. This lunar dust 

simulant was developed in 2005 and is based on the existing lunar dust 

simulant, JSC-13. A picture of JSC-1AF is shown in Figure 1. The 

JSC-1AF has an average particle size of 20 micrometers. It is intended 

to represent the lunar soil of the maria (large, dark basaltic plains). 

 

2. NU-LHT 

 The lunar highland type simulant (NU-LHT) is a lunar dust 

simulant with soil properties analogous to those found in the anorthositic-rich lunar highlands. The benefit of this 

simulant is that it most accurately represents the lunar soil conditions that the HEPA filter will experience at the lunar 

South Pole, the target destination for early Artemis missions. For this work, NU-LHT was sieved down to 53 microns 

to acquire a finer particle distribution, to better match particles expected within Artemis vehicle ventilation systems. 

 

3. Alumina Powder 

Alumina powder can be used as an abrasive lunar dust simulant. The benefit of this simulant is that the mechanical 

makeup is very abrasive and sharp, which is the ideal simulant used to determine if lunar dust damage will occur on 

the HEPA filter. This material can be used to quantify worst case abrasion scenarios in future testing. 

III. HEPA Filter Testing with Lunar Dust Simulants 

A. Testing Objectives 

Lunar dust testing will occur in three stages with details of each stage expanded in Table 1: 

 

Table 1. Three Stage Approach to HEPA Filter Lunar Dust Verification 

Stage (Dates) Goals/Objective Expected Data/Results 

1 

(12/2020 – 

2/2021) 

Benchmark generic flat HEPA filter media with 

simulated lunar dust, using two different types of 

medium. 

1. Pressure drop vs. capacity 

2. Overall capacity limit 

3. Efficiency (particle measurement 

upstream/downstream) 

4. Damage assessment 

2 

(2021) 
Test a full-size pleated HEPA filter as a pathfinder. 

Similar results as in Stage 1, but with a pleated, 

full-size design. 

3 

(late 2021) 

Flight configuration HEPA filter for requirement 

verification; Risk reduction. 
Similar results as in Stage 2. 

B. Testing Capabilities at NASA Glenn Research Center 

 Lunar dust testing is occurring at NASA GRC. At GRC, there are two separate test setups, one for flat media 

testing (Stage 1) and one for pleated media testing (Stages 2 and 3). Stage 1 setup is discussed in the following sections 

as Stage 2 and Stage 3 testing are not part of this paper. 

 

1. Stage 1 Test Setup 

The flat media test bed consists of a closed-loop, 6 inch diameter pipe that has lunar dust simulant injected within the 

flow loop. A vacuum pump is installed to control the pressure and a fan is installed to allow for continuous, selected, 

low-velocity airflow.  A HEPA filter media holder is contained within the loop such that different HEPA filter medias 

can be placed within the holder for the various cases of Stage 1 testing. The test bed consists of the setup shown in 

Figure 2 and Figure 3. The testing and lessons learned at NASA GRC using JSC-1AF with glass media4 were applied 

to this next iteration of Artemis HEPA filter testing. 

Figure 1: JSC-1AF Lunar Dust Simulant 
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Figure 2. Stage 1 Test Setup at NASA GRC 

 
Figure 3. Stage 1 Test Setup Functional Diagram 

C. Master Test Plan 

 As discussed above, the test plan consists of 3 stages of testing. This paper discusses the Stage 1 test results and 

the preliminary steps taken for Stage 2 testing. For Stage 1 testing, two separate HEPA medias were analyzed in a flat 

configuration (flight assemblies are pleated). These included a traditional micro-fiber glass media (or “Glass”) used 

in previous spaceflight programs, and a newer more advanced HEPA media (or “Advanced”) technology that has been 

fabricated with more abrasion resistance and a lower anticipated pressure drop. These two HEPA filter medias were 

analyzed to determine the optimal lunar dust filter media. The lunar dust simulant chosen was NU-LHT to best 

represent the lunar South Pole for Artemis missions5. The test pressures chosen were 8.2, 10.2, and 14.3 psia (0.565, 

0.703, 0.986 bars, respectively) as they represent the approximate Artemis values in different operational phases. An 

average room temperature was used for all testing as this is expected temperature range in the pressurized habitat. The 

average lunar dust simulant inserted into the flow loop is 150 mg. The Stage 1 Test Matrix is summarized in Table 2. 
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Table 2: Stage 1 Test Matrix 

Case 
Test Article 

Configuration 

Fan 

Flow 

Rate 

(CFM) 

Face 

Velocity 

(cm/s) 
Temp (°F) 

Pressure 

(psia) 

Lunar 

Dust 

Simulant 

Average 

Dust 

amount (g) 

Objective 

1 Advanced Flat 4.14 10.7 Room Temp. 

(68°F-81°F) 
8.2 NU-LHT 0.15 See Table 1 

2 Advanced Flat 4.14 10.7 Room Temp.  

(68°F-81°F) 
14.3  NU-LHT 0.15 See Table 1 

3 Advanced Flat 1.16 
3.0 Room Temp. 

(68°F-81°F) 
8.2  NU-LHT 0.15 See Table 1 

4 Advanced Flat 1.16 3.0 Room Temp. 

(68°F-81°F) 
14.3  NU-LHT 0.15 See Table 1 

5 Advanced Flat 2.50 6.0 Room Temp. 

(68°F-81°F) 
10.2  NU-LHT 0.15 See Table 1 

6 Glass Flat 2.50 
6.0 Room Temp. 

(68°F-81°F) 
14.3  NU-LHT 0.15 See Table 1 

7 Glass Flat 2.50 6.0 Room Temp.  

(68°F-81°F) 
8.2  NU-LHT 0.15 See Table 1 

8 Glass Flat 2.50 
6.0 Room Temp. 

(68°F-81°F) 
10.2  NU-LHT 0.15 See Table 1 

IV. Stage 1: Flat HEPA Filter Testing Results 

At the start and completion of each loading interval the pressure drop was measured over variable flow rates. The 

following sections report on the results of each of the test cases in the test matrix in Table 2. 

A. Case 1 Testing Results 

 Figure 4 shows the face velocity vs. the pressure drop (left) for the various amounts of accumulated lunar dust 

simulant on the HEPA media and the loading capacity vs. pressure drop (right) for various flowrates. 

 

 
Figure 4. Case 1: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Advanced HEPA Filter 

  

 Along with obtaining pressure drop results as shown above, pictures were taken to determine if any damage may 

have occurred due to the abrasive nature of lunar dust. These pictures are taken with different camera lenses at the end 

of the each lunar dust loading cycle. These results are shown in Figure 5, Figure 6, and Figure 7. 
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Figure 5. Case 1 HEPA Filter Loading (DSLR Camera with 60mm Lens) 

 
Figure 6. Case 1 HEPA Filter Loading (10x Microscopic Camera) 

 
Figure 7: Case 1 HEPA Filter Loading (DSLR 60 mm Macro Lens) 

B. Case 2 Testing Results 

 Figure 8 shows the face velocity vs. the pressure drop (left) for the various amounts of accumulated lunar dust 

simulant on the HEPA media and the loading capacity vs. pressure drop (right) for various flowrates. 

 
Figure 8. Case 2: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Advanced HEPA Filter 

 Along with obtaining pressure drop results as shown above, pictures were taken to determine if any damage may 

have occurred due to the abrasive nature of lunar dust. These pictures are taken with different camera lenses at the end 

of the each lunar dust loading cycle. These results are shown in Figure 9, Figure 10, and Figure 11. 
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Figure 9. Case 2 HEPA Filter Loading (DSLR Camera with 60mm Lens) 

 
Figure 10.Case 2 HEPA Filter Loading (10x Microscopic Camera) 

 
 

Figure 11. Case 2 HEPA Filter Loading (DSLR 60 mm Macro Lens) 

C. Test Case 3-8 

The remainder of the test cases are presented in Section IX: Appendix. 

V. Discussion 

 During stage 1 testing, the pressure drop, lunar dust capacity, efficiency, and a damage assessment was determined 

for every case. The conclusions discussed in the following sections will be used to determine the HEPA filter down 

selection and number of orbital replacement units (ORU’s) for the individual space flight programs. 

A. Pressure Drop 

 Pressure drop across a flat media varies greatly depending on the flowrate of the airflow passing through the media. 

This is shown in Figure 4 - Figure 29, for their respective load cases. However, an initial assumption was that the flow 

velocity at which loading occurred could also directly affect the rate of pressure drop rise with mass loading, as the 

capturing mechanisms of lunar dust particles could be different at different velocities. This assumption proved to be 

incorrect, as shown in Figure 12. 

 
Figure 12. Case 1 vs. Case 3 Face Velocity vs. Pressure Drop Comparison of Flat Glass Media 
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The only differences in Case 1 and Case 3 is the initial loading velocity (Case 1 @ 10.7 cm/sec and Case 3 @ 3.0 

cm/sec). In Figure 12, the linear behaviors of the pressure drop in relation to the flow velocity in Case 1 and Case 3 is 

nearly identical. This tells us that for the lower flow velocities (between 0-10cm/s) the flat media experiences, the 

initial flow velocity does not matter during loading as the linear fit of the data can be used to accurately estimate any 

pressure drop values. However, this can only be used for low flow velocities as the line of best fit is linear. At larger 

flow velocities, above 10 cm/s, the pressure drop vs. flow velocity is a positive polynomial. Similar results were also 

documented by the flat fiberglass media HEPA filter manufacturer (reference document is internal only at this time). 

As a response to the results in Case 1 and Case 3, the test matrix was modified prior to continuing onto subsequent 

cases. Case 4 ran without modifications to confirm the results obtained from Case 1 and Case 3. Cases 5-8 had an 

initial flow velocity of approximately 6.0 cm/sec. This gave the most accurate pressure drop versus lunar dust loading 

results. A summary of the initial pressure drop (absence of lunar dust) is shown in Table 3. 

 

Table 3. Initial Pressure Drop for Each Case 

Cases 

(Media) 

Approx. Pressure Drop 

(in. of H2O) 

Approx. Flow Velocity 

(cm/s) 

Loop Pressure 

(psia) 

Case 1 (Advanced) 0.93 8 8.2 

Case 2 (Advanced) 1.29 9 14.3 

Case 3 (Advanced) 0.39 3 8.2 

Case 4 (Advanced) 0.44 3 14.3 

Case 5 (Advanced) 0.81 6 10.2 

Case 6 (Glass) 1.53 6 14.3 

Case 7 (Glass) 1.42 6 8.2 

Case 8 (Glass) 1.41 6 10.2 

  

As shown in Table 3, the flat advanced media has a much lower initial pressure drop in all cases compared to the 

glass media. Table 4 shows the initial pressure drop differences between advanced and glass medias. 

 

Table 4. Initial Pressure Drop Comparison between Advanced and Glass Media 

Cases / Media 
Loop Pressure 

(psia) 

Advanced 

(in. of H2O) 

Glass 

(in. of H2O) 
% Difference 

Case 1, Case3* & Case 7 8.2 0.71 1.42 + 200% 

Case 5 & Case 8 10.2 0.81 1.41 + 174% 

Case 2, Case4* & Case 6 14.3 0.87 1.53 + 176% 

*A ratio between the velocity differences was taken in order to determine the pressure drop at the velocity that matches 

the velocity of 6 cm/sec so that the same test conditions were used 

 

 As shown in Table 4, the flat glass media causes almost double the pressure drop versus the flat advanced media. 

This is because the glass media has thicker fibers, which limit the airflow passing through the media, whereas the 

advanced media has thinner, stronger fibers that allow more airflow to pass through while still being able to capture 

the particles at a high efficiency rate. As pressure drop increases, the direct result could be an increase in power 

consumption by the fan. Because of this, the flat advanced media is recommended for use over the fiberglass media. 

B. Dust Loading Capacity 

The more lunar dust that accumulates on the flat HEPA media, the larger the pressure drop. To assess the lunar 

dust capacity, a maximum pressure drop value needs to be associated, as this is when the filter is considered saturated 

and must be replaced. For this application, the maximum pressure drop across the HEPA filter is assumed to be 2iwg 

(this is a programmatic requirement). Table 5 shows the lunar dust capacity (LDC) based upon this pressure drop. 

The lunar dust capacity was determined by performing a linear regression analysis and then determining the LDC 

based upon the pressure drop being 2iwg. As shown in Table 5, the LDC is quite large for all of the test cases using 

the advanced media. A comparison between the pressure drop increase and the LDC increase is shown in Figure 13. 
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Table 5. Lunar Dust Capacity (LDC) for Each Case 

Cases (Media) LDC (mg) Approx. Flow Velocity (cm/s) Loop Pressure (psia) 

Case 1 (Advanced) 3178 8 8.2 

Case 2 (Advanced) 1176 9 14.3 

Case 3 (Advanced) 8049 3 8.2 

Case 4 (Advanced) 3912 3 14.3 

Case 5 (Advanced) 5971 6 10.2 

Case 6 (Glass) 1181 6 14.3 

Case 7 (Glass) 823 6 8.2 

Case 8 (Glass) 1484 6 10.2 

 

 
Figure 13. LDC vs. Media Type for each pressure range 

 

As shown, in Case 1 (@ 8.2 psia), Case 2 (@ 10.2 psia), and Case 3 (@ 14.3 psia) the advanced flat media all have 

significantly higher LDC than the glass media. The LDC is calculated by using the line of best fit and setting the 

maximum pressure drop to 2.0iwg.  The large LDC capacity by the advanced media is mostly due to the fact that the 

initial pressure drop of the advanced media is substantially lower than the glass media. Because of the LDC of the 

advanced media, the advanced media is recommended for use. 

C. Efficiency 

The flat media efficiency was shown to be acceptable for our cases. Figure 14 shows the results of media efficiency 

tests for one of the test cases, Case 4. High efficiency values were found in the submicron region. Values above 99.4% 

were found near 100 nm and virtually 100% efficiency values were found for most particle diameters above 200 nm. 

The scatter in the data is due to insufficient number counts obtained with the particle counter to more accurately 

resolve the efficiency values. Error bounds of 0.1% to 0.025% are estimated for the efficiency data. 

 
Figure 14: Media efficiency results for Case 4 (circle – before loading, squares after loading) 
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D. Damage Assessment 

 A damage assessment was performed by taking pictures at various magnifications in order to identify if any rips 

or tears occurred in the flat media. In addition to this, the occurrence of large pressure drops and a drop in efficiency 

would indicate that the media is ripped and not useable. After analyzing all Stage 1 cases, the lunar dust does not seem 

to cause any noticeable damage to the HEPA media based on the pictures taken and the lack of a large increase in 

pressure drops across the media. 

E. Lunar Dust Simulant Comparison 

Recognizing the progressive work occurring at NASA GRC with various Artemis mission partners, the opportunity 

to cross-reference work was achieved. Both this work and Agui et al. (2021) used the same flat traditional fiberglass 

media, but with two different simulants. The comparison of data is presented in Figure 15. The case of the JSC-1AF 

simulant on the glass media had a slightly larger increase in pressure drop with mass loading compared to the case 

with LHT simulant on glass media (Case 8). For comparison, the case of LHT simulant on the advanced media (Case 

5) showed significantly lower values in pressure drop, however it showed a similar rise in pressure drop as Case 8 

also using LHT simulant. In future work, additional simulants could be tested on the advanced media to characterize 

a possible range of pressure drops and dust loading that may occur due to different lunar regions. 

 
Figure 15. Comparison of Pressure Drops for Glass Media with JSC-1AF and NU-LHT 

VI. Conclusions & Future Work 

 As shown in Stage 1 testing, flat media can effectively filter out lunar dust particles. From the Stage 1 test results, 

it is shown that the flat advanced media can capture more particles at a lower pressure drop than the flat traditional 

micro-fiber glass media. The flat advance media also had a higher LDC than the glass media. For Stage 2 testing (to 

occur mid-2021), the advanced media will be configured to determine how effective a pleated HEPA filter is at 

removing lunar dust simulant. Additionally, a micro-fiber glass pleated HEPA filter will be tested during Stage 2 

testing to confirm the Stage 1 test results. Stage 2 testing will lead to confidence in the down-selected HEPA filter in 

terms of pressure-drop, loading capacity, efficiency, and therefore performance. The Stage 2 test results will directly 

lead into which HEPA filter will be tested for the Stage 3 (flight configuration) HEPA filter. 
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IX. Appendix 

 
Figure 16. Case 3: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Advanced HEPA Filter 

 
Figure 17. Case 3 HEPA Filter Loading (DSLR Camera with 60mm Lens) 

 
Figure 18. Case 3 HEPA Filter Loading (10x Microscopic Camera) 
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Figure 19. Case 3 HEPA Filter Loading (DSLR 60 mm Macro Lens) 

 

 
Figure 20. Case 4: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Advanced HEPA Filter 

 
Figure 21. Case 4 HEPA Filter Loading (DSLR Camera with 60mm Lens) 

 
Figure 22. Case 4 HEPA Filter Loading (10x Microscopic Camera) 
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Figure 23. Case 5: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Advanced HEPA Filter 

 
Figure 24. Case 5 HEPA Filter Loading (DSLR Camera with 60mm Lens) 

 
Figure 25. Case 5 HEPA Filter Loading (10x Microscopic Camera) 
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Figure 26. Case 6: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Glass HEPA Filter 

 

 
Figure 27. Case 7: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Glass HEPA Filter 
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Figure 28. Case 7: Pictures with standard camera of HEPA filter loading 

 

 
Figure 29. Case 8: Face Velocity vs. Pressure Drop (Left) and Loading Capacity vs. Pressure Drop (right) 

Results for a Flat Glass HEPA Filter 

 
Figure 30.Case 8: Pictures with standard camera of HEPA filter loading 


