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Introduction:  The Mars 2020 rover will carry the 

Mars Oxygen In-Situ Resource Utilization Experiment 

(MOXIE), which aims to electrolyze atmospheric car-

bon dioxide to produce oxygen [1]. To protect against 

dust ingestion, MOXIE is fitted with a High Efficiency 

Particulate Arrestance (HEPA) filter. However, as this 

filter accumulates dust, the pressure drop across it will 

increase. If the pressure drop becomes large enough, 

there is a risk that the CO2 compressor (a scroll pump) 

will not be able to deliver the required 1 atm outlet 

pressure for electrolysis. 

Various expressions for the pressure drop across 

HEPA filters are reported in the literature. The most 

general is Darcy’s law, v = KΔP, where v is the gas 

media velocity, the speed of the gas as it traverses the 

filter, and K is a constant set by the physical properties 

(e.g. permeability) of the filter media [2]. This implies 

that ΔP is independent of atmospheric (inlet) pressure. 

As a result, an initial concern was that the pressure 

drop across the filter could be a substantial fraction of 

Mars atmospheric pressure. 

Several studies have investigated the pressure drop 

across HEPA filters as a function of dust loading (mass 

per unit filter area) in terrestrial conditions (e.g. [3]). 

One study used a low-pressure, majority CO2 atmos-

phere as found on Mars [4], however it tested a single 

sheet of filter media rather than a pleated arrangement 

as used by MOXIE (filters are typically pleated to in-

crease the filtration area). Therefore, a need was identi-

fied to investigate the performance of a MOXIE-like 

filter under simulated Mars conditions. 

Equipment:  The experimental setup is shown in 

Fig. 1. Hardware consisted of a rig to emulate the 

MOXIE HEPA filter and scroll pump (Air Squared 

V10T016A-01), with ambient Mars conditions provid-

ed by the Aarhus Wind Tunnel Simulator II (AWTSII) 

in the Mars Simulation Laboratory at the University of 

Aarhus, Denmark [5]. A 0 - 2.5 mbar differential pres-

sure sensor (First Sensor HCLA002X5EU) recorded 

the pressure drop across the filter, ΔP. A Laser Dop-

pler Anemometer (LDA) was used to determine the 

inlet face velocity v0 by measuring the vertical compo-

nent of the velocity of dust particles below the filter. 
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Figure 1. Schematic of the experimental setup, with the 

wind tunnel on the right. 
 

Test procedure:  The wind tunnel was evacuated 

and backfilled with CO2 to P0 = 10.3 mbar and the fan 

was set to provide an ambient wind speed of w0 = 3 m 

s-1. Dust simulant, Salten Skov I [6], was injected into 

the wind tunnel. Once the dust had dispersed, the scroll 

pump was set to its maximum speed of approximately 

NP = 3000 rpm and the pressure drop ΔP and inlet face 

velocity v0 recorded for one hour. Three one-hour runs 

were carried out in this configuration at target average 

dust particle number densities of n0 = 40, 400, and 800 

cm-3. For comparison, the background number density 

on Mars is approximately 4 cm-3 and MOXIE’s 

planned operational lifetime is 30 hours. After the runs 

were completed, the filter media was weighed to de-

termine the dust loading m. In addition to the runs de-

scribed above, investigations were carried out into the 

effect of scroll pump speed NP on pressure drop ΔP 

and inlet face velocity v0 at various wind tunnel pres-

sures (P0 = 8, 10.3, 16, and 1013 mbar) and dust load-

ings (m = 0, 0.03, and 5.7 g m-2). 

Results:  With clean filter media weighing 

65.588(5) g, the pressure drop ΔP and inlet face ve-

locity v0 as a function of scroll pump speed NP are 

shown in Fig. 2. After all three dust exposure runs, the 

mass of the filter media increased to 65.600(5) g, cor-

responding to a dust loading m = 0.03(2) g m-2. No 

increase in pressure drop ΔP, nor decrease in inlet face 

velocity v0, was seen after the three dust exposure runs. 

However, the color of the filters changed, with the ac-

tive filter darker in appearance than the passive filter 

(Fig. 3). 
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Figure 2. Pressure drop, ΔP (left) and inlet face     

velocity, v0 (right) as a function of scroll pump speed, 

NP, with a clean filter at P0 = 10.3 mbar. 
 

 

Figure 3. Clean (left), passive (center) and active 

(right) filter after dust exposure runs. 
 

Pressure drop ΔP was found to increase linearly 

with inlet face velocity v0 (Fig. 4). 

 

Figure 4. Pressure drop, ΔP as a function of inlet face 

velocity, v0. (Pressure drop error bars not shown; see 

Fig. 2  for indicative size). 
 

The pressure drop ΔP also increased with wind 

tunnel pressure P0 (Fig. 5). 

 

Figure 5. Pressure drop, ΔP as a function of wind  

tunnel pressure P0 at different scroll pump speeds, NP. 

Discussion:  A dust dose equivalent to 310 hours at 

a number density of 4 cm-3 produced a dust loading of 

0.03(2) g m-2. This is a low loading: no increase in 

pressure drop, nor reduction in inlet face velocity, was 

seen. Filter color is a sensitive indicator of dust loading 

(Fig. 3). The linear increase of pressure drop with inlet 

face velocity (Fig. 4) confirms the validity of Darcy’s 

law. The decrease in the pressure drop with decreasing 

wind tunnel pressure (Fig. 5) is likely due to three 

mechanisms. Firstly, at low wind tunnel pressures, the 

scroll pump’s volumetric flow rate is lower, therefore 

the filter inlet face velocity and pressure drop are also 

reduced. Secondly, at low wind tunnel pressures, there 

is a larger pressure difference between the laboratory 

(at 1 atm) and the wind tunnel which drives a flow of 

air towards the wind tunnel. The pump has to do some 

work on this flow, leading to a threshold for positive 

pumping at ~1250 rpm. Thirdly, at low wind tunnel 

pressures, the mean free path of CO2 approaches the 

characteristic diameter of filter fibers, reducing drag in 

accordance with the Cunningham slip correction. 

Future work:  The limitations of this study were 

poor knowledge of the Particle Size Distribution (PSD) 

ingested by the filter, lack of hardware representative-

ness, and its short duration. Particle size has an effect 

on pressure drop. The bulk PSD reported in [6] is am-

biguous with regard to the size and weighting of the 

distribution. Moreover, the PSD ingested by the filter 

will differ from the bulk as smaller particles will be 

more easily lofted, and are less likely to follow ballistic 

trajectories, than larger particles. Hardware representa-

tiveness could be improved by using identical filter 

media as will be flown. 

Conclusion:  Suspended dust at typical background 

levels is unlikely to produce a problematic pressure 

drop during the operational lifetime of MOXIE (~30 

hours), with margin to ~300 hours. Long-duration test-

ing could investigate dust ingestion due to random 

wind effects, dust devils and storms. 
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