Distribution A

NAWC

Alirerar? Division
NAVAL AIR WARFARE GENTER

OBOGS Chemical Challenge Test Stand:
New DOD Test Capability Announcement

20-22 August 2024

Presented to:
2024 OSCG Annual Meeting

Presented by: Dr. Leah R. Eller, NAWCAD Human Systems Dept. ARI Senior Chemist

NAVAIR NAVAIR Public Release 2024-0501 Distribution Statement A: “Approved for public release. Distribution is unlimited.”



Distribution A

DISCLAIMERS

* The opinions expressed in this brief are those of the presenter and do not
represent an official position of the US Government

* | have no financial relationships to disclose
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DOD Test Capability Announcement

« Works with a running OBOGS concentrator in the test stand, dry or humid conditions

Generate sustained chemical vapors at MIL-STD-3050A Inlet Maximum concentration
levels at room temperature and OBOGS inlet pressures

Detect chemical vapors at MIL-STD-3050A Outlet Maximum concentration levels under
high oxygen background conditions and pressure pulses

Check concentrators submitted as part of engineering investigations for trace chemicals

Generate and detect chemical vapors at multiple pressures

Generate and detect ozone

Separate sieve test unit for assessing chemical protectiveness of new sieve materials or
chemicals not currently listed in MIL-STD-3050A (i.e., not previously tested in OBOGS)
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OBOGS Chemical Challenge Test Stand
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Test Rig Capability Overview
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MIL-STD-3050A Standard Test Method Target Chemicals

MIL-STD-3050A Table IV

INLET AIR CONTAMINANT OUTLET AIR CONTAMINANT

Acrolein
Aldehydes
Aromatics

Carbon Dioxide
Carbon Monoxide

Cobalt

Ethanol

Fluorine (as HF)
Halogenated Solvents
Hydrogen Peroxide
Methyl Alcohol
Methyl Bromide

Nickel
Nitrogen Oxides
Oil Breakdown Products

Oil and Particulate Matter
Ozone

Sub-micron particles

Total hydrocarbons
Unsaturated hydrocarbons
(alkenes, alkynes)

Vapor Phase Water

0.1 ppmv 0.05 ppmv
1ppmv 0.2 ppmv
10 ppmv 0.1 ppmv
5000 ppmv 500 ppmv
50 ppmv/250 ppmv (Navy) 10 ppmv
0.1 mg/m? 0.025 mg/m’
1000 ppmv 500 ppmv
0.1 ppmv 0.05 ppmv
2 ppmv 0.2 ppmv
1ppmv 0.5 ppmv
200 ppmv 100 ppmv
20 ppmv 1ppmv
0.5 mg/m3 0.125 mg/m3
5ppmv 0.1 ppmv
1 ppmv 0.1 ppmv
2 mg/m’ 0.2 mg/m’
0.1 ppmv 0.05 ppmv
0.5 mg/m> 0.05 mg/m’>
250 ppmv 25 ppmv
2 ppmv 0.2 ppmv

<£95% non-condensing

-4° F dew point

Room Temp. State Representative compound(s)

liquid

liquid or gas
liquid

gas

gas

solid

liquid

liquid

liquid or gas
liquid solution
liquid

gas

solid

gas

particles
particles
gas

particles
liquid or gas

liguid or gas

liquid

Comments

acetone, acrolein

acetalydehyde, propanal

toluene, xylenes

carbon dioxide

carbon monoxide

N/A

ethanol

HF recommend separate filter testing
dichloromethane, trichloroethylene

hydrogen peroxide material incompatible with zeolites
methyl alcohol

methyl bromide

N/A

nitrogen dioxide

N/A

N/A

ozone

N/A

n-heptane, n-octane

ethylene, propyne

N/A

ppm : parts per million by volume
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		MIL-STD-3050A Table IV		INLET AIR CONTAMINANT		OUTLET AIR CONTAMINANT		Room Temp. State		Representative compound(s)		Comments

		Acrolein		0.1 ppmv		0.05 ppmv		liquid		acetone, acrolein

		Aldehydes		1 ppmv		0.2 ppmv		liquid or gas		acetalydehyde, propanal

		Aromatics		10 ppmv		0.1 ppmv		liquid		toluene, xylenes

		Carbon Dioxide		5000 ppmv		500 ppmv		gas		carbon dioxide

		Carbon Monoxide		50 ppmv/250 ppmv (Navy)		10 ppmv		gas		carbon monoxide

		Cobalt		0.1 mg/m3		0.025 mg/m3		solid		N/A

		Ethanol		1000 ppmv		500 ppmv		liquid		ethanol

		Fluorine (as HF)		0.1 ppmv		0.05 ppmv		liquid		HF		recommend separate filter testing

		Halogenated Solvents		2 ppmv		0.2 ppmv		liquid or gas		dichloromethane, trichloroethylene

		Hydrogen Peroxide		1 ppmv		0.5 ppmv		liquid solution		hydrogen peroxide		material incompatible with zeolites

		Methyl Alcohol		200 ppmv		100 ppmv		liquid		methyl alcohol

		Methyl Bromide		20 ppmv		1 ppmv		gas		methyl bromide

		Nickel		0.5 mg/m3		0.125 mg/m3		solid		N/A

		Nitrogen Oxides		5 ppmv		0.1 ppmv		gas		nitrogen dioxide

		Oil Breakdown Products		1 ppmv		0.1 ppmv		particles		N/A

		Oil and Particulate Matter		2 mg/m3		0.2 mg/m3		particles		N/A

		Ozone		0.1 ppmv		0.05 ppmv		gas		ozone

		Sub-micron particles		0.5 mg/m3		0.05 mg/m3		particles		N/A

		Total hydrocarbons		250 ppmv		25 ppmv		liquid or gas		n-heptane, n-octane

		Unsaturated hydrocarbons (alkenes, alkynes)		2 ppmv		0.2 ppmv		liquid or gas		ethylene, propyne

		Vapor Phase Water		≤ 95% non-condensing		-4⁰ F dew point		liquid		N/A
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Challenges Addressed

v'Low target concentrations v'High oxygen concentrations can
= Difficult to hold consistent vapor reduce sensitivity of industrial gas
concentration analyzers
= Signal-to-noise ratios in detection = O, raises the limit of detection
equipment during testing with running
v'Low vapor pressures in some OBOGS
target chemicals v'Pressure pulses from running
= COTS vapor generation OBOGS
insufficient = Less stable baselines
= Maintain vapors at room = Reduced signal-to-noise ratio

temperature to avoid condensation
during testing
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Vapor Generation Method for Each Target

MIL-STD-3050 Chemical Designation Chemical Species Maximum Allowable Inlet Maximum Allowable Outlet Vapor Generator Method
Conc. (ppmv) Conc. (ppmv)
Substitute for acrolein Acetone 0.1 0.05 Gas Dilution
Explicitly ldentified Carbon Dioxide 5000 500 Gas Dilution
Explicitly Identified Carbon Monoxide 50 10 Gas Dilution
Explicitly Identified Ethanol 1000 500 HFVG
Explicitly ldentified Methanol 200 100 HFVG
Explicitly ldentified Methyl Bromide 20 1 Gas Dilution
Explicitly ldentified Ozone 0.1 0.05 Ozone Generator
Chemical Class: _—
Acetaldehyde 1 0.2 Gas Dilution
Aldehydes
Chemical Class: Toluene 10 0.1 LFVG
Aromatics m-Xylene 10 0.1 HFVG
Chemical Class: Dichloromethane 2 0.2 Gas Dilution
Halogenated Solvents Trichloroethylene 2 0.2 LFVG
Chemical Class: Nitrogen Dioxide 5 0.1 o
. . . . Gas Dilution
Nitrogen Oxides Nitrous Oxide 5 0.1
Chemical Class:
o n-Octane 250 25 HFVG
Total Remaining Hydrocarbons
Chemical Class: Ethylene 2 0.2 Gas Dilution
Unsaturated Hydrocarbons (alkenes, alkynes) | Propyne 2 0.2 Gas Dilution

ppm : parts per million by volume
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Gas Dilution System OBOGS Inlet Concentrations

Distribution A

Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50

Measured and

Goal Difference
Chemical Concentration Corrected from Goal Produc(t) Oxygen
(bpm) Concentration (%) (%)
(Ppm)
Acetone 0.1 0.088+0.002 12.8 92.82
Propyne 2 1.83+£0.017 9.0 93.18
Nitrous Oxide 5 4.483+0.001 10.9 93.65
Ethylene 2 1.750+0.003t 13.3 93.70
Carbon Monoxide 50 46.8+0.61 6.7 93.84
Acetaldehyde 1 0.93+0.01 7.6 94.11
Nitrogen Dioxide* 5 4.91+0.01 1.8 92.56
Dichloromethane 2 1.943+0.003 2.9 93.85
Methyl Bromide 20 19.10+0.02t 4.6 94.74
Carbon Dioxide 5000 4885.4+1.47 2.3 94.21

T Denotes calibration curve applied.
* Denotes that a chemical was run under dry, not humid, conditions.
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Gas Dilution System OBOGS Outlet Concentrations

Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50

Measured and

Chemical Goal Concentration Correctec;l Difference from Goal
(ppm) Concentration (%)
(Ppm)

Acetone 0.05 0.050+0.003 0.6
Propyne 0.2 0.197+0.010t 1.3
Nitrous Oxide 0.1 0.1001+0.0004t 0.09
Ethylene 0.2 0.200+0.005t 0.18
Carbon Monoxide 10 8.86+0.92t 12.0
Acetaldehyde 0.2 0.206+0.008 2.8
Nitrogen Dioxide* 0.1 0.0918+0.0007 8.6
Dichloromethane 0.2 0.223+0.004 10.7
Methyl Bromide 1 0.93+0.02t 7.7
Carbon Dioxide 500 523.3+£3.6 4.5

T Denotes calibration curve applied.

* Denotes that a chemical was run under dry, not humid, conditions.
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Low-Flow Vapor Generation System OBOGS Inlet

Concentrations
Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50

. Goal Concentration Measured Concentration Difference from Product
Chemical Goal Oxygen
(ppm) (ppm) o o
%o Yo
Trichloroethylene 2 2.301+0.0017 13.4 93.82
Toluene 10 9.533+0.015 4.8 93.40

T Denotes calibration curve applied.

NAVAIR
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Low-Flow Vapor Generation System OBOGS Outlet

Concentrations
Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8
Bleed Air Pressure (PSIG) 50

Goal Concentration

Measured Concentration

Difference from

Chemical Goal
(ppm) (ppm) o,
Trichloroethylene 0.2 0.200+0.002t 0.2
Toluene 0.1 0.097+0.006 3.1

T Denotes calibration curve applied.

NAVAIR
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High-Flow Vapor Generation System OBOGS Inlet

Concentrations
Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50
Measured Difference from

Goal Concentration

Product Oxygen

Chemical (ppm) Concentration Goal o,
(Ppm) %
Methanol 200 219.7+0.11 9.4 93.92
Ethanol 1000 866.58+0.15t 14.3 94.41
n-Octane 250 255.4+0.21 2.1 94.70
m-Xylene 10 10.69+0.01 6.7 93.44

NAVAIR

T Denotes calibration curve applied.
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High-Flow Vapor Generation System OBOGS Outlet

Concentrations
Bleed Air Temperature Set Point (°C) 50
Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50
Chemical Goal Concentration Measured Concentration Difference from Goal
(ppm) (ppm) %
Methanol 100 104.00+0.041 3.9
Ethanol 500 465.02+0.241 7.3
n-Octane 25 25.18+0.011 0.7
m-Xylene 0.1 0.109+0.003 8.2

T Denotes calibration curve applied.

NAVAIR
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Ozone Generation System OBOGS In/Outlet Concentrations

Distribution A

Bleed Air Temperature Set Point (°C) |50

Humidity Set Point ([g/m3]) 8.1
Bleed Air Pressure (PSIG) 50
Product Verification Test*
Goal Concentration Measureql Difference (BA-Prod) Difference from Goal
(ppb) Concentration y y
0 (1)
(ppb)
BA — 54.57+0.12 BA-8.7
50 8.4
Prod — 50.18+0.11 Prod — 0.4

Ozone Generation Bleed Air Test

. Measured
Goal C trat
cal Loncentration Concentration % Difference from Goal Product Oxygen %
(ppb) b
(ppb)
100 109.55+0.14 9.1 93.34
BA : Bleed Air

Prod: Product Air
ppb: parts per billion
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A Look at the Control Software Design and Graphical User

Interface (GUI)
Notifications Tab on GUI

Humidifier Humidifier subsystem page
Max Relative HI Total Air Flow (Humidity Controlled Bleed Air
) Humidity (%):80 1 r—-———>"">""™>=777 ™ Plenum
Lab Compressed Dry Air Humidifier )
R
c12
| MFC A (H) N Nt
Water Level " oy ar » L |

Lab Compressed [,5 | PSIA Flow Range: 0 - 2000 S5LPM 7 9

Dry Air Pressure 8 Water Humidifier

. ia): <7  Volume irculation

Water Temperature Green: Ideal Pressure (psia): 90 : Circula
Yellow: Below Ideal Pressure (psia): < 90 =6 (o3 ‘ Pump
Red: No/Low Pressure (psia): < 14.7 23
or ';4
. . o Above Max Pressure (psia): >120 i3
Relative Humidity | |wvrcB®) i 22
Wet Air 21
0
Legend Flow Range: 0 - 1000 SLPM - S
= Dry Air 1 1
. = Water
Lab Compressed Air —— — = Sub-Saturated Air Max Water Temp. (<C): 50 Min. Operational
Min Water Temp. (O):5 Water Volume (gal): 0
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Completion of validation testing
against all target chemicals

PAX team familiarization
and experimental work

System
checks

Delivery to PAX
WE ARE
HERE!!!
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Bottom Line In Back (BLIB)

« OBOGS Chemical Challenge Test Stand is complete and installed at NAS
Patuxent River

* FY 25 efforts will focus on finalizing a standardized test method and test
cost determination

* Interested parties should contact Dr. Eller for assistance with tours or for
testing/R&D discussions
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Our most sincere thanks to

« Asymmetric Operations Sector Applied Chemistry and Physics at the
Johns Hopkins University Applied Physics Laboratory

« NAWCAD Aeromedical and Life Support Division
* Naval Undergraduate Flight Training Systems Program Office
* NAWCAD Human Systems Engineering Department

e OSCG 2024 attendees
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Questions?

leah.r.eller.civQus.navy.mil
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