Verification of Airliner
Fuel Tank Inerting

Sampling 8 to 28 points simultaneously

Tunable diode laser oxygen analyzer
samples 4 channels sequentially

New data every 15 seconds
Sampling latency 60 seconds

Pressure correction over flight profile to
40,000’

Auto calibration checks during flight
Risk mitigation for measurement hazards




Why tunable diode laser
oxygen sensors for inert
gas monitoring?

Zirconia sensors at 700 C would
Ignite flammable mixtures

Electrochemical sensors are often
poisoned by chemical vapors and
are slow responding

Paramagnetic sensors are motion
sensitive

Reliability: 500,000 hours
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Zirconia vs Laser Diode
Oxygen Sensor Time
Response




Scanning the Oxygen
Absorption Lines

S/N: 7849 Cell: 685 Line: 29.74 C, 5.134 mA Time: 13:19:36 Date: 5/06/04
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02 Line Width

Oxygen Absorption Line Width o
Schematic
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Temperature Correction
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Pressure Correction:
12% Oxygen




Cross Sensitivity to Organic Vapors
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Reliability ....
VCSEL: vertical Cavity Surface Emitting Laser

p - contact

oxide aperture




Laser Diode Reliability

failure rate

wear out

infant

Kfai jures failures

Method: Stress groups of LDs at

75, 100, 125 C and

8, 12, and 16 mA.
Acceleration Model MFT~ I'" exp(E/KT)
(Operate LDs at 30 C and 4 mA.)
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Reliability

Accelerated Lifetime
Testing @ 160°C
ambient, laser current
7mA, junction
temperature 182°C

1315 h MTTF @ 160°C
calculated from TTF values

Fitted to lognormal distribution

Failure defined as 2 dB power
drop

Results in MTTF of 10’h @ RT
(extrapolated)

> 3000h 85%RH/85°C certified
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FAA Altitude/Spark Chamber
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Fuel-Air Mass Ratio*

% Volume Concentration of Jet-A Vapors V. Ullage O; Concentration -
Ignition/Non-Ignition @ Sea Level Conditions
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21% Oxygen, 1 J, 100 F

Flammability Envelope
vs. Ignition Energy, Flash Point and O; Level
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16% oxygen, 1 J, 100 F
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12% oxygen, 1 J, 100 F

vs. Ignition Energy, Flash Point and O; Level
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NEA from hollow fiber
membrane separators

Water Yapor
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FAA Inerting System Prototype

Schematic of On-Board Inert Gas Generation System (OBIGGS)
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Measuring 10% Oxygen to 40,000’
using tunable diode lasers




Sidestream Sampling

Two-stage dry diaphragm vacuum
pump:

6 I/min at atmospheric 100 kPa
Ultimate pressure: 7 kPa

1 l/min at I0kPa &

ML i
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02N2 Process Schematic
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Primary Sample & Purge
Plumbing
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Purge Flow Example
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Calibration Example
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Hazard Condition

Static discharge from
tubing

Static build-up from
high vapor flow rate

Fuel vaporileakage
into Oxigraf

Tubing, fitting or
valve leaks

Effect

Class
Catastrophic

Mitigation
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encl O o

Liqu amplf Rylet Za

‘RiskzAnalysIs
kan

Fitting fails, tube
EELS

Fuel vapor leakage
into cabin from
sample tubing

Enclosure bursts from
overpressure

2nd stage regulator
failure

Compressed gas
discharge into cabin

Cylinder valve or 13t
stage regulator failure

Electrical spark or Electrical component
conceN’raien hoai fails
source
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Risk Mitigations

Pump motor outside enclosure wall







Summary

Laser Diode Oxygen Analyzers Viable
for Airliner Fuel Tank Inerting Validation

¢ Fast response: Verify nitrogen inerting and
sensor calibration in real time

¢ Measure explosive mixtures safely

¢ Measurement unaffected by organics

¢ Reliable VCSEL laser diodes
T+ OXIGRAF
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