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Objective:

e  Characterize the formation and oxidation of non-
volatile particulate matter (nvPM)

«  Optimize the design of gas turbine fuel injector
to reduce nvPM

Project Benefits:

«  Improve the understanding of nvPM
formation/oxidation

«  Develop numerical models to guide new fuel
injector design.

« Enable cleaner aircraft engines compliant with
the ICAO CAEP/11 nvPM LTO standard

Research Approach:

» Experiments on high pressure
combustor with three liquid fuel
injectors

« Variety of optical diagnostics (PAH/OH
PLIF, LII) at practical engine conditions

* Numerical simulations to understand
underlying nvPM formation mechanisms

Major Accomplishments (to date):

« Designed a unique high pressure system

« Designed a combustor with three fuel injectors
«  Shakedown of optical diagnostics

Future Work / Schedule:

«  Systematic experimental measurements

«  Numerical simulation to understand nvPM
formation/oxidation

-«  Exploration on nascent soot measurement

This research was funded by the U.S. Federal Aviation Administration Office of Environment and Energy through ASCENT, the FAA Center of Excellence for Alternative Jet Fuels and the Environment, project 70 through FAA Award Number 13-C-AJFE- 1
GIT-080 under the supervision of Roxanna Moores. Any opinions, findings, conclusions or recommendations expressed in this this material are those of the authors and do not necessarily reflect the views of the FAA.



Project Overview TAT

« Tasks include new rig design and systematic characterization of nvPM

« Experiments cover entire nvPM formation region
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High Pressure Experimental Platform TAT
Development
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General Specification

* 436 psig (29.6 atm) & 850 F (728 K)
design basis

« Material 316 SS, designed per ASME
BPVC Section VIII Div. 1

« 18 in (457 mm) Inside Diameter

Flow Direction
8” Diameter ; « 47.25in (1200 mm) Length
Front Cover Opening 10" (250 mm) _ _
Side Window » Optical access through side and top
Front

window openings
Cover Assembl Exhaust .
Y Y Vessel Supports Flange « Total Weight: 3400 Ibs (1542 kg)

Water Cooled
Top Hat Exhaust
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Summary and Schedule -\~

ASCENT

« High pressure experimental platform is designed and commissioning
« Combustor design is complete and under fabrication
Project Gantt Chart
FAA Ascent Project 70 Experimental Schedule 7-Sep-21
Task Description Start Finish 9/3 :75(:5";7;; 9/24 | 10/1 10/8055;55“10/22 10/29| 11/5 1?/01";11?7;9 11/26| 12/3 12/[;:“'"':;;/17 12/24

Experimental Facility Design, Fabrication, Install, and Comissioning

1 |Combustion Test Section/Pressure Vessel

1.1 |Pressure vessel fabrication 3/23/2021 | 10/1/2021
1.2 |Ben T. Zinn test cell work - room demo/rebuild 2/8/2021 | 9/10/2021
1.3 |New rig steel design for pressure vessel and overhead crane selection 4/26/2021 | 9/24/2021
1.4 |Test cell exhaust stack modifications - design/fabricate/install 12/7/2020 | 9/24/2021

1.5 | Facility rig steel design 5/3/2021 | 9/10/2021

1.6 |Rig steel fabrication 6/18/2021 | 9/24/1932

1.7 |Rig steel & overhead crane install 10/1/2021 | 10/8/2021
1.8 |Pressure vessel install in test cell 10/8/2021 | it

2 |Facility Air, Gases and Liquid Fuel Supply Systems

2.1 |Liquid fuel system design 3/1/2021 | 9/17/2021
2.2 |High pressure, high temperature air supply system design 3/15/2021 | 9/10/2021
2.3 |Nitrogen gas fuel pressurazation system and purge system design 4/15/2021| 9/3/2021

2.4 |Hydrogen torch ignitor system design 4/15/2021 | 10/1/2021
2.5 |2nd Safety Reivew for Experimental Facility 9/24/2021 | 10/1/2021
2.6|Gas, Air, & Liquid fuel system revisions - post safety review modifications 10/1/2021 | i
2.7 |Liquid fuel, air and gas systems fabricatio & install 7/2/2021 | BEsHHBEERHE

3 |Facility Controls & Instrumentation

3.1 |Instrument specification & purchase 4/19/2021 | 10/1/2021

3.2 |National Instruments Labview Controls Programing 6/18/2021 | #iHHHHHH

3.3 |Instrument Install & Wiring 7/9/2021 | HusnHBEERE

3.4 |Controls Testing & Commissioning (Liquid Fuel, Air & Gas Flow Tests) 10/8/2021 | it =
4 |Combustion Liner & Cooled Exhaust Hardware

4.1 |Liner and cooled exhaust section development & design 2/22/2021 | 10/1/2021

4.2 |Liner and exhaust fabrication 7/30/2021 | #iiHH

4.3 |Pressure vessel exhaust flange modifications - exhaust orifice 9/3/2021 | 10/1/2021

4.4 |Liner and Exhaust hardware instrumentation install and testing T | ]
5 |Full Facility Commissioning Tests B 12/3/2021

5.1 |First Fire T | fHH T

First combustion expt. scheduled in Dec.
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