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CLEEN Technology Name Goal Impact Benefits and Application

FMS Fuel burn Up to 5% benefit, 1.4% fleetwide average

Advanced Acoustics Noise Up to 3 EPNdB cum with neutral fuel burn impact

Alternative Fuels Alternative 
Fuels

Advance approvals of multiple synthetic fuels on ASTM 
roadmap

MESTANG Fuel burn Up to 3% benefit for single-aisle aircraft

TAPS III – Technology 
Program

Emissions 35% reduction relative to CAEP/8 (55 OPR) 
Technology applicable to GE9X engine / 777X aircraft

GE CLEEN Technologies Summary
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Flight Management System
(FMS)
David Lax

3



Approved for Public Use

Objective
• Develop algorithms to optimize performance to 

minimize cost of flying city pairs, complying with IFR

• High accuracy/ resolution model of the atmosphere; 
wind-optimized cruise; unified climb, cruise, descent; 
optimal required times of arrival

• Reduction in community noise & emissions

Results To Date:
• Up to 5% fuel savings relative to legacy (constant alt)

• Up to 3.5% fuel savings relative to legacy w/ AOC-
assisted step climb

Executive Summary

2016 / 2017 Accomplishments
• Gen A + Unified Climb, Cruise, and Descent

• Gen B – hi-resolution weather optimization

2018 Milestones
• Gen C – Optimized cruise steps & variable alt

• Gen D – Required Time Arrival 

Past 6 Months
• Gen D maturation and benefit assessment kickoff

• Achieved TRL 6 for GEN C

‘17  ‘18‘16  

Gen B – Hi Fidelity 
Weather

Gen A – Cruise 
Optimization

  

Gen C – Optimal Cruise
Gen D – Req Time Arrival
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Utilizes a set of algorithms that create a cost function / 
prediction sequence to help determine the optimal flight path

‘19



TRL6 FMS & EFB prototype 
Final Report

GEN A 

Best cruise 
altitude

UCCD

Best full flight + 
variable climb

GEN B 

Constant alt 
weather opt

GEN C 

Optimal cruise 
steps

GEN D 

Req Time Arrival 
(RTA)

Benefits enabled by 
Connected FMS
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Project Schedule

Project Reviews CLEEN kickoff PDR DDR Final briefing

Modeling

Cruise optimization

UCCD

Wind optimized cruise

Benefit assessment

TRL-5 (fast-time) test bed assessment

TRL-6 (real-time) test bed assessment

Final reports

• Four generations of SW

• Target 1+% fuel savings

• Comparable reduction in
noise and greenhouse gas
emissions

ATT, vehicle models complete

GEN A Complete

Complete

UCCD/GEN A/ GEN B TRL5 tests complete
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6 GEN D KickoffTRL

GEN A TRL

6GEN C TRL 

GEN D TRL 4
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Benefits improve as algorithms are refined

Savings Gen B Gen C Gen D

Legacy 0.5% 1.1%
TBD

(TRL 4 1.4%)

Legacy+ 0.4% -- --

Legacy++ -- 0.8%
TBD

(TRL 4 0.6%)

RTA

No 
RTA

NOW

RTA

No 
RTA

FUTURE

* Qualitative

Constant altitude + Legacy RTA

Legacy

Constant altitude with higher fidelity weather

Legacy+

Altitude steps + Legacy RTA

Legacy++

Variable thrust / variable speed climb + best 
constant cruise altitude with weather

Generation B

Variable thrust / variable speed climb + cruise 
altitude steps with weather

Generation C

Generation C optimization w/ RTA constraint

Generation D
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Connected FMS enables data synchronization between 
stakeholders in a rapidly deployable infrastructure

CLEEN applications available 
on 

Electronic Flight Bag

GE embedded systems 
must monitor and constrain 

control from lower DAL 
sources
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+

Optimization technologies enable NextGen vision:
Data Gathering, Planning, Resource Scheduling, Execution

Highly networked market with many stakeholders…

Air Traffic Control Aircraft OEM Airline

Stakes

Stakeholders

Safety/ reliability/ predictability

Efficiency/ cost effective

Passenger satisfaction

Benefit
CLEEN RTA 
capabilities enable 
fuel efficiency with 
NextGen traffic 
management

+ +

Cooperation between 
ATC and operators 
using TBO and CLEEN 
yield:
- Fewer delays
- Shorter flight time
- Lower fuel usage 

Equipment upgrade 
more appealing.  
CLEEN enables 
operational 
efficiencies, financial 
and time benefits 
desired by airlines

CLEEN

TBO

TBO, CLEEN … bedrock for future 
commercial air transport

Passenger satisfaction

Efficiency/ cost effective

Safety/ reliability

All stakeholders 
have something to 
gain … mutually 
supporting 
technology
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Risks/Mitigation Plans:
• Low cost, rapid introduction into service  EFB 

application integrated with FMS

• Community acceptance  Consulting with OEMs, 

Airlines, NASA, and NextGEN Program Office

Project Technology Anticipated Benefits:
• 0 – 5% fuel savings relative to legacy FMS

• 0 – 3.5% fuel savings relative to legacy FMS 

assisted by AOC-defined step climbs

• Comparable reduction in community noise and 

greenhouse gas emissions

Accomplishments/Milestones:
• GEN A UCCD (TRL 6) Nov 2016

• GEN B Hi Fidelity Weather (TRL 6) Jun 2017

• GEN C Optimal Step (TRL 6) Sept 2018

• GEN D RTA Constrained (TRL 5) Nov 2018*

*TRL 4 Benefit Assessments CompleteWork Statement:
• GEN A  Reformulate cruise, integrate 

with climb and descent (UCCD)

• GEN B  Add high-resolution weather

• GEN C  Add variable cruise altitude

• GEN D  Constrain to arrive at required 

times (RTA)

Objective: Develop algorithms that find 

the set of optimum controls to minimize 

the cost of flying a city pair while 

constrained to comply with IFR.

Schedule:
• PDR  2nd Quarter 2018

• DDR  4th Quarter 2018

• TRL 6 FMS & EFB prototype  1st Quarter 2019

• Final Report  2nd Quarter 2019
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Next Steps to meet 
CLEEN objectives

Confirm TRL4 results at 
larger (fleet-wide) scale in 

GEN D TRL5 benefit 
assessments

Enable technology 
introduction through TRL6 

development of GEN D

Validate that real-time 
TRL6 FMS and EFB software 

provides the anticipated 
benefits

Document results and 
demonstrate the system
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Low Pressure Ratio (LPR) 
Advanced Acoustics
Mugam Murugappan
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Project Technology Anticipated Benefits: 

Improved Acoustic Liner Benefit re: Single 

Degree Freedom Liners, 

Target ~ 2EPNdB Cum, Neutral Performance

Improved Fan Noise Source Strength 

Reduction re: LEAP. 

Target ~ 1 EPNdB Cum, Neutral Performance

Accomplishments/ Milestones:
• Tested several Novel Liner Concepts in a Normal Impedance 

tube

• Built a validated Analytical Tool to characterize Novel liners-

Q2 2018 

• Subset of Novel Designs were tested in NASA Langley GFIT 

– Q2 2018

• Completed Preliminary Aeroacoustic Design Review- Q4 2018
Work Statement:
Design, Develop, Fabricate and Test Novel Acoustic 

Liner.

Aeroacoustic Design and Testing of Fan noise 

source strength reduction concepts.

Objectives: 
To Develop Novel Acoustic Liners 

To Develop Fan Source Strength Reduction 

Concepts

Novel Liners

Schedule:
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FY 2018 FY 2019 FY 2020

Novel Acoustic Liner TRL/MRL- 3/3 TRL/MRL- 4/4 TRL/MRL- 6/5

Fan Noise Source 
Strength Reduction

TRL-3 TRL- 4

Fan Source Strength Reduction
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Technology Earlier FY 2018 FY 2019 FY 2020
(Planned)

1. Novel Acoustic Liner Technology

Test part geometry

Concepts Developed 
and Tested in Normal 
Impedance Tube

<5” X 5”

Grazing Flow Test 
Rig

2.5” X 21”

Curved Duct Test 
Rig

15” X 32”

Engine Test

Full scale 360°

TRL/MRL 3/3 4/4 6/5

2. Fan Noise Source Strength Reduction Down Select and Identify 
Source Strength 
Reduction Concepts

Preliminary Design 
of one Aeroacoustic
fan Source Strength 
Reduction Design

Pre test Prediction & 
Fabrication 

Wind Tunnel UPS 
test

TRL 3 4

Engine Test
FY 2021

6

Project Schedule
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Summary and Next Steps

• Several liner core designs were tested in Normal Impedance Tube and Grazing Flow and a Validated 
Analytical Tool was developed

• Fabrication and Testing of Novel Liners for Phase 2 Grazing Flow Test Planned – Q4 2018 

• Static Engine Test with Novel Liner in Inlet Planned in FY 2020

• Low order validated Screening tool and 3D CFD/CAA tool and prior test data were used to Guide 
Aeroacoustics Design

• Preliminary Design Review of one of the Fan Source Strength Reduction Completed- Q3 2018

• Detailed Design Review planned for Q1 2019 (Test in a UPS rig in Q3 2020) 
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Sustainable Alternative Fuels
Gurhan Andac
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Work Scope:
• Test two fuels, one fully synthetic and two blends, in ASTM 

roadmap – (FAR* test)
• Test one fuel defined by FAA’s National Jet Fuel 

Combustion Program (NJFCP) – (FAR test)

Benefits:
• Advance to fully synthetic fuels
• Advance approvals of multiple synthetic fuels on ASTM 

roadmap
• Extend further to lean combustion systems evals
• Determine if sensitivities of combustion parameters 

observed at component level could be duplicated at system 
level, or are they washed out?

Since May 2018 Consortium:
• HFP-HEFA/Jet A-1 blend testing and data analysis 

completed. Summary provided to ASTM for inclusion into 
associated research report.

• HDO-SAK production completed; fuel transferred to and 
being stored at WPAFB.

• Results reported at NJFCP mid-year review to a wider 
audience.

Objectives: 
• Advance approval and intro of “drop in” fuels

 Support ASTM D4054 – testing/demo phase 
 Conduct work complimentary to other FAA programs

Rig test 
evaluations

ASTM D4054

*FAR: Full Annular Combustor Rig

CLEEN II Sustainable Alternative Fuels
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Schedule

Operability focused evaluation: ignition, 
blow-out, sub-idle efficiency

Program Objectives Status 
Objective Status

Supplement other FAA programs Adequacy of NJFCP tools validated via ATJ-SPK tests

Advance practical fuel approval #1 HFP-HEFA selected, testing and data analysis completed

Advance practical fuel approval #2 HDO-SAK/Jet A blend selected, procurement completed

Advance fully synthetic fuels approvals HDO-SAK/HEFA blend selected, procurement completed
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16% HFP-HEFA/Jet A-1 test campaign
- Fuel composition and property impact on LBO

HFP-HEFA LBO results equivalent or better than baseline Jet A 

Lesson learned: Increasing the amount of distillation high-end compounds in the fuel does not seem to have a negative 
chemical impact on LBO

19
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16% HFP-HEFA/Jet A-1 test campaign
- Fuel composition impact on ignition

HFP-HEFA ignition results equivalent or better than baseline Jet A

Lesson learned: Increasing the amount of distillation high-end compounds in the fuel does not seem to have a negative 
chemical impact on ignition
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16% HFP-HEFA/Jet A-1 test campaign
- Fuel temperature impact on ignition

Colder temperature fuel requires lower fuel to light as expected

Lesson learned: HFP-HEFA does not impact the fuel temperature impact characteristics 
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HDO-SAK blends test campaign

• Hydro-deoxygenated Synthetic Aromatic Kerosene from Virent

• Going through ASTM approval – OEMs felt the need to conduct more testing with HDO-
SAK/conventional fuel blends out of ASTM D4054 Phase I review– results to support the 
approval

• HDO-SAK procured; being stored at USAF-WPAFB

• 25% aromatic blends with HEFA-SPK & Jet A provided by USAF

• Testing 1-2Q 2019

• Test matrix is to be a sub-set of previous ones
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More Electric Systems and 
Technologies for Aircraft in the 
Next Generation
(MESTANG)
Brandon Case
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MESTANG Technology Overview

Next-gen Commercial Aircraft will need a more power system to realize 
practical fuel savings and/or mission capability

Project objectives:
• Prove ±270 VDC primary power system feasibility through lab 

demonstration and modeling
• 150kW ±270 VDC High Pressure Spool Starter / Generator (HPSG)
• Demonstrate all-SiC based Starter / Generator / Motor Controller (SGMC)
• Demonstrate dual spool equivalent power extraction
• Prove up to 3% fuel savings by performing aircraft + engine + power 

system aircraft modeling
• Limited TRL 6 rating by 2020 at EPISCENTER

Customer Outcomes:
More Electric Systems and Technologies for Aircraft in the Next Generation 
(MESTANG), is an integrated aircraft power system designed to support 
future “more-electric” aircraft architectures that reduce fuel burn by up to 3 
percent for single-aisle aircraft while improving performance at equivalent 
cost 

HPSG

SGMC

Aircraft modeling
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Project Schedule
Preliminary 

Design 
May 2017

Detailed
Design 

Jan 2018

Component 
Tests

2018-19

System Demonstration
2020

Manufactured ±270 VDC 
Silicon Carbide Modules

Q1’17 Q2’17 Q3’17 Q4’17 Q1’18 Q2’18 Q3’18 Q4’18

Fabricated GE 
Gen3 SiC

Passed 
PDR Powered 

Converter Tests 
Testing

Design for 
EMI

DDR

Completed 
Generator 
Prelim Design 

Prototype
SGMC Build

Component Tests
2018-19

System Demonstration
2020

FY2018 Accomplishments:
✓Completed FAA Consortium – May 01 – 03, 2018
✓Completed System Test Spiral III – August 01, 2018
✓Completed System Test Spiral IV – October 03, 2018
• FAA Consortium – November 06 – 08, 2018
• System Test Spiral V – December 20, 2018

iDDR

Consortium

Prototype
HPSG Build

Consortium
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PRIMARY POWER DISTRIBUTION
Power Distribution Panel (PDP)

TIE Bus Power 
Source

High Pressure 
Spool Starter 

Generator 
(HPSG)

Low Pressure 
Spool Source 

(LP SRC)

Environmental 
Control System 
(ECS) 1 Motor

ECS2 Motor
(AC Load Bank)

Anti-Ice
Resistive Load 

Bank 1

Constant 
Power Load 

Bank 1

Starter / 
Generator / 

Motor 
Controller 

(SGMC)

Anti-Ice
Resistive Load 

Bank 2

Constant 
Power Load 

Bank 2

Power 
Conversion 
Unit (PCU)

Data Acquisition 
(DAQ)  System

Main DC Bus 2Main DC Bus 1

PDP Interface Board
(PDPIB)

To PCU
ECS1

To PCU
ECS2

AC Power

DC Power
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PRIMARY POWER DISTRIBUTION
Power Distribution Panel (PDP)

TIE Bus Power 
Source

High Pressure 
Spool Starter 

Generator 
(HPSG)

Low Pressure 
Spool Source 

(LP SRC)

Environmental 
Control System 
(ECS) 1 Motor

ECS2 Motor
(AC Load Bank)

Anti-Ice
Resistive Load 

Bank 1

Constant 
Power Load 

Bank 1

Starter / 
Generator / 

Motor 
Controller 

(SGMC)

Anti-Ice
Resistive Load 

Bank 2

Constant 
Power Load 

Bank 2

Power 
Conversion 
Unit (PCU)

Data Acquisition 
(DAQ)  System

Main DC Bus 2Main DC Bus 1

PDP Interface Board
(PDPIB)

To PCU
ECS1

To PCU
ECS2

AC Power

DC Power

Lab Setup Update
CLEEN II MESTANG Lab

✓ HPSG Avtron Drive 
Stand, Oil Cart, and 
Control Panel 
installed

✓ Regatron Power Supply 

✓ Test Equipment 
Rack

✓ NI DAQ System

✓ Neptune Resistive 
Load Bank

• ECS1 Motor 
under test

FrontBack

✓ NHR Constant 
Power Load Bank

✓ Completed System 

Test Spiral I – IV

• System Test Spiral V –

December 20, 2018
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Key CLEEN II Accomplishments:

Project Technology – HPSG, SGMC
Demonstration Architecture

Objectives: 

Mature an integrated aircraft power system 

consisting of a bleedless, dual-spool engine, and +/-

270VDC more-electric primary power system

Work Statement:

• Gain up to 3% Fuel Savings in Single-Aisle A/C 

Family using the proposed power system model

• Full power system solution with improved 

performance at equivalent cost

Benefits:

• More efficient +/- 270VDC power system to realize practical 

fuel savings and/or mission capability

• 600kW aircraft power system

• Demonstrate electric engine start capability

• Demonstrate all-SiC power system

• Limited TRL 6 by 2020 at EPISCENTER

• Program Kick Off 4/1/2016

• Architecture Trade Study and initial 300 kW Architecture 10/19/2016

• Enhanced 300 kW Architecture for PDR 3/21/2017

• Preliminary Design Review (FAA) 5/1/2017

• Finalized 300 kW Architecture 9/14/2017

• Completed initial Systems Requirement Document (SRD) 12/8/2017

• Completed initial Interface Control Document (ICD) 4/6/2018

• Detailed Design Review (FAA) 4/25/2018

• System Test Spiral I - III 8/1/2018

• System Test Spiral IV 10/3/2018

• Completed PACE Baseline and MEA Model SFC calculation 10/12/2018
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PRIMARY POWER DISTRIBUTION
Power Distribution Panel (PDP)

TIE Bus Power 
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