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1. What is Aviary?

2. What challenges does Aviary solve?

3. New features and upcoming additions

4. Walkthrough using Aviary

Presentation Roadmap



3

Challenge

• Existing conceptual design tools limited in capability to 

model and determine trends with advanced 

configurations and new technologies

• Need for better analysis & optimization techniques to 

produce more performant and robust designs

Objectives

• Maintain capabilities of legacy tools

• Support electrified vehicles out-of-the-box

• Easy integration of external models

• Use state-of-the-art analysis and optimization 

techniques, with a focus on gradient-based optimization

• Open-source release, maximize partner collaboration

analysis of coupled 

subsystems

advanced concepts

Unified Aviary 

Model

Aviary: An Open-Source Tool for 

Next-Gen Tool for Aircraft Design

9pax DEP

X-66

EPFD

X-59
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Conceptual design process has the most design freedom
Key decisions must be made before “locked-in”
For NASA Aeronautics:
• Which vehicle configurations are worth pursuing?
• What technologies buy their way onto a vehicle?
• What are the projected performance and cost?

• Iteration is key – time and resources are limited
• Quantity of analysis allows exploration of more 

of the design space
• Quality of analysis reduces risk on key decisions

Conceptual Design: An Iterative Process



6

• Always a compromise between 

competing disciplines

– Structures

– Aerodynamics

– Propulsion

– Controls

– etc...

• Discipline experts must work 
together and compromise on 
a design – this takes time!

Aircraft Design
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aero-propulsive couplings

aero-acoustic 

couplings

aero-structural couplings
aero-thermal couplings

EAP & DEP couplings

Aircraft system-level metrics are dependent on interactions between technologies

Complex Coupling Between Disciplines
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Historical Aircraft Design Method

Aircraft is treated as the sum of its partsDiscipline 1 

Team

Discipline 2 

Team

• Teams conduct analysis independently

• Data thrown “over-the-wall”

• Manual iteration required

Old method too slow to rapidly iterate
Complex interactions missed, suboptimal design
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Advanced Digital Design Method

Complex interactions are captured, 

aircraft is designed holistically

• Discipline analysis connected through software

• No “wall”, teams work on the same aircraft level 

model

• Version control for models

• No manual iteration needed

Discipline 2 

Team
Discipline 1 

Team

Aviary enables this conceptual aircraft design workflow
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• Combine the capabilities of legacy codes into a single tool

• Use a modern code architecture, built in Python, that enables easy modification of source code and 

modular analysis that can be easily swapped with custom tools or methods

• Perform state-of-the-art coupled optimization with                             ,              

• Provide capability to analyze advanced future aircraft concepts, including electrification

• Open-source release for maximum impact to the aerospace research community 

Aviary’s goals are to:

Combine legacy 

tools

Modular for 

modification and 

substitution

Coupled 

Optimizations

Analyze advanced 

concepts

Open source 

software

Aviary is NASA’s next-generation conceptual 

aircraft modeling and optimization framework
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LaRC

GRC, 

ARC

History Of Aviary
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prop
Missions

prop
Integrator

prop
EOMs

prop
Aero

prop
Mass

prop
Geometry

prop

User Subsystem

Aviary Core Subsystem

Legend

Other 
Subsystem(s)

Acoustics 
Modeling Cost 

Modeling
Fleet 

Emissions 
Modeling

Other Post-
processing 

Subsystem(s)

Aviary Integration Features

Pre-Mission 
Analysis

Mission 
Analysis

Post Processing

Propulsion

Uncertainty Quantification

UQPCE

• Optimization can be performed over 

entire model

• Complete freedom of choice of objective 

function, design variables, constraints, 

etc.

Aircraft Design Loop

Aviary is a Modular, Extensible Design Framework
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  Aviary Problem

Aviary UI

Level 1:
Input File

Level 2:
Python Interface

Level 3:
Python Script

Load user inputs 
into memory

Define subsystems and 
mission analysis

Build and run 
model

Mission 
Analysis

Pre-
Mission

Post-Processing

Users can jump in at any level.

A user might use level 3 for one study, 
then only need the level 1 interface for 

another.

Aviary’s User Interface



14

• User-defined modules need to tell Aviary what 

to expect from your system:

– The states you want to integrate across the mission

– Any new variables your system needs

– The constraints, parameters, and design variables

• Aviary provides the `SubsystemBuilderBase` 

object, which you use to create your builder

Adding External Subsystems
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Convert a FLOPS or GASP aero table into Aviary format using:

`aviary convert_aero_table GASP_aero.txt aviary_aero.csv –f GASP` 

Convert a GASP propeller map into Aviary format using:

`aviary convert_prop_table GASP_Prop.map output.prop –f GASP` 

Converters for aerodynamic and propeller tables

Utility name Legacy file to 
be converted

Output filename Data Format 
original file is from

Utility name Legacy file to 
be converted

Output filename Data Format 
original file is from
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Repository for community made models

https://github.com/OpenMDAO/Aviary_Community
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Turboprop (and electroprop)
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Heterogeneous engines
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Off-Design Mission Analysis Capability
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• Adds the capability to run one aircraft design in multiple missions

• Example model route Cleveland -> Atlanta -> Chicago

• Differentiates between “Design” Pax & Range vs. As-flown Pax & Range

Multi-Mission Design (coming soon w/ PR #529)
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• Demonstrates capability to combine UQPCE and Aviary for single leg

• Adds uncertainty to passenger & bag mass and propulsion

• UQPCE Library leveraged to post-process fuel burn and build confidence intervals

Uncertainty Quantification with Multi-Mission

 (coming soon AIAA Paper)
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https://openmdao.github.io/Aviary/getting_started/installation.html

Installing Aviary

• Follow the instructions in Aviary’s documentation to get your Python environment set up

• Once you are ready, Aviary can be installed as follows:

• For the latest development version of Aviary, obtain the code directly from GitHub and 

install

https://openmdao.github.io/Aviary/getting_started/installation.html
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Aviary’s Documentation
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Example Problem

• As an example, we will run NASA’s N3CC aircraft using Aviary

• The N3CC is an advanced single-aisle transport, EIS 2035

• It is a FLOPS model, which we will convert to an Aviary model then run 
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FLOPS input file
N3CC_FLOPSin.txt

FLOPS-formatted engine deck
Turbofan_22k.txt

• Both of these files need to be converted to Aviary format

• Aviary includes command-line utilities that will do this for us!

The N3CC Model



28

Aviary’s utilities can be found in the documentation, or with `aviary --help` or `aviary -h` 

Aviary Utilities

We will be using these 
utilities
1. Convert input file

2. Convert engine deck

3. Draw mission profile

4. Run mission

5. View results in dashboard
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Convert the FLOPS input file into Aviary format using:

`aviary fortran_to_aviary N3CC_FLOPSin.txt –o N3CC.csv –l FLOPS` 

Convert Input File

Utility name Legacy file to 
be converted

Output filename Legacy code 
original file is from
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• FLOPS variables were matched to 

equivalent Aviary variables

• At the bottom of the file are 

unconverted variables

– These are unused by Aviary or not yet 

implemented (such as mission definition)

– Manually review these!

Check the Generated Input File

…

N3CC.csv



Convert Engine Deck

Convert the FLOPS-formatted engine deck to Aviary format using:

`aviary convert_engine turbofan_22k.txt turbofan_22k.csv –f FLOPS` 

Utility name Legacy file to 
be converted

Output filename Format original file 

is in



Check the Generated Engine Deck

• Aviary uses a 2D, column 
separated table with 
headers including units

turbofan_22k.csv



Draw a Mission Profile
`aviary draw_mission`

• Points can be added by 
clicking on the plots or 
manually typing them out

• This mission was set to 
match the FLOPS model 
• Allow optimizer to pick alt, 

Mach except for fixed Mach 
cruise

• Add takeoff and landing 
using ‘Edit’ -> ‘Advanced 
Options’

Hit this when finished to generate 
mission definition file



Examine Mission Definition File

• This file, referred to as 
“phase_info”, directly interfaces 
with dymos

• It can be directly modified by 
users to fine-tune mission 
definition

outputted_phase_info.py
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The mission we set up can be run using `aviary run_mission N3CC.csv`

• Aviary assumes we are using the auto-generated outputted_phase_info.py, if we want to use a 

different mission you can specify that file after the input file

You can also run this aircraft model using the Python interface, which gives you a few more options. 

For a simple problem like ours, it looks like this:

Run the Mission
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Open the Aviary dashboard using: `aviary dashboard N3CC`

View Your Results
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Understand, debug, and parse 
results with interactive reports
• High-level summary of final 

aircraft design
• Detailed optimization 

reports
• Detailed reports from each 

subsystem
• Plots and figures of aircraft 

trajectory and time-
dependent variables

View your Results



38

View Your Results
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Results

• Aviary was open-source released at end of CY23

• Aviary has been used by AATT to model TTBW with external tool 

integration

• Built-in capabilities expanding under EPFD partnership to include 

hybrid and all-electric engines and distributed propulsion

Significance

• Aviary has been used in published design studies, advancing the 

state-of-the-art for conceptual aircraft design at NASA

• Aviary has gathered widespread interest with partners in 

industry, government, and academia using the tool and providing 

feedback

• Over 120 GitHub stars and counting!

Aviary is already being used across 

industry, government, and academia

“Stars” on Aviary GitHub Repository

External Users/Partners
Boeing*

Georgia Tech* 
Northrop Grumman*

University of Michigan
Naval Research Lab

*MBSA&E NRA Partners

Featured article 

on nasa.gov

Aviary open-source release
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Past Members

• Darrell (DJ) Caldwell (LaRC)

• Jennifer Gratz (GRC)

• John Jasa (GRC)

• Kenny Lyons (ARC)

• Ben Margolis (ARC)

• Samara Murri (formerly LaRC)

• Erik Olson (LaRC)

• Janet Ross (LaRC)

• Dahlia Pham (ARC)

• Jeff Chapman (GRC)

Current Members

• Jason Kirk (LaRC)

• Eliot Aretskin-Hariton (GRC)

• Xun Jiang (LaRC)

• Ken Moore (GRC)

• Carl Recine (ARC)

• Herb Schilling (GRC)

• Chris Bennett (LaRC)

• Kaushik Ponnapalli (GRC)

Current and Past Advisors

• Rob Falck (GRC)

• Joseph Garcia (ARC)

• Justin Gray (formerly GRC)

• Eric Hendricks (GRC)

• Ben Phillips (LaRC)

The Aviary Team
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Start Using Aviary Today! 

Or find and install Aviary through GitHub: 

https://github.com/OpenMDAO/Aviary

Or through the Python package manager:

`pip install om-aviary`

SCAN HERE

Aviary activities are co-funded by the T3, AATT, and EPFD projects

Email agency-aviary@mail.nasa.gov 

to connect with the Aviary team

https://github.com/OpenMDAO/Aviary
mailto:agency-aviary@nasa.gov
mailto:agency-aviary@nasa.gov
mailto:agency-aviary@nasa.gov
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