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Introduction

• Based on an electric aircraft project from an 
MBSE course given at Linköping University 
in the spring of 2020

– Design a medium capacity hydrogen-powered 
aircraft capable of crossing the Atlantic ocean

• The study shows how a traditional aircraft 
conceptual design process is enhanced by 
incorporating Modelica models including 
dynamics

• Implemented in Modelica and utilizes an 
FMU for Co-Simulation

• Geometrical model created in OpenVSP
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Initial Requirements and Mission Profile

• Electric Aircraft Requirements

– Desired range: 6288 km (Arlanda, Sweden 
to JFK, US)

– Number of passengers: 200 (excluding crew)

– Propellant: Electric (Hydrogen Fuel Cells)
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Approach for Creating the Baseline Aircraft

• Overall approach:
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Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 7MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 8MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Altitude profile

Velocity profile

Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 9MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 10MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 11MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 12MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Overall approach

• Enabling aircraft sizing in OpenModelica

• Implementing the mission

• Implementing the atmosphere

• Specifying aircraft systems information 
(based on similar aircraft)

• Specifying aircraft parameter values

– Guessed values

– OpenVSP model 

– Hydrogen components specifications

2021-02-08 13MODPROD2021 - Ludvig Knöös Franzén & Robert Hällqvist



Approach for Creating the Baseline Aircraft

• Weight calculations

– Surface area values from OpenVSP

• Implementing the aircraft’s aerodynamics

– Parasitic drag coefficient (CD0) estimation 
from OpenVSP

• Implementing the propulsion system or 
“drive line”

• Implementing the Fuel-cells and hydrogen 
storage

• Iterative process and optimization problem! 
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Total Weight = 
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Required Power gives:
• Total number of required motors
• Total number of required fuel cells

Duration of flight gives:
• Total required energy
• Total required amount of hydrogen

This results in three weights:
• Total weight of Motors + installation
• Total weight of stored hydrogen
• Total weight of Fuelcells + installation and cooling

• Hydrogen is here assumed
to be an ideal gas

• Stored at 80MPa in room
temperature
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Optimization using Co-Simulation

• Sizing Optimization 

– Optimization problem example

min(𝜆1𝑓1(𝑋) + 𝜆2𝑓2(𝑋) + 𝜆3𝑓3(𝑋))

Where the weights are specified as 

𝜆𝑖  
1

𝑋𝑔𝑢𝑒𝑠𝑠

and X are the parameters to be 
optimized
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Hopsan example optimization specification script



Guessed

Optimization using Co-Simulation

• Running exported FMU in HOPSAN

• Optimizing with Complex-RF until the 
weights have converged

• Arriving at the baseline aircraft design!
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Baseline Aircraft Results

• Aircraft Sizing results:

– Nr. Motors ≈ 20

– Nr. Fuel cells ≈ 41000

– Amount of hydrogen ≈ 3800 kg

• Fuel cell and hydrogen storage

– Fuel cells occupy (in total) ≈ 3.35 m3

– Required hydrogen storage ≈ 71 m3

– Possible storage locations:

• Wings (about 55 m3 available between 
wing spars)

• Rear part of fuselage or pods the wing 
(would require 16 m3 of space)
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Amount of hydrogen
(Determined by flight duration)
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Baseline Aircraft Results

• VSP illustration of the baseline aircraft!

• Summary of baseline aircraft parameters

• Where to fit 20 motors?? 
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Trade Studies

• Trying to reach a reasonable number of required 
motors!

• Framework and methodology allows for design 
space explorations and trade studies

• Investigating sensitivity of changing initial 
requirements and assumed values

• Several case studies were run to give suggestions 
for a future Dash-2 aircraft

• General considerations to make it realistic:

– Lower passenger capacity (smaller aircraft)

– Lower cruise and climb speed
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Motors vs Passengers

Fuel capacity vs Passengers



Conclusions and Future Work

• Conclusions:

– An initial attempt to design an aircraft 
using Modelica and FMU

– Quite simple project so far, but can be expanded

– Not just for hydrogen powered aircraft!

• Future work:

– Implement a geometrical model and increase overall model details

– Expand library with components for “conventional” aircraft design

– Case study accounting for one or more aircraft subsystems in the conceptual phase 
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Thank you for listening!
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Ludvig.knoos.franzen@liu.se

Robert.hallqvist@liu.se
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