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3 historic weeks in the history of electric aviation



J. Langford, D. Hall, The Bridge, National Academy of Engineering, 21-27

Distributed Propulsion: Cubed-Square

Single Distributed

Weight   ~ D3 NpDDEP
3

Thrust ~ D2 NpDDEP
2

Same Thrust: D2 =NpDDEP
2; DDEP = D/Np

(1/2)

Weight ~ D3 D3/Np
(1/2)

Same Weight: D3 =NpDDEP
3; DDEP = D/Np

(1/3)

Thrust ~ D2 Np
(1/3)D2

Distributed propulsors weighs less than a single propulsor producing the same thrust at the same jet velocity.

Distributed propulsors provide for a larger total fan area and thus lower jet velocity and higher efficiency than a single propulsor with the 

same total weight
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Distributed Electric Propulsion

• Efficiency: Lower energy 

consumption

• Safety: No single point of 

failure

• Noise: Lower sound 

profile

• Economics: Reduced 

maintenance and savings 

on fuel costs
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The packaging opportunity 

Certified Packs

EASA: 145 Wh/kg (Pipistrel)

FAA: 64 Wh/kg (True Blue Power)

V. Viswanathan, A. Epstein, Y.-M. Chiang, E. Takeuchi, M. Bradley, J. Langford, M. Winter, Nature (2022) 601, 519–525



Energy and Power For Flight

V. Viswanathan, A. Epstein, Y.-M. Chiang, E. Takeuchi, M. Bradley, J. Langford, M. Winter, Nature (2022) 601, 519–525



V. Viswanathan, A. Epstein, Y.-M. Chiang, E. Takeuchi, M. Bradley, J. Langford, M. Winter, Nature (2022) 601, 519–525

Single-aisle and Twin-aisle



V. Viswanathan, A. Epstein, Y.-M. Chiang, E. Takeuchi, M. Bradley, J. Langford, M. Winter, Nature (2022) 601, 519–525

Progress over the last century
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“Bannister Moment”



Credit: Peter K Burian, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=128593839

Changing what’s possible



What’s different now?

Three main capabilities

• Machine learning guided-materials design

• Advanced Characterization

• Autonomous Experimentation and Closed-Loop Discovery





Viscometer

Spectrometer

Density tube/

balance
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cell 

testing
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Conductivity met.

(hidden)

CLIO: our robotic electrolyte test-

stand

● Mixes multi-component 

solvent/salt solutions from 

feeder solutions

● Characterizes conductivity, 

viscosity, and density of 

solution

● Controlled over HTTP via a 

Python class

● Retains samples for follow on 

cell-testing

● Glovebox and viscometer are 

temperature controlled

Liquid flow path

Programmatic control

5V switching

Pressurized gas

Figure 1: Schematic diagram of automated electrolyte experiment - “Clio” . Clio uses a series

of two programmatic pumps (c) to dose and transfer a liquid sample. Dosing occurs from feeder

solutions (a) through a 24-port valve (b) and a three-way valve (d) into a common vessel with

sonicator for mixing (f). Transfer takes the liquid sample through a dual Pt-wire conductivity

chamber connected to Palmsens4 (g), a three-way valve leading to a mass balance (h), and a

Brookfield viscometer (i). All 5V switching is handled by aDevantech relay (j ). Custom Labview

orchestration software (k) orchestrates all instruments. Argon from the glovebox is piped in at

high pressure (l) to assist in clearing out the closed volume.

7

a: Feeder solution, b: 24-port valve, c: programmatic pumps,       

d: three-way valve, e: disposal, f: sonicator, g: conductivity 

chamber to Palmsens4, h: mass balance, i: Brookfield 

viscometer, j: relay, k: software orchestration, l: Argon gas to 

clear out



A. Dave, J. Mitchell, S. Burke, H. Lin, J. Whitacre, V. Viswanathan, Nature Communications, 13, 5454 (2022)

Design space: EC-DMC-EMC-LiPF6 ternary solvent, single salt system



E. Annevelink, R. Kurchin, …, V. Viswanathan, MRS Bulletin, 47, 1036–1044 (2022)

Autonomous Materials Discovery





Rate of Progress

2017 2022

IONICS

Batt500

Anode

Li metal

2025

Gigafactory

800-1000 Wh/kg
Bat1k

2023 2028 2030+

400 Wh/kg

Scaling-up

Over half a 

dozen credible 

claims

One of us will be the 

“Roger Bannister” of 

Aviation Batteries



V. Viswanathan, A. Epstein, Y.-M. Chiang, E. Takeuchi, M. Bradley, J. Langford, M. Winter, Nature (2022) 601, 519–525

What lies ahead?



Thank you
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