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Introduction to modeling and simulation

Du, J. & Rimsza, J. M. Atomistic computer simulations of water interactions and 
dissolution of inorganic glasses. npj Mater Degrad 1, 1–12 (2017).Simulation

Experiments
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Other requirements are rechargeable, safety, power, recharge time, cost, etc.

Major requirement is: High Energy Density

Energy 
Density
(Wh/kg)180 300 400 500 750

SOA Limit Gen. Aviation 
Outcome: NT

Regional Jets 
Outcome: MT

Li Ion Technology “Beyond Li Ion”

Green 
Aviation

SOA All Size Aircraft 
Outcome: FT

750+

Hybrid 
Aviation

Aerospace Battery Requirements

2



3Mehta, M. & Andrei, P., 2014. ECS Transactions, 61(15), pp.39–55

Batteries for Aviation (exploring Li-O2)



-I (electron current)

-ILi (electrolyte current)

-ILi (electrolyte diffusion flux)

ϵ (porosity change -from Li2O2 deposition)

Over-voltage

electrolyte electrode

thermodynamic

Li2O2

Reaction rate

-IO2(O2 diffusion flux)

𝑉discharge = 𝑗dis𝛿𝐿𝑖2𝑂2𝜌Li2O2
exp 𝛼𝑗𝑑𝑖𝑠

−𝛿𝐿𝑖2𝑂2
10nm

Modeling a lithium-oxygen battery

𝑐𝑂2 𝐿𝑐 = 𝑁𝑂2 = 𝑘𝑓 𝑝𝑂2 − 𝑘𝐻𝑐𝑂2 0Oxygen dissolvation
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Model calibration

Model Verification

Model calibration for simulating high current 

Electrolyte Kinetics

MD Simulations Experiments

5Mehta et. al. in preparation, 2019

Simulating cells for high power cell needs accurate 
electrolyte properties and current dependent kinetics



Electrochemical mass distribution 

Cell mass distribution Mass distribution separated into 
solid and liquid phases

6Mehta et. al. in preparation, 2019

All three components of Li-O2 cell can be 
optimized to achieve high specific power



𝚫𝑽

𝐕𝐨𝐥𝐭𝐚𝐠𝐞 𝐝𝐫𝐨𝐩

𝐏𝐨𝐰𝐞𝐫 𝐋𝐨𝐬𝐬

𝚫𝑷

Polarization test: The effect on power

7Mehta et. al. in preparation, 2019

Operating at “high” current densities can lead 
to 25% power loss during 1hr discharge 



Polarization test: Oxygen Partial Pressure

Increasing 𝒑𝒐𝟐

3600s discharge

8Mehta et. al. in preparation, 2019

Increasing oxygen partial pressure improves power 
as well as non-electrochemical mass



Influence of separator on performance
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Separator does not contribute to battery 
performance at high current densities

Mehta et. al. in preparation, 2019



Effect of cathode thickness on performance
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Optimal cathode thickness depends on operation conditions



Influence of microstructure on performance
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eeff = e1+t

Mehta et. al. in preparation, 2019

Optimal values for porosity, particle size, and tortuosity 
depend on discharge current density and discharge time



Influence of electrolyte properties

12Mehta et. al. in preparation, 2019

t = 10 mins.

Diffusion requirements can be relaxed based by changing 
operating partial pressure and choosing lower salt concentration



Simulation-based optimization (30 min.) 

13Mehta et. al. in preparation, 2019

1 0.3M LiTFSI P13FSI

2 0.3M LiTFSI P13TFSI

3 0.1M LiTFSI TEGDME

4 0.3M LiTFSI P14TFSI

5 1M LiTFSI DME

6 0.1 TEAP DMF

The oxygen diffusion length (under steady-state) 
determines cathode thickness and cathode mass

Thin and optimized cathodes, and better oxygen transport 
electrolytes can provide Li-O2 for high-specific power cells



Pack level simulation (better optimization)

14Mehta et. al. in preparation, 2019

Active cathode design shows performance improvement 
but at a power cost of 5-30% for running external systems



Pack level simulation (better optimization)

15Mehta et. al. in preparation, 2019

Better cathode utilization improves 
discharge time at high current 30x

• Unoptimized cathode
• Unused cathode

Usable cathode

Usable area improves



Batteries for Space (Motivation)
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Batteries for Space (Motivation)
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Requirements for “Space” Batteries
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Emerging Battery Technologies for Space
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Solid-State Battery:

Li-CO2 Battery:

Solvent-in-Salt Battery

A
n
o
d
e

Solid 
electrolyte

C
o
a
t
i
n
g

c
a
t
h
o
d
e

A
n
o
d
e

very-high 
concentration

electrolyte

c
a
t
h
o
d
e



Utilizing Venus and Mars atmosphere
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Li-CO2 Battery:

Charge 

Transport

Mass 

Transport

Electrode 

Kinetics

Discharge 

Products

• OCV similar to Li-O2 chemistry
• The reaction pathway changes below 1.89V
• Lithium Carbonate is more insulating than 

Li2O2

• The kinetics are facile than Li-O2



Modeling similarities with Li-O2 chemistry
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CO2/

Polymer Electrolytes (CO2)

Low current density (O2)

Particle deposition

Morphology of Discharge product
Film deposition

CO2/

Liquid Electrolytes (CO2)

High current density (O2)

Electrolyte Transport
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Summary

Cell optimized for low 
electrochemical mass

Laboratory cell (not optimized) 

• Physics-based models can guide cell and pack 
designs for aviation batteries 

• Both current density and cell mass needs to be 
optimized for high specific power

• Optimal cell design changes based on discharge 
time, discharge current density, and operating 
conditions

1. Batteries for Aviation

2. Batteries for Space

• Physics-based models for emerging chemistries 
need to be developed

• Models on Li-O2 can be ported to simulate Li-CO2

batteries for Mars and Venus
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