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The Context
I The demand for energy is growing.
I Expansion in carbon dioxide emissions.
I Global warming, melting of the polar ice cups, rising of sea levels,

disturbance of animals’ natural habitat...
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1https://www.climate.gov/news-features/understanding-climate/

climate-change-atmospheric-carbon-dioxide
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Project Context

I 4fastsim-ibat project
I Reduce and control energy consumption in existing buildings
I Collaboration between Cemosis and Synapse-Concept
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Internship

I Add a human being to the ibat model.
I Use of a human simulator: Pulse Physiology engine.
I Study the effect of the environment on a human, but also the effect of a

human on the environment.
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Plan

I Respiratory model.
I Simulations.
I Association with Covid-19.
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Respiratory Physiology

I 12/20 breaths/min.
I Inhale oxygen, exhale carbon dioxide.
I Upper-lower airways, lungs, respiratory muscles.
I Lower airway: trachea, bronchi, bronchioles and alveoli.

6/22



Respiratory system diagram
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2https://pulse.kitware.com/Images/Respiratory/RespiratorySystemDiagram.png
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Gas exchange
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Respiratory circuit

I Lumped parameter model of mechanical ventilation.
I Elastic behavior of the lungs.
I Flow resistance of the airways.
I Resistors, capacitors.
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Pulse Respiratory circuit
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3https://pulse.kitware.com/Images/Respiratory/RespiratoryCircuit.png
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Patient
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Environment
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Output parameters

I heart rate
I arterial pressure
I respiration rate
I lung volume
I inspiratory flow
I expiratory flow
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Output

I 30 minutes of simulation
I Approximately 6 minutes of computing time
I CSV file
I A solution every 0.02 second
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A different simulation

I Medical conditions or actions.
I An asthma attack.
I Nitrogen 0.75 → 0.85.
I Oxygen 0.21 → 0.11.
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Some graphs
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Coronavirus patient

I Patients sharing a ventilator.
I Covid pneumonia.
I ARDS.
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ARDS
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Particles

I Airborne transmission of the virus.
I Particles we exhale.
I Viral load.
I ADR equation.

Infectious person state Particles/s
Breathing 0.5
Talking 5
Breathing with mask 0.25
Talking with mask 2.5
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4https://arxiv.org/pdf/2012.12267.pdf
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Importance of face mask

5
5Mount St. John’s Medical Centre
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Oxygen supply
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Tools

I VS Code
I Pulse Physiology engine
I Gmsh
I Atlas
I Docker
I Feel++
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