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The Context

»> The demand for energy is growing.

» Expansion in carbon dioxide emissions.

» Global warming, melting of the polar ice cups, rising of sea levels,

disturbance of animals’ natural habitat...
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lhttps://www.climate.gov/news- features/understanding- climate/
climate-change-atmospheric-carbon-dioxide
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Project Context
O
mosi

» Afastsim-ibat project
» Reduce and control energy consumption in existing buildings

» Collaboration between Cemosis and Synapse-Concept

SYNAPSE

NGENIEREE & ETUDES TECHNIQUES
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Internship

» Add a human being to the ibat model.
» Use of a human simulator: Pulse Physiology engine.

» Study the effect of the environment on a human, but also the effect of a
human on the environment.
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Plan

> Respiratory model.
> Simulations.

> Association with Covid-19.
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Respiratory Physiology

12/20 breaths/min.
Inhale oxygen, exhale carbon dioxide.
Upper-lower airways, lungs, respiratory muscles.

Lower airway: trachea, bronchi, bronchioles and alveoli.
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Respiratory system diagram
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Gas exchange
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Respiratory circuit

Lumped parameter model of mechanical ventilation.
Elastic behavior of the lungs.
Flow resistance of the airways.

Resistors, capacitors.
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Pulse Respiratory circuit
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Patient

EXPLORATEUR
EDITEURS OUVERTS
ENGINE
v patients
Bradycardic.json

DefaultFemale.json
DefaultMale.json
ExtremeFemale json
ExtremeMale json
Gus.json
Hassan j

{} Janejson

{} Jeffjson

{} Joeljson
Nathan.json

Overweight.json

Soldierjson
StandardFemale json
StandardMale.json

{} Tachycardicjson

{} Underweight.json

> resource

> STRUCTURE
CHRONOLOGIE
ZIP EXPLORER
> MAVEN

{} StandardMalejson X

build all > bin
1
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“Scalar i
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Environment

EXPLORATEUR . {} Standardjson X
> EDITEURS OUVERTS U install > bin
+ ENGINE GERLEe {

config

"Value":
"Unit"
{} ambient_aerosoljson }
{} AnchorageDecember... 4
N ——— "AmbientTemperatu
METREE SR E = "ScalarTemperature
{} CarbonMonoxideAt. “value"
{} CheyenneMountainA. .. "Unit":
{} CheyenneMountainA. }
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“"ClothingResistance
larHeatResi
Value":

{} Submerged.json
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> patients
> resource
stable
"ScalarTol

STRUCTURE
"Value":

> CHRONOLOGIE
> ZIP EXPLORER
> MAVEN
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Output parameters
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heart rate
arterial pressure
respiration rate
lung volume
inspiratory flow

expiratory flow
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Output

Time(s),HeartRate (1/min),ArterialPress
5.00,108.6,114,73.8,95.1,0.0569,0.1875,12. . ,2
.60,110.7 1,0.0569 H.L'ﬂS,L. 09.,459,11355.4*541,,&..0
.00,112 E 1,0.0569,0.1875, . 016.812141,11365 90,2479
.1875,12. 384,2479

.00,113.
.00, 11 3 5 .1875,12.

1875,12.00,33. 615480, 11365

.00,113.7
.00,113 E 69,0.1875,12.0
-16,75.00,112.8,114,73.8,95. .1875,12.

30 minutes of simulation

Approximately 6 minutes of computing time
CSV file

A solution every 0.02 second
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A different simulation

» Medical conditions or actions.
> An asthma attack.

> Nitrogen 0.75 — 0.85.

» Oxygen 0.21 — 0.11.
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Some graphs

OxygenSaturation

0.98 1
0.96 4 —— Standard
—— Different environment
0.94 —— Asthma action
—— Asthma action, different environment
1 ~
T T T T T
0 200 400 600 800
RespirationRate(1/min)
124 Standard
—— Different environment
12— Asthma action
: —— Asthma action, different environment
12.0 4
11.8

0 200 400 600 800

16/22



Coronavirus patient

> Patients sharing a ventilator
» Covid pneumonia.
> ARDS.
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ARDS
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Particles

» Airborne transmission of the virus.
> Particles we exhale.

» Viral load.

» ADR equation.

Infectious person state | Particles/s
Breathing 0.5
Talking 5
Breathing with mask 0.25
Talking with mask 2.5

“https://arxiv.org/pdf/2012.12267 . pdf
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Importance of face mask

WEAR A FACE COVERING TO
PROTECT YOURSELF AND OTHERS

Help prevent the spread of COVID-19!

COVID-19 Risk of Spread Healthy
Carrier % Person
(without g HIGH (without
mask) \ mask)
COVID-19 Risk of Spread Healthy
Carrier 0 MODERATELY Person
(without =) HIGH (with mask)
mask) \
COoVID-19 Risk of Spread Healthy
Carrier g Person
(with mask) - Low

\
covID-19 Risk of Spread Healthy
Carrier Person
(with mask) VERY LOW (with mask)

5Mount St. John's Medical Centre
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Oxygen supply

Nasal Cannula Simple Mask Nonrebreather Mask
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A + Oxygen Source

Oxygen Inlet
Pressure Pressure
Oxygen Source Oxygen Source
Oxygen Inlet Oxygen Inlet Reservoir Valve
Seal
AL Sea' WExha\atmn Valves Exhalation
<o, Nasal Cannula > R
4] : ' wMask Ports
| Gonnection | Connection | Connection
.

Airway (Respiratory System) ® Airway (Respiratory System) @ Airway (Respiratory System)

21/22



Tools

> VS Code

> Pulse Physiology engine
> Gmsh

> Atlas

»> Docker

> Feel++
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