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Laskennallinen virtausmekaniikka (CFD)

“Computational fluid dynamics (CFD) is a branch of fluid mechanics
that uses numerical analysis and data structures to analyze and
solve problems that involve fluid flows.

Computers are used to perform the calculations required to simulate
the free-stream flow of the fluid, and the interaction of the fluid
(liquids and gases) with surfaces defined by boundary conditions.

With high-speed supercomputers, better solutions can be achieved,
and are often required to solve the largest and most complex
problems.”

Source: Wikipedia



Laskennallinen virtausmekaniikka (CFD)

Navierin ja Stokesin yhtalot:
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Laskennallinen virtausmekaniikka (CFD)

= Finite volume Method (FVM)
= Finite Element Method (FEM)
= Lattice Boltzmann method (LBM)
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Suurimmat haasteet sisaillmavirtausten
simuloinnissa

= Turbulenssi

= Suuret skaalaerot (tuloilmaelimet)
= Lampolahteiden huomioiminen

= Hiukkasten depositio

= Suodattimien simulointi




Laskennallinen virtausmekaniikka (CFD)
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Partikkeli-kaasu =virtaukset

= Kaksi vaihtoehtoista menetelmaa:
» Eulerian-Eulerian -menetelméa
- Eulerian-Lagrangian -menetelméa

= “A dilute flow... information, such as particle velocity, size and
temperature, travels along particle trajectories. This condition is
unlike the flow of a continuous substance in which information
travels in all direction (subsonic flows). The cloud of particles in a

dilute flow cannot be treated as a continuous fluid so the

Lagrangian approach is the only approach suitable for a

dilute flow.”

C. T. Crowe, J. D. Schwarzkopf, M.
Sommerfeld and Y. Tsuji:
Multiphase Flows with Droplets and
Particles, Second Edition, 2012



Vastusvoima

llIman tiheys

) Partikkelin poikkipinta-ala
= Vastusvoima: POICEIP
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Stokesin virtaukselle, eli pienten nopeuserojen tapaukselle, eli kun
Re,<<1

= Monimutkaisempi muoto suurille nopeuseroille

= Vain tdma voima otettu yleensa huomioon — muut voimat
merkityksettoman pienia




13/06/2024  VTT — beyond the obvious




llmanvaihto

Morawska, Lidia, Joseph Allen,
William Bahnfleth, Philomena M.
Bluyssen, Atze Boerstra, Giorgio
Buonanno, Junji Cao, et al. ‘A
Paradigm Shift to Combat Indoor
Respiratory Infection’. Science
372, no. 6543 (14 May 2021):
689-91.

Flexible ventilation systems, dependent on the building’s purpose

Ventilation airflow rates must be controlled by the number of occupants in the space and their activity.

Design occupancy
Ventilation is set for
maximum occupancy.
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Different system designs can decrease exposure
and save energy.
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Demand controlled

Ventilation is adjusted according

to the number of occupants and their
activities to save energy.
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Personalized ventilation
Clean air is supplied where needed to further
reduce exposure and energy use.
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Luokkahuone

= Vasen huone aluksi tdynna ihmisia, oikea tyhja
= Ovi huoneiden valilla avataan ajanhetkellat=0s _
] . Oikea huone:
= Vihreéat ovat T(t=0s)=215°C
tuloilmaelimia, == Ceoz(t =0 5) = 500 ppm
punaiset poistoja

Vasen huone:
T(t=0s)=24.0°C
Ccoa(t = 0s) = 2000 ppm
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Tulokset

CO2 Concentration (ppm)

600 750 1000 1250 1500 1750 2000

Time:0s Time: 480 s

Time: 120 s Time: 600 s

Time: 240 s Time: 720 s
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Sahkobussi
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Sahkdbussi

without curtain

with curtain

Time: 20.00 s
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Sahkdbussi

Time: 20.00 s
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Sekoittava ilmanvaihto

Syrjayttava ilmanvaihto
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Time: 300.00 s . 4



Size distribution of viable cells and spores
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Depositio — D > 2.0 um
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/00 000 000 tapausta



/7 000 000 kuolemaa



Jopa
14 000 000 000 000 %

vuoden 2023 loppuun mennessa
pelkastaan USA:ssa



CFD pandemiantorjunnassa

lImavirtaus

= Konvektiovirtaukset
* Ihmisten lampdatila
* Lammitys
* |kkunat

= |hmisten emittoimat pisarat ja aerosolihiukkaset
« Evaporaatio

Lampotila, suhteellinen kosteus, jne.
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THE RELATIVE SIZE
OF PARTICLES

From the COVID-19 pandemic to the U.S.
West Coast wildfires, some of the biggest
threats now are also the most microscopic. i

HUMAN HAIR 50-180um »

FOR SCALE

A particle needs to be 10 microns (um) or
less before it can be inhaled into your
respiratory tract. But just how small are
these specks?

Here's a look at the relative sizes of
some familiar particles

GRAIN OF POLLEN 15um »
DUST PARTICLE (PM1) <10pm >

RED BLOOD CELL 7-8um »

RESPIRATORY DROPLETS 5-10um » Pollencantnggerallerglcreactions

90 and hay fever—which 1in 5
O

Americans experience every year.
Source: Harvard Heslth

DUST PARTICLE (PM2.s) 2.5um >

BACTERIUM 1-3um >

_ ~WILDFIRE SMOKE 0.4-0.7pm ¥~ ‘J
~ CORONAVIRUS 0.1-0.5um )I .

\
* The visibility limits for what the naked
eye can see hovers around 10-40um.

Respiratory droplets have the potential
4 B TERIOP E 0.225 ]
T, ACTERIOPHAG um .\‘ s b to carry smaller particles within them,
““ZIKA VIRUS 0 OASum T 3 ‘“ such as dust or coronavirus.
, = - "
g e o : S e e ﬁ Wildfire smoke can persist in the air for
- = Y 2 several days, and even months.

SOURCES Claarstream, Danlel Lovarbey, EPA, Financial Times, News Medical, Science Direct, SCMP, Susan Sokolowski, Petroclear, U.S. Dept. of Energy VISUAL
COLLABORATORS, RESEARCH + WRITING Carmen Ang, iman Ghosn | DESIGN + ART DIRECTION Harrison Schell c

- . - - .



Siirtoreitit

Droplet-borne route

Short-range
airborne route

Transmitted by i
Medium or large Transmitted by aerosols Long-range
droplets airborne route
Transmitted by aerosols
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Wei, Jianjian, and Yuguo
Li. ‘Airborne Spread of
Infectious Agents in the
Indoor Environment’.
American Journal of
Infection Control, Indoor
Air as a Vehicle for
Human Pathogens, 44,
no. 9, Supplement (2
September 2016):
S102-8.



Evaporaatio

Evaporation of water

from droplets shrinks
their size and results
in respiratory aerosol

Journal of
Internal Medicine
Founded in 1863




Hiukkasten kokojakauma
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M. Alsved et al., ‘Exhaled
respiratory particles during
singing and talking’,
Aerosol Science and
Technology, vol. 54, no. 11,
pp. 1245-1248, Nov. 2020.



Paljonko hiukkasia emittoituu?

= Yskaisy: noin 5000 partikkelia
= Aivastus: kymmenia tuhansia partikkeleita

= Muut aktiviteetit:

Hengitys: 135 partikkelia/s

Puhe: 270 partikkelia/s

Aznekas puhe: 570 partikkelia/s

Laulu: 690 partikkelia/s

Aanekas laulu: 980 partikkelia/s

Aanekas laulu maskin kanssa: 410 partikkelia/s

Muiden aktiviteettien l&ahde: M. Alsved et
al., ‘Exhaled respiratory particles during
singing and talking’, Aerosol Science and
Technology, vol. 54, no. 11, pp. 1245—
1248, Nov. 2020.



Yskaisyn

dynamiikka JESEEEEEEEEsaREssEREs
g | . ] Cough Dynamics |
- T B
4 e TP T LT L]
v -~ CPFR: Cough peak flow rate (I/s) |
o « | % | PVT:Peakvelocity time (s)
< 3 . X CEV: Cough expiratory volume
b j ' |
e
22
.
1
04 1 | -
? 0 1{-1-1042 104341 {-10:4 0.5 0.6
B _ShOrt ) Time (s) ‘ Gupta, J. K., C.-H. Lin,
inhalation and Q. Chen. 2009.

‘Flow Dynamics and
Characterization of a
Cough’. Indoor Air 19
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Time:

10.00s

Without mask

* With leaking mask

Masks with tyy

 §

nical efficiency

With no-leaking mask
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lImanvaihto ja —puhdistus

Sairas ihminen
yskaisee
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Mixing ventilation, 0.5 (I/s)/m2 Mixing ventilation, 10.0 (I/s)/m2

e L\;]\ *‘— — - =

i 0
Y r

Mixing ventilation, 0.5 (I/s)/m2 with air purifier 330 m3/h (100 %) Displacement ventilation, 40.0 (I/s)/m2

L & A




Imassa olevien hiukkasten lukumaara

5000
—— Sekoittava ilmanvaihto, 0,5 (dm3/s)/m?
—— Sekoittava ilmanvaihto, 4,0 (dm3/s)/m?
—— Sekoittava ilmanvaihto, 10,0 (dm?3/s)/m?
4060 —— Sekoittava ilmanvaihto, 0,5 (dm3/s)/m? ja ilmanpuhdistin 330 m3/h, 100 %

—— Syrjayttava ilmanvaihto, 40,0 (dm?3/s)/m?

[ —— Sekoittava ilmanvaihto, 0,5 (dm3/s)/m? + reunavuotava maski (tyypillinen suodatustehokkuus)

3000 1 —— Sekoittava ilmanvaihto, 0,5 (dm3/s)/m? + reunavuotamaton maski (tyypillinen suodatustehokkuus)

2000 A

1000 -

limassa olevien pisaroiden ja aerosolihiukkasten lukumaara

Aika [min]

13/06/2024  VTT - beyond the obvious



Johtopaatos

Virtauslaskenta on hyddyllista, mutta haastavaa
huonetilavirtausten laskennassa



bey°nd

the obvious

Thank you! Aku Karvinen vttresearch.com
aku.karvinen@vtt.fi
040510 2142
@AkuKarvinen
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