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Efficient local air recirculation at ceiling level
promote the performance of purifiers and anti-
epidemic efficiency of mixing ventilation in a small

shared rooms

* “purifiers” here means any end equipment that has the capacity to remove or inactivate the virus nuclei laid airborne particles

* Small shared rooms here means the shared place within 20 m2, and clear height less than 2.8 m, without vigorous activities
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s there the secondary pollution from the air recirculation?
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Avoid the air recirculation
airflow shortcut
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Partial control
Keep the max. fan speed in the indoor end unit

Enlarge the distance between distance between
return and resupply openings [m] & distance
between supply and exhaust openings [m]

Update the filter effect at least to ePM1 90%

Application of CFD
Predict the ventilation shadow
“corona-proof” efficiency

Avoid short cut airflow (both general ventilation and
air recirculation pattern)

Experience from cleanrooms
Direct supply air for the main working area

Prefabricated ventilation element for installation
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Electrostatic precipitator

* deeltjes

ionisatie

« geladen deeltjes

luchtstroom




Process
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How to deal with coronavirus in built environment?

INFECTION RISK —— SPACE
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Infection risk for airborne transmission

Space is a small shared room (area < 30m2; height < 2.8m)

Design product focuses ventilation airflow routine
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Ventilation pattern — air recirculation
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Parameter system — CO2 & particle

Evaluation system — Wells-Reily calculation model >
local contaminant concentration



siIsayl Aueuldiosipialu|

theoretical
ventilation
design

ventilation
efficiency &
feasibility /' optimal
ventilation
strategy

infection risk
evaluation

Infectious
Disease
Pathology

practical
systematic
control

district
infectious
status




AFROS0L

theoretical
ventilation
design

m Pat h O I Ogy - Vl R U S Envelope protein practica!
8 Tl
o -
3
O DROPLET 5 AIRBORNE
™ e SIZE e Q .
o large groplets 8 free droplet nuclel
. Upid membrane (-'_D'_
g * Pathological features o s o 2o v o\ &
>
I
wm
Q_'), 0.001 0.01 0.1 1.0 110 100
3 1 8 0 o 0
visible spectrum -
@) otiont IR H optical chromatography Drops Contact
— | ——— Airborne P ontac
3 < electron microscopy Fsust r t
D [ resin fumes 1 ~thermal power smoke R - .
—+ == fog I spray ‘ Cf;:gl;%es ey FRe5 D =50 um sust
8 [_endotoxins (pyrogens) | [ —dust [__sand
- E==t0r) | -] Fgrav -
wn [ 10baceo smoke I slack Res
3 = e — oy x
— [pusizs colloids ]
7 ]
o [ — : RnGTE yeas | D <10 um 10 um <D < 50 pm
6. [} albumin [ unicellular bacteria B 'Fgfav
3 1":?; r virisos : ﬁlan;:g:ogs v !
i ] eria
Ooosum I—O.ZSUHI’" ~emulsion oy i 2 10 100 Particle Size(um

Infectious
Disease

Juolssiwsuely auioqdie st Aymm



} auJoqgdie — umop 2dods

uolissiwsuel

Pathology — INDOOR TRANSMISSION

NHAPS - Nation, Percentage Time Spent
Total n = 9,196

TOTAL TIME SPENT

IN A RESIDENCE (68.7%)\ _ o INDOORS (86.9%)

/

~ OUTDOORS (7.6%)

IN A VEHICLE (5.5%)

OFFICE-FACTORY (54% ! OTHER INDOOR LOCATION (11%)
£ (54%) BAR-RESTAURANT (1.8%)

This pie chart from the NHAPS study shows that Americans spend 86.9% of time indoors, plus another
5.5% inside a vehicle.

Particle size large = Small
N

Nasopharyngeal

Tracheobronchial

Pulmonary

Ve Ground deposition

’ |
[— Droplet transmission Aerosol transmission
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Pathology -> Building Technology

1.5m

>60 um

High large droplet

cxXposurc I exposure

|
| Low large droplet

Inhaled concentration

airborne

Distance
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Basisregels
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Building Technology - MmicRO-CLIMATE

 ventilation flow
* human body boundary layer flow

* respiratory flow

medium-scale environment
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Building Technology — Air distribution patterns in room climate

e
Ascending cough flow by human thermal plume

promotes the dispersion of droplets b * .
° L d % L d
. ] . [ —l ol .
* Mixing ventilation o A
e .-~ = . \ likely to inhale virus-laden
e © \ aerosols from lower regions
. 1 . T
° 1
. . . @ /’ /
* Displacement ventilation -
S~ &

 Under-floor air distribution

Human thermal plume transports \
virus-laden aerosols from lower
regions to human breathing zone @

theoretical
ventilation
design

Infectious
Disease
Pathology

practical
systematic
control

WooJ paJeys [|ews — umop adoos

@
d
k 11 o . 11 S N 11 >
/s N\ S / d AN = e /
\ \ Ceiling VI P \\\\\ Ceiling 7 A e \\\ Celling o7 : 7
- N T I
\ \ -~ v’m 1 \.\\ . //g / \\\ 25 :j 7
/ / /
6 6 6
5 ) 5
/
> \ Lo = \
2 / 2
1
o A
Z / U'_—‘J'I / g zZ 7
Yy ~~  Floor y~~  Fioor
v P
A A
X X

¢ UOI1e|1IuaA Jo syoedwi ayl aJe ey



WooJ paJeys [|ews — umop adoos

Building Technology - VENTILATION

Higher outside air fractions = 95%

higher air change hourly rates = 3

Humidity =2 40%-60%

Temperature? around 20 °C

31 (&
| /\

Heating/ Air moisture

cooling

Energy Air quality

efficiency

———
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// Air cleaning and
{ disinfection
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{Portable air cleaner}

Microdroplets containing virus:
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Building Technology — Engineering Practice

High economic productivity value for real estate investment

* Small meeting room n

* Building system l

* High-end ventilation practice
(cleanroom design experience)

Kuijpers
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Engineering Practice — meeting room

Position is settled
by the furniture;
Long-staying steady

. . Eye
activity Contact
Spacy requirements
for eye contact
Small Capacity 2'45end-only/
people Receive-only
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Engineering Practice — current ventilation
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Exhaust opening
= for the whole room

19m

1.26m 0.9m 0.9m b 1.26m
position 4 back pasition 3

1.8m

@
position 1 front position 2

1.9m
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Engineering Practice — current ventilation

air-recirculation mode
Temperature-based control HVAC system
Totally active ventilation system during working hours
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EXPERIMENT 1 EXPERIMENT 2 EXPERIMENT 3 EXPERIMENT 4 EXPERIMENT 5

27/04/2021 17:00 - 28/04/2021 9:30 DAY 6

16.5 hour

27/04/2021 11:30 - 17:00 DAY 5

5.5 hour

26/04/2021 9:20 - 27/04/2021 11:00 DAY 4

15.5 hour

23/04/2021 21:30 - 26/04/2021 9:00 DAY 3

59.5 hour

23/04/2021 19:30 - 21:00 DAY 1

2.5 hour

EXPERIMENT 6
07/05/2021 19:30 - 21:30 DAY 7
60 hour
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Building Technology- EFFICIENCY

e Ventilation

o fl\ ELIMINATION
/ .

Mechanical air Tilters — to physically remove the pathogen

UV lights ENGINEERING CONTROLS

—to separate the people and pathogen

Electrostatic precipitator (EP

ADMINISTRATIVE CONTROLS

* Biopolar ionization generator - to instruct people what to do
. . PERSONAL PROTECTIVE EQUIPMENT

* Ozone Generating air cleaners - to use masks, gowns, gloves, etc.

theoretical
ventilation
design

Infectious
Disease
Pathology

practical
" di

systematic \ | rectious

control

Most effective

Least effective

Traditional infection control pyramid adapted from the US Centers for Disease Control (CDC, 2015).
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Engineering Practice — current building system

System example

— - -
- I: II'

Top-bottom differential
50m [1641)
23
Between
BC contralier

top-bottom differential 15m [49f1)

top-
bottom dfferential 15 [49fY)

Refrigerant piping:

2-pipe type

(actual |

Between)

Outdoor unit

"

™ Furthest p

controller

Outdoor unit

-

Xping length
190m (6231] (equivalent length)  *
h 165m [5411))

indoor units -

top-bottom
differential 30m (981

Meeting room

Liquid Pipe

(medium temperature, medium

pressure liquid pipe)

Discharge Pipe
(high temperature, high
pressure gas pipe)

Suction Pipe
(low temperature, low
pressure gas pipe)

BC controller

- Any design & layout can be used in a single system.
- Cooling operation is possible down to an outdoor temperature of -10 “C.

2 y System enables simulations heating and cooling operation
Up to max. 40 indoor units by each solenoid valve kit.

13

—1 Cold water chiller '—

practical
systematic
control

General control
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infectious
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1. External air intake grille

2. Heat exchanger

3. Fresh air control dampers

4. Air filter

5. Primary heating air heat exchanger
6. Primary air cooling heat exchanger
7. Supply air fan

8. Silencer

9. Primary air supply duct

10. Fan-coil indoor device (with filter)
11. Secondary air

12. Primary + secondary air

13. Peturn air

14. Return duct

15. Return fan

16. Exhaust air outlet

17. Primary air temperature controller
18. Primary air temperature sensor
19. Room temperature controller

I790W |[EWS JO aseq ay3 S| 3eym

Partial control
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Building Technology + Engineering Practice

-Higher outside air fractions = 95%

-higher air change hourly rates = 3

ACH=1.104 (0.8 — 1.4)

~
N
w

practical Infectious
systematic Disease
control Pathology

theoretical
ventilation
design

ventilation
efficiency &
feasibility / optimal
ventilation

strategy

infection risk
evaluation

How worth is it for ceiling

Isita personalised | relationship to |Influenced by spatial indicators . R
prerequisite? | controlability engineering geometry mixing ventilation in
! for dessign for evalucation | modelling & design phase?
temperature [°C] [temperature [°C
Temperature no high high medium o perature [°C] o perature [°C] low
[°F] [°F]
relative humidity |[relative humidit
Humidity no high medium medium y y low
[%] (%]
airflow velocity |airflow velocity
Fan speed no medium high low low
P ¢ [m/s] [(m3/s]  |[m/s] [m"3/s]
outdoor air outdoor air
amount/recycled |amount/recycled
Outdoor air portion no low high low airamount from |air amount from medium
the whole system |the whole
[%] system [%]
hourly air hourly air
Air exchange rate no low high high exchange rate exchange rate high
[times per hour] |[[times per hour]
none, directl
! o none, indirectly
related to the X
. illustrated by
location of supply direct airflow
Airflow patt | high high d exhaust high
pattern yes ow ig ig an elx aus divertion and ig
openings and .
. X mixing level of
indoor end unit the suoolv air
types pply
Working hours no medium low low hours, tensity hours, tensity none
f f
Maintenance no medium medium low requency, requency, none

maintance scale

maintance scale
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Pathology + Building Technology

Criteria Comfort impact | Adjustability
Engineering First cost Maintainance Overall rating
strategies _ weiaht
Scheme Y 10% 10% 15%
Ventilation 5 9 10 8.7
HEPA filter 4 8 6 8.0
UV lights 10 10 10 82
Biopolar
ionization 7 5 5 71
generators
D
W o [
chim L N it v i e e
Ozone ( B =y
Generating air | el 6 6 7 6.8
cleaners filter ~ = .
]
Electrostatic Vv
precipitator = 9 8 9 8.1
(ESP) Bg
<&

¢ W00J Sunaal [[EWS JO aseq ay3 Sl 3eyMm




1e1aq

Pathology — Building technology - Engineering Practice
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Pathology — Building technology - Engineering Practice

Air exchange rate

Feasiability in practice

airflow speed airflow velocity # = . effectivity performance
ventilation efficiency o
: : = of the ventilation strategy
recirculation rate : at the supply opening A - .
Primary air Compared variants mixing status e e
Supply air )= " Direct aitflow path through the room \ in the breathing zone Particle removal efficighcy

CO2 concentration

Distance between supply and exhaust opening

Recirculated air Infection risk

Distance between supply and exhaust opening =~ Particle concentration

) - indoor comfort
for recirculated air

(only consider the possible draught caused by
ventilation optimiaztion in this case, because
the current indoor comfort quality meet the

g g office design standard
filter filter standard = )

o A
g For immediate ) partial re-construction
@ short-term construc.tlon air distribution method =4
9 . quantity L _ =
= construction based on existing ventilation system S
=) =
. . . . . . . T o 2
Infection risk — ventilation efficiency — construction feasibility % b
= Eavdirakla general & partial re-construction o
Use of Ceiling SuspenSionS 3 — "virus-proof" air distribution method gﬁ
™ ; erformance with additional facilities or replacing the | >
p
< construction 2 5.
S ventilation system =
=
=
i
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>Iocal contaminant
concentration rate

infection risk

local contaminant local contaminant local contaminant

concentration rate in concentration rate in concentration rate in

current situation—=standard case case 1
case 2
case 3

The mapping of
the evaluation system & model matrix

casen
variants origins from control and change variants into
current situation »case 1
partial case 2
tilati t zdditicnal 3
ventilation pattern I case
distance distance
recirculation between retum | between supply | filter | 150
rate and resupply and exhaust lgwal | 2PMIL .
openings [m] openings [m]
casen



The variant control of model matrix

To analyse the ceiling renovation = based on EXISTING model = variant matrix reference
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The variant base of evaluation system

/L\/ \\

\
: E v
[ 4

) ) [ ' ¥ | e
Fo B sk i |
Bk feP T foP

To apply Wells-Riley Model = build STANDARD model for well mixing condition = evaluation reference

* the centrosymmetric layout of the user locations & asymmetric layout of the ventilation facilities to equalize
the pollutant distribution under current ventilation pattern for the standard case
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Engineering Practice + Pathology
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“Acceptable” infection risk Mewarll — — ——

Arkansas B
(o) Arizona [ S R
- 1/0 California —
Colorado —
Connecticut | =+
District of Columbia +
Delaware | +
Florida e
Georgia ———]—
Hawaii
lowa
Idaha

More than 100 USA schools s

TH

Kansas

survey related to local Louisians

e
e
e
i -
1 o
N Y
—_—
S
Massachusetts e
. . Maryland gt
infection rate vaine |
Michigan ==
Minnesota ——
. . . Missouri ——t
} 1}
Building survey in the el S s e s
North Carolina T e
1 7 Nerth Dakota  —
Netherlands, the 'Green Nebraska | bt
New Hampshire —tt
. New Jersey ——
environments are 1% - 5%  wewverco |
Nevada —_—
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Fig. 5. Infection risk for each state with different intervention strategies: (a) the baseline scenario; (b) with MERV 13 filtration; (c) with 50% of students learning
online; and (d) when increasing the ventilation rate by 100%.
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Discussion

Infection risk — ventilation efficiency — construction feasibility

* the applicability engineering evaluation for infection risk analysis
Ventilation efficiency among the optimal “corona-proof” ventilation strategies
Infection risk (50% filter) € =2 mixing level (0% filter)

* the sufficiency and necessarity of filter in decreasing the infection risk
Filter efficiency VS ventilation efficiency  positive proportion? Or positive synergy?
Filter types (0% & 50%) € - local contaminant

* the possibility of secondary pollution of indoor end unit
Air recirculation performance VS local contaminant
Air recirculation rate (0&4&8) € =2 local contaminant concentration

theoretical
ventilation
design

ventilation
efficiency &
feasibility / optimal
ventilation

strategy

infection risk
evaluation

Infectious
Disease
Pathology

practical
systematic
control

district
infectious
status

Air recirculation performance (return opening distance 1.75m & 2.67m) € local contaminant concentration
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the sufficiency and necessarily of filter in decreasing

the infection risk

necessary, especially synergetic effect with a good air

recirculation condition

14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%

0.0%

case 7 8 9 10 11 12 19 20 21 22 23 24 31 32 33 34 35 36
no. 1 2 3 4 5 6 13 14 15 16 17 18 25 26 27 28 29 30

e \\vith 50% filter effect = Without filter effect
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Further proves for the synergetic effect caused by the filter effect and air recirculation mode

- Distance between openings for general ventilation is less effective

- The air recirculation performance will not promise a lower local contaminant concentration;
Only when there is filter effect, the better air recirculation it is, the lower local contaminant concentration it achieves

- The air recirculation distance will not promise a lower local contaminant concentration;
Only when there is filter effect, the longer air recirculation distance it is, the lower local contaminant concentration it achieves
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distance between exhaust & supply openings: 1.75
distance between exhaust & supply openinas: 2.67
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distance between exhaust & supply openings: 1.75
distance between exhaust & supply openings: 2.67
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Thermal plume caused by opening positions
Product chain possibility
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Case study — cleanroom
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Multi-opening

HNIN

o

possible seats

centrosymmetric composition
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one pair of openings two pair of openings four pair of openings

The multi-opening proposal is to equalize the ventilation airflow distribution in the meeting room and to ensure the
design output have the similar local performance, despite of the unpredictive indoor activities and occupant
locations.
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strategic variants

engineering parameters

(min) infection risk for 1 h

partial

local

general breathing zone
general it Standard
ventilation pattern m:ld:o'gc_'ﬂe, human produced CO2 concentration L ar.l r?r CFD wells-riley L g
Case no. coz mixing deviation optimization =
distance distance level in i i rate (compared | S
Air . ) hetwesn hetween breathing average of removal b hi mixing level frash air exchfnge averagevirus | average N pal =
recirculation filter | 150 exhaust . reathing | for whole effectiveness=ave, i - to the existing
exchange return and supply and zone - breathing | efficiency concentration | risk
rate level | ePM1 openin, zone space = 1- outflow local age / N case)
rate resuppl axhaust pening P - (quanta/m3) | ratio
pply (2.8,2.26,1.1) zone SD/AVE ave local age in room a
openings [m] | openings [m]
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Two 175%1&
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100.9 97.0 106.6 104.0% 94.7% 96.1%
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PEFY-P20,25VMR-E-LIR

E J External static pressure : 5Pa Suction : Back inlet
—_ Power source : 220,230,240V — 50HZ
— O -=== 60Hz
> Q7 s
Q C 3
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2 —F 200 3 ;
— 7 {1
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OﬂQ i 100 158 Middle ""
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Airflow rate (m3/min)

Installation space requirement: ﬁ
Facility size: 600mm * 307mm * >2200mm (flexible for user’s changes) -

Pressure: 17 Pa

A negative side-effect of electrostatic precipitation
devices is the potential production of toxic ozone
and NOx. However, electrostatic precipitators offer
benefits over other air purifications technologies,
such as HEPA filtration, which require expensive
filters and can become "production sinks" for many
harmful forms of bacteria.

L L

Collecting Electrode

0
Corona Di

Attraction

® O§ ‘
‘ @

Collecting Electrode

Collecting Electrode

Accumulation

WEA-Solutions

M-Care®-ASPRA

Dry ESP

Collecting Electrode

Hopper

Collecting Electrode

Q Ash handling
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Economic choice for filter standard

Further exploration about the filter cost and

usgisa

performance efficiency

strategic variants min) infection risk for 1 h
g
partial breathing zone
general -
c ventilation pattern m:tdhdulfj"ﬂﬁler wells-riley optimization E, 009
ase no. i
distance distance rate (compared 5 ’
exchange | "eiculation | S| g | iter | 150 | e on | ek | 1O the existing
rate rate resupply EF:(FI::ust level | - ePM1 (quanta/m3) ratio case) o
openings [m] [ openings [m] 85%
4openg0
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52222;25 11 8.0 2 672 2 67%2 F7 90% 0.01 @ 90% co2
80%
fopen/0 175*2& | 175%2& )
sc;;:}z?;rgg 1.1 8.0 2 67%2 2 672 F7 70% 0.02 2% 87% co2
o,
fopens0 175%2& | 175%2& 75%
opening 1.1 8.0 2.67%2 2.67%2 F7 50% 0.02 2% 82% coz2
overlap ’ ’
4opens0 " & 0
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Work flow design

activity room for kids chat room

activity room for kids

—

chat room

",

study room meeting room study room

Space analysis = spatial scale definition = function area distribution = supply end in the central of main using area 2>

exhaust & air return openings at the distant area from the supply end = layout drawing

meeting room
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Sub keel

Removable

c

ceiling panel

.

<y 7

e

!. 7Y 7
¥

T A VA

Full wire boom

Pendants

-

o
Main keel t

Expansion bolts - E Building floor slabs
H

=

.44

Sub keel—

Cross countersunk head
self-tapping screws

—Plasterboard
“—Emulsion paint finishes

Booms and hooks

Side keel

Exposed grids & Panel section

Sub-structure adaption

Allowance of the spatial height = cavity thickness = facilities’ positions
(up or side) = purifier’s connection with the indoor end unit (pressure
resistance control: decreasing ducts)—> high flexibly for exhaust & return
openings = maintenance accessory

The common scale of the panel system is 600 mm based.
separated structure for facilities is needed.
Extra rough filter for the open return opening on the dry ESP is needed.

Panel system = Double-sided dustproof design
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Design installation

0.3 um particle
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Result
Decreasing rate 1/3 - infection risk 5%
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WITH ventilation design installed
WITHOUT ventilation design installed

No obvious changes on indoor air quality and thermal comfort
No obvious changes on smart building system controls
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Sweep 2000

co2 Sweep 2000 PATI Probe value
1.700E-04 e 4.08E-17 nass
1.612E-04 Surface value 3.75E-17 3.006-17
2.900E-4
1.525E-04 3.50E-17
1.437E-04 3.25E-17
1.349E-04 3 BOE-17
1.262E-04
1.174E-04 2.758-17
( ) 1.086E-04 2.50E-17
—n 9.987E-85 2.25E-17
9.111E-85 2.80E-17
U 8.234E-05 1.75E-17
7.3576-95 1.50E-17
6.481E-@5
5.604E-05 1.25E-17
4.727E-05 1.80E-17
3.851E-@5 7.50E-18
2.974E-@5 5 @OE-18
2.50E-18
9.00E+00
FLatR S s FLAIR
X Y X
co2 Sueep 2000 PATT T T T Sweep 2000
Probe value Probe value
1.700E-04 e 4. BOE-17 i
1.612E-84 »:'-';;E:valw 3.75E-17 :\./;;:%;Bvalug
1.525E-04 3.50E-17
1.437E-04 3.25E-17
1.349E-04 3.00E-17
1.262E-04 5 75E-17
1.174E-04 2 5PE-17
1.P86E-04 5 25E-17
9.987E-05 > BOE-17
9.111E-85 1.75E-17
8.234E-05 1. 5BE-17
7.357E-05 1.25E-17
6.481E-85 1. 0BE-17
5.604E-05 o
4.727E-85 © OBE-18
3.851E-85 5> SpE-18
2.974E-05 0.00E+00
FLAIR . FLAIR
result : k o

Infection risk 3.1%
Convergence control: the local concentration constant is added to the local 0.3 um particle concentration rate caused by human pollution source only with the impacts from the designed ventilation
pattern. Then CFD results matched the onsite measurement of my design.
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window

The draft design model may cause a
relatively high resistance for the
recirculated air. In the future design,
the open cavity ceiling is preferred
to decrease the resistance caused by
ducts.

(a) TSI model 9535

(b)

TSI model 5825

pressure sensor at the supply openning




Integrated with building system control in the future —

Smart building system design to switch among working mode, hygiene working
mode, resting mode and turn-off mode.

The mistakes in exhaustion air temperature setting in CFD modelling —
Limitated expectations of thermal effect from manikins.

The inexperienced convergence control in CFD modelling —
The accuracy of simulating the particle concentration in reality
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