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Digital Twin: where use it?
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The research goal is the build of an operating theater Digital Twin (DT).

Definitions of DT are:
megamodel, device shadow, mirrored system, avatar, or synchronized virtual prototype

The main areas of interest for a DT:
 Meteorology

* Manufacturing and process technology
* Education

» C(ities, transportation, and energy sector
* Health

In Air Quality control a DT can be an essential help in:
* operating room

» offices

* waiting rooms

* common areas

by providing technology for air quality control, energy saving in buildings, regulation and management of people flow,
maintenance, detection, and management of plant failures.

Giovanna Gargiulo - Advanced Simulation of an Operating

April 17,2023 Room: from the Virtual Model to the Digital Twin - IPRI



Digital Twin: why use it?
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The advantages to employ a DT could be:

Maintenance -

(" )
Des.igl? an.d —> Operations and management of systems in the mechanical, thermal, electronic fields
optimization

\ _

(" )

Determination of the most stressed elements, possible replacement, identification of
anomalies

\ J
:> Cost
c | ) reduction
ontro
and setting — mprovement of efficiency, minimization of malfunction risks
of systems
J

4 )

lloT interfaces - Definition of the elements to be modeled and transmission of the actions to be

performed via device: the integration takes place via physical and virtual sensors

= _J
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Toward the digital twin: the workflow o F
/, \ The definition of :
Definition of the [> Geometry creation DoE.b(.Zrea.’uon OI t:e > set of parameters
problem: a case study and mesh generation Sl |nat|onfs.o i » range of interest of parameters
W » parameter combinations to give to CFD
Numeric simulation:
|

CFD running on HPC (

/@_\

ROM model

The definition of :
» CFD set of snapshots and splitting in two sets:
* learning set
* validation set
» creation of Reduced Order Model by
e SVD (Singular Value Decomposition)
* GARS (Genetic Aggregation Response
Surface)

J

Model export to obtain the Digital Twin (DT)

FMU model Eﬁ/ Digital Twin j)_
\/

April 17, 2023
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Digital Twin & CFD | “F
[ CFD simulations W s ~
p
L ROM 1 The advantages of DT with
[ J respect to CFD:
L Digital Twin
Run time: it depends on the complexity . - .
[ problem: from some hours to days 1 the capablllt.y of DT to (?btam
[ _ _ W the results in every point of
L Run time: a few minutes ) parameter field used to
L Run time: a few seconds J created it, in few seconds
after the construction
[ Build _ W . * the possibility to deploy the
Validate DT and wuse it on lloT
A @ g interface or a device
Deploy \_ y,

Giovanna Gargiulo - Advanced Simulation of an Operating
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Mathematical Model: CFD Governing Equations

PR\ RIOp »

TOR VERGATA ¢ & °

)
2
%

UNIVERSITA DEGLI STUDI DI ROMA (
A3

\«\\\ o

Sy 4

A

RS/

Incompressible ideal gas law, continuity, momentum, and
energy equations and conservation of species in mixture
model with the add the vapor H, O to the air

m'he integral form of governing equation using the pseudo\
time method for a steady-state case

P 9
0= (p®) _
iT P dV + (pdPv)dA = [ (VD) dA + Sep dV
M,, 14 S S 14
ap \ J
—+V-(pv) = Sy
ot The pseudo time step size that can be computed using the
3 (pv) local or global time step method
PR +V:-(pvv)= —Vp+V-(T)+ pg+F
2
. = = T _ Hold
= ——V-vli ) )
with T the tensor stress T u((Vv+ Vv )) 3V \% oy AV 14 - P4 a,d, = Z Do + b
9(pE) nb
dt v (v(pE + p)) = V- (ke V) + S Cbgld is the value of @, at the previous iteration and At is
dpdpr 0 P the pseudo time step
P —Ix=—) =S k=1, .., N
\ L _J
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Mathematical Model: Radial Basis Functions (RBF) “FS
4 ) (Scalarfunction s(x) is )
s(x) = Zyl(p (I|x — x|]) + h(x) e atransformation R®* —» R
* defined for each arbitrary point in space x
zYlh(an) =0 s(Xi) = 8i, 1<i<N The movement of a point can be considered as the
Euclidean distance between source Xxy; and target
points x multiplied by the radial function ¢ and the
h(x) = By + Bax + B3y + Baz weight v;.
N\ / The minimum degree of the polynomial h(x) depends
4 ) on the choice of the basis function
— X _ ) X X X X
S (%) = Z i @ (X = xi) + B+ Bax+ By + Baz The desired function values g; are obtained at source

\points )

N
sy = ) v @ (x— xiq) +B] + Byx+ Bly + Bz

i=1 The interpolation of a 3D set of displacement at
source points

5.0 = D ¥E @ (x— %) + B+ BEx+ By + Bz
\_ i=1 _/

Giovanna Gargiulo - Advanced Simulation of an Operating 3
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Mathematical model: Reduced Order Model (ROM) &
( ) 4 )
The SVD considers a rectangular matrix (A) decomposed into:
A = PAQ" = |. two orthogonal matrices (P, Q)
* one diagonal matrix (A)
\_ J
( )
Each dataset is linearly expressed with a set of scalar coefficients by using a
genetic aggregation response surface (GARS) technique, Ben Salem [17]
r The variable v is the aggregation of the product of the response
v(x) = z GARS;(x) mode; (x) —) | surface factor and the mode data for all of the modes r
i=1
\_ Y, * The number of singular values r gives the tolerance error
L The modes give the result of the approximation )
( The ROM construction implies the split of snapshots into two sets: A
* learning set to build a basis of modes used to express each solution as a linear combination of the modes
* validation set
In addition are definite:
the curve Reduction represents the precision of the learning set with respect to the number of modes
the curve LOO (Leave One Out) defines the precision of the base of the modes for a snapshot not included in the learning
kset )
April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating 9
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Ventilation systems requirements: operating room ﬂ
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» Ventilation system: VCCC (Contamination Controlled Ventilation and
Conditioning System):

* regulatory framework 1S014644 — UNI 11425:2011

* VCCC system characteristics (1ISO 14644):

» Number of changes with external air at least 15/h

Characteristics Operating theatre

Very High Standard
high air air air quality
quality [« [VE:1114Y;

Temperature (C°) Winter = 20

» Room sizes: Summer < 24

« 30m? and 90 m> -> 1350 m? /h Relative Humidity Winter > 40

 Air filtration: HEPA filters (High Efficiency Particulate Air) 99.97% (%) Summer < 60
Overpressure 15

» Microbial contamination values: (Pa) with respect

« 20 CFU/ m?2 in ambient air to the outside

« 1 CFU/m?3 in the air introduced by the plant Outside air 15

« 0.5 CFU/ cm? on wall surfaces (vol/1)

0.5 CFU/ cm? on worktop surfaces Recirculation air yes yes

> Colony forming units (CFU) < 1 CFU/ m3 ,
Cleaning classes ISO5 ISO7 ISO8

. , UNI EN 1SO
> Operating Room: surfaces between 25 and 36 m? (small operations - 14644-1
general surgery - high assistance surgery) e

* 1SO 5: 3500/ m? particles :ZCZ: firation i

* 1SO 7: 350000/ m3 particles
Sound pressure 45

\ ) level (dB)
April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating 10
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The ventilation systems in operating rooms
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Location of inlet

Supply diffusers Medical equipment 2 Medical

s T Medical
H Exhaust 2/ T Exhgust 3 equipment |
Location of . )
surgical lamp \ e
2 / o~
X Y /£ i
Equipment i;hmm 4 / £ .:z
By

Exhaust 1

Equipment
Exhaust 1

Staff 1-3 Exhaust 3
.4’/

Staff 4
Surgical table (a)

Operating
table

Ceiling

(c) / Instrument table 2 (d)

(a) (b)

(a) UDF ventilation and (b) Mixing ventilation, Reprinted (a) VLAF, (b) HLAF, (c) DVAF, (d) TAF. Reprinted from
from Sadeghian [75] Zhai et al. [94]

April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating

Room: from the Virtual Model to the Digital Twin - IPRI 1
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Software & tools i

» Ansys Space Claim and Design Modeler to release: ‘

* the geometry TR
» Fluent Meshing to realized: |

e the mesh
» RBF Morph to obtain:

* the change position of cylinder/human dummy and in the next steps the change of the ventilation

system kind in the operating theatre and the different angle/position of surgical lamps

» Workbench to obtain: o

* the points of DoE (Design of Experiment)
» Fluent to study: I o

* the fluid dynamic field and obtain

e the snapshots
» Twin Builder to created and export:

« the ROM (Reduced Order Model) :

e The Digital Twin i
» Mathematica Wolfram to evaluate:

e the quantities for vapor H,0
April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating 12
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Case study: the S. Gerardo operating theatre

The geometry is the one of the San Gerardo Hospital in Monza: geometry of a room with a central HVAC system of surface
(6.25m?) and 8 discharge grilles, 4 upper 4 lower

7000

Extraction Grille Top :]

g ] Extraction Grilie Bottom

LJ 4
\\EXZ EX3 /
Main door
April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating

Room: from the Virtual Model to the Digital Twin - IPRI =
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The S. Gerardo operating theatre : CFD setup M
a Mesh X ~ N\
ANSYS »Steady state simulations with a pseudo-time
step
»Energy equation
»Turbulence term: standard k- with wall
function
»B.C
* |sothermal wall room
*  Human dummy wall non-adiabatic
* Velocity inlet
/%& *  Pressure outlet
1\ J
Giovanna Gargiulo - Advanced Simulation of an Operating 14
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Operating theatre model with cylindrical dummy

[ The geometry has been discretized with 300k poly-hexa elements
(The medical stafP
is represented

with a cylindrical Temperature [PEENIS

dummy:

room

LG E I 293,1K
inlet HVAC

“ -
LI AGISE 0,3 m/s
HVAC

- HVAC size “ Top size exhaust grilles Bottom exhaust grilles size
7x7x3 (m) 2,5x2,5 (m) Steel 0,6x0,3 (m) 0,9x0,3 (m)
— n.ro4 n.r4

Giovanna Gargiulo - Advanced Simulation of an Operating
Room: from the Virtual Model to the Digital Twin - IPRI

 h=1.8m and
d=0.4m

* with a thermal
flux equal to 45
W/ m?

— .
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The S. Gerardo with cylindrical dummy: results (1/2) v
ANSYS Temperature
2021R1 295’5 P
ACADEMIC n
: I
295__ ................................................................................................................................................................................................................................
30270102 ]
(301502 | § l
r,; ggg?::gg »" 5294’5 2 S I S S
2.979e+02 o
2.967e+02 = )
2955¢+02 | [N | S ]
2.943e+02 a 4
29313"‘02 E DI e
K] = -
293’5__ .................................................................................................................................
Y B » >—
o 293 _.I ............................... e e o I ............ R R o NG i e S
Z’["‘X 0 1 2 3 4 5 6 7
0 1,500 3000 (m) Z[m]
0.750 2.250 —&— Series 1
* On the left, the temperature field with superimposed velocity vector field
* Onthe right, temperature trend in 30 points extracted along the line on the diagonal section of the chamber
April 17, 2023 Giovanna Gargiulo - Advanced Simulation of an Operating 16
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e erardo wit cylinaricai aummy: resu ts vk
P
. .
n Contours of Static Temperature [C] X
ANSYS it
2021R1
contour-1
Total Pressure
contour-1
Static Temperature 1.18e+01
380801 1168501
3576401 115401
3.3%+01 114e+01
3206401 113e401
3.058+01 l- 1.12e+01
287e+01 1.11e401
2.70e+01 1.10e+01
252e+01 1.09e+01
23501 1.08e401
ZlEdl 1076401
2.00e+01 [Pa]
IC]

ﬂ é ,
] A
8-

0 selected all

* Temperature field and details according to the diagonal plane and according to an yz plane

* Evolution of the pressure field on the diagonal section of the operating theatre: the field appears stratified showing an
overpressure near the ceiling. This trend is in agreement with that indicated in Sanchez [79]

Giovanna Gargiulo - Advanced Simulation of an Operating

April 17, 2023 Room: from the Virtual Model to the Digital Twin - IPRI
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Operating theatre model with human dummy wel = e =

Initial Conditions

Ansys Temperature room 298,15
WIR
Pressure [Pa] 101325

Variation range of parameters
Parameters

Velocity 0,1 0,5
[m/s]
. o & ; : u e 7 Temperature [EPEIBE 310,15
e A i | = = f£ [K]
B ; A Pressure (X0 8
[Pa]
) . . . ] Molar 0,010 0,031
[The geometry was discretized with 3.3 mil poly-hexa elements, 5.7 mil nodes. ] e tionH20

Position -1,0 1,0

human
dummy [m]

Operating theatre | HVAC size Top size exhaust | Bottom ssize exhaust grilles
size grilles

Case study with human 292 EX (1)) 2,5%2,5 (m) Still 0,6x0,3 (m) 0,9%0,3 (m)

dummy n.ro4 n.ro4

Giovanna Gargiulo - Advanced Simulation of an Operating
Room: from the Virtual Model to the Digital Twin - IPRI
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Operating theatre model with human dummy & CO, we “ 7 5 3
i N

-

The new model includes:

the new parameters are the mole fraction of
H,0 vapor to evaluate the relative humidity,
and mass fraction of C0O, which considers the
exhalation phase during respiration

the €O, is inserted as a boundary condition (a
front the mouth) in terms of the volumetric flow
rate of the emission and mass fraction.

the amount of CO, inserted in exhalation is
about 80I/h Balocco et al. and [15] Cheng et al.
[28].

the mole fraction of H,0 vapor

the power given on the human dummy is 117.0
W and the heat flux is 52.9 W/ m? y

April 17, 2023

Giovanna Gargiulo - Advanced Simulation of an Operating
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Definition of the
problem: a case study

*

- _ DoE: Creation of the
someLry creatlsn |:> combinations of the
B L ecrieration pa rameters of interest

Numeric simulation:
CFD running on HPC

@: ROM model

FMU model J |:>[ Digital Twin

|
=)
=5
|

(>Steady ROM

»Split set snapshots in learning and validation
sets

»SVD algorithm

»GARS (Genetic Aggregation Response Surface)
algorithm

»Evaluation of ROM relative errors and
reduction errors

»Validation

»Integration between parameter and shape
variations

»Export ROM to build the digital twin
N\

~

J

April 17, 2023
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esign of Experiment (DoE) an 22
Columns: Parameters (8)
Table of Schematic B2: Design of Experiments (Optimal Space-Fillng Design : Max-Min Distance : Maximum Number Of Cydes = 10 : User-Defined Sa > o X
A B C D E F G H &
Rows 1 samples: all
1 Mame ¥ | P1-velogty_in_hvac (ms*-1) ~ | P2-h2o_vap_in ~ = id3 outlet 02 23 07 d... T | P4 -co2_mouth (kg s*-1) = | P5-co2in ¥ | P& -pressure_out_grile (Pa) ~ | P7 - temperature_hvac (K) ~ | P&-co2_t(K) ~ | P3-velodh
. _humanoid3_outiet_co2_23 07
va | ues Of p arameters In z 1 §0,1348 0,014298 0,738 4,3719E-05 0,75381 5,954 302,88 09,29 #
) 3 2 | o388 0,01625 0,046875 4, 2856E-05 0,72609 5,734 2156 300,54 7
t h e d ef| ne d ran g e Of 4 3 0,49063 0,027022 0,10938 3,5994E-05 0,23359 6,3594 297,53 301,78 F
5 4 |o3ms 0,030937 045313 6,573 E-05 0,45858 5,6406 300,2 302,26 7
sam p | es 6 5 | o01218 0,020823 0,26563 4, 3619605 0,30859 3,718 293,38 302,88 7
ROWS . Sa m p I es 7 5 | 04563 0,02531 0078125 6,4206E-05 0,36015 49531 29,61 309,92 7
CO I umns 1 p arameters: 8 7 | o253 0,021148 0,54688 2,4556E-05 0,37422 2,6094 293,67 02,1 7
' ( 64) o 8 | o488 0,013972 0,43438 3,3706E-05 0,52881 5,830 308,51 305,85 7
d b 1 I d 10 5 | 01653 0,022454 0,7343 3,885 0,61328 7,671 308,22 307,26 7
p arameters used to ul 1 0| o084 0,015029 0,57813 2,013(E-05 0,43047 2,4219 307,03 07,42 7
t h e RO M 2 B 0,030284 DAER 2,225%-05 089453 5,234 296,94 303,82 7
13 2 | o488 0,010709 0,57813 25319605 0,72578 4,3%06 302,28 04,6 7
14 13| 0,3%063 0,023753 0,51563 5,3531E-05 0,14922 2,7563 07,82 34,13 7
15 # | 033: 0,013312 0,268 6, 34405 033828 3,453 293,08 306,63 7
15 15 | o813 0,019842 0,76563 6, 1919605 0,68358 5,4531 294,86 303,35 7
Rows an d COI umns Z . u © | 0299 0,012341 085313 2,383 -05 051016 4,258 295,75 303,51 P,
13 7| 04348 0,028001 0,32813 4,B956E-05 0,63766 54219 309,7 wes [ 1
tren d b etween t h e 19 #0300 0,028979 038438 5,5819E 05 0,78203 6,171 29,64 0\
. - . ('1'\ 1Q n JanA3 nnN7a73’ -N RG] 2 NAGARFNE n k1T & 2R1 707 10 37 5 o
minimum and maximum -
Parameters Parallel Chart v 3 X
0,50001 6,8401 1 8,0001

of the different input
parameters for all
samples and for all
parameters

Samples vs
Parameters

0.099999
F1 [ms~-1]

0.01022
P2

136
P4 (x107%) [kgs~-1]

0,099933

Ps

April 17, 2023
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Design of Experiment (DoE) and ROM (2/2)
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Rows 1 samples: all
values of parameters in
the defined range of
samples

Columns 1 parameters:
parameters used to build
the ROM

Rows and Columns 2:
trend between the
minimum and maximum
of one between the
input parameters with
respect to the number of
samples

Rows:
Samples (64)

1 Parameter
vs samples

Columns: Parameters (8)

Table of Schematic B2: Design of Experiments (Optmal Space-Filing Design : Max-} v X
A B C D E F G H 1 )
1 Name v | P1-velogty_in_hvac(ms”-1) ¥ | P2-h2o_vapin v Geom_hmwnidS_ﬁt;et_coz_zs_W_d... v | P4-co2 mouth (kgs”-1) ¥ | P5-co2in v | P6-pressure_out_arile (Pa) ¥ | P7-temperature_hvac(K) v | P8-co2_t(K) ¥ | P9-veloct
2 1 0,13438 0,014298 -0,73438 4,9719E-05 0,75391 5,9844 302,88 309,29 7
3 2 0,34688 0,016256 0,046875 4,2856E-05 0,79609 6,7344 21,6 300,54 7
4 3 0,49063 0,027022 0,10938 3,5994E-05 0,23359 6,3594 297,53 301,79 i
5 4 0,32813 0,030937 -0,45313 6,5731E-05 0,45859 6,6406 300,2 302,26 7
6 5 0,12188 0,020823 0,26563 4,3619E-05 0,90859 3,1719 293,38 302,88 7
7 6 0,46563 0,025391 0,078125 6,4206E-05 0,36016 4,9531 299,61 309,92 7
8 7 0,26563 0,021148 0,54688 2,4556E-05 0,37422 2,6094 293,67 302,1 7
9 8 0,49688 0,013972 -0,48438 3,3706E-05 0,52891 5,8906 308,81 305,85 7
10 9 0,16563 0,022454 0,73438 3,8281E-05 0,61328 7,6719 308,22 307,26 7
11 10 0,18438 0,015929 -0,57813 2,8131E-05 0,43047 2,4219 307,03 307,42 7
12 1 0,37188 0,030284 -0,26563 2,2269E-05 0,89453 5,2344 296,94 303,82 7
13 12 0,14688 0,010709 0,57813 2,5319E-05 0,72578 4,3906 302,28 3046 7
14 13 0,39063 0,023758 -0,51563 5,3531E-05 0,14922 2,7969 307,92 304,13 7
15 14 0,33438 0,013319 0,29688 6,3444E-05 0,83828 3,4531 293,08 306,63 7
16 15 0,12813 0,019844 -0,76563 6,1919E-05 0,68359 6,4531 294,86 303,35 7
17 16 0,25938 0,012341 -0,95313 2,9894E-05 0,81016 4,2969 295,75 303,51 /
18 17 0,43438 0,028001 0,32813 4,8956E-05 0,69766 54219 309,7 301,63 ( 1
13 13 0,30938 0,028979 0,98438 5,5819E-05 0,78203 6,1719 296,64 302,73 \\
n 1Q N 7240A3 N N72473R - REQ3R 2 NAGAF-NS N %172 5 R1 207 19 NI 4 £
< >
Design Points vs Parameter i v QX
05 2}
- A @ R x ]
il ¥ ] a
< a o} A
bl g o
£ (04 ) a o
= ) o % 5]
] | o}
_;ﬂ g o 2} L
2 o a
oo a o ]
b a a
szl o a
= f ! y ]
i L 3 o
o o g
902 3 F L] o
I o " o o
E, 5] a o
- i n \ e
o1 o

1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28

29 30 31 32 33 34 35 36 37 38 39 40
Points Name

41 42 43 44 45 46

47 48 49 50 51 52 53 54 55 56

57 58 59 60 61 62 63 64
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ROM vs ROM o
VS ’
 Static ROM Builder - X
o
|n the Constructlon Of the ROM th ey are Working Directory. _ eskiop/dati phd_importani/iop-output2/temperature 64 Snapshots -8 Parameters Browse Set Geometry ROM & Hep anmt
’ =, Check nput Reduction 0 Buld T Validate % Evaluate - = Points Size: 000 | + | Views: | | [ FulModel I:l & Q @ jm—n
H W ' =
ConSIdered releva nt: Available ROMs Display - | Reduction RelativeError( ~| | Over All Snapshots [ ] Log Scale - 1 4 ~LOpats " 2 —
[[] Reference
E::Ej?; teTP‘m Display - temp_32p Difference
[ temp_4sp id velocity inhvac  h2ovapin moveinputparam  co2mouth 4|
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CFD vs ROM: Temperature comparison (1/2)
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TOR VERGATA : ¢ -
CFD vs ROM: Temperature comparison (2/2) wd = 7w
—— = | - Comparison  of CFD\
15 field (left) and ROM (right)
I I | :’::::‘;tlso‘K results constructed with
: 50% of the different set
of snapshots (30
- snapshots). The
i » temperature range is
oo ; underestimated by
Bl : about 5%
ggg:%‘: ' < — _:_:I “_ J
e Ll K il s 1 = (Comparison of CFD\
(1 - o 32 field (left) and ROM (right)
G e snapshots — results constructed with
L= Tmax =312 K 50% of the different set
of snapshots (64
snapshots). The
i variation of the
temperature field
between CFD and ROM
is underestimated by
S o \_2 bout 0.64%. )
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CFD vs ROM Relative Humidity: comparison
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ROM with geometrical parameters change
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S. Gerardo sub-scale model: preliminary study

Feasibility study:
- Processing feasibility:
* Choice of scale factor

- Choice of fluid to use:
* Possible particle tracking
* Material to be used to simulate particles
* Possibility of the laboratory to be able to supply the
correct volumetric flow rate

- Choice of constraint:
* Number of air changes (Air Changes Hour - ACH) to
ensure air quality standards in the operating theatre
* Analysis of the complete fluid dynamic field present
in the operating theatre
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S. Gerardo sub-scale model: mock-up (1/2)

1:10 scale model

Material: 10 mm thick plexiglass

* Operating Theatre

* Containment box

* Weir/bulkhead

* Box designed to have ACH=15 and volumetric flow 18//min

* Input of alumina particles: good buoyancy up to 10um diameter at
expected speeds

* Particle density of the order of that of the fluid (1 g/cm3)

Weir/bulkhead

Operating Theatre

Containment box
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S. Gerardo sub-scale model: mock-up (2/2)

3 The pressure

' gauge

“ 4The

~ electromagnetic
.. flowmeter

5 The
flowmeter that
will be linked to
the scale model

1 The scale model and three basil used to fill up the tank or to empty it
2 The tank where is highlighted the maximum level of water call as "overfull"

I

Ulll
\H

6 The holes to empty the model 8 Mock -up made of the pIeX|gIass materlal of the operating theatre
7 The laser to evaluate the velocity of particles 9 Zoom on the calming baffle
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Beyond S. Gerardo: lamps position and size effects

A
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ANSYS

2021 R1

ACADEMIC

0 2000 4,000 (m) z X
1

1.000 3.000

1.000 3.000

4.000 (m)
]

3,000

3.000

2021 R1
ACADEMIC

\.

Complete model: operating room with medical staff, patient, operating table, operating light, and different thermal

loads for the patient and medical staff
Velocity field on the YZ plane and temperature field on the individual dummies

Different sizes of the surgical lamp, their position, and their inclination determine recirculation in different areas of the

operating room
In the left room a bigger lamp than right room
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Complete model: lamps position and size effects (1/2)

Y-velocity

\
)
>

I R
0,1 0,15 0,2 0,25 0,3
Velocity [ ms~-11]
z=-1.5 —z=45 —z=3.5

* The operating theatre and big surgical lamp: influence of dimensions lamp and position on velocity field
* The chart of velocity extract on the three lines (z=-1.5 yellow line, z=-3.5 green line, and z=-4.5 pink line)
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Complete model: lamps position and size effects (2/2)
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Y-velocity

/

ARVAS
\

0 2500 5,000 (m) 2
] .
o T T T T T T T T T T T T T T T T T T T —T T

1.250 3.750 ; T
0 0,05 0,1 0,15 0,2
Velocity [ m s~-1]
z=15 —z=45 — z=-35

The operating theatre and small surgical lamp: influence of dimensions lamp and position on velocity field
The chart of velocity extract on the three lines (z=-1.5 yellow line, z=-3.5 green line, and z=-4.5 pink line)
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Complete model: different system ventilations
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The different geometries for the ventilation systems :> different

kinds of air fluxes

Qox:
'] -
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Conclusions

» Archived results:

« Stationary simulations with an operating room with a human dummy inside and application of a power on the
dummy from which to evaluate the body temperature

* Use of mixture for the calculation of the relative humidity and to evaluate the CO, emitted during breathing

* Comparison of CFD results and ROM results: good approximation of ROM and digital twin over temperature and
relative humidity range

« The ROM responds in real-time to the variation of the values of the variables: instantaneous evaluation of the
guantities of interest

* The result of the ROM was exported to the Twin Builder software to obtain a digital twin

* Preliminary study to realize the experimental part

» Further developments:

* complete an operating theatre

* Possibility to change simply the geometry of operating theatre
e experiments on the mock-up

» Critical analysis points:
* Further investigations on the optimal number of samples to build the ROM
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Airflow distribuited concept

Location of
supply

Location of
exhaust

Air supply conditions - studies

__-- o a1 e
(ACH)

Turbulent Flow
Distribution (TFAD)

Vertical Laminar Airfow

(VLAF)

Horizontal Laminar Airflow
(hLAF)

Mobile Laminar Airflow

(MLAF)

Displacement Ventilation
Airflow (DV)

Temperature Controllated
Airflow (TAF)

The concentration of airborne contaminants is
diluted by mixing the supply air with the
contaminated OR air

The unidirectional
contaminants
microenvironment

airflow swipes away the
over the operating

Cool airis supplied at floor level and is moved up
displacing the contaminated air from the
operating microenvironment

Combination of LAF (cool laminar airflow breaking
convective currents in the operating
microenvironment) and TFW (warm air
maintaining temperature gradient)

Ceiling or wall -
mounted

Ceiling - mounted

Wall -mounted

Mobile: In the vicinity
of the operating table -

Wall
floor

mounted near

Both cool and warm air
is supplied from the
ceiling

Wall mounted near floor

Ceiling and/or  wall
mounted near floor

Ceiling and/or  wall
mounted near floor

Ceiling and/or  wall
mounted near floor

Ceiling or wall mounted
near ceiling

Wall mounted near floor

0.25-0.38

0.5-0.7

0.09-0.15

>0.25

11.5-23.; 15.5-21.3;
50

5.3-27.6;

67; 100

8.4

21

47

26-178;
80.5; 58; 15.1-59.9;

2.4 x 2432 x 3.2; 3.8 x
1.2-5.18 x 3.83; 3.2 x 3.2;
3.6%3.6;2.75x2.75

0.5%0.4;0.69x 0.7
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Association between door

Opening doors
Association between door openings and
openings and SSI rate?

Monitoring contamination/SSI?
contamination?
Yes

Door opening frequency [Openings/h]

Type of surgery Ventilation type
Abdominal Mixing 59.3 SSI
Cardiac/ orthopaedic LAF/Mixing 20.2 Particles/CFU Yes/Yes
Orthopaedic Unknown 27.0-34 - - -
Cardiac LAF 324 SSl - Yes
orthopaedic LAF/Mixing/ TcAF 2.1-5.6 CFU No -
Total joint arthroplasty LAF 19.2-21.6 - - -
Orthopaedic/ general LAF 12.6-36.6 CFU Yes -
Plastic surgery Unknown 13.4 Particles Yes -
Neurosurgery LAF 46.2 SSI - No
Hip revision Mixing 3.3 CFU Yes -
Cardiac/general Unknown 33-54 - - -
Joint Arthroplasty Mixing 16.6-37.3 SSl - Unclear
Orthopaedic LAF 37.2 CFU Yes -
Orthopaedic Displacement 12.5 CFU Yes -
Colorectal Unknown - SSI - Yes
Total joint arthroplasty LAF 41.4 - - -
Cardiac Unknown 19.2 SSI = Yes
Joint Arthroplasty Mixing 33.6 Particles/CFU -/No -
Multiple Unknown 19-50 - - -
Orthopaedic/ urology/general Mixing 56.4 Particles/CFU No/Yes -
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