A CFD Simulation Study on the Isolation
Performance of a Isolation Ward
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Abstract
Purpose: In this study, we performed ventilation simulations for a standard isolation ward including

three intensive care rooms,

one anteroom(buffer

room), and its recommended ventilation

equipments. The purpose of this study is to predict outflow of pathogenic bacteria from patient

breath to verify the reliability and the safety of the isolation ward. Methods: We suppose three

scenarios of the movement of medical staff. The leakage of patient’s breath to out of the ward is

predicted in these scenarios using CFD simulations. Results: The patient’s breath leakage rate to out

of the ward in scenario 1 according to room air changes per hour(ACH : 6 and 12) is predicted
to be 0.000057% and 0.00002%, respectively. The patient’s breath leakage rate to out of the ward
in scenario 2 according to room air changes(ACH : 6 and 12) is predicted to be 0.00063% and

0.00019%, respectively. The patient’s breath leakage rate to out of the ward in scenario 3, which

is the worst case(6 room air changes) is predicted to be 0.1%. Implications: Through the ventilation

simulation like that in this study, the reliability and the safety on isolation performance of various

plan of isolation ward are predicted quantitatively.

Keywords CFD simulation, Isolation ward, Ventilation, Room air change per hour.
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1. Introduction

1.1 Background and Objective
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1.2 Methods of Research
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[Figure 2] 3D view of a selected isolation ward

[Figure 3] Computational grid for a selected isolation
ward
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[Table 1] Computational conditions and assumptions

Subject Conditions and assumptions
- Assuming that all automatic doors are
Automatic opened and closed instantly and stay open
door for 3 second.
- Assuming that 5mm gap exist on the
bottom and end side of all automatic doors.
- Applying the flow rate corresponding to 6
FFU-out .
and 12 room air changes per hour.
. - Applying the flow rate generating negative
FFU-in .
pressure of -2.5pa in the ward.
Pathogen |~ Pathogen source is patleqt breathing.
cource - Applying patient breathing flow rate of
respiration rate(16)xtidal volume(500ml).
Walking - Assuming that the walking speed of
speed medical staff is 0.5~1.0m/s.
aPiarthogenlc - Diffusion of pathogenic air to fresh air is
(Scalar0) ignored.
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2. Computational results

2.1 Scenario 1
[Table 2]0 A|L}E|2 10 CHDE MEALEES H2|sHRALCE

[Table 2] Summary of scenario 1

Ak} AbS} AQ AE 3=
g Ryl AlZt AlZt AL =
Mz | QT | Al i
(min:sec) | (min:sec)
All doors
K| AbAF - -
0 M AFALEY ) ) 00:00 close
1 (A A | 3X 00:00 00:03 | Door0O open
SERAEL | S ) i Door0 close,
2 oAl 3% | 00:03 00:06 Doorl open
=3 Al
3 fﬂgﬂel 52 | 0006 | 0506 |Doorl close
T
=3 Al
4 Elf‘—lml-el 3% | 05:06 | 05:09 |Doorl open
=
N2l ) )
5 ol gAZ 32 05:09 08:09 | Doorl close
6 |HMA EA | 3X 08:06 08:12 | Door0 open
0 | ™A AER o 08:12 o Door0 close
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[Figure 4] Distribution of scalar0 concentrations in scenario
1 for 6 room air changes.
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[Figure 5] Time histories of scalarO concentration in the
wards in scenario 1
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[Figure 6] Time histories of scalarO concentration in the
front room in scenario 1

2.2 Scenario 2
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[Table 3] Summary of scenario 2

gl sy | ap | ME | BE
= A AlZt Al 2t Ar =A
Ho | (Q=T) | Al :
(min:sec) | (min:sec)
HAAEY oo -00 00:00 |All doors close
A A | 3x | 00:00 00:03 |Door0 open
SeAAL = i i Door0 close,
2 1Al 3= 00:03 00:06 Doorl open
=35 Al
3 fﬂgxfel 52 | 0006 | 0506 |Doorl close
T
=SIKLAI
4 g%xrel 3% | 0506 | 05:09 |Doorl open
=
5 |EXNZA | 18 05:09 06:09 |[Doorl close
=35 Al
6 ?,%”Ez 3% | 06:09 | 06:12 |Door2 open
==}
=&} KFAI
7 fﬁ”ﬂ 5% | 0612 | 1112 |Door2 close
T
=35 Al
8 EI%FI}EZ 3% | 1112 11:15 |Door2 open
=

sg| sy |22 07| T3 NS
s (ozw) | Azt | AT | HE | AS =
(min:sec) | (min:sec)

9 |QENZIA| 1 11:15 12:15 |Door2 close
=35 Al

10 g%ﬂe3 3x 12:15 12:18 |Door3 open
H =2
=35 Al

11 fﬂﬁx*é 52 | 1218 | 1718 |Door3 close
T
=35 Al

12 ;%XFE?J 3x 17:18 17:21 |Door3 open
=
= Al

13 DQ'EHTTJ:_{E 382 17:21 20:21 |Door3 close
S -

14 | MA EA 3x 20:21 20:24 | Door0 open

0 | ™AAFER ) 20:24 ) Door0 close
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[Figure 7] Iso surface contour of scalarO at 00:06 in
scenario 2

10 A CFD Simulation Study on the Isolation Performance of a Isolation Ward



Log(ppm)
1.0 3.0

0.0 2.0 4.0

[Figure 8] Iso surface contour of scalar0 at 06:12 in
scenario 2
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[Figure 9] Iso surface contour of scalarO at 07:30 in
scenario 2
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[Figure 10] Iso surface contour of scalarO at 11:15 in
scenario 2
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[Figure 11] Iso surface contour of scalar0 at 12:10 in
scenario 2
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[Figure 12] Iso surface contour of scalar0 at 13:20 in
scenario 2
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[Figure 13] Iso surface contour of scalar0 at 18:50 in
scenario 2
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[Figure 14] Time histories of scalar0 concentrations in
the wards in scenario 2
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[Figure 15] Time histories of scalar0 concentrations in the
front room in scenario 2
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[Figure 16] Time histories of scalar0 concentrations in the
front room in scenario 2(repeated)
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2.3 Scenario 3
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[Figure 17] Contour plot of scalarO concentrations in
scenario 3
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