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A Numerical Study on Coughed Particle
Dispersion and Deposition in Negative
Pressure Isolation Room according to

Particle Size
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Abstract

Purpose: This study investigates the influences of coughing direction and healthcare worker's loca-

tion on the transport characteristics of coughed particles in airborne infection isolation room (AIIR),

which is commonly called negative pressure isolation room, with a downward ventilation system.

Methods: Computational Fluid Dynamics (CFD) was used to simulate the airflow and for tracing the

behavior of particles. Results: The results show that the airflow pattern and coughing direction have

a significant influence on the characteristics of particle dispersion and deposition. When healthcare

workers are in the isolation room with the patient who is lying on the bed, it is recommended to

be located far from the anteroom to reduce the exposures from infectious particles. And when the

patient is lying, it is more effective in removing particles than when the patient is in Fowler's

position. Although it is an isolation room that produces unidirectional flow, coughing particles can

spread to the whole room and a large number of particles can be deposited onto patient, bed, side

rails, healthcare worker, ceiling, floor, and sidewall. Implications: Following the patients’ discharge

or transfer, terminal cleaning of the vacated room, furniture, and all clinical equipment is essential.

Also, it is necessary to establish detailed standard operating procedure (SOP) in order to reduce the

risk of cross-contamination.
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[Figure 1] Geometry of isolation room and anteroom
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[Figure 3] Velocity profile of patient's cough

(a) Case1.1- Case 1.2

(b) Case 2.1 - Case 2.2

[Figure 4] Angle of discharged particles

2.3 Boundary Conditions of Isolation Room
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[Table 1] Boundary conditions of CFD simulation

Item Boundary Conditions
. Indoor 23 °C
T AIr Air Supply 23 °C
emperature Coughed Air 34 °C
Thermal  Wall-Ceiling - Floor-Bed Adiabatic wall
Conditions Patient:Healthcare worker 33 °C

Coughed Size 0.1, 0.5, 5, 10, 20 ym
Particle Total Number Count 3,000 particles
Isolation  Supply Air 0.15936 kg/s
Mass Flow Room Exhaust Air 0.20296 kg/s
Rate Supply Air 0.05925 kg/s
ANteroom o paust Air 00643 kg/s
Pressure Anteroom  Opening -5 Pa

3. Simulation Results

3.1 Airflow Patterns in Isolation Room
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[Figure 5] Airflow streamline pattern and velocity vector
along horizontal plane (ZX) at Y=1.5 m in Case 1.1
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3.2 Dispersion Characteristics of Coughed Particles
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[Figure 6] Particle number decay with time
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particles over time
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[Figure 8] Location of coughed particles according to analysis period
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[Figure 12] Reduction of particle by each size
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