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ABSTRACT

KEYWORD

Purpose: Ventilation in buildings is an important factor for discharging harmful substances indoors and
introducing fresh air. Recently, respiratory infectious diseases such as COVID-19 have occurred on a large scale in
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daycare centers, and problems caused by air propagation of respiratory viruses have emerged seriously. Method: ZIIOFA}

— o o
Therefore, in this study, the real-time propagation characteristics of particulate harmful substances during natural  &}7|
ventilation in mid-corridor type daycare center was evaluated through CFD simulations. In addition, a proposal to

improve natural ventilation and an application plan for mechanical ventilation was proposed, and the improvement
effect were evaluated. Result: In mid-corridor type buildings, simulations results on natural ventilation conditions

Mid-Corridor Type
Daycare Center
Particulate Hazardous Substance

through window opening and through window and door opening showed that indoor particulate harmful substances  Transmission Pattern

can be spread to other rooms depending on external wind and wind conditions during natural ventilation. Therefore,
the need for stable indoor air quality management was confirmed through sufficient mechanical ventilation in

mid-corridor type buildings.

Ventilation
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Table 1. Daycare center overview

Description Description

* Year of establishment: 2013 * Number of children: 79

« Total floor area: 243m’ * Number of child care teachers:
* Room height: 2.5m 27

* Building size: 29.7mx21.8mx4m |+ Number of nursery rooms: 7

* Hallway width: 1.5~3.4m * Ventilation system: exhaust fans
* Hallway length: 15.6m, 27.3m in rest rooms and kitchen

* Windows: Awning windows

€ rarticle counting area

A Location of particle generation

Fig. 1. Analysis target daycare center plane and particle count
measurement location
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Table 2. Detailed conditions for each case

Cases Description
Windows* : open, Nursing room doors : open

Case | | Main and secondary entrance doors : closed
Exhaust fans in Kitchen and rest room : off
Windows* : open, Nursing room doors : open

Case 2 | Main and secondary entrance doors : open
Exhaust fans in Kitchen and rest room : off
Windows* : closed, Nursing room doors : open
Main and secondary entrance doors : closed

Room and corridor ventilation system(600m’h, 7EA) : on

- The diameter of the circular diffusers is 195mm, the
airflow velocity is 1.396m/s and supply air volume is
150m’/h. The ventilation systems supply and exhaust air to
each room, kitchen and corridor.

Kitchen exhaust fan(375m*h, 2EA) : on

- The diameter of the circular diffusers in kitchen is 395mm
and the airflow velocity is 0.931mvs.

Rest room exhaust fan(100m*/h, 3EA) : on

- The diameter of the circular diffuser is 195mm and the
airflow velocity is 0.85m/s.

Case 3

* Normally, the opening angle of the external window is 30° and
windows of nursing room-G and rest room-2 are closed.

Fig. 2. Location of air supply and exhaust diffuser for ventilation
system
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Table 3. CFD simulation modeling configuration

Description

Outdoor size : 500mx500mx150m

Wind Velocity(direction):0. 1nv/s(ESE), 0.25m/s(ESE)
Wind Temperature : 17°C

Indoor Temperature : 20°C

Boundary
Condition

Realiazable K-Epsilon High y+ Wall Treatment

Implicit Unsteady (Particles are generated from 1s to
1200s/(20min) and analyzed for a total of lh)

Lagrangian Multiphase(One-Way)

Physics
Settings

Particle Generator Pressure : 10 Psi

Particle Size and Rate: 4um(Aerosol) 60,000set in 20min
Particle Shape : Spherical Particles

Particle Type : Liquid(Bis sebacate (C26H5004))[12]
Viscosity : ca 23 mPa s at 20°C / Density : 900kg/m’

Particle
Settings
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Table 4. The number of particles in each location at 60min elapsed [#/room]

Case svfene(; ) @ ® ) ® ®" ) © o

ol ) NR-A RR-1 C-1 c2 NRB | NRC, etc | NR-D NR-E NRF | NR-G, etc
CASE-1 | 0.1 11,985 4,267 17,675 3,568 3,480 0 469 919 1,986 1,092
CASE-1 | 025 17,078 2,905 10,248 2,674 4,607 0 845 1,047 2,687 741
CASE2 | 0.1 19,029 4,981 9,032 2,402 4,122 671 1,905 1,065 696 4
CASE-2 | 025 16,813 1,674 7,622 2,135 2,513 770 4,103 1,240 596 0
CASE-3 - 15,422 2,534 247 0 96 0 0 0 0 0

1) There is an opening on the upper part of the wall between NR-C and the office room, so airflow moves, so the particle data in NR-3 and the
office room was combined and analyzed.
2) There are several openings on the upper part of the walls between NR-G, playroom and staff room, so airflow moves, so the particle data in NR-7,
playroom and staff room was combined and analyzed.

Table 5. Total

number of particles per room at 60min elapsed

[#/room]

Case :V‘p::’ (:‘ Sum of mﬁfe Sum of mﬁfe Sum of mﬁfe

No. O-©

“ Vs | @O | @ | @O @ %)
CASE 1| 0.1 | 4466 - 7,946 -] 45441 .
CASE 1] 025 | 5320 | 192 | 9927 | 249 | 42,832 | 5.7
CASE 2| 0.1 | 4341 | 28 | 8463 | 65 | 43,907 | 34
CASE 2| 025 | 6,709 | 502 | 9222 | 16.1 | 37466 | -17.6
CASE 3| - 0 21000 | 96 | -98.8 | 18,299 | -59.7
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