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Background: Computer-aided design and draft, along with computer-aided engineering software, are used
widely in different fields to create, modify, analyze, and optimize designs.

Methods: We used computer-aided design and draft software to create a 3-dimensional model of an aero-
biology chamber built in accordance with the specifications of the 2012 guideline from the Environmental
Protection Agency for studies on survival and inactivation of microbial pathogens in indoor air. The model
was used to optimize the chamber’s airflow design and the distribution of aerosolized bacteria inside it.
Results: The findings led to the identification of an appropriate fan and its location inside the chamber
for uniform distribution of microbes introduced into the air, suitability of air sample collection from the
center of the chamber alone as representative of its bacterial content, and determination of the influ-
ence of room furnishings on airflow patterns inside the chamber.

Conclusions: The incorporation of this modeling study’s findings could further improve the design of the chamber
and the predictive value of the experimental data using it. Further, it could make data generation faster and

more economical by eliminating the need for collecting air samples from multiple sites in the chamber.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

INTRODUCTION

Prediction of particle transport in turbulent flow is essential in
different fields, such as dispersion of passive or reactive particles
in turbulent media and in studying air pollution.! For example, we
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are exposed to airborne particulates in workplaces, homes, and other
indoor settings.? The fate and deposition of such particulates indoors
have substantial implications for human and animal health, clean
rooms, and air decontamination.>* Therefore, a good understand-
ing of the particle-laden turbulent flow is important in addressing
indoor air quality issues and in controlling particle dispersion.
Mitigating the spread of microbial contaminants by indoor air
is an essential design consideration for homes, biomedical and health
care facilities, and other public settings. Once airborne, the move-
ment of microbes is difficult to control because they may become
rapidly dispersed by air movement or adhere to other surfaces for
travel with them.®’ Ventilation, either natural or mechanical, can
provide adequate air exchanges to reduce the risk for airborne mi-
crobial spread; however, mechanical ventilation, particularly with
conditioning, can be expensive.? According to the Guidelines for Design
and Construction of Hospital and Health Care Facilities,” 6-15 air
changes per hour are needed to maintain a healthful environment
while reducing exposure to harmful chemicals and microbes. This
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requires ventilation system engineers to understand microbial be-
havior in air to design more efficient and economical means of
treating and supplying indoor air.'°

In general, particles with a mass median aerodynamic diame-
ter of 10 um or less can remain airborne.' Memarzadeh and Xu'?
emphasized the importance of particle size in the airborne trans-
mission of infections by transport of pathogen-laden particles to
the mucosal surface of a susceptible host.'?

Available information shows that ventilation systems can influ-
ence the spread of airborne pathogens indoors,'>'* airflow patterns
may contribute directly to such spread,'” and airflow rates can in-
fluence the transport and removal of human expiratory droplets.>!6-18
Assessing the risk of transmission of infections via air is more dif-
ficult than predicting reductions in concentrations of harmful gases
with ventilation. Also, and unlike inhaled gases, it may take only a
few infectious units of a given pathogen to infect a susceptible host,
which, in turn, can amplify the level of the pathogen many-fold for
further dissemination.

Increasing the air exchange rate alone is often inadequate for re-
ducing the risk of spread of airborne infections everywhere within a
given room. For optimal safety, the entire ventilation system should be
analyzed to determine the likely path of pathogen-laden particulates
within the occupied zones and the required corrective action.'

The 2 major approaches to study of the dispersion of particles
in indoor air are physical modeling and numerical simulation with
computational fluid dynamics (CFD). Empirical data are useful for
CFD validation of air and movement of particulates in indoor en-
vironments and health care facilities. CFD modeling is also much
more economical to perform than full-scale experimentation with
actual pathogens or their surrogates.?’ Thus, with the ready avail-
ability and greater sophistication of CFD, it is increasingly being

applied to predict room air movement in various types of health
care settings.”! However, this approach has not been adequately
applied to other types of indoor settings and validated with exper-
imental data®’; when applied to predict airflow patterns in buildings,
it was a flexible alternative to physical models.?*4

This study applies CFD to optimize and validate the perfor-
mance of an aerobiology chamber that was designed based on
Environmental Protection Agency guidelines.?> The best location,
angle, and speed of a muffin fan for producing uniform bacterial
distribution were determined. The number of air sampling sites re-
quired for characterizing the distribution of the nebulized bacteria
in the chamber was investigated. The stabilization time required to
produce a uniform distribution of the bacteria was determined, and
the effect of furniture on bacterial distribution also was studied.

METHODS

The dimensions of the studied aerobiology chamber were 320 cm
x 360 cm x 210 cm.?® The chamber was designed based on Environ-
mental Protection Agency guidelines? and then used to study bacteria
survival in air (Fig 1).2° A 6-jet nebulizer was used to aerosolize bac-
terial suspensions into the chamber through a pipe with a 3.8-cm
diameter. The air was sampled from the center of the chamber using
a slit-to-agar machine via a 5.0-cm pipe. A muffin fan (Nidec Alpha
V, TA300, Model A31022-20, P/N: 933314 3.0-inch/7.62-cm diame-
ter; output 30 CFM; Nidec Corp., Braintree, MA) placed on the floor
of the chamber directly beneath the nebulizer inlet pipe was actu-
ated from the outside for continuous operation during nebulization
and testing to ensure uniform distribution of the aerosolized par-
ticles and/or any treatment introduced. The procedure of the
experiment was as follows:

Fig 1. Aerobiology chamber designed based on Environmental Protection Agency guidelines.?> Reprinted with permission.
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e The fan was activated at least 300 seconds before the experi-
ment to circulate the air inside the chamber;

e The test bacterial suspension was nebulized into the chamber
for 10 minutes using a 6-jet collison nebulizer; and

e Before sampling, the air in the chamber was allowed to circu-
late for 300 seconds following the nebulization process.

MATHEMATICAL MODELING, MATERIALS, AND
NUMERIC METHODOLOGIES

Theoretical background

The Eulerian-Lagrangian approach was implemented directly
using the discrete phase model. In this approach, the fluid phase
is treated as a continuum material by solving the time-averaged
Navier-Stokes equations, and the dispersed phase is solved by track-
ing a large number of particles through the calculated flow
field.?” The governing equations are itemized in the following
sections.

Governing equations for the continuous phase
The continuous gas-flow phase is governed by the following equa-
tions for unsteady compressible flow:*

e Continuity equation:
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e Momentum equation:
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Where p, t, u, 1, p, 7, E, T, keg, and 7.5 are fluid density, time, fluid
phase velocity, thermodynamic pressure, stress tensor, energy, tem-
perature, effective conductivity, and effective stress tensor,
respectively.

One of the most common turbulence models, the k-¢ Realiz-
able turbulence model, was used for turbulence modeling. The
turbulence kinetic energy, k, and its rate of dissipation, €, are ob-
tained from the following transport equations:?”
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Where G and G, represent the generation of k due to the mean
velocity gradients and buoyancy, respectively; Yy represents the con-
tribution of the fluctuating dilation in compressible turbulence to
the overall dissipation rate; oy and o, are the turbulent Prandtl
numbers for k and ¢, respectively; and Sy and S, are user-defined
source terms for k and ¢, respectively.

The turbulent (or eddy) viscosity, u, is computed by combin-
ing k and ¢ as follows:?"28

.ut:PCpE (6)
&

The model constants Cig, Cs Cy, Ok, and o, have the following
values: C.=1.44, C,=1.92, (,=0.09, o;= 1.0, and o, =1.3.2"%

The rotating reference frame was applied only in the rotational
region by assuming that the region was in a quasisteady state. This
method does not explicitly generate model rotation; instead, it gen-
erates a constant grid flux in the appropriate conservation equations
by automatically adding the source terms with respect to the Co-
riolis force and centrifugal force, which are calculated with equation
7 based on the properties of the reference frame.?” Although this
method underestimates the weak effect, it is appropriate for the flow,
which is most likely to be influenced by time-averaged properties.?’
A significant amount of simulation time can be saved with this
method, when compared with simulating the axial flow fan’s ro-
tation in a transient state.?’

F =poxv (7)

Where F, is the body force term due to fan rotation (kg/m?/s?),
p is the air density (kg/m3), @ is the rotational speed (rad/s), and
v is the linear velocity (m/s).

Governing equations for the discrete phase

The trajectory of the discrete phase is determined by integrat-
ing the force balance on the particle, which equates the particle
inertia with forces acting on the particle, and can be written as:?’

du, 8x(Pr—p)
p” =F(u-u,)+ o, +F (8)

Where u, up, g, pp, p, and F, are the fluid phase velocity, parti-
cle velocity, gravitational acceleration, particle density, fluid density,
and an additional acceleration (force per unit particle mass),
respectively. The drag force per unit particle mass (Fp) is equal
to:

18u CpRe
F,= 9
b= i 4 9)
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u

Where y, dp,, Cp, and Re are the molecular viscosity of the fluid,
particle diameter, drag coefficient, and Reynolds number, respec-
tively. The location of each particle, x, is tracked with the following
equation:

dx

P (11)

The air velocity, u, in equation 8 is composed of the time-
averaged component, U, and the instantaneous or fluctuating velocity
component, u’(t):**’

u=u+u’(t) (12)

The u component is computed using the Reynolds-averaged
Navier-Stokes equations with the k-¢ Realizable turbulence model.
The u’(t) component is computed using a stochastic approach, such
as the discrete random walk model or eddy lifetime model.* Its value
prevails during the lifetime of the turbulent eddy influencing
the particle and is assumed to obey the Gaussian probability
distribution.* Using the discrete random walk model to calculate
u’(t), the particle turbulent dispersion is correlated to the flow k:*?”
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(a) Axial flow fan model

(b) Computational domain (aerobiology chamber) model

Fig 2. Three-dimensional model of the axial flow fan and computational domain.

w(o=-r)% (13)

Where the variable { is a Gaussian random number.

CFD procedure

Generally, flow simulations in CFD take place in 3 main stages.
The first step is preprocessing, which includes geometric model-
ing, production of computational domain, and grid generation. The
second is the processing step or flow solution with CFD. In the final
step, called postprocessing, the results are displayed.

Geometric modeling

The geometry of the aerobiology chamber consists of several com-
ponents, such as axial flow fan, fan housing, air sampler inlet pipe,
outlet pipe for aerosol sampling, and aerobiology chamber walls.
Each of these geometries is modeled separately, and eventually, with
superposition of the modeled geometries, the final complex geom-
etry is generated. The computer-aided design and draft model of
the flow region is built based on the computer-aided design and
draft model of the aerobiology chamber.

The muffin fan, which is an axial flow fan, presents the most
complex geometry in the system. The axial flow fan is a tube-axial
device with 7 forward-swept blades. The dimension of the fan
housing is 80 mm x 80 mm x 40 mm. The tip diameter of fan blades,
hub-to-tip ratio, and tip clearance are 76 mm, 0.566 mm, and 1 mm,
respectively. Figure 2a presents a 3-dimensional model of the fan.

The whole computational model is shown in Figure 2b. To achieve
a reasonable numeric accuracy, it is divided into its different parts.
The computational domain is composed of the axial flow fan, fan
housing, air sampler inlet pipe, outlet pipe for aerosols, and aero-
biology chamber, as shown in Figure 2b.

Grid generation

The physical model of the aerobiology chamber comprises several
components with very different geometries. Because of the com-
plicated geometry, unstructured tetrahedral grids were adopted for
the whole computational domain. Grids of different sizes were gen-
erated for different components and then connected to form the
whole geometry. The computational meshes of the aerobiology
chamber were divided into 2 zones: rotating zone and stationary
zone. Special attention was paid to the geometry and meshing of
the fan, with the greatest emphasis on the blades and root of the
blades. The rotating zone was a cylindric mesh with 531,218 cells,
as shown in Figure 3. Meshes of the surfaces of the axial flow fan

(a) Meshing of axial flow fan surface (b) Rotating cylinder

(c) Cut view of the volume meshing in rotating cylinder

Fig 3. Grid generation in rotating volume.

are also shown in Figure 3. The stationary zone contained 1,125,612
cells.

Several versions of the computational mesh were generated to
test the grid independence. Results of this study of the grid are shown
in Figure 4. The volume flow rates for cases 3-6 were almost the
same. Because case 3 had the lowest computational costs, it was
considered the optimum grid number. For a mesh with 1.04 million
cells, the maximum cell skewness was 162, and with mesh size of
1.65 million cells, the maximum cell skewness decreased to 154.
Thus, the mesh density had an effect on the results for the control
simulation case.

Solver

Steady and unsteady simulations

Considering the rotating speed of the axial fan, the airflow was
assumed incompressible.?” The 3-dimensional incompressible Navier-
Stokes equations and the k—& Realizable model were used to model
the effects of turbulence on the flow field. The enhanced wall func-
tion was used for boundary layer calculation. The second-order
upwind differencing format for the convection terms of each



B. Zargar et al. / American Journal of Infection Control 44 (2016) S127-S137 S131

Fig 4. Mesh independency of aerobiology chamber with fan working at 2,500 rpm.

Fig 5. Boundary conditions of fan and its housing. MRF, multiple rotating refer-
ence frames.

governing equation was adopted, and the second-order accuracy was
maintained for the viscous terms. The pressure-velocity coupling
was handled by the SIMPLE algorithm for steady solutions and
SIMPLEC for unsteady solutions. Because of the large number of com-
putational cells and the possible presence of dynamic effects due
to fan rotation, the convergence was satisfied with the criterion of
1x 107 and, in some cases, with the criterion of 5 x 107,

Boundary conditions

The inlet and outlet faces of the fan were set to the interior. No-
slip condition was applied on the solid walls. In this simulation, it
was assumed that the walls had zero velocity relative to the adja-
cent fluid. The flowing domain was divided into 2 parts: rotating
body and flowing channel. A rotating reference frame was applied
to the rotating region around the propeller fan. Different angular
velocities were assigned to the rotary zone in the multiple rotat-
ing reference frames. A fixed reference frame was applied to the static
regions. The conformal interfaces were used for rotor-stator inter-
faces to accelerate computation speed and improve accuracy. Figure 5
illustrates the boundary conditions of the fan and its housing. Also,
the walls of the aerobiology chamber were regarded as stationary.

Turbulence models
Reynolds number was defined based on the fan radius and ro-
tational speed as:?’

Re=="— (14)

Where R, o, and v are fan radius, rotational speed, and kine-
matic viscosity, respectively. The Reynolds number of the airflow
at a rotational speed of 2,500 rpm was 60,136, which represented
a turbulent flow. That is, the existence of the fan as a rotating
machine caused a turbulent flow in the chamber. In such a flow, the
terms representing turbulence stress should be modeled and added
to Navier-Stokes equations. A turbulence model of k-& Realizable
was used to analyze the flow disturbance in the aerobiology chamber.
When the fan is operating, its induced momentum is crucial to the
airflow and turbulence predictions. Therefore, a low Reynolds
number variation of the k-¢ Realizable model was used. Flow was
solved in 3 rotational fan speeds to select the best velocity for pro-
ducing uniform flow. The turbulence effects on the particles were
accounted for using the discrete random walk model.?’ In addi-
tion, it was assumed in the simulations that the particles would
rebound to the air after collision with any solid surface.

Postprocessing of the simulation results

The particle trajectories were tracked at different times after par-
ticle injection. The nature of the Eulerian-Lagrangian simulation
provided for tracking every particle parcel in the flow field at any
time.* Each parcel that contained a large number of particles was
mathematically symbolized as a point in the Eulerian-Lagrangian
simulation and represented as a dot in the postprocessed results.*

Five different planes passing through the center of the chamber
were considered in calculating the area-weighted average veloci-
ty magnitude (Fig 6). In a state of uniform flow, the average velocity
magnitude in different planes should not be significantly different.

To evaluate bacteria distribution inside the chamber, 5 differ-
ent control volumes were considered. Each volume was a cube with
the dimensions 1 mx 1 m x 1 m (Fig 7). The mass concentrations
of particles and the number concentration of particles were calcu-
lated. In this study, the number of parcels within the control volume
was counted manually. Then, based on the number of parcels, the
particle concentrations (number and mass) were determined.

Simulation cases

Twelve configurations of fan position, angle, and velocity were
considered (Table 1). The fluid flow was studied in each case with
and without injection of aerosolized bacteria. The bacteria distri-
bution and airflow were compared to find the case that could best
produce uniformity. To study the effect of furniture on the airflow
and bacteria distribution, basic bedroom furniture (ie, a bed, a chair,
and a desk) was added to the chamber. The bacteria distribution
was then compared with that in an empty room.

RESULTS AND DISCUSSION

Figure 8 compares the 3-dimensional pathlines of the aerobi-
ology chamber for cases 3 and 12. Figures 8a, 8c, and 8d show a
vortex, which is not desirable for uniform airflow, whereas Figure 8b
is the only case showing no vortex. Such a comparison made between
the 3-dimensional pathlines of all cases defined in Table 1 found
state 1 (cases 1, 2, and 3) to be the only state with no vortices. This
implied that there was uniform airflow when the fan was sitting
at a 45° angle in the middle of 1 side of the chamber.
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Fig 6. Locations of 5 different planes passing through the center of the aerobiology chamber.

Fig 7. Computational domain and 5 volumes that were considered as samples.
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(a) 90°, in the middle of one of the sides

(c) 45°, in the center

(b) 45°, in the middle of one of the sides

(d) 90°, in the center

Fig 8. The pathlines of the aerobiology chamber for the velocity of 2,800 rpm.

Table 1
Different combinations (cases) of position, angle, and speed of the muffin fan
State Case Rotational speed (rpm) Angle Position
1 1 2,300 45° In the middle of
2 2,500 1 of the sides
3 2,800
2 4 2,300 45° In the center of
5 2,500 the chamber
6 2,800
3 7 2,300 90° In the center of
8 2,500 the chamber
9 2,800
4 10 2,300 90° In the middle of
11 2,500 1 of the sides
12 2,800

To have a better quantitative comparison between states, area-
weighted average velocities were calculated on 5 different planes
(Fig 9). The average and coefficient of variation (CV) of area-
weighted velocities on 5 planes were calculated for each case and
are reported in Table 2. Case 3 of state 1 had the smallest CV (6.5%),
implying that the fan created the most uniform airflow when

Fig 9. Average and standard variation of area-weighted average velocities on 5 dif-
ferent planes for 12 cases.

positioned in the middle of 1 side of the chamber at an angle of
45° and a speed of 2,800 rpm.

Bacteria were nebulized into the chamber through a port for 600
seconds at a rate of 5,000 CFU/min. For each of the 12 cases, the
average of particle concentration in 5 volumes and its CV were cal-
culated 600 seconds after completing the nebulization process
(Table 3). Figure 10 shows the average particle concentration in the
5 volumes analyzed and the corresponding standard deviation. Case
3 had the lowest CV, implying that the bacterial distribution in this
case was the most uniform. This is in line with our finding from anal-
ysis of the area-weighted average velocities. The small standard
deviation and CV between the 5 volumes implies that, after 900
seconds, bacteria would be distributed uniformly inside the chamber,
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Area-weighted average velocity magnitude on 5 different planes for different cases
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State 1

State 2 State 3 State 4
Case 1 2 3 4 5 6 7 8 9 10 11 12
Speed (rpm) 2,300 2,500 2,800 2,300 2,500 2,800 2,300 2,500 2,800 2,300 2,500 2,800
Plane 1 0.015 0.026 0.036 0.032 0.038 0.043 0.029 0.032 0.035 0.031 0.034 0.039
Plane 2 0.017 0.029 0.036 0.033 0.039 0.043 0.035 0.039 0.039 0.041 0.045 0.052
Plane 3 0.025 0.034 0.041 0.03 0.037 0.047 0.035 0.038 0.042 0.045 0.050 0.059
Plane 4 0.012 0.030 0.036 0.03 0.034 0.038 0.035 0.039 0.040 0.029 0.032 0.037
Plane 5 0.028 0.034 0.040 0.040 0.042 0.044 0.024 0.026 0.028 0.034 0.037 0.043
Mean 0.020 0.031 0.038 0.033 0.038 0.043 0.031 0.035 0.037 0.036 0.040 0.046
CV (%) 34.02 11.08 6.55 12.49 7.67 7.54 16.06 16.34 14.97 18.84 19.09 20.16
CV, coefficient of variation.
Table 3
Logio colony forming units per meters® in 5 different volumes at 900 seconds for 12 cases
State Case Speed (rpm) Volume 1 Volume 2 Volume 3 Volume 4 Volume 5 Average CV (%)
1 1 2,300 4.685 4.565 4.636 4.562 4.679 4.626 0.64
2 2,500 4.674 4.568 4.620 4.601 4.688 4.630 0.54
3 2,800 4.662 4597 4.630 4.631 4.700 4.644 0.42
2 4 2,300 4.678 4.592 4.661 4.541 4.685 4.631 0.67
5 2,500 4.663 4.570 4.687 4.555 4.692 4.633 0.71
6 2,800 4.639 4.566 4,725 4.590 4,709 4.646 0.76
3 7 2,300 4722 4.551 4.664 4522 4.676 4.627 0.93
8 2,500 4.713 4.542 4.706 4.556 4.683 4.640 0.90
9 2,800 4.692 4.497 4.718 4.575 4.697 4.636 1.03
4 10 2,300 4.747 4.564 4.668 4.544 4.692 4.643 0.93
11 2,500 4724 4.536 4.674 4.570 4.6988 4.640 0.89
12 2,800 4.685 4.528 4.695 4.610 4.715 4.647 0.83
CV, coefficient of variation.
Table 4
Bacteria concentration (CFU/m?3) in 5 volumes
Time (s) Volume 1 Volume 2 Volume 3 Volume 4 Volume 5
100 1,925 6,865 6,055 2,160 3,195
200 4,315 11,795 10,310 4,965 7,275
300 12,270 21,850 17,405 10,160 16,380
400 21,575 26,960 19,855 17,725 26,120
500 29475 31,570 33,435 28,430 35,605
600 36,710 40,685 39,695 35,110 41,815
700 48,330 42,740 41,115 38,585 49,575
800 41,860 40,105 43,320 41,010 48,660
900 45,955 39,530 42,655 42,745 50,115

Fig 10. Average and standard variation of bacterial concentration in the 5 volumes
analyzed after 900 seconds for 12 cases.

and there may not be any significant difference among the bacte-
ria concentrations in the 5 different volumes analyzed.

The concentration of aerosolized bacteria in each volume was
calculated over time for the optimum case (case 3). Table 4 sum-
marizes the results. Figure 11 shows log;o colony forming units per
meters® of samples over the 900 seconds of nebulization of the bac-
terial suspension into the chamber. The bacteria concentrations in
the 5 volumes analyzed were different at the beginning of the
process, but the curve of the 5 volumes converged after finishing
the nebulization at 600 seconds and reached steady state at 900
seconds. This implies that 300 seconds (5 minutes) of stabiliza-
tion time after completion of the nebulizing process will result in
a uniform distribution of bacteria inside the chamber. That is, the
bacteria are uniformly distributed, their concentration has reached
a plateau, and the air sampling process can start.

Analysis of variance was performed to determine whether the
bacteria concentrations in the 5 volumes analyzed over the time
were significantly different. The results showed that the bacteria con-
centrations were the same at a 99% confidence level (F440=0.29;
P =.88), implying that each of these 5 volumes could be used as a
sampling site to calculate the airborne bacteria concentration inside
the chamber.

To study the influence of the furniture on bacteria distribution
in the chamber, the fan was positioned at the optimum location at
a45° angle at 2,800 rpm (state 1, case 3). Figure 12 shows the sche-
matics of the room with the furniture.

As with the room without furniture, 600 seconds nebulizing time
and 300 seconds stabilizing time were considered, and the bacte-
ria concentrations in the 5 volumes were analyzed. The results are
summarized in Table 5.

Figure 13 shows log;, colony forming units per meters? for 900
seconds after initiating bacterial nebulization into the chamber. The
concentrations were different at the beginning of the nebulization
process but converged during the stabilization time and reached a
plateau at the end of the stabilization time.

The bacteria concentrations in the 5 volumes during the nebu-
lization and stabilization processes in the chamber with furniture
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Fig 11. Logio colony forming units per meters? in 5 volumes during nebulization and stabilization process. CFU, colony-forming units.

Fig 12. Aerobiology chamber with furniture.
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Fig 13. Bacterial concentration in the 5 different volumes analyzed during nebulization and stabilizing times in a chamber with furniture.

Table 5
Bacterial concentration (CFU/m?3) in the 5 different volumes analyzed with room
furniture

Time (s) Volume 1 Volume 2 Volume 3 Volume 4 Volume 5
100 2,215 8,340 6,455 2,445 4,235
200 4,850 13,355 12,530 6,070 8,390
300 17,945 24,250 20,705 14,650 20,445
400 28,550 29,960 20,645 25,685 34,080
500 34,210 23,470 41,645 27,590 37,745
600 38,480 41,280 52,695 35,280 43,415
700 47,730 43,240 49,915 44,230 53,715
800 51,460 38,300 44,310 42,280 49,810
900 47,980 41,005 43210 43,695 52,430

were compared using analysis of variance. The bacteria concentra-
tions in the 5 volumes were the same at the 99% confidence level
(Fa40=0.23; P=.99). This implies that, in the presence of the fur-
niture, a single sampling site is sufficient to represent the bacteria
distribution inside the chamber.

CONCLUSIONS

Environmental Protection Agency guidelines simply recom-
mend the use of a sealed and empty 800-ft> chamber for testing
indoor air decontamination technologies, without further specifi-
cations on design or operation. However, we considered additional
details, such as the time needed for producing a uniform distribu-
tion of test bacteria in the chamber with and without basic furniture
and the position and number of sites for sampling air from within
the chamber. This modeling study, based on CFD, was undertaken
to address those issues. Our main conclusions are as follows:

e A muffin fan placed at a 45° angle at the bottom of 1 side of a
chamber and operating at 2,800 rpm can provide sufficient air
turbulence for uniform bacteria distribution throughout, even
in the presence of basic room furniture.

e A 5-minute postnebulization time is sufficient to distribute in-
troduced bacteria aerosols uniformly throughout a chamber.

e Simulating the collection of airborne bacteria from 5 different
locations in the chamber indicated that a single site at the center
of the chamber was sufficient to provide a representative profile
of the concentration of the airborne bacteria.

This information should contribute to further standardization of
the design and operation of aerobiology chambers for data gener-
ation on the airborne survival of human pathogens, as well as
technologies for decontamination of indoor air.
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