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Introduction

Concentration of airborne radioactive materials inside a room can vary widely from
one location to another, sometimes by orders of magnitude even for locations that are
relatively close. Inappropriately placed samplers can give misleading results and, therefore,
the location of air samplers is important.

Proper placement of samplers cannot be determined simply by observing the position
of room air supply and exhaust vents. Airflow studies, such as the release of smoke aerosols,
should be used. The significance of airflow pattern studies depends on the purpose of
sampling - for estimating worker intakes, warning of high concentrations, defining airborne
radioactive areas, testing for confinement of sealed radioactive materials, etc.

When sampling air in rooms with complex airflow patterns, it may be useful to use
qualitative airflow studies with smoke tubes, smoke candles or isostatic bubbles. The "U.S.
Nuclear Regulatory Commission - Regulatory Guide 8.25" [1], suggests that an airflow study
should be conducted after any changes at work area, including changes in the setup of work
areas, ventilation system changes, etc.

The present work presents an airflow patterns study conducted in a typical room using
two methods: a computer simulation and a qualitative test using a smoke tube.

Computer Simulation Model

A laboratory room was chosen to check the air flow patterns. The overall dimensions
of the room were 3.6x6.0x4.0 m. It contains two rows of containers, represented by
rectangular prisms of 0.6x3.7x1.5 m, and a pumping unit of 0.6x0.5x1.5 m. The ventilation air
supply and exhaust vents are placed near a door, which is generally closed, at a 3.0 m height
(Fig. 2).

The following assumptions, concerning the air flow, were made in the present model:

• The flow inside the room is steady state and incompressible.
• The flow regime is laminar (in future simulation turbulent models will be considered).
• The interaction of momentum between the particles and the air is negligible.
• The aerosol flow is dilute.

• The aerosols (dispersed phase) follow the air path (carrier phase) with the same velocity.
• The material properties are constant.
• The body force, of the dispersed aerosols, is negligible.

The governing equations of the air flow were the Navier-Stokes equations,
conservation of mass and momentum.
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The boundary conditions concerning the velocity components were:

Ux(inlet) = 0.325 m/s
Uy(inlet) = 0.563 m/s
U2(inlet) = 0.0
Ux(on the walls) = Uy(on the walls) = U2(on the walls) = 0

The equations were solved numerically using a commercial finite element CFD code,
FIDAP 8.01 .The 3-dimensional model consists of 54440, 8 mode, elements with 50270 nodal
points. Fig. 1 presents the resulting flow field for a 1 m height cut-off plane through the room.
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Fig 1: Computer simulated flow field for a cut-offplane through the room at a 1 m height.
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Qualitative Smoke Test Results

Qualitative smoke tests were conducted inside the room using a "KUPO Inc." smoke
tube (D5050 fog machine). Smoke was released at elevation of 1 -2 meters and its path was
recorded on worksheet drawings of the room.

Fig. 2 presents the smoke test results inside the room at a 1 m height. Air flows
between the two containers' rows in the direction of the closed door. According to the flow
pattern, the appropriate location of an air sampler is near the door, as marked in figure 2.

Air flow velocity was measured at 4 locations inside the room at lm height, as marked
in figure 2 (in circles). The velocities were 0.10-0.11 m/s at all 4 points.
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Fig. 2 - Smoke test results inside the room at a 1 m height.
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Discussion

The comparison between the computer simulation and the smoke test results showed
good agreement with respect to the general direction of the airflow path at a 1 m height. Both
evaluations indicated small values of air velocities, although the test values at the 4 locations
measured inside the room (0.10-0.11 m/s) were somewhat higher than the computed values
(0.05-0.08 m/s).

The computer simulated flow field was more detailed and showed some small airflow
vortices inside the room. These were not observed in the smoke test since they were too small
and because of the visibility limitations which characterize smoke tests.

Summary and Conclusions

An airflow patterns comparison study between a computer simulation and a qualitative
test using smoke tube was conducted. The computed and the measured paths of the airflow
were in good agreement - at a 1 m height the flow path between the two containers' rows is in
the direction of the closed door. Both the computer simulation and the smoke test show that
the appropriate location of an air sampler, for the chamber geometry checked, is near the
door.

The results of this paper show the applicability of the computer simulation to predict
airflow patterns in nuclear workplace and to decide on the appropriate location of air
samplers. In future studies, a comparison will be conducted between the computer simulation
and smoke tests for rooms with more complex geometrical structure. In these studies turbulent
airflow will be considered in the simulation model.
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