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A large cabin was partitioned along its centerline with the two sides were connected by a
doorway. An air curtain was mounted just in front of the doorway. Directly below the air
curtain, on the floor, is a vent for receiving the air curtain flow. The air curtain flow was
modeled by a commercial Reynolds-averaged Navier-Stokes flow solver with a k-¢ turbu-
lence model. The simulation showed that the longitudinal velocity profile of the jet was well
maintained from the top to the bottom of the doorway, with a small amount of lateral diffu-
sion. However, the transverse velocity profile showed a larger amount of diffusion. The re-
sults indicated that the floor vent did not properly capture the air curtain flow, resulting in
entrainment of the air curtain flow into the cabin. Thus, a detailed design of the floor vent is
required for certain applications, such as next-generation explosives detection portals, where
as much of the air curtain flow as possible needs to be captured.

I. Introduction

IR curtains are ubiquitous devices that provide a dynamic barrier instead of a physical barrier between two ad-

joining areas, thereby allowing easy physical access between them.? Air curtains are used as thermal barriers

such as vestibule doors for keeping in warm or cold air in large public places and warehouses.>*® They are also
popular for isolating refrigerated display cases in supermarkets.***® Other special uses of air curtains include pre-
vention of smoke propagation,*’ reduction of fire oxygenation,'®*° and contaminant or biological control.?>*°

Recently, air curtains have been suggested for use in explosive detection portals (EDPs), where a large airflow is
used to dislodge particles from a human subject for testing for explosive traces. In fact, a system based on an air
curtain, known as the “Air Jet Explosive Trace Detector,” is available commercially.** (For surveys of EDPs, see
Refs. 32 and 33.) Such EDPs, using a familiar technology such as air curtains, reduce the intrusiveness of the ex-
amination process and may make such devices more acceptable to the general public for use in public places that
constitute potential soft targets to terrorists, as exemplified by the subway bombings in Madrid (March 11, 2004)
and London (July 7, 2005), and the hotel bombings in Amman (November 9, 2005). Moreover, such portals may be
rapidly deployed and can also be used for crowded events, such as festivals. Despite the simplicity of the concept,
such “people portal” technology is still in its infancy.*

A number of fluid dynamic issues remain to be properly understood to better deploy air curtain-based EDPs,
such as the shape and size of the jet, the jet velocity, the turbulence level and the optimal placement of intakes for
the explosive sensors. These factors are important to ensure adequate levels of concentration for the explosive sen-
sors, prevent false signals, minimize annoyance and ensure a high volume of human traffic. To address some of
these issues, exploratory studies of the complex air curtain flow past a doorway were conducted. These initial
studies were conducted with only the bare doorway.
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Il.  Methodology

The air flow analysis was carried out using a commercial software package, FLUENT 6.2. The geometry of the
test cabin was input into GAMBIT, FLUENT’s geometry and mesh generation software. The problem that was
modeled is that of a flow from an air curtain mounted midway at the top of a cabin that is 2.44° m* (8° ft*), as shown
in Fig. 1. When viewed from the front, that is, the view presented in Fig. 1, the air curtain is slightly off-center and
in front of the symmetry plane, to simulate the physical configuration.®* The air curtain is 0.787 m (31 in.) long by
63.5 mm (2.5 in.) wide and its opening is 0.38 m (15 in.) below the cabin ceiling. The air curtain is 5 cm (2 in.)
ahead of the doorway centerline. The air flow is removed from the floor of the cabin by an opening that is directly
below the air curtain. This opening is 89 mm (3.5 in.) wide by 635 mm (25 in.) long. The air curtain and the floor
vent dimensions also replicate the actual physical features of the test cabin. The doorway over which the air curtain
is mounted is 3 ft wide and 6.75 feet high. The walls on both sides of the air curtain are 150 cm (6 in.) thick. The
entire cabin is sealed other than the air curtain and the floor vent.

Rear partition

Air curtain

.
L,

Left \| z X

wall \|Doorway W I
|

Floor vent

Front partition

Figure 1. Model configuration showing doorway

with air curtain on top and a floor vent at the Figure 2. Meshes on left half of the control volume.
bottom.

Air at one atm and 300 K leaves the air curtain uniformly with a velocity of 5.34 m/s. This velocity is
representative of air curtain flow velocities. Since actual turbulence data are currently unavailable, for the present
simulation, a uniform turbulence intensity of 0.1 m/s was used. Finally, Fig. 1 shows the Cartesian coordinate
system used in this study. The origin of the coordinates is the center of the cabin.

Once the configuration was developed, a mesh was generated, again using GAMBIT. The boundary conditions
were no flow on all the cabin walls. A mass flow rate of 0.331 kg/s was imposed on the exit of the air curtain,
following specifications of the actual air curtain (Fantech Model A3600).

After the mesh was created and the boundary conditions are set, the data are saved and exported to FLUENT. The
Reynolds-averaged Navier-Stokes equations using a k-¢ turbulence model®*® were solved for the flow. The
computational platform is a Dell Optiplex GX620 with a 3 GHz Pentium 4 processor and 3.50 GB of RAM. A grid
refinement study was undertaken to ensure that the computed quantities were properly converged. The results of
this study are summarized in Fig. 3 and Table 1. Figure 3 shows an example of the residuals for the 1.5 million grid
point case. Convergence can be said to occur after about 7000 iterations. As shown in Table 1, convergence occurs
with fewer iterations and in a shorter time for fewer grid points, as expected. Moreover, Table 1 shows that
convergence was also reasonable even for the lowest grid count. However, for the present study, 1.5 million grid
points were used.
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Figure 3. Residuals in computation with 1.5 million grid points.

Table 1. Results of grid convergence study.

Grid Iteration Min. velocity (m/s) Max. velocity (m/s) Time(approx)
73968 1800 .003 7.787 45 minutes
107803 1900 .006 7.691 1:30 hr
158707 2600 .005 7.904 2 hr
252424 3400 .005 7.813 4 hr

1508910 7000 .002 7.651 32 hr

I1l. Results and Discussion

Doorways, even without air curtains, affect internal air flows,*** which in turn affect the comfort of the
inhabitants, energy usage as well as the transport of trace particles. The addition of an air curtain, which serves to
partition two enclosures, complicates the flow pattern. The flow changes from one of natural convection to forced
convection, in which the air curtain dominates. Figure 4 shows the velocity vectors of the flow leaving the air
curtain and entering the floor vent. The figure shows the
uniform flow leaving the air curtain and it shows that the
computations captured the slight asymmetry in the flow
entering the floor vent due to the slight asymmetry in the
placement of the air curtain over the doorway.

Contour plots of the mean total velocity magnitudes
along the centerplane of the air curtain and in an
orthogonal plane at the left of the floor vent are shown in
Fig. 5. The total velocity profiles along the centerplane of
the air curtain and in an orthogonal plane at the left of the
floor vent are displayed in Fig. 6. In Fig. 6a, the
nonuniformities of the flow leaving the air curtain is
evident, due to the detailed modeling of the ribs of the
exhaust grill. The asymmetry of the air curtain outlet and
the floor vent, and their different cross sectional areas,
means that the maximum flow velocities at these two
stations are different, as is also evident in Figs. 6a and 6b.

Figure 4. Velocities from the air curtain and floor
vent.
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a. Centerplane of air curtain. b. Cross plane at left edge of floor vent.
Figure 5. Velocity magnitude of the air curtain (m/s).
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Figure 6. Velocity profiles of the air curtain at various distances from the floor vent.

Figures 5 and 6 show that the jet spreads slower in the x-y plane than in the z-y plane. The figures also show that
the present floor vent does not capture the entire mass of the jet. Thus, the recirculating flow also contains a portion
of the air curtain jet. This is made more evident in Fig. 7 which shows the mean pathlines along the centerline plane
and the cross plane at the left edge of the flor vent of the air curtain. The pathlines indicate entrainment of the
ambient air by the air curtain flow. Recirculating flows on either side of the jet are also evident in both planes.

Figures 8 and 9 show plots of the turbulent kinetic energy (TKE) and the turbulent viscosity in the same planes
as those of .Figs. 5-7. The TKE plots of Fig. 8 indicate a relatively high level of turbulence at the exit of the air
curtain and at the inlet of the floor vent as is to be expected. Figure 8 also shows that the TKE is generally confined
within the jet flow of the air curtain. However, the turbulent viscosity does not appear to be as confined, as
indicated in the cross-plane distribution in Fig. 9b. The reason for this spread is unclear at the moment.

IV. Conclusions

A preliminary numerical study of an air curtain flow over a doorway and confined in a cabin was performed us-
ing a commercial code. The study found that the air curtain flow was confined well along its longitudinal plane but
there was a larger diffusion in the crosswise plane. The study also showed that the location and size of the floor vent
must be determined carefully if the bulk of the air curtain flow is to be captured. This has important consequences
in the design of next-generation explosive detection portals.

4
American Institute of Aeronautics and Astronautics



a. Centerplane of air curtain. The scale on the left b. Cross plane at left edge of floor vent.
is of the velocity magnitude in m/s.

Figure 7. Pathlines along the centerline plane of the air curtain.

a. Centerplane of air curtain. The scale on the left b. Cross plane at left edge of floor vent.
is of the magnitude of the turbulent Kinetic energy
in m?/s?,

Figure 8. Contour plot of turbulent Kinetic energy.

a. Centerplane of air curtain. The scale on the left b. Cross plane at left edge of floor vent.
is in N.s/m%

Figure 9. Contour plot of turbulent viscosity.
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