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Abstract: Most modern tobacco industries have chambers to evaluate the quality of tobacco samples. In the
academe, this chamber should also produce a low pressure likely to the atmospheric pressure in high altitude
area. A ventilation system should be used in the chamber to controlling the tobacco smoke. This study aims
at the air flow distribution of a ventilation system of the chamber with the low pressure and assessing its
controlling effect on tobacco smoke. Computational Fluid Dynamic method is applied for the simulation of air
flow field and smoke moving path in a condition of low pressure in the chamber. Furthermore, a distance-data
acquisition system 1s set up m the camber to momnitor the air velocities of six particular positions close to inlets
or outlets. The numerical simulating results in this study can show us the effect of the air flow distribution and
air flow velocity in the chamber, which can be proved validity by the results from the distance-data acquisition
system. In this case, the locations of the inlets and outlets of ventilation system may be the key factor in the
design of the ventilation system. It can be also concluded that the better air flow distribution may decrease the
turbulent circuit and reduce the dust deposit in the corners of the chamber.
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INTRODUCTION

Recently, many modern tobacco industries have set
up chambers to evaluate the quality of tobacco samples,
which have low pressure conditions by simulating diverse
low atmospheric pressure of cities in China. Cigarette
smoke includes particular matter and CO et al
(WHO, 2008, U.S. DHHS, 2006). Without the
understanding of air flow characteristics in the chamber
with low pressure, tobacco smoke can never be fully
controlled (Bauman and Arens, 1988; Fish et al., 1991). In
this study, Computational Fluid Dynamic (CFD) method
1s applied for the sinulation of air flow field and smoke
moving path.

MATERIAL AND METHOD

Chamber: A chamber i a city of central China is chosen
as the test case and its schematic figure are shown in
Fig. 1. The chamber is 2.1 m high and 33 m length and
3.0 m width. The chamber 1s equipped with the windtight
envelope. Two mlets are set on the top of the chamber
and four outlets are installed on the bottom of the
chamber, which are shown in Fig. 1. The chamber works
on the condition of 96000 Pa, which 1s same as the low
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Outlet 3
VRS Outlet 4
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Fig. 1: Schematic of the chamber and the location of its
mnlets and outlets and test positions for velocity

atmospheric pressure of Xi’an city in China. In chamber,
the air temperature was 22-25 degree Celsius and the
relative humidity was 35-50%.

For analyzing the effect on controlling smoke by the
air flow, the study has simulated the air flow distribution
and velocity of five virtual vertical sections along the
x-ax1s and four virtual vertical sections along the y-axis.
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Fig. 2: Sequence and locations of the planes and lines
along the x-axis

Fig. 3: Sequence and locations of the planes and lines
along the y-axis

Each plane has five virtual horizontal lines along the z-axis
and the total number of lines on those planes is forty five.

The sequence and locations of the planes and lines are
shown in the Fig. 2-3 and Table 1.

CFD method: Computational Fluid Dynamic method (CFD)
1s utilized to model the air flow distribution in the chamber.
The basic conservation equation of CFD can be shown as
Eqg 1:

a(pT) , alpuT)  3{pvT)  3(pwT)
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ax\ ox) éy\ dy) az\ oz
Mass conservation form and momentum

conservation form of Eq. 1 are the control equations for
the CFD simulation of the dynamics fields on the
assumption that there is no energy impact. For
convenience, it is also assumed that the leakage through
the gaps of the door be zero. A commercial CFD software

Table 1: Sequence of the planes and lines and their position

Location on  Location on  Location of lines
Plane sequence  x-axis (m) y-axis (m) on z-axis (m)
Plane 1 0.43 Linel-5
Plane 2 0.8 Lines-10
Plane 3 1.28 Linel1-15
Plane 4 1.9 Linel6-20 z=0.10
Plane 5 2.8 Line21-25 z=0.50
Plane 6 0.5 Line26-30 z=1.00
Plane 7 1.5 Line31-35 z=1.50
Plane 8 1.9 Line36-40 z=2.00
Plane 9 2.65 Lined1-45

1s used as the computational fluid dynamic tool for
simulating the temperature field and velocity field before
renovation and after renovation. RNG k-& model is applied
in the research and the boundary conditions have two
velocity inlets and four velocity outlets. The inlets of
fresh air are designed as velocity inlets and outlets of
exhaust air are adopted as outflow. The wall of the
chamber is assumed adiabatic.

CFD simulation process: The first step 1s to identify a
chamber that can be reproduced as a 3-dimensional CAD
Solid Works engineering drawing package. The next stage
15 to import the files mto the CFD Code preprocessor
ready for solving the flow equations. Here, the flow fields
boundary condition are set. These may include inlet air
flow velocity, outlet air flow velocity, outlet pressure or
fluid properties. The next step 1s to set the simulation
process as a 3-dimensional, steady and laminar problem.
The final step is to analyze the output data and present
them in the form of velocity vector distribution and
contour plots.

Distance-data acquisition system: A Distance-data
Acquisition System (DDAS) with six test detectors 1s
used in the chamber to prove validity of CFD results. The
detectors can be rotated a few degrees for facing the max
velocity direction. As shown in Fig. 1 and Table 2, four of
the detectors, named as P1-P4, are located over the outlets
with a height of 0.50 m and the other detectors, named as
P5 and P6, are fixed just below the inlets with 0.10 m
distance. The distance-data acquisition system can collect
the velocities of six points simultaneously.

RESULTS

Operation parameter of the ventilating system: The
actual ventilating rate of the tested chamber has been
measwred by the pitometer in a low atmospheric pressure
of 96000 Pa. The air flow velocity of the inlets can be
calculated by the ventilating air volume and the area of
the opening of mnlets. In this study, the air flow velocity of

the inlets is 1.00 m sec™.
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Table 2: Six detectors and their position in the chamber

Location of test position

Distance between the detector and the Their location on x-axis, y-axis

Dete-ctors Test position Corresp-onding inlet or outlet corresponding inlet or outlet(m) and z-axis (m)

No.l Pl Outlet 1 0.10 x=0.80
y=2.65
z=010

No.2 P2 Outlet 2 Q.10 x=1.90
y=265
z=010

No.3 P3 QOutlet 3 0.10 x=2.80
y=1.90
z=010

No.4 P4 Outlet 4 Q.10 x=2.80
¥ =0.50
z=010

No.5 P5 Inlet 1 Q.10 x=043
y=1.50
z=200

No.6 Po6 Inlet 2 Q.10 x=1.28
y=1.50
z=2.00
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Fig. 4: Air flow tracks in the low pressure chamber

Results of CFD: CFD software can simulate the air flow
field in the low pressure chamber on base of the designed
boundary conditions. Figure 4 is the air flow tracks in the
chamber with four outlets on the bottom and two inlets on
the top.

Figure 5 shows the contours of velocity magnitude of
the virtual planes (No. 1-5) alone x-axis.

Figwe 6 illustrates the contours of velocity
magnitude of the virtual planes (No. 6-9) alone y-axis:

*  Velocity distribution of wirtual horizontal lines
(No. 1-5) onNo. 1 Plane can be illustrated in Fig. 7

¢+ Velocity distribution of virtual horizontal lines
(No. 6-10) on No. 2 Plane can be illustrated m Fig. 8

*  Velocity distribution of wirtual horizontal lines
No. 11-15) on No. 3 Plane can be illustrated in
Fig. 9

®

Fig. 5(a-e): Contours of velocity magmtude of No. 1
Plane to No. 5 Plane (views along positive
X-ax1s)

»  Velocity distribution of virtual horizontal lines
(No. 16-20) on No. 4 Plane can be illustrated in
Fig. 10

»  Velocity distribution of virtual horizontal lines
(No. 21-25) onNo. 5 Plane can be llustrated m Fig. 11

¢+ Velocity distribution of virtual horizontal lines
(No. 26-30) on No. 6 Plane can be illustrated in Fig. 12
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Fig. 6 Contowrs of velocity magnitude of No. 6 Plane to
No. 9 Plane (views along positive y-axis)

Fig. 9: Velocity distribution of horizontal lines on No. 3
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7: Velocity distribution of horizontal lines on No. 1
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Velocity distribution of virtual horizontal lLines
(No.31-35)onNo. 7 Plane can be illustrated in Fig. 13
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Fig. 10: Velocity distribution of horizontal lines on No. 4
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Fig. 11: Velocity distribution of horizontal lines on No. 5
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Plane (views along positive y-axis

Velocity distribution of wirtual hormzontal lines
(No. 36-40) on No. & Plane can be illustrated in Fig. 14
Velocity distribution of virtual horizontal lines
(No. 41-45) on No. 9 Plane can be illustrated in
Fig. 15
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Fig. 12: Velocity distribution of horizontal lines on No. 6
Plane (views along positive x-axis)
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Fig. 13: Velocity distribution of horizental lines on No7
Plane (views along positive x-axis)

Velocities collected by DDAS: The velocities in the test
positions of the chamber can be collected by six test
detectors of DDAS. Table 3 shows the average velocity
n every test position. Minimum velocities and maximum
velocities in the test positions are also listed in Tab.3 for
further analysis on air flow distribution of ventilating
system of the chamber.

DISCUSSIONS

Air flow field: The computed results of the air flow field
can show that wrregularly distributed outlets on the
bottom and inlets on the top can make the air flow
direction turbulence in the chamber. In Figure 4, there are
several eddies and many curved air flow lines in the air
flow field.

In Fig. 5, the contowrs of velocity magnitude of the
virtual planes (No. 1-5) alone x-axis are different from each
other. The inlets are close to two of the outlets, so that
the contours between them are concentrated. On the other
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Fig. 14: Velocity distribution of horizontal lines on No. 8
Plane (views along positive x-axis)
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Fig. 15 Velocity distribution of horizontal lines on No. 9
Plane (views along positive x-axis)

Table 3: Velocities of the six test position in the chamber
Average velocity  Minimum velocity  Maximuumvelocity

Test position  (m sec™) (m sec™) (m_sec™")
Pl 0.13 012 0.17
P2 0.12 011 0.16
P3 0.07 0.05 0.11
P4 0.06 0.05 0.10
PS5 0.60 0.67 0.92
P6 0.67 0.62 0.95

hand, the rest contours i Ne. 4 and 5 are scattered. This
can be proved by the results in Fig. 6, which has a sparse
distribution as to the contowrs of velocity magnitude of
the No. 6 virtual planes. This 13 in agree with the results in
the previous study (Panagopoulos et al., 2011).

Velocity distribution: Figure 7 shows the wvelocity
distributions of virtual horizontal lines (No. 1-5) on No. 1
Plane. Obviously, the high velocity of air flow, which
belongs to the results of No. 5 Line, is about 0.93 m sec™.
This velocity point is located in the position of 0.43 m on
the positive x-ax1s, 1.50 m on the positive y-axis and
2.00m on the positive z-axis. This explains that the inlets
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affected the velocity distributions. Fig. 8-9, Fig. 13-14 can
also demonstrate this option.

Fig. 10 illustrates the velocity distributions of
virtual horizontal lines (No. 16-20) on No. 4 Plane.
Although the max velocity of No. 16 Line is higher than
those of other lines, the highest velocity about 0.17 m
sec”' on No. 16 Line shows that the outlet can not work
efficiently. Figure 12 and Fig. 15 can also support this
view. However, the max velocity of No. 21 Line in Fig. 11
is about 0.95 m sec™', which shows a strange result that
the most venting volume 1s concentrated to be exhausted
by the outlets far away the inlets.

Venting volume: The virtual exhaust volume for the
chamber with low pressure is 720 m® h™'. In another word,
the ventilation rate for the chamber 1s about 35 times. This
value can meet the requirement of the admitted low
ventilation rate in the Chinese standard, which 1is
designed as about 12 times (CNIS GBZ1, 2010).

Comparisons of the results from DDAS and CFD:
Table 3 demonstrates that DDAS results for the velocity
in the four test positions, which are P1, P2, P3 and P4,
agree with CFD results. However this 1s not true for the
velocities in P5 and P6, where there are 40%-60% gaps
between the results collected by DDAS and CFD
methodology. The grille diffuser may contribute to those
gaps because the high velocities from the mlets have the
multi-direction and the detectors can not get the precise
flow directions of the supplying air. Nevertheless, the
maximum velocities m PS5 and P6 collected by DDAS are
very close to the CFD results, where there are only 1-4%
gaps between them.

CONCLUSIONS

Tt can be concluded that irregularly distributed
outlets on the bottom and inlets on the top can make the
air flow direction turbulence in the chamber. The good
design of the mlets and outlets may contribute to the
better controlling velocity in the chamber so that the
tobacco smoke can move in regular flow lines in the
workplace. This can also decrease the turbulent circuit
and reduce the dust deposit i the chamber. Moreover,
the max velocity of diverse planes or lines are different
form each other. Especially, the points with high air flow
velocities closely to 1.00 m sec™ are located in the inlets
and the outlets far away from them.

The CFD numerical modeling technique shown
here in this study proves to be very
nitiating

useful 1n

further and more comprehensive numerical study of the air
flow distribution for the chamber with low pressure. The
distance-data acquisition system used in the experimental
test can prove validity of CFD results.
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