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Abstract—This paper reports the results of a numerical study of the time-dependent removal of contaminant
from a two-dimensional enclosure with one inlet and one outlet. The contaminant is generated beginning
with the time 7 = 0 by a concentrated source located inside the enclosure. The contaminant is removed by
the through flow established between the inlet and outlet ports. The flows studied cover the laminar and
turbulent regimes represented by 30 < Re < 3000, where Re is the Reynolds number based on the inlet
width and mean velocity. The effectiveness of the contaminant removal scheme is documented in terms of
the removal efficiency #,, the volume-averaged concentration of contaminant C, and the critical (clean up)
time ¢,. The effects of Re, ventilation jet orientation and source location are reported. It is shown that the
movement and distribution of contaminant is complex and depends strongly on the source location. It is
also shown how the relative positioning of the ports and the source location influence the contaminant
removal process. The optimal inlet/outlet configuration associated with each position of the concentrated
source of contaminant is reported. Slower ventilation schemes can lead to lower contaminant levels when
a short contaminant removal time is not a major requirement.

1. INTRODUCTION

THE MOVEMENT of indoor air, and the distribution of
contaminants through living spaces have attracted
considerable attention during the last decade. The
‘sick building’ syndrome is now seen as a factor in the
decrease of productivity and worker performance in
enclosed work spaces.

The competing requirements of conserving energy
in a building, and improving the quality of indoor air
have made mandatory the search for efficient ven-
tilation schemes. Two distinct components of ven-
tilation engineering are of interest : (1) the mechanical
system that produces the air flow (compressors, fans,
ducts, etc.), and (2) the architectural configuration
of the flow system (inlet and outlet positions and
dimensions, room partitions, etc.).

The present study addresses the second component,
and focuses on a fundamental problem in the con-
ceptual design of any ventilation flow scheme. That
problem is the removal of a contaminant that is being
steadily generated by a concentrated source placed at
a point inside the room. It is an important problem
because its results show the engineer not only how to
best design the contaminant removal flow scheme, but
also the contaminant levels that can be expected to
persist in the room in the steady state. This second

aspect is essential if people are to be able to coexist
with the contaminant source in the same room.

2. MODEL

The two-dimensional enclosure that forms the sub-
ject of this study is shown in the upper frame of Fig.
1. A discrete source of contaminant is located inside
the enclosure, at a point whose position can be
changed from one phase of the study to the next. The
fluid mixture (base fluid +contaminant) is modelled
as a Newtonian fluid with constant density and vis-
cosity. The mass diffusivity (D) for the diffusion of
contaminant through the mixture is also treated as
constant.

The governing equations are the Reynolds-aver-
aged equations for mass continuity, momentum and
species conservation. The concentration equation
retains the time-derivative term since the averaging is
taken only over the high frequencies associated with
turbulent fluctuations. It accounts for the much
slower development of the mixing flow initiated
through the enclosure. As indicated in Fig. 1, a ‘clean’
and steady through flow #1 is imposed. At time ¢ = 0,
a point mass source begins to generate contaminant
inside the cavity.

The dimensionless time-averaged equations for

1169



1170

J. L. LAGE et al.

turbulence kinetic energy
dimensionless turbulence kinetic energy,
equation (12)

h
H height of enclosure
k
K

L length of enclosure

m mass flow rate, Fig. 1

#”  source mass flow rate per unit of volume
[kgm*s™']

M, source mass flow rate, equation (14)

p pressure

P dimensionless pressure, equation (13)

Py turbulence kinetic energy due to
Reynolds shear stresses, equation (8)

q source volumetric flow rate [m* s~ ']

0 inlet volumetric flow rate [m*s™ ']

Re Reynolds number based on inlet width,
cquation (14)

Re*  Reynolds number based on eddy
viscosity, equation (14)

Re, turbulence Reynolds number, equation
(17)

Sc molecular Schmidt number, v/D

t time

critical concentration decay time,
equation (27)

NOMENCLATURE
a,.,, constants, equation (18) u horizontal velocity
B source term, equation (10) Ui, average inlet velocity
¢ concentration [kg m™?] U dimensionless horizontal velocity,
C dimensionless concentration, equation equation (11)
(12) Vv enclosure volume
D mass diffusivity v vertical velocity
E dimensionless rate of dissipation of vV dimensionless vertical velocity, equation
turbulence kinetic energy (1
fi.»  dimensionless factors, equations (15) and X horizontal coordinate
(16) X dimensionless horizontal coordinate,
G turbulence kinetic energy due to viscous equation (11)
stress, equation (9) y vertical coordinate
width of inlet and outlet ports Y dimensionless vertical coordinate,

equation (11).

Greek symbols

.,  grid stretching rates, Tables 1 and 2

A., line-to-line spacing near boundary,
Tables 1 and 2

b rate of dissipation of turbulence kinetic
energy

f, removal efficiency, equation (23)

v kinematic viscosity

v, turbulence kinematic viscosity

P density

O¢ turbulence Schmidt number

6, turbulence Prandtl numbers

T dimensionless time, equation (11)

* dimensionless time, equation (21)

¥ critical dimensionless time, equation (26)

Y dimensionless streamfunction.

Subscripts and superscript

in inlet

out  outlet

max maximum

S related to source

space averaged.

mass, momentum and species conservation are
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The last term in equation (4) accounts for the gen-
eration of species inside the enclosure. This term is
zero everywhere except at the point where the source
is located.

The eddy diffusivity was evaluated based on Jones
and Launder’s [1] low Reynolds number A—& model.
which consists of solving two additional equations

VK
Re* oy

+Px+G—ReE (5)

UKV—]V2
0X Y Re
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clean and steady
through-flaw,
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F1G. 1. Two-dimensional enclosure with steady through flow
(top), dimensionless boundary conditions (middle), source
locations and inlet/outlet configurations (bottom).
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Physically, Py accounts for the production of kinetic
energy by Reynolds shear stresses, while G represents
the kinetic energy generated by viscous stresses. As
indicated by Jones and Launder, equation (10) does
not have a physical interpretation : B is a source term
required in order to match turbulence kinetic energy
to experimental data. Another feature of the Jones
and Launder low Reynolds number model [1] is that
it does away with the need for the wall functions used
in more conventional k— models. Although other
models are available, the Jones and Launder model

1171

was chosen because it is used more widely in com-
putational fluid dynamics.

The writing of equations (1)—(4) is based also on the
assumption that the source mass flow rate is negligible
when compared with the mass flow rate of the through
flow . Equations (1)—(10) have been written in terms
of the following dimensionless variables:

(u,v) Uin

() _ -

X,7) = b (U, V)= v T= ht (11)
- k

=Wl K pl e )

q Ui in

v . my
P=pu§], Se=. MS=%E (13)

QO h

U h uh Re E

- n *= mn — o
Re = e Re . —azfz % (14)

in which on the right-hand side we see the actual
(physical) variables listed in the Nomenclature.
Worth mentioning are the Reynolds number based on
inlet width, Re, and the relationship between Re and
Re*, equation (14). The dimensionless factors f; and £,
are functions of only the turbulence Reynolds number
Re, defined in equation (17)

-2.5
1+ Re,/50
(15, 16)

fi=1-03exp(Red), f, =exp|:

k* K?
= =—. 1
Re, " E (17

The numerical constants required by this model
were selected using the approach described by Patan-
kar et al. [2]. The numerical values of these constants
are the same as those proposed by Jones and Launder

(]

a =144, a, =192, a, =009

ok =1, o =13 (18)
except for the turbulent Schmidt number, which was
set at g, =0.7. This value of 6. was determined
optimally in an earlier study [3] in which we used the
present model to simulate the once-through removal
of contaminated air from a two-dimensional enclos-
ure. In that earlier study, we selected the o value by
comparing the numerical predictions with the lab-
oratory measurements reported by Anderson and
Mehos [4]. 1t is also worth noting that ¢ = 0.7 lies
between the 0.5 value associated with the free jet flow,
and the 0.9 value found in turbulent boundary layers.

The boundary conditions are shown in the center
frame of Fig. 1. The no-slip impermeable condition is
imposed on all the solid walls. The flow through the
inlet port is purely horizontal (forming a wall jet along
the ceiling), and the velocity and concentration of this
stream are uniform over the cross-section of the inlet
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port. The inlet concentration is the same as the enclos-
ure concentration at T = 0. The dimensionless values
of K and E at the inlet are based on the assumption
of fully developed turbulent flow, in which k rep-
resents 1% of the mean kinetic energy, and where the
representative mixing length is of the order of 5% of
the inlet width £

_0.02

K,=001, E, =
mn 0 > i Rl’

(19

The outlet boundary condition (zero flux, Fig. 1)
was chosen for numerical convenience. Nevertheless,
its validity was verified by numerical tests performed
at the low Reynolds number end of this study,
Re = 30, since only in the low Re limit the outlet
boundary condition is expected to have some influ-
ence on the upstream field. In these tests, the con-
centration was specified (held fixed) in the plane of
the outlet port. The value of the outlet concentration
was two times greater than the maximum outlet con-
centration calculated with the zero flux boundary con-
dition. There was no difference between the upstream
concentration field calculated with the fixed outlet
concentration, and the one based on the zero flux
outlet condition. The influence of the outlet boundary
condition is expected to be even less significant for the
higher Reynolds number documented in the present
study. The zero-mass flux condition at the outlet has
been used in other studics of forced convection heat
and mass transfer, for example, in refs. [2, 5-8].

The shape of the enclosure and the relative size of
the two ports (one inlet, one outlet) were fixed

L h

-=2 —=0.1. 20

H H (20)
In view of the range covered by the mass diffusivity of
gases in air at 25°C and 1 atm, the molecular Schmidt
number was set equal to 1 throughout the calculations
performed in this study.

As an alternative to the dimensionless time 7 defined
in equation (11), it is useful to define the volume
replacement time

™ = LI @2n

T LHu b’
The quantity in the denominator represents the time
in which the inlet stream can fill the enclosure volume.
The proportionality between the dimensionless times
t* and 1 is

™ h

= 22

T LH (22)
or, according to equations (20), t* = 0.005t. The
gradual removal of the contaminant from the enclos-
ure was monitored by calculating the ‘removal ef-
ficiency’ introduced by Anderson and Mehos [4]

1 {7 (cou—0; L
g [, 1 J Condr. 23)
0

T Jo cq T
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Also monitored was the volume-averaged pollutant
concentration

1
C—LHJLCdV (24)
in which V' = LH is the enclosure volume per unit
length in the direction perpendicular to the plane of
Fig. 1.

The lower frame of Fig. 1 shows the five different
locations (a—¢) of the contaminant source. These pos-
itions were chosen in order to document the effect of
source location on contaminant removal. The lower
frame of Fig. | also shows the four inlet/outlet con-
figurations studied. Those are indicated by subscripts
1-4.

3. NUMERICAL METHOD

The equations described in the preceding section
were solved numerically using the control volume
formulation described by Patankar [9]. The steady
momentum equations were solved by a false unsteady
scheme. It was assumed that the steady state was
reached when the maximum local relative change in
the velocity components (U, V) was smaller than
107

The species transport cquation was solved iter-
atively. Atevery time step the correspondent algebraic
cquation was invoked on a line-by-line basis using
the Tri-Diagonal-Matrix-Algorithm (TDMA). This
process was repeated until the solution converged.
The convergence criterion was a global one based
on the relative incremental changes in the removal
cfficiency

jel

W=

"

<10 ° (25)

The reported numerical results were obtained using
the Cornell National Supercomputer Facility (CNSF)
mainframe, which is an IBM 3090-600J computer.
The code was highly vectorized in order to reduce the
CPU time, especially while solving the higher Rey-
nolds number cases.

The numerical grid for solving the flow field was
orthogonal and non-uniform, with its lines spaced
according to the power law s,, | = 5,4+ o'A, in which A
is the size of the first line-to-line spacing (near the
boundary), i the line number, and « (a constant greater
than 1) the grid stretching rate. The appropriate grid
spacing was selected based on accuracy tests of the
kind shown in Table 1. The minimum streamfunction

Table 1. Accuracy test for the reference configuration (the
top frame of Fig. 1, with Re = 3000)

N.xN,

A A, ENES Vo  CPU (s)
62x42 0.075/0.0375 1.089/1.172 —0.3738 2806
72x 52 0.050/0.0250 1.087/1.147 —0.3802 3993
5307

82x 62 0.025/0.0125 1.097/1.146 ~—0.3821
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Table 2. Accuracy test for the reference configuration (Fig. 1, top), with
the source located in the center of the enclosure (Fig. 1, bottom, position
c), and Re = 3000

NxN, A=A afy At Cpy (2 00) CPU (5)
82 x 62 0.020 1.105/1.122 0.10 46.027 782
110 x 82 0.010 1.087/1.105 0.05 47.489 1280
142 x 102 0.005 1.074/1.096 0.01 47.908 2265

Yoin = min [W(X, Y)] was used as a parameter,
where ¥ was defined by writing U = 6¥/dY and
V= —0¥/0X. The present numerical results were
obtained using the 82 x 62 grid.

A multigrid was employed in order to predict accu-
rately the concentration field. A fine non-uniform
power law grid located around the control volume
containing the point source was superimposed on the
grid used to calculate the flow field. Several accuracy
tests for the different configurations used in this study
were performed. The optimum arrangement was
found by reducing the grid size and time step until
a discrepancy smaller than 2% in the steady-state
maximum volume-averaged pollutant concentration
was found. Table 2 shows some of the results and the
corresponding computation CPU time. The last row
shows the values used throughout this study.

4. THE REFERENCE CONFIGURATION

Figure 2 presents the steady-state flow field in the
reference configuration in which the inlet and outlet

Re = 30

Re =300

D4 [O):)
005
-0.1
-02
‘ Re - 3,000

Fig. 2. The steady-state flow field for inlet/outlet con-
figuration 1 and different Reynolds numbers.

ports are parallel and near the ceiling of the enclosure
(Fig. 1, top). The same configuration carries the sub-
script 1 in the bottom drawing of Fig. 1. The Reynolds
number covers the range from the laminar regime
(Re = 30) to that of the turbulent wall jet flow
(Re = 3000). The numbers listed next to the stream-
lines represent the values of the dimensionless
streamfunction ¥ defined in the preceding section.

The common feature of these three plots is the
presence of a clockwise rotating cell in the lower
portion of the enclosure. As the Reynolds number
increases, a weak counter-clockwise cell develops in
the lower left corner, while the incoming jet stretches
(becomes straighter and thinner) near the ceiling of
the enclosure.

The next five figures, Figs 3-7, show the Reynolds
number effect on the steady-state distribution of con-
taminant, for each of the five source locations. The
constant-concentration lines are plotted so that from
one line to the next the C value changes by one tenth
of the maximum concentration value. Some C values
are included for orientation. Listed on each frame is

Re =30
Cma)=< 507
) =06
53
Re =300
Cnax 301
_ 75
E150
Re = 3,000
Cma; 75.26

F1G. 3. The steady-state concentration field for source
location a and configuration 1.
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1.2
72
Re = 300
Cma):( 11.96
56
168
224
280 Re = 3,000
Cmaf( 3551 w2k
16.8—

F1G. 4. The steady-state concentration field for source
location b and configuration 1.

the maximum concentration value computed inside
the enclosure, near the source (C,,,.).

The time evolution of the concentration field is
illustrated in Fig. 8 for the case when the source is
located in the center of the enclosure (Re = 3000).
Note how the flow traps the contaminant in the lower-
right region of the enclosure. Inside the jet region

Re = 30

Re = 300

192

Re = 3,000

LC“"”:‘ 4791

FiG. 5. The steady-state concentration field for source
location ¢ and configuration 1.
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Re =30
Cma;( 22.26
W 86
172 Re = 300
258
Cma; 85.88
172 258
122 -
1
C =12224
244 max
Re - 3,000
362
122

Fig. 6. The steady-state concentration field for source
location d and configuration 1.

(near the ceiling) the pollutant concentration is always
fower than 10% of the maximum concentration found
in the enclosure. This is due to the fact that the
incoming clean air bypasses the rest of the enclosure,
and proceeds directly toward the outlet.

The contaminant removal efficiency #, defined in
equation (23) is reported in Fig. 9. The upper frame

Re =30

75

Re = 300

Cma)z( 2453

73

146
219
Re = 3,000
292
Chaz 7316 lf@

Fic. 7. The steady-state concentration field for source
location e and configuration |.
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=120
™= 60

4.8 —

162
240 *
384 T = o0
336
- 192
Craz 4791

FiG. 8. The time evolution of the contaminant field when the source is positioned in the center of the
enclosure (Re = 3000, configuration 1).

corresponds to the case when the mass source is
located near the outlet (position b), while the lower
frame shows the evolution of #, when the source is
located in the center of the enclosure.

Two distinct regimes can be observed in the upper
frame of Fig. 9. An initial, almost linear variation of
#{t*) prevails when the contaminant is carried away
by the jei, and the removal efficiency increases
abruptly. Note that when Re =30 the source is

Re - 30
N,
] -
0 20 .
T
1
n, Re = 30
300
3,000 in/out
T
source
* e
+
00 .
20 - 40

FiG. 9. The time evolution of the removal efficiency: the
effects of the Reynolds number and the source location {con-
figuration 1).

located inside the jet path (Figs. 2 and 4). As the
Reynolds number increases, and the jet path becomes
straighter, the source ends up inside the clockwise cell,
thus causing a significant reduction in the rate of
removal of contaminant. The second regime is domi-
nated by the diffusion of mass through the jet shear
layer. In this second regime the », increase is con-
siderably slower.

The lower frame of Fig. 9 shows a similar behavior,
however in this case the source is located further from
the jet. As the clockwise cell grows stronger with the
increasing Reynolds number, the contaminant
becomes trapped more effectively in the lower region
of the enclosure. Figure 10 illustrates the same effect
in terms of the volume-averaged concentration C. The
averaged concentration for Re = 3000 in the steady
state is one order of magnitude greater than for
Re = 30. This result is important, because it shows
that for a certain configuration a cleaner steady-state

25 in/out
T Re - 3,000 LI
source
L]
300
30
0
o 60 120

-{*

Fic. 10. The time evolution of the volume-averaged con-
centration (configuration 1, source position c).
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i in/out
1./Re LI
source
1 ‘ a+ +b
d+ +€
107"
10° 10° 10

Re

FIG. 11. The critical time for five source locations in con-
figuration 1.

enclosure can be achieved with a slower through flow
(lower Reynolds number).

The critical removal time is determined when the
amount of contaminant that is being generated inside
the cavity approaches within 0.001% of the amount
that is being carried away by the ventilation system

I—n, (%) = 107" (26)

[t is important to note that the actual critical time ¢,
(s) that corresponds to the dimensionless time t*
decreases as Re increases

_tt HL
€T Re v

@7

In other words, the ratio t¥Re is a dimensionless
measure of the actual critical time ¢.. This ratio is
reported in Fig. 11, which shows that the critical time
decreases monotonically as Re increases. For instance,
with the source located at the center of the enclosure
(position c), the actual critical time (t¥ Re) decreases
from 7.76 at Re = 30 to 0.423 at Re = 300, and to
0.067 at Re = 3000.

5. THE EFFECT OF CHANGING THE
INLET/OUTLET CONFIGURATION

Figure 12 shows the steady-state flow fields in the
remaining inlet/outlet configurations (namely, con-
figurations 2-4). In all cases, the Reynolds number is
3000. As in configuration 1, a major clockwise cell
occupies most of the enclosure, while smaller cells
persist near the corners and the inlet region.

The steady-state concentration fields in con-
figurations 24 can be compared by viewing Figs 13—
16. Each figure represents a case in which the mass
source is located near one of the corners of the enclos-
ure (i.e. source positions a, b, d and ¢). The Reynolds
number is 3000 in all the figures.

An interesting contaminant ‘trapping’ effect
becomes visible as we compare frame-by-frame Figs.
12 and 13. In configuration 4 (the bottom frames) the
jet is L-shaped, and most of the enclosure is occupied
by a counterclockwise roll. Due to this roll, when the
mass source is located as in Fig. 13 (i.e. position a),
the contaminant is trapped in the enclosure. Note that

J. L. LAGE et al.

Configuration 2

=

Configuration 3

Configuration 4

F1G. 12. The steady-state flow field for inlet/outlet con-
figurations 2-4 (Re = 3000).

in the lower frame of Fig. 13 the maximum con-
centration is three times greater than in configurations
2 and 3. A similar effect is visible in the upper frame
of Fig. 15, and in the middle frame of Fig. 16.

The time-dependence of the removal efficiency in
all four inlet/outlet configurations is summarized in

31

o~ 'Q-EZ’ Caz 3086
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Fic. 13. The steady-state concentration field for source

location a (Re = 3000).
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FiG. 14. The steady-state concentration field for source

location b (Re = 3000).

Fig. 17. Only two source locations are represented by
these graphs, the lower-left corner (d) and the center
(c). A first observation is that in configuration 1 the
removal efficiency is nearly zero during an initial time
interval. This behavior is due to the large distance
between the in—out jet and the source, when the con-

22,

Configuration 2

Configuration 3

Configuration 4

17 3

Fi1G. 15. The steady-state concentration field for source
location d (Re = 3000).

1177

Configuration 2

Configuration 3

Configuration 4

—_

FiG. 16. The steady-state concentration field for source

location e (Re = 3000).

centration in the rotating cell must reach a certain
level before it can cross the shear layer, into the jet
region.

The lower graph of Fig. 17, shows that when the
source is located in the center of the enclosure some
of the 5,.(z*) curves cross over. In configuration 4,
for example, the removal efficiency exceeds that of
configurations 2 and 3 when t* 2 50. This change in
behavior is due to the fact that in time the con-

*

1

FiG. 17. The effects of inlet/outlet configuration and source
location on the time evolution of the removal efficiency
(Re = 3000).
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F1G. 18. The effects of inlet/outlet configuration and source
location on the time evolution of the volume-averaged con-
centration (Re = 3000).

centration field redistributes itself around the jet
stream.

The same set of numerical experiments is sum-
marized in Fig. 18 by using the enclosure-averaged
concentration C. Noteworthy in this figure is that C
reaches its steady-state value at times t* considerably
shorter than those needed for reaching the #, steady
state.

The more important conclusion made visible by
Fig. 18 is that the lowest steady-state C value cor-
responds to a certain combination of inlet/outlet con-
figuration and source location. In other words, given
the source location, there is an optimal positioning of
the inlet and outlet ports that guarantees the lowest
concentration of contaminant in the steady state.
Configuration 4 is the most effective when the source
is located in corner d, while configurations 2 and 3
perform almost equally when the source is located in
the center. In general, it seems that the most effective
inlet/outlet configuration is the one that channels the
jet stream through the zone inhabited by the con-
centrated source of contaminant.

Figure 19 stresses this conclusion, by reporting the
steady-state C value calculated for all combinations
of inlet/outlet configuration and source location. The
least effective configuration (highest C) is con-
figuration 1, in which the jet stream hugs the ceiling
and bypasses the source. For that reason, the steady-
state C value in configuration 1 is almost independent
of source location.

The second least effective configuration is 4, in
which the jet stream follows the left side and bottom
of the enclosure. This configuration is effective only
when the source is located near the corner swept by
the stream (d).

J. L. LAGE et al.

@ma ob mc md oe| source
C. P

R

[

in/out

FiG. 19. The steady-state volume-averaged concentration
for all the source locations and inlet/outlet configurations
(Re = 3000).

The most effective configuration (lowest C) is con-
figuration 3, in which the inlet and outlet are per-
pendicular and near the same side of the enclosure
(the ceiling). In this configuration, the jet stream is
forced to follow a longer path through the enclosure,
a path that comes near most of the five source
locations a—e.

The combinations of inlet/outlet configuration and
source location can be ranked also by comparing their
respective critical (or cleaning) times, Fig. 20. In gen-
eral terms, the combinations that yield the lowest
steady-state C values require some of the longest
times. The performance of configuration 1 is again
insensitive to the source location. Configuration 3,
which is effective for contaminant removal in the
steady state, is ‘rapid” only when the source is located
on the opposite side of the inlet and outlet ports.

6. CONCLUSION

This study showed that the maximum contaminant
level in an enclosure can be reduced significantly by
properly positioning the inlet and outlet ports. There
is an optimal inlet/outlet configuration for each pos-
ition that the source may occupy inside the enclosure.

When a short contaminant removal time is not a
major requirement, slow ventilation schemes can
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Fi1G. 20. The critical time for all the source locations and
inlet/outlet configurations (Re = 3000).
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FiG. 21. The steady-state volume-averaged concentration
for all the source locations and inlet/outlet configurations
(Re = 30).

achieve even lower levels of contaminant concen-
tration. Figure 21 shows that when the flow is much
slower and laminar (Re = 30), the steady-state concen-
tration levels are generally ten times lower than in
the Re = 3000 flows of Fig. 19. The significant decrease
in the steady-state concentration level is accompanied
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by a 100-fold increase in the critical time needed for
reaching the steady state. This secondary effect can
be seen by comparing the critical times of Fig. 20
(Re = 3000) with those of Fig. 22 (Re = 30).
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ENLEVEMENT DE CONTAMINANT GENERE PAR UNE SOURCE DISCRETE DANS
UNE CAVITE VENTILEE PAR UNE FENTE

Résumé—On rapporte les résultats d’une étude numérique de I'enlévement, variable dans le temps, d’un
contaminant pour une cavité bidimensionnelle avec une entrée et une sortie. Le contaminant est libéré, a
partir du temps ¢ = 0, par une source concentrée située dans la cavité. Ce contaminant est enlevé par un
écoulement de traverse entre entrée et sortie. On couvre les régimes d’écoulement laminaire et turbulent
représentés par 30 < Re < 3000, ou Re est le nombre de Reynolds basé sur la largeur d’entrée et la vitesse
moyenne. L’enlévement du contaminant est caractérisé par efficacité #,, la concentration moyenne de
contaminant C et le temps critique . (lavage). On considére les effets de Re, de I'orientation du jet de
ventilation et de I’emplacement de la source. On montre que le mouvement et la distribution du contaminant
sont compliqués et qu’ils dépendent fortement de la position de la source. On montre aussi comment le
positionnement relatif des fentes et de la source influence le mécanisme d’enlévement du contaminant. La
configuration optimale associée avec chaque position de la source est rapportée. Des cas de ventilation
faibles peuvent conduire 4 des niveaux trés bas de contaminant lorsqu’un temps court d’enlévement de
contaminant n’est pas exigé.
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ENTFERNUNG VON VERUNREINIGUNGEN AUS EINER PUNKTFORMIGEN
QUELLE IN EINEM DURCH SCHLITZE BEFLUFTETEN BEHALTNIS

Zusammenfassung—Es werden die Ergebnisse einer numerischen Untersuchung uber die zeitlich
veranderliche Entfernung von Verunreinigungen aus einem zweidimensionalen Behiltnis mit je einem
Ein- und Ausgang vorgestellt. Die Verunreinigungen werden ab einem bestimmten Zeitpunkt von einer
punktformigen Quelle innerhalb des Behiltnisses freigesetzt. Durch die Durchstrémung zwischen Ein- und
Ausla3 wird die Verunreinigung entfernt. Die untersuchte Strémung umfaBt den laminaren und turbulenten
Bereich mit Reynolds-Zahlen im Bereich 30 < Re < 3000, wobei die Reynolds-Zahl mit der Eintrittsbreite
und der mittleren Geschwindigkeit gebildet wird. Die Wirksamkeit des Reiningungsprozesses wird mit
Hilfe des Reinigungs-Wirkungsgrades #,. der volumengemittelten Konzentration der Verunreinigung €
und der kritischen Reinigungszeit /. beschrieben. Der Einflull der Reynolds-Zahl, der Orientierung des
Liiftungsstrahls und der Quellenplazierung wird dargestellt. Es zeigt sich, da die Bewegung und die
Verteilung der Verunreinigung sehr komplex ist und stark von der Plazierung der Quelle abhingt. Auler-
dem wird aufgezeigt, wie die relative Lage von Ein- und AuslaB einerscits und Quelle andererseits den
Reinigungsvorgang beeinflult. Die optimale Plazierung des Ein- und Auslasses fiir jede Position der
Punktquelle wird beschrieben. Eine langsamere Durchstrémung kann zu geringeren Konzentrationen der
Verunreinigung fithren, wenn die Zeit bis zur Entfernung der Verunreinigung kein wesentliches Kriterium
darstellt.

AJIEHUE TTPUMECH, OBPA3YEMOW JTUCKPETHBIM UCTOYHUKOM B IMOJIOCTU C
MPOAYBAEMBIMH HIEJISAMHA

Amnoramms—IIpeacTaBieHbl pe3yibTaThl YHCIEHHOTO HCCIENOBAHNS 3aBHCAILETO OT BpEMEHH yIaleHHs:
APHMECH H3 JBYMEDHONM MOJOCTH C OJHHM BXOXOM H OZHHMM BhixoaoM. OOpa3zoBanue NPHMECH HauH-
HaeTcsi B MOMeHT BpeMeHH ¢ = () 32 CueT COCPel0TOYCHHOTO HCTOYHHKA, HaXOAAILErOCs B OOCTH. Y a-
JIEHUEe TIPUMECH OCYIUECTBJISCTCH CKBO3HBIM IIOTOKOM MEXIY BXOAHBIM H BBIXOJHBIM OTBEPCTHSAMH.
HccnenyroTcs TaMHHAPHBIA B TYPOYIEHTHBIH peXuMBl TeyeHns, cooTeTcTBykolne 30 < Re < 3000, rae
Re - uncno PeiiHonbca, onpeaenseMoe MIMPHHOM BXOIHOTO OTBEPCTHA M cpelteit ckopocThbio. Ddidek-
THBHOCTb CXEMbI yHaJIeHHS [IPHMECH BbIpaxaeTcs yepe3 KodpUUMEHT yNaeHHs #,, YCPeAHEHHYIO 1o
06BeMy KOHIEHTpauuio npuMecH C M KPMTHYECKOE BPEMs (., COOTBETCTBYIOLIEE MOJHOMY YAANEHHIO
npuMecu. OGCyxaaeTcs BIHAHNE Re, OPMEHTAUMHM BEHTHJIMPYIOLIEH CTPYH H PaclONOXEHUS UCTOMHHKA,
Haiingeno, 4To ABMXKEHHE W paclpenesieHHE NPUMECH SIBJISIOTCA CIOXKHBIMM K CYLIECTBEHHO 3aBHCAT OT
pasMermeHns UcTounuka. IlokasaHo Takxke, KakuM 0Opa3oM OTHOCHTEJILHOE PACTIONIONKEHHE OTBEPCTHI
B pasMelleHHe HCTOYHHKA OKa3bIBAIOT BIHSHKE HA NPOLECC yAaaeHHdA NpaMecH. ONHUChIBAETCA ONTHMA-
JIbHAS KOH(HTypallusg BXoIa H BBIXOa B 3aBHCHMOCTH OT PacIOJIOKEHHs HCTOYHHKA npuMecH. Micnos-
30BAHHE CXEM MENJICHHOHW BEHTHJISIHH MOXET MPUBECTH K DoJjice HM3KHM YPOBHSM INIPHMECH, €CIM
BLICTPOTA €€ yaaJICHUS HE ABJISCTCH OCHOBHBIM TPEOOBaHHEM.



