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ABSTRACT

An apparatus placed in a clean room has a great influence on
the flow field. Such flow obstacles often generate alrborne par-
ticles into the air flow. Thus, it is very important to clarify the flow
field and contaminant diffusion field around flow obstacles.

in this paper, the airflow distribution and the contaminant dif-
fusion field in a conventional-flow-type clean room with flow
obstacles in various arrangements are analyzed by means of
model experiments and three~dimensional numerical simulations.
Correspondence between the simulations and the experiments
is fairly good, both for the velocity field and for the contaminant
diffusion field. On the basis of this validated procedure, further
analyses of the airflow in a clean room with flow obstacles various-
ly arranged are conducted by means of numerical simulations
based on the k - € turbulence model. From these analyses, much
useful infarmation is obtained concerning the velocity field and the
contaminant diffusion field around obstacles and also concern-
ing the influence of flow obstacles on the entire flow field.

INTRODUCTION

In many fields of industry, the conventional-flow-type clean
room is now indispensable for use in quality control. An
understanding of the flow field and the contaminant diffusion
field is very important in designing effective contamination con-
trol for such rooms. In preceding papers (Murakami et al. 1987,
1988, 1989), the flow field and its resulting diffusion field of con-
taminant in conventional-flow-type clean rooms were analyzed
with madel experiments and numerical simulations based on the
k-¢ two-equation turbulence model.

In this paper, the effects of flow obstacles in a room on the
flow field and the diffusion field are analyzed by numerical
simulations. Since an apparatus in a clean room has a great in-
fluence on the flow field and often generates airborne particles,
clarification of the flow and diffusion fields around flow
obstacles is required. Numerical simulation of turbulent airflow
allows us to precisely analyze the flow and diffusion field in a
room. The accuracy of numerical simulation was well validated
by Murakami (1987). In another study, it was shown that the flow
and diffusion fields were mainly characterized by serial com-
binations of “flow units,” each composed of an inflow and the
rising streams around it (Murakami et al. 1988). It was also
demonstrated that the arrangement of supply and exhaust

openings has a great influence on the diffusion field (Murakami
et al. 1989). This paper extends the previous studies to analyze
the effects of flow obstacles on the flow and diffusion fields. The
main contents are as follows:

1. The accuracy of numerical simulation of the flow and dif-
fusion fields around obstacles is validated by comparison with
the results of model experiments.

2. The structure of the flow and diffusion fields around flow
obstacles in various arrangements is analyzed.

3. The effect of such flow obstacles on the entire flow field is
analyzed.

MODELS OF CLEAN ROOM AND FLOW OBSTACLES

The clean room model used here has nine supply outlets and
four exhaust inlets. It was called type 4 in preceding papers
(Murakami et al. 1988, 1989). The configurations of this room
model and the flow obstacles are shown in Figure 1. Table 1 lists
the six cases analyzed here and illustrates the various ar-
rangements of flow obstacles and various source positions of
contaminant. These cases are:

1. Case 0: Standard type with no flow obstacle.

2. Cases 1-3: Arrangement with one box-type flow obstacle
(1) in contact with the side wall, (2) under the supply jets, and
(3) between the supply jets, respectively.

3. Case 4: Arrangement with a table-type flow obstacle in con-
tact with the side wall.

4, Case 5: Arrangement with three box-type flow obstacles.

In this study, the contaminant is generated in three ways: one-
point generation, uniform generation on a surface, and uniform
generation throughout the room. The position of the source
points (A, B, C, D, E) of the contaminant generation in each case
is shown by circles in Table 1.

The contaminant in this study is assumed to be of passive
scalar quantity and thus of no effect on the momentum equa-
tion. Therefore, not only the buoyancy effect but also its absorp-
tion at wall surfaces are assumed to be negligible if the
contaminant is gaseous material. Furthermore, deposit,
sedimentation, and cohesion are also assumed to be negligi-
ble if the contaminant is aerosol. Therefore, its transportation
or diffusion is fully controlled by the airflow. The flow field and
the resulting diffusion field are assumed to be in a steady state.

Shuzo Murakami is a Protessor and Shinsuke Kato is an Associate Professor at the Institute of Industrial Science, University of
Tokyo, Japan; Yoshimi Suyama, formerly Joint Researcher at the Institute of Industrial Science, University of Tokyo, is now Research-
er for the Institute of Technology, Hazama-Gumi Co. Ltd., Japan.
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Figure 1 Clean room model and flow obstacles
TABLE 1
Specifications of Cases Analyzed
Cases Case O Case 1 Case 2 Case 3 Case 4 Case 5
One Box-t; One Box-t: One Box-type | One Table-t Three Box-t:
Flow Obstacles | No Obstacle | P2 S2SYPe | ord e "7 | Obstacle Obstacle . T |Obatacles T
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thj: wall ::hje‘ wall ‘;:t BE AUPRE supply jets :;hJ: wall t(l?: wall
B:under supply | (on the top- |E:center of E:center of E:center of C:between
get face of the room the room the room obstacles
Name of the Point | C:between obstacle) | s:SVE3 :SVE3 S:SVE3 E:center of
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Generation E:ce:ﬁ:l’ely 6’{8 C‘:nurl;lce of
the room floor between
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(throughout S:SVE3
the room)
remarks ! Numerical simulations were conducted for all cases.

2 Model experiment was conducted only for case 1.
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| 'l"he contaminant generation rate is also assumed to be The distribution of contaminant concentration was invest-
 constant. igated by means of a tracer gas diffusion experiment (Murakami

& |nthis study, physical quantities are made dimensionless by et al. 1988). Since ethene (C,H,), whose density is nearly the
dividing by representative quantities. These quantities are the same as that of air, was used as the tracer, the buoyancy effect
' width of the supply opening, L,, its mean velocity, U,, and the of the tracer can be disregarded. Its concentration was meas-
‘=8 mean contaminant concentration at the exhaust inlet, C,. ured by means of F.I.D. gas chromatography. =% -
' MODEL EXPERIMENT NUMERICAL SIMULATION :
3 Model experiments were conducted using a one-sixth scale Model equations (k - € two-equation turbulence model
= model (Murakami et al. 1987, 1988). ; [Launder et al. 1974]) are given in Table 2. These equations are
; Air velocity was measured by means of a tandem-type, discretized by a control volume method (almost the same as a
. parallel hot-wire anemometer, which can discern the vector finite difference method), and the steady-state solution is ob-
- components of turbulent flow (Murakami et al. 1980). tained by a time-marching method. The simultaneous pressure
TABLE 2
k - ¢ Two-Equation Model (3-D)
-g%‘:= 0 (1) Continuity equatiom
3
U5, AY '=-.aa_.t 2 +3ﬁ_ -gﬂt+-gll: ation
t+‘aa-5él’ X;‘{p*ak} xj{w{ X xt.}} (2) Yomentum equation
%‘t&*‘aaki‘%?af-“?';‘» xk'}“"s's ) (3) Transport equation
g . @4 " 01Uk ’ for k :
g ‘g s a‘ SXL!.;’ =_Ep_x_ { —git .g_.f} +C ITE{WS s z‘% (4) Transport equation .
L . for € =
b 5) Equation for deciding v
veek | = (Cak ) (5) Eq ing vt

C CUi _ v (6) Concentration equation
‘?,rr § ’ax_.," éx,- (5 ng’

- i ] Ui o0,=10, 0,=13. o03=1

bere S (‘2"%; & 'gx”’,-’ Xj.Cu=0.09, C;=1.44,C,=1.

TABLE 3
Boundary Conditions for Numerical Simulation

(1) Supply Outlet: U =0.0, Uy=Upyt, k=0.005, i=0,33, C=0.0
boundary suffix t:tangential component ,” : normal component
Wout : Supply outlet velocity, Uoyt=1.0 .
(2) Exhaust Inlet: Ut =0.0, Up=Uin, 8 k/92=0.0, 8 £/8Z=0.0, §C/3Z=0.0
boundary e U in:Exhaust inlet velocity, Ujy =2.25

(3) Wall boundary: 9 U/8Z ,.o=mUt ,.), /b, Up=0.0, 8 k/5Z=0.0, § C/HZ=0.0

E term in k equation :
€ pepn=L[Cuk3/2 1/1C/ " k1] - In(E 0 (CH% k) V¥v)

€ equation : _
€ zen=L[Cuk 3} 1/1C," k1 ]

h : Length from the wall surfacetoth;centeroftbeadjacent‘cell

m : 1/7 , Power law of profile 1} oZ™ is assumed here.

E :9.0, a function of the wall roughness (for a smooth wall)
V : 1/Re, Kinematic viscosity

K : 0.4, von Karman constant

(4) Finite ¢ Time marching : Adams Bashforth Scheme (second order)
difference
Scheme Convective ¢ Quick Scheme (second order)
terms of Ui,
k €, end C

%] Values are made dimentionless by 1o and Uo. and Co.
*2 Boundary condition for £ is changed a little from a previous study
(Murakami et al. 1989).




velocity relaxation method is adopted for solving mean momen-
tum equations following Viecelli (1967). Details are given in
Murakami et al. (1987). The boundary conditions and schemes
for the finite difference are shown in Table 3. The computational
domain is discretized by sufficiently fine uniform grids (Figure
1d). One grid size is 0.25 (dimensionless), which corresponds
to 1/44 of the room length, 1/18 of the ceiling height, and 1/5 of
the height of the obstacle.

CORRESPONDENCE BETWEEN MODEL EXPERI-
MENT AND NUMERICAL SIMULATION

The experimental and numerical results for case 1 (arrang-
ing one box-type obstacle in contact with the side wall) are

supply jet

{a) velocity vectors

(a).(b)

shown in Figures 2, 3, and 4. The velocity field is compared in
Figures 2a and 3a. The airflow pattern of the simulation is very
similar to that of the experiment, not only in the open area on
the right side, but also in the recirculating region on the left side
above the obstacle. The deviations of simulated values from the
observed ones remain below 5%, which are normalized by the
inflow velocity, for almost the whole room space.

The contaminant diffusion field is compared in Figures 2b
and 4a. The contaminant diffuses into the left third of the room.
A high concentration area appears above the obstacle, which
becomes lower in the area near the ceiling. These character-
istic patterns are rather well reproduced in the numerical
simulation, although some discrepancy exists between the

supply jet

source

e T

o 0.5 1.0 2.0 3.0 4.0 §010.020.0
Dimensionless concentration

(b) contaminant distribution

: sections at center of the room

(Case 1: A box-type obstacle is placed in contact with the wall)

Figure 2
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supply jet

(c) source :

(a) source : point A
(center section of the room)

exhaust inlet exhaust inlet

point E
(center section of the room)

(e) source :
(center section of the room)

throughout the room

0.5 0.6 0.7 0.8 0.9 1.0 .1 L2 L3
Dimensionless concentration :

(e)

(b) source : point A
(plan near the floor)

0.5 1.0 1.6 220 2.5 3.0 3.6 4.0 46

(a)~(d)

Dimensionless *concentration :

experiment and the simulation in the area in front of the
obstacle. The contaminant concentration deviation, from
observed values ranges below 10% to 20% for almost the
whole space; here the deviation is normalized by the averag-
ed concentration of the exhaust air.

EXPRESSION OF CONTAMINANT DIFFUSION FIELD
AND DEFINITION OF SVE1, 2, 3

In this study, the characteristics of contaminant diffusion
fields are expressed by four methods:

1. Distribution of contaminant concentration by point source:
this distribution is the most basic and allows intuitive com-
prehension of the contaminant diffusion field in a clean room.

2. SVE1 (the first Scale of Ventilation Efficiency): spatial
average concentration. This value is proportional to the average
time the contaminant is present in the room and indicates how
quickly the contaminant generated in the room is exhausted by
the fiow field.

3. SVEZ2 (the second Scale of Ventilation Efficiency): mean
radius of diffusion. This value represents the average spatial
diffusion.

(d) source :

Figure 4 Contaminant distributions in Case 1 given by numerical simulation

l@
o L(b)(d)

point E
(plan near the floor)

H(a)(c)(e)

Illustrated plane

4. SVES3 (the third Scale of Ventilation Efficiency): concentra-
tion in the case of uniform contaminant generation throughout
the room. At a given point, this value is proportional to the mean
traveling time of supply air to that point. A high value for this
concentration indicates a strong possibility of air contamination
because the air mass must have traveled a long way from the
supply outlet.

The details of these scales are described by Kato et al. (1988).
The values of concentration are made dimensionless by
dividing by the mean concentration at four exhaust openings,
C,- This mean value is the same for all cases in this paper.
This type of dimensionless concentration was termed Model 1
in a previous study (Murakami et al. 1989).

INFLUENCE OF LOCATION OF SINGLE FLOW
OBSTACLE (Cases 1, 2, 3)

Arranging a Box-Type Obstacle
in Contact with the Side Wall (Case 1)

The velocity field and the contaminant diffusion field with a
flow obstacle in contact with the side walll, as given by numerical




simulation, are shown in Figures 3 and 4. The standard case
with no flow obstacle (Case 0) is also shown in Figures 5 and
6 as a reference. The designated names for each face of the
obstacle used here are also illustrated in Figure 3.

Velocity Field The flow patternin front of the side wall is il-
lustrated in Figure 3b. As shown in Figure 3a, a recirculating
flow appears above the obstacle and part of it flows into the sup-
ply jet near the ceiling. The air above the top face of the obsta-
cle moves toward the side wall, as shown in Figures 3a and 3c.
In front of the obstacle, the air moves toward the exhaust open-
ing along the front face of the obstacle, as shown in Figure 3d.
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of the wall

The airflow pattern near the side wall with no obstacle (Case
0) is also shown in Figures 5a and 5b. It differs greatly from that
of Case 1. In the open area on the right side far from the
obstacle, there is little difference between Case 1 and Case 0.
The effect of the flow obstacle is confined within the space
around the obstacle, namely, within the “flow unit" in which the
obstacle exists. The concept of “flow unit" is described in detail
in a previous paper (Murakami et al. 1988).

Contaminant Concentration Field When the contaminant
is generated on the top face of the obstacle (Point A, Figures
4a and 4b), the contaminant diffuses into the left third of the

:
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Figure 5 \Velocity vectors in Case 0 (No Obstacle, cf. Murakami et al. 1989)
supply jet

supply jet
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(a) source: pointA
(near the wall)

(b) source: pointB
(under supply jet along the wall)

supply jet

(c) source; pointC
(between supply jets)

supply jet

supply jet
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(d) source; pointD
(between supply jeu)

Figure 6 Contaminant distributions in Case 0

(e) source; pointE
(center of the room)
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room. This one-third diffusion pattern is similar to the resuiltin
o 0. The concentration near the ceiling becomes rather low,
he clean air is convected along the ceiling from the cor-
ner area. The value of SVE1 is 2.1 (dimensionless), which is

25 (dimensionless). smaller than in Case 0 (3.1). The values
of SVE1 and SVE2 for all cases are tabulated in Table 4.
When the contaminant is generated in the center of the room
int E, Figures 4c and 4d), it spreads throughout the whole
room. But the space around the obstacle is not contaminated
pecause air from the three supply jets near the side wall flows
into this area. The value of SVE1 is 1.6 and, hence, larger than
in Case 0 (1.4). Thus the ventilation efficiency for exhausting the
contaminant decreased to some degree in Case 1. The value

much larger than its value in Case 0 (1.7). The value of SVE2 *

of SVE2 in Case 1 is 4.3, aimost the same as in Case 0 (4.2).
Although the obstacle beside the wall has almost no effect on
the velocity field around point E, the diffusion field for con-
taminant generation at Point E is influenced whether the flow
obstacle is present or not.

The value of SVE3 is compared in Figures 4e and 6f. The con-
centration above the obstacle in Case 1 is much higher than in
Case 0, thereby indicating that supplied clean air requires a long
traveling time to reach this recirculating area around the obstacle.

Arranging a Box-Type Obstacle
under Supply Jets (Case 2)

The velocity and diffusion fields when a flow obstacle is placed
under the supply jets are shown in Figures 7 and 8.

TABLE 4
Values of SVE1 and SVE2
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(Case 2 : A box-type obstacle is placed under supply jets)
Figure 7 \Velocity vectors in Case 2
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(a) source : point B
(center section of the room)
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Figure 8 Contaminant distributions in Case 2

Velocity Field The supply jet attacks the top face of the ob-
stacle and diverges in all directions (Figures 7a and 7c). A small
rising stream appears above the top face between the supply jets
(Figure 7b). Recirculating flows exist in front of the back and front
faces of the obstacle (Figure 7a). In the open area on the right,
the velocity field of Case 2 is the same as that of Case 0; hence,
the effect of this arrangement of the flow obstacle is confined
within a rather small area near the obstacle.

Contaminant Diffusion Field When the contaminant is
generated at the top face of the obstacle (Point B), it is convected
horizontally by the diverging flow at this area (Figure 8a). The
high concentration spreads into the recirculating region along
the side wall and also into the area in front of the back and front
faces (Figure 8a). The contaminated area occupies the left half
of the room (Figures 8a and 8b). The value of SVE1 in Case 2is
1.9, much larger than in Case 0 (1.3). The value of SVE2 in Case
2is 37, also larger than in Case 0 (3.2).

When the contaminant is generated at the center of the room
(Point E), it spreads into the open area on the right where no
obstacle is arranged (Figures 8c and 8d). The space to the left
of the obstacle is clean, since the spread of the contaminant is
blocked by the obstacle. The value of SVET1 is 1.6, larger than in
Case 0 (1.4). The value of SVE2 is 4.2, which is the same as in
Case 0.

The value of SVES3 is very low above the top face of the
obstacle because of the direct supply of clean air (Figure 8e).
This indicates that the placement of an apparatus whose top face
must be extremely clean should be selected carefully and with
the properties of the diffusion field in mind in order to take ad-
vantage of the flow structure of conventional-flow-type clean
rooms.

(plan near the floor)
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Illustrated plane

(a)~(d)

Arranging a Box-Type Obstacle
between Supply Jets (Case 3)

The flow and diffusion fields for Case 3 are illustrated in
Figures 9 and 10, where a box-type obstacle is arranged between
the supply jets.

Velocity Field The velocity field at the top face of the obstacle
is horizontal and flows mainly toward the exhaust opening, as
shown in Figures 9a and 9c. Rising streams appear at some
point above the obstacle (Figure 9b). The supply jets at the center
attack the floor and thus diverge toward the open area on the
right because of blocking on the left side by the obstacle. The
flow pattern in the open area on the right side is similar to that
in Case 0 where no obstacle is arranged. i 1

Contaminant Diffusion Field When the contaminant is
generated on the top face of the obstacle (Point D, Figure 10a),
it stays around the obstacle, since the diffusion field is blocked -
by the rows of supply jets on both sides (Figure 10a). The con-
taminated area is the left half of the room (Figures 10a and 100) .
The value of SVE1 is 1.7, which is higher than in Case 0 (15).The -
value of SVE2, on the other hand, is 3.2, significantly smp!"
than in Case 0 (3.6). 3

= N
P e 4

When the contaminant is generated at the center.of
(Point E), it diffuses into the right half of the room, since
toward the left is blocked by the obstacle (Figures 10¢ g s
The top face of the obstacle is clean since the supplylemm &0
it. The value of SVET is 15, a little larger than in Case 0 (14): T2
value of SVE2 (4.0), on the other hand, is smaller than in *28
0 (4.2). The distribution of SVE3 (Figure 10e) is simnlaf__w A
Case 0. 4
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(Case 3 : A box-type obstacle is placed between supply jets)

Figure 9 Velocity vectors in Case 3
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Figure 10 Contaminant distributions in Case 3
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Arranging a Table-Type Obstacle (Case 4)

The fiow and diffusion fields for Case 4, where a table-type
obstacle is placed in contact with the side wall, are illustrated
in Figures 11 and 12.

Velocity Field A large recirculating flow appears above the
obstacle (Figure 11a). The airflow pattern on the top face is
shown in Figure 11c. The air under the top face moves along the
side wall and toward the exhaust opening (Figures 11b and 11d).
The flow pattern in the open area on the right side is the same

LR RS S S SL N S XX D Sl
PV IIAan

as in Case 0 where no obstacle is placed (Figure 11a). Thus the
area affected by the obstacle is rather small and is confined
within the area around the table.

Contaminant Diffusion Field When the contaminant is
generated on the top face of the table (Point A), the region from
the floor to the ceiling is highly contaminated (Figures 12a and
12b). But the contaminated area is limited to the left third of the
room. The value of SVE1 in this case is 1.4, much smaller than
in Case 1 (2.1). Hence, it is much more efficient to exhaust
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Figure 11 Velocity vectors in Case 4

Ha) §

supply jet

EE-Tetedutugey
»eweeuad
»weunaer - ®

‘ (d) plan ; near the floor

_—

__'.\}‘O

O-——

(a) source : point A
(center section of the room)
exhaust inlet

(c) source :

exhaust inlet

; point E
(center section of the room)

: throughout the room !
(center section of the room) ¥
i

AT R (24 R R T (YA EDIE R

{b) source : point A

(d) source : point E

08 0.0 0.7 0.8 0.9 1.0 L1 L2 l.l.

(plan near the floor)

E————mmmme | S

(plan near the floor)

R (RN MO0 B3 ) R L0 62

0.5 L0 1.5 20 25 10 46 (.0 L6

Dimensionless concentration : (a)~({d) . *

Figure 12 Contaminant distributions in Case 4
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contaminant with a table-type obstacle than with a box-type
obstacle. The value of SVE2 in this case is 2.5, the same as in
Case 1.

When the contaminant is generated at the center of the room
(Point E), it spreads around the center near the floor (Figures
12¢ and 12d). The air around the table is very clean, since the
three supply jets along the side wall attack the table. The value
of SVET1 is 1.3, considerably smaller than in Case 1 (1.6). Itcan
thus be concluded that a table-type obstacle is superior to a
box-type obstacle from the viewpoint of ventilation efficiency.
The value of SVE2 is 4.2, the same as in Case 1.

The value of SVE3 (Figure 12e) is high in the area above the
obstacle, particularly near the ceiling, but it is smaller than in
Case 1 (Figure 4e).

INFLUENCE OF LOCATION OF MANY OBSTACLES
WITHIN THE WHOLE SPACE (Case 5)

In real clean rooms, many obstacles are usually present. In
Case 5, three box-type obstacles are placed beside the walls
and in the center of the room (see Figure 1). The flow and diffu-
sion fields in Case 5 are shown in Figures 13 and 14.

Velocity Field

The flow pattern on the top face of the obstacle is shown in
Figure 13c. The horizontal flow on the top face of the wall-side
obstacle is directed mainly toward the exhaust opening. The
supply jets attack the top face of the centered obstacle, there-
by causing the airflow to diverge in all directions. Recirculating
flows appear in front of the front and back faces of the obsta-
cles (Figure 13a). The resulting flow field in Case 5 may be in-
terpreted as a combination of the flow field of Case 1 (one
wall-side obstacle) and Case 2 (one centered obstacle).

Contaminant Diffusion Field

Point Generation of Contaminant When the contaminant
is generated on the top face of the wall-side obstacle (Point A,
Figure 14a), the contaminant spreads into half the room. The
area around the wall-side obstacle is highly contaminated. The
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value of SVET1 is 2.6, much larger than in Cases 0, 1, and 4. The
value of SEV2 is 3.0, similar to Case 0.

When the contaminant is generated at a position between the
obstacles (Point C, Figure 14b), the contaminant spreads into
half the room. A highly contaminated area appears at the recir-
culating region in front of the back face of the centered obsta-
cle. The value of SVE1 is 1,5, a little larger than in Case 0 (1.4).
The value of SVE2 is 4.0, aiso larger than in Case 0 (3.4).

When the contaminant is generated at the top face of the cen-
tered obstacle (Point E, Figure 14c), the whole area of the room
is contaminated except for around the supply jet. A highly con-
taminated area appears at the recirculating region in front of the
front and back faces of the centered obstacle. The value of
SVE1 is 2.0, much larger than in Cases 0 through 4.

Uniform Generation of Contaminant ona Surface When
the contaminant is generated uniformly on the top surface of
the centered obstacle (Figure 14d), it spreads into the whole
space of the room except for around the supply jet. In this type
of generation, the highly contaminated areais limited to a thin
layer above the contaminant-generating surface.

When the contaminant is generated uniformly on the floor be-
tween the obstacles (Figure 14e), it also stays in a thin layer
above the contaminant-generating floor and in the recirculat-
ing region in front of the front and back faces of the centered
obstacle. In this type of contaminant generation, air on the top
faces of the obstacles remains very clean.

The value of SVE3 (Figure 14f) is higher near the ceiling and
at the recirculating region in front of the front and back faces
of the obstacles.

COMPARISON OF CONTAMINANT DIFFUSION
FIELDS BY MEANS OF SVE1, 2, AND 3

Study Based on SVE1

The values of SVE1 for all cases and for all contaminant
generation points are given as the upper line in each space in
Table 4. SVE1 shows a larger value when the contaminant is
generated near the wall. It increases when the number of ob-
stacles is increased.
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(c) plan : near the top-face of obstacle

exhaust inlet

(d) plan ; near the floor

(Case 5 : three box-type obstacles are placed in contact with the walls and in center of the room)

Figure 13 Velocity vectors in Case 5
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Figure 14 Contaminant distributions in Case 5§ i 5

Study Based on SVE2

The values of SVEZ2 are tabulated as the lower line in each
space in Table 4. SVE2 shows a smaller value when the con-
taminant is generated near the wall. It increases as the source
point moves toward the center of the room. The value of SVE2
is not influenced as much by the position of the flow obstacle.

Study Based on SVE3

A high value for SVE3 appears near the ceiling for all cases.
When a recirculating flow forms around the obstacle, SVE3
becomes higher in that region. The supplied clean air takes
longer to reach these areas, so there is a much greater possibili-
ty that the air in this region will be contaminated.

CONCLUSIONS

The effects of various flow obstacles on the flow and diffusion

fields in a conventional-flow-type clean room have been analyz-
ed by means of numerical simulations. The results are as
follows:

1. The numerical simulation of flow and diffusion fields with
obstacles corresponds rather well to model experiments. The
velocity deviations between simulation values and observed
ones remain below 5% for almost the whole room space. The
contaminant concentration deviation ranges below 10% to 20%
for almost the whole space. ‘

2. The effect of the placement of an obstacle on the flow field
is usually confined within the space around the obstacle, but
the flow field within the “flow unit” in which the obstacle exists
is influenced greatly.

3. The placement of a flow obstacle makes the flow field
around it very complicated. Consequently, the process of ex-
hausting the contaminant becomes complicated, and the con-
centration of the contaminant in the recirculatlng flow region
usually becomes higher.

4, Even if the effect of the placement of an obstacle on the
velocity field seems to be small, the contaminant diffusion field
is often influenced greatly by the arrangement of a flow obstacle.

+ 9
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5. The placement of an apparatus should be selected with the
properties of the diffusion field in mind in order to take advan-_
tage of the flow structure of the conventional-flow-type clean :
room. 12

6. The table-type flow obstacle is generally superior to the
box-type flow obstacle from the viewpoint of ventllatzo
efficiency.

7. The SVEs are very useful measures for analyzing the dlf-
fusion field and also very strong tools for estimating the ventﬂ
tion efficiency.
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Cp = representative concentration for nondimer
sionalization defined by mean concentras
tion at exhaustopening » .= 5;
C,.C, C;, Cy = empirical constants in k-¢ turbulencg
E = empirical constant in log Iaw. 90 in ca

smooth wall
k = turbulence kinetic energy
) = length scale of turbulence
L, = representative length for nondlg'nqu-

sionalization defined by width of SUPi ppl
outlet (0.6 m; see Figure 1) . aold -

P = mean pressure »
Re = Reynolds number = U,L, /v 55
uvw = X, Y, Z components of mean veloc ﬂ'\

= fluctuating components of velocity ¥
= components of mean velocity ve 1
b

G




= representative velocity for nondimensionali-
zation defined by supply jet velocity (1.0 m/s;
see Figure 1)

= turbulence dissipation rate

von Karman constant, 0.4

fluid density

molecular kinematic viscosity

eddy kinematic viscosity

= turbulence Prandtl/Schmidt number of «, ¢,

8y C (see Table 2)
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