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2.3 COMIS & CFD 2t 0:ERGHE Y Biast

2.3.1 Introduction (COMIS & CFD (c >\ Tl {Hika 5 H)

Assuming that air is perfectly mixed within each zone of a building, multizone models can
simulate a whole building quickly with a simple description. However in the presence of large
spaces such as atriums, auditoriums etc, this well-mixing assumption is no longer true. In
addition, multizone models do not predict the airflow pattern in a room; therefore do not
capture interior effects due to thermal plumes, Jets from ventilation ducts, partitions and so
forth. These effects can significantly change the mixing of pollutants within a large space and
the transport of pollutants out of the space. Thus, the multizone assumption of instantaneous
perfect mixing can lead to:

1. O&er-prediction and under-prediction of the exposure of occupants in a large space
2. Over-prediction and under-prediction of the speed at which pollutants propagate from
a large space to the other rooms, and
3. Over-prediction and under-prediction of the amount of pollutants that enter adjoining
rooms.

On the other hand, Computational Fluid Dynamics has been proven to be able to give
detailed information of a given space. Although the use of CFD to model a whole building is
theoretically possible, it is time consuming and expensive to do because of the computational
resources involved. Instead of a whole building simulation, CFD has been limited historically
to a single room or a set of small rooms. In most cases, the boundary conditions of CFD are
unknown and it needs an experienced user.

The purpose of this research is to demonstrate how to overcome the limitations of both
models by combining them. This can be done by setting CFD to model a selected room in a
building where the uniform assumption of multizone model is not fulfilled and let the

multizone model handle the rest of the building and its surroundings.

2.3.2 Coupling of Multizone and CFD models

The basic idea of coupling multizone models with CFD is to apply CFD at a room or a set of
rooms where the well-mixing assumption is not satisfied and have the multizone model
handle the rest of the building and its surrounding. Figure 2.3.1 shows an illustration of a two
story building that the author shall use to illustrate the coupling process between multizone
and CFD. The building is composed of two rooms (A, B) and an atrium, with room B having a
partition wall. The atrium is supposed to not fulfill the well-mixing assumption of multizone
model because it is large and the temperature and contaminant concentrations may not be

uniform. Therefore, it will be used as the zone where CFD will be applied.
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SRR

Room B

Atrium

Figure 2.3.1 Example of a multizone building

(1) Multizone modeling of the building

To model the building with a multizone airflow model, each room of the building is replaced
with a node where the air properties (temperature, pressure etc...) are supposed to be uniform.
The effect of the outdoor environment such as the wind pressure on the building envelope is
also taken into account by representing it with a node at each facade of the building. Each

node is connected to another via a flow element. The flow elements can be doors, a crack, and
HVAC ducts.

i

R

Figure 2.3.2 Airflow network model of the building
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Figure 2.3.2 shows a airflow system of seven (7) nodes (P to P7). The outside node pressures
(P5, Ps, and P7) are supposed to be known; therefore the network is reduced to four (4)
variable-pressure zones (P1, to Ps). The multizone model treats these 4 unknown reference
pressures as independent variables. Any two zones may share zero, one, or more flow paths.

The net inter-zonal mass flow carried by these parallel paths is defined as:

m,_, = ;f;i, (2-3-1)

where index 1 extends over every element connecting zone i and j. If the zones share no flow
=0.

At steady state, mass conservation of the example building (Figure 2.3.2) requires:

elements then, m,_; =0. By definition it is considered thatm,

i, =0 (2-3-2)

Equation (2-3-2) means that the sum of the flows leaving zone 1 must be zero (where a positive
flow entering a zone counts as a negative flow leaving the zone).

Mass conservation applies to all zones, 1<i<7 in our example building. However, a
numerical solution demands only 4 equations in the 4 unknown pressures. Therefore the

multizone formulation defines residual equations only for the variable-pressure zones:

M=~

m;_, =b, 1<i<4 (2-3-3)
1

k

The solution scheme adjusts the reference pressures to set the vector b=0, so that the sum of
the flows leaving each variable-pressure zone is zero.

If Equation (2-3-3) is applied to zone 1 in our building example, it becomes:

Myt + Ay 3+ H_y T 1y, = b, (2-3-4)
If the zones share no flow paths m;j=0. By definition mii = 0. Therefore Equation (2-3-4)
becomes:

my_y +1y_s = b, (2-3-5)
The mass flow 1, , can usually be described by a non-linear relationship between the flow
rates, pressure or temperature difference across the path. The relationship is generally an
empirical function that can be found often in the literature . A very commonly used one is

an exponential in the following form:
/
i, =YCL (ap, Y (2:3-6)
!

where the index 1 extends over every element connecting zone i and j.(.‘,/f/. is the flow
coefficient of flow path 1; Ap;_; 1is the pressure difference between nodes i and j; n{_l 1s the

flow exponential coefficient of flow path 1.
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If we suppose that there is only one flow path between zones, Equation 2-3-5 can be written as

= _.( 1 .\) - (2 3 ‘)

The same method applies to the rest of the zones in the building. These sets of non-linear
equations which describe the network are solved numerically using a Newton-Raphson =y

algorithm with some modifications.

(2) CFD Modeling of the Selected Zone
__Since the above formulations are based on the perfect mixing assumption within the zones,
when refinements concerning the airflow patterns and contaminant dispersion are necessary

in some zones, CFD is applied to those zones. In our example the atrium is the zone where
CFD is applied.

Figure 2.3.3 CFD modeling of the selected zone

The CFD model also involves the mass conservation principle in the calculated domain. For
each cell in the CFD domain, to enforce mass conservation, in the SIMPLE algorithm 2% q
pressure correction equation is used. Consider the near-cell boundary P in Figure 2.3.3. The
cell P is surrounded by the cells W, E, S and N, they are considered to be its neighbors. The
lower case letters w, e, s, n are the cell faces running for west face, east face, south face and
north face.

The two-dimensional form of the pressure correction equation applied to the cell P is in this

form:
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The expression of the coefficients «,ua, ., ay . a,,das in Equation (2-3-3) can be found in >.
m,,m,, m; and m, arethe mass flow passing through face w, e, s, and n respectively. p'is

pressure correction.

At each iteration in the CFD calculation the pressure p of cells is updated by adding the
pressure correction to the guessed pressure p *:
p =‘p*+p’ (2-3-9)
however the boundary pressure p,, is not updated, it has to be glven as boundary conditions.

Equatlon (2-3-8) can then be rewritten as follow:

) 4 4 . - . .
app, +agprp +a,py +aypy +agps =m, —m, +m, —m, (2-3-10)

(3) Coupling CFD and Multizone models
The coupling of multizone with CFD is done by combining Equation (2-3-7) and Equation
(2-3-10) with:
Pio =pyand m_, =m, (2-3-11)
As in CFD, one cannot specify at the same time pressure and mass flow because they are
related; the two models can exchange either pressure or mass flow. The following scenario can
be imagined:
e Multizone gives pressure to CFD and CFD returns pressure to multizone.
e Multizone gives pressure to CFD and CFD returns mass flow
e Multizone gives mass flow and CFD returns pressure.
In all scenarios the multizone node representing the room where CFD is be applied
(the atrium in our example) is replaced then by new nodes that connect to the cell of the CFD
domain. An illustration is shown in Figure 2.3.4. The dotted arrows show the effect of the

CFD domain on the network model.
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Figure 2.3.4 Illustration of the coupling of CFD with multizone

The next section analyses through numerical experiment the response of the CFD domain
in the case of multizone model (COMIS in our study) giving pressures or mass flow rates, and

compares them to the results of a CFD-only simulation of the whole building.

2.3.3 Analysis of the Combined Program

The computational domain used in our investigation is 9 m long, 3 m wide and 3 m tall. The
room 1is divided in half by a wall with an opening in it. A two dimensional representation is
shown in Figure 2.3.5. A supply diffuser, located on the upper portion of the front wall of the
first room, supplies 0.214 m3/s to room 1. The air is freely split between the openings, some
going out through Outlet 1 and some transferred to room 2 via the opening. Air exits room 2
through a passive Outlet 2 located on the lower portion of the back wall. The same
configuration was used by Musser *'”, but in his study Outlet 1 was treated as a forced one.
This enabled him to fix the quantity of air going to room 2. In our study, there were no such
constraints. The quantity of air from the inlet diffuser was freely separated between outlet 1

and the opening in the partition.
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Figure 2.3.5 D configuration of the room geometry and boundary conditions

The size of the inlet is 0.168 m high and 3 m wide. Outlet 1 and Outlet 2 have the same
geometry Which is 0.48 m high and 3 m wide. The opening connecting room 1 and room 2 is 1
m wide. By varying its height, three scenarios were considered. The first is when the opening
1s the size is for a small opening h = 0.07 m, the second is for a moderate opening height (h =
0.63 m) and the last is the case where the opening is the size of an open doorway (1.8 m). In
each of the three scenarios, three steady state CFD simulations were conducted:

1) CFD-CFD : both room 1 and room 2 with CFD

2) CFD-COMIS pressure BC: CFD in room 1 using pressure boundary conditions from
COMIS

3) CFD-COMIS flow rate BC: CFD in room 1 using flow rate boundary conditions from
COMIS

These numerical simulations were performed in isothermal conditions with the standard
k-e model using the first order upwind scheme for the convection term and wall function
boundary conditions for the tangential velocity components near the walls. The number of
grids used in the CFD-CFD simulation is 72 x 32 x 32 and that of the CFD-COMIS
simulations 35 x 32 x 32. We decided on these grid configurations after studying the grid
‘dependénce solution and determining that there was no difference between these coarse grids
and the finest. In the CFD-CFD simulation, outflow (zero gradient) boundary conditions were
used at the outlets (Outlet 1 and Outlet 2). For the CFD-COMIS simulations, boundary
conditions for Outlet 1 and Outlet 2 were extracted from the results of the multizone model
COMIS which can be pressure or velocity (flow rate) boundary conditions. To evaluate the
impact of the multizone model boundary conditions on contaminant concentrations prediction
by CFD, a contaminant source of 1.10-7 kg/s was released at the centre of the floor of room 1.

In each calculation, velocity and concentration profiles were recorded at 3 poles in room 1.
The first pole located at x = 0.75 m is near Outlet 1, the second pole located at x = 2.25 m is at

the centre of room 1 and the last pole located at x = 3.75 m is near the opening connection
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room 1 to room 2. At each pole the velocity was recorded simultaneously at a height of z = 0.5

m,z=1mandatz=1.5m.

(1) Case 1: Small Opening

Figures 2.3.6 and 2.3.7 compare the velocity and the concentration profiles when the

opening connecting the rooms 1s 0.07 m.
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Figure. 2.3.6 Velocity profiles in case of h=0.07 m recorded at:
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(a) x=0.75, (b) x=2.25 and (c¢) x=3.75 m
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Figure 2.3.7 Concentration profiles in case of h=0.07 m recorded at:
(a) x=0.75, (b) x=2.25 and (¢) x=3.75 m
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(2) Case 2: Mean Opening
Figures 2.3.8 and 2.3.9 compare the velocity and the concentration profiles respectively

when the opening connecting the rooms is 0.63 m.
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Figure 2.3.8 Velocity profiles in case of h=0.63 m recorded at:
(a) x=0.75, (b) x=2.25 and (c¢) x=3.75m
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Figure 2.3.9 Concentration profiles in case of h=0.63 m recorded at:
(a) x=0.75, (b) x=2.25 and () x=3.75m
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(3) Case 3: Large Opening

Figures 2.3.10 and 2.3.11 compare the velocity and the concentration profiles respectively

when the opening connecting the rooms 1s 1.8 m.
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Figure 2.3.10 Velocity profiles in case of h=1.8 m recorded at:
(a) x=0.75, (b) x=2.25 and (c) x=3.75 m
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Figure 2.3.11 Concentration profiles in case of h=1.8 m recorded at:
(a) x=0.75, (b) x=2.25 and (c) x=3.75 m
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(4) Discussions

In the first case (case 1) where the height of the opening connecting the rooms is (0.07m),
the velocity profile predictions show the same trend, but the actual profiles of the
CFD-COMIS simulations differ from the CFD-CFD simulation. The reason is that the
boundary conditions of the CFD-COMIS simulations were constructed based on the results of
multizone model. However such data can be wrong in the sense that multizone models do not
predict airflow patterns. For example in this case, the multizone prediction that most of the
air flow goes through Outlet 1, instead of the opening between the rooms, is not the same as
the CFD-CFD prediction. We also see that the contaminant concentration prediction using
pressure boundary conditions more closely reflected the ideal situation of the CFD-CFD
simulation than the results of the mass flow rate boundary conditions. At an opening height of
0.63 m (case 2), the velocity profile predictions of the CFD-COMIS simulations show no
- significant difference whether pressure or velocity boundary conditions are used, and the
distribution of the flow rate between the openings almost match the CFD-CFD simulation.
The prediction of contaminant concentration profile reproduced the same trend as the
CFD-CFD calculation.

In the final scenario (case 3), when the height of the door is 1.8 m, we see that the velocity
profile predictions using flow rate boundary conditions show good agreement with the
CFD-CFD simulation at the three pole locations. Although the velocity profile predictions
using pressure boundary conditions did produce the same trend as the CFD-CFD simulations,
the difference is relatively large compared to when using flow rate boundary conditions. We
also see that the contaminant concentration prediction using mass flow rate boundary
conditions more closely reflected the ideal situation of the CFD-CFD simulation than the

results of the pressure boundary conditions.

2.3.4 Coupling Algorithm

To implement the coupling process in a coupled program, COMIS was selected as the
multizone program, and a zero-equation model of a CFD program. The coupling flowchart in
Figure2.3.12 is for a steady-state simulation. It indicates that the coupled program starts by
reading the COMIS project file; also it reads the coupling file in which the program will know
which zone is selected for the CFD simulation. Once the CFD zone identified, the coupled
program performs a whole building simulation with the multizone model. From that, airflow
boundary conditions are extracted and passed to CFD to simulate the selected zone where the
well-mixing assumption of multizone is believe to be not satisfied. Once the CFD simulation

for the selected zone finishes, the results are fed-back to COMIS. An iteration process
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happens between the two models until a converged solution is found. Contaminant
distribution can then be performed in the same way as the airflow coupling.
For a transient simulation, the same process can be applied by considering that at each

time-step a quasi-steady state is assuméd.

o]

y
Read COMIS project file |
Read coupling file J

y

L Identify CFD zone (s)

[ All zones by COMIS

Airflow boundgry conditions
y

(oo J—

Airflow boundgry conditions
y

No

Bulidnoo mojuny

Yes

Check Convergence

i DY |

y
— 1 Concentration
I CFD | boundary > COMIS

conditions

Figure2.3.12 Coupling scheme for steady-state airflow and contaminant transport.
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2.3.5 Experimental validation
Before fully applying the coupled program to more realistic cases, a validation is necessary.
For this experimental measurements were conducted in a test chamber at Tohoku Institute of

Technology. The chamber facility is shown in Figure 2.3.13

Qutlet C

Outlet B

A

2.30m

Figure 2.3.13 The chamber schematic

The geometry of the chamber is 4.85 m long, 4.31 m wide and 2.30 m high. It was rendered
into a multizone chamber by dividing it into three zones (zone A, zone B, and zone C) with
partition walls made with polystyrene. Zone A and Zone B are connected to Zone C by opening
AC and opening BC respectively. The supply air enters the chamber via an inlet located at the
ceiling of Zone C at a rate of 176 m3/h. 40% of the air leaves the chamber through an outlet
located at the ceiling of Zone C, 30% goes through the opening AC to zone C before to be
extracted through the outlet in zone A. The same quantity passes through opening BC to zone
B and leaves at the outlet in zone B. Tracer gas SFs was used to simulate a contaminant
source, which was located in zone C as shown in Figure 2.3.13. The geometry and location of

items in the chamber are given in Table 2.3.1.
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Table.2.3.1 Geometry and location of items in the chamber

ltems Length | Width Height Location
Ax[m] | Ayfm] | Az[m] | x[m] y [m] z[m]
Chamber 4.85 4.31 23 0 0 0
Room A 2.77 2.012 23 0 0 0
Room B 1.992 2.012 23 2.858 0 0
Room C 4.85 2.25 2.3 0 2.06 0
Opening AC 0.9 (-] 0.3 0.9 2,012 0
Opening BC 0.9 [-] 0.3 3.05 2.012 0
Inlet 0.12 0.12 [ 0.39 3.8 [-]
Outlet A 0.12 0.12 [-] 0.39 0.39 [-]
Outlet B 0.12 0.12 [-] 4.34 0.39 [-]
Outlet C 0.12 0.12 [-] 4.34 3.8 [

The spatial distribution of the SFs concentration was measured with a tracer gas sampler
and analyzer. Measurements were taken at 3 poles located in zone C with each pole having
five measuring points along its height. In zone A and zone B, the SFs concentration in each
zone was measured in one point located at the outlet of the corresponding zone. During all
measurements, the temperature inside the chamber was kept equal to the outdoor
temperature by using the air conditioner. The air conditioners are located outside the
chamber, and their role was to regulate the outdoor temperature according to the user’s

purpose. Figure 2.3.14 gives the location of the poles in the room.
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Zone C
@ ® e
Pole 1 Pole 2 Pole 3
(1.20m, 3.185 m) (240 m, 3.185 m) (240 m, 3.185 m)

® PoleB

Figure 2.3.14 Measurements locations in the plan view of the chamber

with the source location

To review, the idea behind coupling multizone and CFD is to model a room or set of rooms
where the well-mixing assumption of multizone is not valid, and to model the rest of the
building with a multizone model. The two models exchange boundary conditions at their
interface. In our case, zone C was selected as the zone where CFD will be applied, so SFs was
released in it. The boundary conditions of the CFD being given by the multizone model, in our
study COMIS was chosen as the multizone program.

Simulation of the chamber was done:
1 Using only the COMIS program
2 Using a coupled COMIS and CFD program with Zone C as the CFD zone and Zone A
and Zone B as COMIS zones
3  Using only CFD

The grid used for the only-CFD simulation of the full chamber was 50 x 40 x 20, while for
the coupled CFD-COMIS program; the CFD part for the zone C used 50 x 21 x 20 grids.
Steady state calculation was considered in both cases using upwind as the advection-diffusion
discretization scheme.

Figure 2.3.15 shows the comparison of the prediction of the coupled CFD-COMIS program,
a CFD-only, and a COMIS-only simulation with the results of the experiment at the three

poles in zone C.
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Figure 2.3.15 Concentration profiles at the poles in zone C

We see that the general trend of the experiment at the different poles is well reproduced by
the coupled program and by a full CFD of the chamber. The full COMIS simulation gives only
one value, which is represented by a vertical line in the graph of the different poles. The
agreement of the prediction of the coupled program is acceptable if we take into account the
fact the computational burden is reduce compared to a full CFD. The representation of each
room by the multizone model can lead to under-prediction of the concentration as shown at
the pole 1 and pole 2 in Figure 2.3.15. However, the result of the multizone model is better
than the full CFD and the coupled program as shown in pole 3 in the Figure 2.3.15.
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Figures 2.3.16 gives the concentration filled contour plot of the CFD-only program, the

coupled program and the multizone-only program.

Coupled Program Simulation Multizone-only Simulation

L____]

4.0 4.0

35 3.5
3.0 3.0

25 25

Y [m]
Y [m]

2.0 20

. 1.5 1.5
1.0 1.0

0.5 0.5

0.0 0.0

X[m] X [m]

CFD-only Simulation

Il o0
Il o5
Il 10
Il 15
Il 20
N 25

3.0
l 35
Bl 4.0

Y [m]

X [m]
Figure 2.3.16 concentration distributions at the floor of the chamber given

by the three programs [ppm]

Figure 2.3.16 shows that the coupled COMIS and CFD simulation can consider the non
uniform SFs concentration in Zone C. The difference of SFe concentrations between Zones A
and B was caused by the non-uniform SFs distribution in Zone C as illustrated in Figure
2.3.16 The coupled program can predicted correctly the SF6 concentrations, by predicting the
detailed SF6 distribution in Zone C.
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2.3.6 Application of the Coupled Program

We applied this method to an example case of Schaelin et al.”'", a schematic of which is

shown below in Figure 2.3.17

DeiarodAir \ exhaust pipe
@ exhaust fan

‘" i;:s; N R
2 »
[lj @ window door window @

] LW I ,

Wind Room 1 Room 2
a) b)

[ .

Figure 2.3.17 a) Example house with two rooms.
b) Sub-zonal network of the whole building.
(Adapted from Schaelin et al. >'", Figure 1)

Figure 2.3.18 shows the sketch of the living room and kitchen, showing two windows with
their infiltration areas, the kitchen cabinetry with exhaust, and a closed door with its

exfiltration area. On the right is an illustration of the number of cells in each direction used

by Schaelin et al. >'" for their CFD calculation.
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Exhaust HEEE Exfiltration or Infiltration

=7 Infiltration

Figure 2.3.18 Sketch of living room and kitchen (left)
and number of cells in each direction (right)

(Adapted from Schaelin et al. *'", Figure 3)

We used the same boundary conditions as in Case K4 with no wind of Schaelin et al. *'".
The kitchen ventilation was mechanically forced by an exhaust system above the cooking
plate running at 200m3/h. The cooking plates were assumed to have a convective heat transfer
of 500 W to the air. For the cooking process a unit contaminant source of 0.01 ml/s was
assumed. The outdoor temperature was 20°C while the temperature in room 2 was assumed
to be 22°C and adiabatic walls were supposed for the their CFD simulation. In their
simulation the door connecting room 1 and room 2 was not open. However, in order to apply

2.
% as the

our method to a large opening, for our study the door is open. Using COMIS
multizone network model, the calculated air infiltration rate through the windows and the
effective flow rate through the open door are both 100 m3/h. A zero-equation turbulence model
for indoor airflow simulation was used as the CFD model. To couple CFD and COMIS at the
open door, in the COMIS simulation, the door was described as a conjunction of parallel small
openings, properly located with the height corresponding to that of the cells in the CFD
domain, and with only a one-way flow allowed for each one. Each small opening was then
described by a crack flow equation taking into account the local pressure drop. The velocity of
the air flow at different heights was computed and then corrected in a way that satisfies the

mass conservation; meaning that the mass flow rate calculated with those velocities must

equal the effective flow rate through the door calculated by COMIS.
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Figure 2.3.19 gives the pressure differences at the door in relationship to its height. These
pressure differences were used to calculate the boundary velocities in the CFD simulation
using. Figure 2.3.20 shows the color filled of the temperature and the contaminant
concentration respectively at the planesr =9, while Figure 2.3.21 gives them at the plane x =
19. The positions of the planes, given in units of cells, are shown in Figure 2.3.18. Table 2.3.2
gives a comparison of the contaminant concentration of the multizone only simulation with
the coupled multizone-CFD simulation. In the coupled analysis, the contaminant
concentration in room 1 is a representative value taken at a height of 1.6 m while those of

room 2 and the exhaust are the average values at the door and the exhaust outlet respectively.
2.0 -
1.8 - )
1.6 -
1.4 L

1.2 4 ®

l.Ol *

[ ]
0.8

° 0.6 -
g 0.4 -

g 0.2 -

-6
T oo T — 1

»
.04 -0.02 0.00 0.02 0.04

Figure 2.3.19 Pressure difference in relationship to the door height

The pressure differences in relationship to the door height described in Figure 2.3.19
indicate the bi-directional flow which is characteristic behavior of large openings. Here
positive pressure differences mean that the flow is leaving the room, while negative pressure
differences mean that the flow is entering the room. The pressure difference profile is an
output of the multizone model and is used to calculate the boundary velocities at the door in
the CFD calculation.
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Figure 2.3.20 Color filled at y=9.for Temperature (° ©), and Concentration (ppm).
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Figure 2.3.21 Color filled at x=19.for Temperature (° C), and Concentration (ppm).

Table 2.3.2 Contaminant concentration in room 1, room 2 and exhaust

Room 1 Room 2 Exhaust
Multizone-only
analysis 0.18 ppm 0.15 ppm 0.18 ppm
Coupled
analysis 0.10 ppm 0.09 ppm 0.15 ppm
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The accuracy of the results of multizone calculations is restricted by the assumption of
homogeneously mixed conditions in each node. This condition is not fulfilled as shown by the
stratification of the temperature and the contaminant concentration in Figure 2.3.20 and
Figure 2.3.21. Therefore the use of multizone model to simulate the whole house would lead to
false prediction. Table 2.3.2 illustrates, compared to the coupled analysis, the over-prediction
of the multizone model used to calculate the whole house in this example case. The multizone
modei gives a single value for the space, while the coupled analysis gives different values for

different zones or nodes.

2.3.7 Conclusion

This research developed a scheme to couple a multizone model with a CFD model for
simulating contaminant transport in a building. When contaminant concentration is not
uniform in a zone, the CFD model can provide spatial distribution of the contaminant
concentration in the zone to the multizone model. The coupled simulation can lead to more
accurate results than the multizone model while the computing costs is one magnitude order
smaller than that of the CFD model when applied to the entire building. The coupled
multizone and CFD program was validated with experimental data obtained from a
three-zone environmental chamber. The agreement is reasonably good between the computed
results and measured data. This study confirms what is already known about the failure of
the well-mixing assumption of multizone models leading to over-prediction or
under-prediction of contaminant in a space. Previous works were limited to modeling one-way
orifice openings. The solution we propose in the outlined method shows its ability to model

both small openings and large openings with bidirectional flow and therefore is universal.
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AT D, Eio, MRS K DHREREISWT, BAEAT 2 O T2BRE 217 9.

2.5.2 REXG - £FASL L DILEYMEREEDRIE
(M FLsHIc

NI T D EWERAETII ST D0 | B EESRLIADFE R, FERG, R H,
BB - HEAL R E— e EOAE R bR TE RVRARTHS, £, TR DO
S DRANEWEICL Y, EFEEEZRIET 7 —AbME IR WD, ZOKRERDND,
B DI AETE RO E R A L RS ERICA L N LTE R TY,

AW CIE, ATEHSOEWERAE /AL, WHEDO VOC RAERELEFLVLAT LT E R
RERFHLMICTEHLOTHSD, -, BEOKRLVLAT AT & FREARELENRETHR >
CRA L, BREAFERREAEORLLAT AT REFRREZ THT2H0THD, Zhickb,
SEPNEEPRIAEB L, E- A ORNEEWEAFARAEREIET D IEBEE 4B b0 TH
B,

(2) VOCEAZEIZODWLWTOHAEHBE
(a) E£FAMDVOC HEE

IHETIC, EEOMEFEWERAEREZ EROICHL I LZAEHMLE R 251, TH 251
[l N

BE251 a5 e—8—0D—14|
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£2.51 £FRRKOVC R4S

1 ' VOCHKEE FESHT A N N
T ®ixA [ 1g/h-unit] EVOCH RS HEBEH. 14X, BIRE
ESAL—TA 51.1 FEEE—4— 800[W]
EXAL—TB 1001 CED Y )] EFRIMRE—S— 700[W]
53y oE—43—A 80.0°"| EtBMEE-EE A- PCEH—3X%A 640[W]
E&t +53y49E—4—B 2576 GC/MS:% PCEH—3X#4 650[W]
ERERA NOFE—B—A 119 [VoCH#im5]  [\oFoSoTRe—4— 800[W]
- N\ E—32—B 11.7% ethanol N\OF S 800[W]
BREER 220! acetone #8100(%] 20[wW]
BERasy 296™'] 2-poropanol E—2—a=vyhE8 300[W]x2
TIFIVR=G TL—v—A 1,08 dichloromethane
TLFYRZ= G TL——B 0.56™" methylethylketone
BERB|IALFIR=LITL—F—(g 2.42™"] ethylacetate
s MDZFL—¥—A 2 50%! hexane 0.15[W]
MDTL—¥—B 2.70%! chloroform 0.10[W]
BFLUUA 500%'|  1.2-dichloroethane F—J> 1200[W]
BEFLTB 657" 2,4-dimethylpentane F—T> 1280[W]
REMR BFLTC 1992%'l  1,1,1-trichloroethane A—7> 1360[W]
' 1RERHEA 1301 buthanol 38 1000[W]
1REz4B 236" benzene 3 1000[W]
TFHEA 3.82%! carbonetetachloride 0.45[W]
EFirEB 2.91% 1,2—dichloropropane 0.40[W]
R EFIFEC 6.82%'] bromodichloromethane 0.43[W]
Wl JAV = D7 30.8™'| trichloroethylene 60[wW]
Sk L—H—Fyo 4 270%'l  2,2,4-trimethylpentane
ATy T ) A 274 hepthane
a—KHTA 119 methylisobuthylketone 1000 X 560 x 470
a—rEHIB 38178 toluene 1000 x 560 x 1830
—fexE RYRL A (LB RAT)UH 538 | dibromonochloromethane 97 x195x 18
i IvbLA (D57 vh) 29.2 buthylacetate 95 x 190 X 16
NyR(EEIEH) 43.9 octane 1950 X 950 x 270
71‘—‘7:—{7]"5‘7'7 1158 tetrachloroethylene 1500 X 450 x 1700
EIACTED 3.57 ethylbenzene
Kig K-S 96.7 m,p—xylene
K5 (KR 3.54 styrene
KEBOKER R+ —ILES) 29.8 o—xylene
/XT-L\:\" yF 669 nonane VOCIZM LI+ LY
rippuse o EA 74 a—pinene VOGIZF LT A+X LY
xmikit &8 155 m,p—ethyltoluene
k4L FB U $h 1R 57 1,3,5-trimethylbenzene VOCIZMILTI +FI LY
EEEEEET 499 o—ethyltoluene AR
HE-FEEIB 4581 b—pinene Ak
HE-FEHIC 0.11] 1,2,4-trimethylbenzene 1=K
HE-FEFID 3.02 decane EYU—R GRIL LT ILTERRE)
HE-FEHIE 55.4 p—dichlorobenzene +1)— K
HE-FEERIF 349 | 1,2,3-trimethylbenzene +1)—
HER-FBBHIG 282 limonene BN
HEFE HE-FHEHH 56.972 nonanal BIK O+ ER)
#l T 0.82 Undecane ®IK
ZTDHh HEN 2.14 |1,2.4 5-tetramethylbenzene 1) =K
EIR 305 decanal +1)—k
HRL 49.2 dodecane IR VLT ILTFERRE)
7 2 FIM 109 tridecane =K
Bt R FIN 69.2 tetradecane ) —K+EHER
[ R EIO 108 pentadecane BRI GRILLTZILTERERE)
R P N.D. hexadecane FUR RILLTIILFERRE)
IRR-BRiE—FQ 4.00 BMEIRGEILLTIILTERERE)

IR ORER. X2 7 BELORLS
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(b) ZHERHIE

AR O A ZIHE LT = 8= 27 4 (58#5:0.02[m3], 0.065[m3], 1[m3], 4.98[m3])
EEL T, EREITo7-, WTHOERIIAWTE, Fx o —NEREESRMZIRE: (25~28)
+1[°Cl. FxHREE 50+ 1[%], #0134 - 0.50+0.01[1/h], SiidiE - 0.2~0.3[m/sHiZ il L 7=

(4 2.5.1, 55 2.5.2 &H),
: EREAREE
KEIRAMEF 2 >S5l st
BEE:28+1[°C]
g BHEE S0+ 1%
BFREIR:05+0.01[1/h]
MMI7 > 3. 0.2~0.3[m/s)
ARARE
Q Q
FEH 252 REBREHEE =]
FxN— (23[m*]) C v\~ P, BERARE
-
Air exhaust
v

2.5.1 EBREEBEO—H (Fxo/\—%F:5[m])

() LFYMERESDHEH
1) EEREICET2EHE
F = N —NDTEF RS Css 2 (2-5-1)ITRA L, 1 |G 72 0 oAb % 4L i M[pg/h - unit]

(2-5-1)

EEH L,
M=Q(C — C”)
ZIT QF = KR mh), C:F = =N R E E H R [ug/m®], C,:F =

IN— RS ZE R TP O X G Y E I [ng/m’ & T 5,

2) EEBKREICHITAERE

RAPRAE RN BN —E T, F = U " —NOEFRENSG LRSS ICIE., kt(2-5-2) %

M, 18/.&EH720 O voC A/ M [ug/h-unit] Z5H L7-,
(2-5-2)

. " (nta)t
poR(n+a)C—Cpe )—Qc,
L' =e=(n-=ra)t ‘

ZIT, RF = A—5HMm’]. nTF = U8R A /], wF = o N E[1/h], C:F =
NN RIGRW I E [ng/m’), C, :F = 2 S — P R75 L B oI e [ng/m], Q:F = o /3—
WK Em/h), C, T = v R — {28 R P Ok G5 Y i [pg/m]. R & T 5,

78




F2F REABRMEICEIAFAFMAEZLE I L— 3 Y- LORE

(3) VOC HAEEDHER
(a) ®WSRHDVOC HLEE

BB VOC B4 1% 2.5.2 (2537,

1) HRFEFRZOMD VOC HEE -

B, BiSL, F &2 M E L2850 VOC 24 8 1E 0~305[pg/h- unit) OFEIHIZ &~ 7=, 5 H
TIIRRBRGERIRMAKE BIZIE, a0 pERY) 2BLWMBLH I, =8 ) —LE2FET S
AT AT

2) —MEREDVOC LS

MR H.D VOC 5 fel T 29.2~38178[ug/h- unit) DFEFAIZ 5 ) | FEIEIE 6678[ng/h] & K & 72l
R LT, SRR (38178[pg/h-unit]) %R L7ZFHEIZa— I B THEMN, =4 ) —LD
RAERDK 0[%] 2 EHTNWD, Zhut, FARBICBRAEINET 7 VLT LY s L RiIER
BEIORETH D,

EE A D VOC 4= ik
(b) £FRAMDOVOCHKEEFK2.5.312FRT,

ARG A R (11.7~2576[pg/h-unit]) . FERS (236~1992[pg/h-unit]) (235 T Hikiyk
ERBARINIRINT, £, FERSITR O TIEEBAMSHIC X 5 VOC Je4 SR H (L 575
[:DihlZD :'-I‘))o

100000 n=2
Py HKfE
e ® ri
2 - s : Bl
= n=2 ;nz =1 } =
= 1000 ‘o = e n=1 n=1 ‘e ® "2 e
2 B L : - T
2 15 = n=1
— 100 i =-@ n=1 n=1 n=1 sl n—‘ * iz ! o ? = *
i ® .
=3 n=
o s ® = .
o 1 ® -
£ i
0.1 N A T T EE S BN ® D T
| & & w & + F D ggndgysEresee EEEEEER
200 P T N R R B S A I I IR I N T - A - - - - S
S EERRE eSO YIRRErESESE g &
e > n® ® XN g [» 8" XRZTE>E oy R d X
n g N = Sl RS F Mg REEx ST 2
p 2 i S8 IRy B g
i 2 ok K #
i b R’ 14 E
2 2 9
> X "
>

2.5.2 HEHDVOC HE=
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100000 - n=2 —
— FiE
~*§ 10000 = n=8 _n=5 o ~ im\ﬁg
£ 1000 g =3 e =4 n=16
g ! ’ £ e . n=4 . —
w100 ; L

=5 T -

$ i0-+ =F & ®

3 . [ .

> | -

e amamames ; e

mj e e e AN mj i e s
e £ . " A i K ® Ka
1Y & o e A =& A iR
W Him I b I il oK
i B s
K m
[

(4253 £FAMDVOC HEE

4) RIVLTFILTE FREZEICDODVTOMRERHE
(a) £EFAKDKRILLTILTE FREEE
ATER SR OBERE L EBRIIZRD bRV LT LT e RRERO—EA2 K 252 IZ7R-7, REB.
REAERFZE 220N 384T 2 RIBE S LIS A B M I [ml/kg)i AT Tkg 2472 0 OFRA R TR L TV 5,
AlallE, AR OK—(bE K570, KkX(2-5-3)& VTR 25[°ClII 1T D HLIRERH] 2
7= OFEAE Mug/hIZHREL L 7=,

M=M, x%x1228 (2-5-3)

I T, QBRI [keal/h], KoATIFE BN RAT I8 AL BT 10500[keal/kg]), MiAs/L AT
T e R pg/hl & T 5,
(b) LEYVEREEDHEH
1) EEREICETHELE
F = RO EFBEPE Css Z2202-5-DICA L, 1 8E Y 72 0 oAb E 584 i M ug/h- unit]

M=Q(C,— C,) (Rifi, 2-5-1)

I T QF =R mYh], C i F = S — N RIGR L E W R [pg/m’], C T =
PR— AR 2SR P O X G5 Y B [ng/m’ & T D
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2) EEBREIZBITAERE
AR BAVLE—E T, T = VN NOEFRIENG O WG i, ka(2-5-2) &
AT, 18®&EH7- 00 VOC A M [pg/h-unit] Z5HH L7,

R(n +a)(C—Ce ™'Y
1l—e—(n+a)t

M=

—QC, (ith, 2-5-2)
T, ReF = A=K HE MY T = o SRR 1/R] 0T = 23— WA I/h), CF

NP RIE R E I [ng/m’]. C,F = v S—INRRIG YR YIIR E pg/m™), Q:F = v/ —
i mh), C,:F = v N — 87 O GG R R E ng/m®]. IR & 37D,

#£252 £FRAKORILLTILTE FEERS

(ERE — BRER %Es[gg BESE [REBRN RAis TAR R
BRAN—TA 78.7° AEEE—42— 800[W]
BRAN—TB 260" BhR RE—2— 700[W]
B 252y IE—8—A 1.61% PCEH—32R% 640[W]
H{%% +53voE—4—B 205™" PCEH—IX% 650[W]
8 NAOF I E—E—A 398% NOY ST E—S8— 800[W]
NOFE—45—B 64.3%' NOFE 800[W]
ERBER 5.46™" #8100[%] 20[W]
ESa5Y(E—5—Eh) 18.6™ E—F—3=vh# 300[W]x2
RE XA BAR—JA 9862 FEE 2300Kcal/h
REt= A HAN—TB 1709%* HEE 2300Kcal/h
RmXABRAF—TC 16978 B2 5270Kcal/h
5] i HHRARBAR—TD 55242 ZEE 4200Kcal/h
PRIFESR AmJrbE—4—E 230762 B 2750Kcal/h
= BBI7F E—53—F 289397 (14243 )i i) [FERLE 2580Kcal/h
ABI7E—8—G 83117 EaiEE-5 |RBE 2580Kcal/h
Ri#HI7E—8—H 216977| i -BE [RHE 2700Kcal/h
HRI7E—5—I 46007 BHEIOT T 88 2840Kcal/h
2—FETA 53.8 | 77(HPLC)A [7000 x 560 x 470
J—h$#EB 360 1000 % 560 x 1830
_ﬂgggf%l/z(#bapxjuwj 92.1 97x195% 18
' RYRL A (TS5TYR) N.D. 95X 190 X 16
Nk (E8EH) 20.0 1950 X 950 x 270
F—TAASD 286 1500 X 450 X 1700
LA 0
7 1S .
faxifag xmEib A8 26.0
ML AR AR $A 4R 54.8
FE -3 0.22 T)—IK
HR-FEHIF 0.52 1) —K
HRF HE-FBEIG 0.14 BAR
&l SHR-FEHIH 0.29%° B o7+ EHRR)
HRJ N.D. 't"J—JUQ
JHEK 0.22 1) —iK

X1 Bn P DRER. X2 ARERORER. X3 T7 o BBFORE
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b
b
i

(c) RILLATILTE FBREDRE - HiTHss

1) HHEE L MRS

« DNPH 1 — kU v ¢ (Waters 194, Sep-pak Xposure sampler)
CTEWR AR T GRIARE RS - Model:MP-Z30H i)

- BT (A T4 Model:DC-1A #!)

2) DR

CEERIN 7 = N7 7 (LA Model: L-7000 2 U — X)

(6) ERERYMERE TR
“mmgnt@%@uﬂaamwb7w$tP%%i%&ﬁ@&muﬁAt\%m$»b7w?
b RO T 24T 5 72, TS A4 n e 0.5[ 1/h], 42 40RE R:23.8[m’], WLAT8E a:0[m/h]
L L7,

C = M+nRC,

Y nR+aA

T IT. Css i RLT LT B REWEE [ug/m’]. M : AL AT LT b R4 Bug/h), aikL A7
LT REEEE MM, R ERMEMY], CO : AKARA LT AT E Rl ug/m’], A BV LT
LT e RS ERIMmY E T D,

(2-5-4)

6) RILLFILTE RREBOHFER

FHREAOR NV LT NT v RIEARIZOWNT, B, TN, foMiZ 4 2.5.4 (2774,

BEL T, #+~400[ug/h LA FORA A ok Lo RS2 b BHBCRIR eSS s R & 7 8 4E =
LT,

BREACHBFIHRANI—HH DT -HRKMOBEETH D, AR O LRTTOEK
KEFBEBEDOR /L LT AT b R/ERITEIMIKRE D,

98 B3R AETE R E N ENICHEB S D BARITS . FEMgs 7 & B A S AL 5 mITEME D v, 3
HiICHWT, L& r~vwy hLA bh=y LA, BEM~NY Ko 3 20T, BILLT
VT RRAERZRD N, BABICKEIEVNHRON, INAIZ, DI~y ML RFEERIT
Olug/h)ToH -7,

REBMMPEH SN TWBHRLL T, KEARBALT AT b RRAEREZ ST HINA WL SN Th8,
Z OWIRNEAMICE T ST B & EHT NS 2 o L b D,
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% 2 ﬁ n1n+5§[;h£| }DH’é;ﬂ”n;{ﬁﬁ/ft / =1 l/ / 3 / J_)lla)*ﬁnT

100000

n=g 14 PN
10000 f F1iE
n=6_

&/IME

1000

n
100 i

- 5
il
N
|.|3
[ J
3
q
n
—eH
3
® T
N
i
®
3
® 7
N
3
Tl
n

FRILLTILTERHEE [ ue/h]

n=1
n=1 @ ®
10
1 n
0.1

a—h T
NykL R
AELHES

BEREEN
BESasY

BEREAN—T
TSIy —4—
NoFveE—4—
REXEHAN—T
R FRRAN—T
BRI E—8—
NyR (ZEHRM)
F—F4AS5vY
AT LXYFY
MU B AR SR
HE-FEHR (req4 L

2.5.4 EBEFASKRIVLTILTE FRESE

() BEARLLTZILTE FORETFHR
FERIIZ KD H a7 Hdd éé*—tzqmﬁ’ﬂéé»(z)xk AR L CEWNIRE Tl & (T o7z, &R
FENIRE TRNE %X 2.5.5~2.5.8 (2777, B ZI1E, 6 BRIDIEEICKS AR F—70 M), K%
B4 k), RS ER( #RIK) 4R E Ltfz%/r}m%icé%mfv\w%r“cﬂ% WA LI(F253
2 ),
(a) BRABEERE
R[AER#EOENFL LT AT & MY TIE, 0.37~15.8[ppbl & FLEHIEHIRIE & 72 -
e, WiC K> TRERENRR BN,
(b) BAMEMRGBERE
B R BE RS B DN L LT LT b l\/%r“ 1. 92. 2~1579[ppb]a> G TH 0 A TE
DENFRBEEFREHA) Lo U, R TR 20 5o @i E & 7r o7z,
(c) —f&RE
RFEHOFENAL LT LT e RREPINE. 1.37~19.6lppbl& 720 A—F 147 v 7 4E
W TG R & 72l s &7,
ET T
VAT LF v F 0 Wil e, b LGN Ze & O ias B = ORE A TRIL 72, =
WNIR/L LT VT B RIRE PHIfEIE,. 1.78~16.1{ppbl & Z2~ 7, Flo, VAT LF v F o OR/AER
MR E L AER AR R B TR 16lppbl v AT LT e FRIE ESANET D,
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%253 ENERETAENSROE-ERGNERNRILLTILTE FERIZHFST HEE

7 fn B R XA HAN—T —RBRE AR & Al
=AEFME BRI G[%] 69.0 — 310 0.01
XA RERE IR RBARN—DDOREEAN —F/NSVILOZEHELT=.

20.0
15.8
R (1
Q.
=
@
=
w100
1
14
Y
i 5.0
00 ’//// ' - ‘
BRAN—T w3539 ATy
E—4— E—42—
M255 BRXEEEAREOZAANLATLTE FRETH
2000
S 1500
=
1ol
=
M- 1000
1
8K
iy
fi 500

RERBEHRN—T  HAAXBEBAN—T  BEATIrE—4—

2.5.6 BEBEZBEBOENKRILLTILTE FRETFAIE
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ERNRE T A& [ppb]

ERNIRE T AE [ppb]

20.0

15.0

10.0

5.0

0.0

20.0

15.0

10.0

5.0

0.0

>

I—higt TyhL R SACZ =) F—FAA S

2.5.7 —MRREFREDERNRILLTZIILTE FRETFRIE

v

SRFLFIFL SELES ML FUR S

2.5.8 FRMBHREDERNRILLTILT E NRETFBRIE
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F2E BHBBICHUIBAMFEAELZTaAL—D a3 Y- ILORE

2.5.3 ERNLEYEREDOFAELBRICE HFLEEHIE
(M LI
(a) BRILFEYEREFTHXEAVEEAEOMNRICET TR

ﬁﬁﬁ“%f&) HALSFIET ORI ST =0 | B L S XY BEFRIC LS T
BT HIAEN D FREM M HEE CEARVRANTH D, - )T 28505 G Ran 235 M Be
Pz 0 . FOREMPIREMERICHISR A FE L T D

T DITENBE A L L TS 72012, *If”)'éf{('@flc VR e & 2SS e R A
DAL PR EMEREO KA W] H s L T&E 7, (X 2.5.9 )

ARAIFE TIREE P PAD PR T % 0 & 5 (LA & SLKIIZ s L S OBk o s
TCENE %EﬁerszérM$¢®ﬁ%%wo@®f&ao

Tt BN FWERIE ORI D720 :\nﬁmT%aﬁﬁﬁ@@M%mwtmﬁ&d%
1TV, QEMEBI LW E IR EMEREO W T & 2B RHSRA RN Z EAT 5, 61T 3)T Ol
DHEPEFEMEREDO TR EITO LD TH D,

R L LT, EEONELANS DB P ERE A D 2 LN TE, DL WE IS 518
A%ﬁ%@%%%iﬁ?é Ef. ZHICE Y RO OFF R R, & HZEATEY

RS R D R A FYEIREMREZRE TE LR FNERNG LN LD TH S,
w)Eﬁ%@l—Jhﬁ%mm/xTAwtwA7»Tthﬁ£E EDERAELEREBEDIREICH

ERAY A

&w@ RILHEIEOREITIC L0 il 8B HAE U7z 24 TSl yx%Amm\aiﬁrmmaﬁ&

s, R =y MR Y AT AFRIBEOMR X 25 2 L3 T& W R BRI
— I, BRI = I\ODﬁft'ﬁﬁﬁWﬁﬁ‘(Z X, 7278 A(One-pass)iiZ L W {riiL s, lllJﬁK%ﬁYkéi
MWHOZEEI G = v FTERE LS WBEIZE, dbl2rkReii iz tr > 2 & T& 5, LaL,

BRIV BRI bl U /NS e 7 R Lo xt U Tk, dfli EoRRZEFIPH A K & < 7Zp 0 M H K
MAFE->TWA,

M F2l @ RO T 0 P2 N [y oy 7y ZRMHERT O ZRSE, FEANZEK
TEEHEOMERERBRYE & LT, T # IR EERE MR Y 242 L TV B 28, [WRBRIIE T = v 3—
EHAEFRAEEEN NS Lok, TR BRIEOIERER 24 > T D,

2T, DEREBSORBRIEE KT AT L% menzyhmﬂM’ﬁmLFiﬁmW
FAERERABR) & [0 oA BR L) 18 X D PEREIHI A [AIRECAT O 2 &N TE L8 L allRik O fe:
AT )lakBRIE A DT BRSO RV LT AT B RERIVEEEZIALNZT 55D TH S,

(c) RBEARERFE LI Y MITBRR A TLOILEYMEREMREICET SHE

TERIEIRR ZE RIE = v MEARBEA L AT JMIE T X OB SO L E ORISR,
EE-TEY | FHEREHEH OB RERRE 7 « V2 OREMERER MEXEERETH L, £ 2T,
OB TIIH ABREDROKRE PR 7 4 VA OBEEZITV, B 7 4L Z 2858 LTZRR A
T LOALEMERRENERE & ENLFE ORBIEAZ B ST 2 F 2R E T 5,
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®A BEAEERA X0 ABSBAR) FRIX M JORLLTILTERERERVERELELT,
XnlZIRBAOYEERT, KnlZEBRAROBETY,
(QZBRRERORLLTILTERREED—H ORERAZEREFEOBRILLTILTERRE S
100
Max
— }Ave
‘E 10 Min 542
E
8 1.84
£
B0y
= Loos
0.01

MEAMO2~03 [mislIZH 2R EAMUYOBRIRLEE
HnlgRBREDOBERT,

(CHEFRBEM DFRILLT LT ERBREMEEE

259 RERRERBEEIFENREUMODIREMAED—F) 720~22). 239, 239, 223D
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E2F REHBEICETAIRAFEAEE I aL—2 a3 Y—)LORE

(2) ZNLEYVEREFAXZAVERAROHRICET HHEK
(a) ZERLEMEREDHEAL
FERNIZBIT DAL FWE OFR AR & BREEE £ X 2.5.10 (2”7,

E#HlM
AIEEHE R B2 B
(ZRMDBAERS) (£§§§ﬁ§%
&L B2
(ERt8 A5 8 FYR) 0., MEEE M
(REmS), fn g
Qa/ AR M
1M g (ﬁx"’.kam‘fmw
M
Bl & BARR—R
(F LE &) el
T
F=T N
0., ‘[
q M M
gﬁ/ﬁ’$*& (Za—=Noi7H RBHESE)
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Cp.saf 2FIW 55272 g5/, 2F/C <B61
552>
Zoned ] - {} H Zone3
J@Dszsz%‘—-
v
:@b IF/W IFEFC <8315
Zone2 Zongl
BT |mvh)

[ 3-2-22 #REFHEHER (Casel)

F. F32:-17 TEHEONFENTERIEAEHR LT, ER 1 OE HFEAUIRA L, EFo%E
TR R LT M A LT O 3-2-23 (271, X 3-2-23 OFEFRITK 3-2-22 DOFER & L <&t

e L7,

i3 7
R J@Qﬁ] 2F/W @:i/ 2F/E . 2F/C ﬁ}-'-’
240 - 1 B34
7 one 0.05 0.13 W 5531
Zoned ﬁl'ﬂj 0.1 XK 'l‘i l7,one3
i) o d
Boj& bojr) 0.08 .
g3 04 6.4 St
ﬂ 1F/W IF/E 1F/C L]_
P69 55 68 <=6 9
55, 3> -
Zone2 Zonel
BAT : [mvh)

3-2-23 &V—UVRELBHENORO-EMBTREFFHR (Casel)
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(c) EBRBRLAEHBROLLE:

K321 IZEBRTHONTHNRE O R A, £ 3-2-19 12 COMIS DG TH L RN
REDKRERT, FBREFEMAREHRT 5 & RO PMCH OBEFEMMEV, AT, WSS
WEEEEZ OND, 2FEY, MEILBEREL EX D L ERPORELL Y TS5 —NOH R
DIREFZET M —HF—TAPNRET DO, OFT DL I T H ANRWAS D & FDH 2R
Y7 T =OREUCHE Y VO TENA A (PMCH) ZIZ LW 72, BELICKLK D E ) Tk
BEZBND, Ho 7T LI N ZOBE B E | FAREIR T 00T < RD T,
HABEEENSLSTIHIVERSHDEEZ LND, £, HFE R° HFB O & Hels 4 % & #H B
RICHANTERGERCTIL Y~ BOREZEMNMENZ EXAD0 D, ZHITEB O 2% 88O F M
RETERZ L, HRBKOTDH AN £ EA~H SRR o712 LR ENBEZ BRD,

BEDZ L LD, SEOEREEE 2 -&ERE LT, OV FI—ORBERAEZEX T, M
BEEZVRTDH L QBERBR TIEARL | BRMERNLRE LE BB ESS AT LAD%
HCEBRETSZ L, OEMT7 7 OREE/NE LTEREITIZENEZOND,

& 3-2-18 EEREHEBR

YIS RERE (mg/m’)
Zone |BIF{uE|[ PMCH [HFE-7200] HFB OFT
1 1F/E+C 0.68 0.73 0.56 0.45
2 1F/W 0.66 0.78 0.53 0.41
3 2F/E+C 0.63 0.64 0.56 0.42
4 2F/W 0.63 0.65 0.57 0.53

#3-2-19 COMIS DEtHE#EE

= R E 91 (mg/m”°)
Zone |AlE{si{E| PMCH [HFE-7200 HFB OFT
1 1F/E+C 1.10 0.84 0.59 0.37
2 1F/W 1.05 1.02 0.56 0.35
3 2F/E+C 1.00 0.76 0.69 0.43
4 2F/W 0.96 0.73 0.66 0.52
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(3) BBk H5BERDES

LLEDM#S A L2 COMIS ZJHNT, ZNFRO Y — 2B D b L —H— T 2OENRE
AR L, HERICGEYVZRERFUEOERELZIT), T ERITRERIBEK S AT LIOWNTO
Rt &ATV, RISH ADEHEIE DWW TORRIZTT 9,

(a) MR LA T LD

& 3-2-20, X 3-224 [CHERE BT H 0 OFE 7 — R &5, Casel 13 115 3.2.4QQ)f1 Tit
B ERE RSO E Y — A TH D, Case2, 3 1% Casel DFEAT — X L0 #HR 7 (RERM 7
7 DORBEALER LIy —AREILIL > T D, Case2 « 3TN LEL TWDHZ L L 4
HBORREMIC L > THRKESEB LRV EZ2FEL TR I MR E L, HERATE 1 2

DOVEHR L[ LT B3, Case2 TIHAXIBEATZ 1 - 2 BEORERE, Case3 T2 2=
BWTIT-72 (PFTED F—F—OFFEMESER LT V), o, M7 7 woEELEEFO
BEOLGRRE L LT,

*& 3-2-20 BEBBRIHHES—R

3= Y E =
Case |@EHR|  #% pm  |Zpo7] BRES .
1 BARR] 1 EOBEOERBRROZHEK | 552 - EREEEZER
) | mig | 2ERBESD [12BEBEST[ oy |REEE—EITELD. &
. 1-2 BELY [1-2 HEKL Case2lZMZT. 2EHR
o Ty B S 209 251 |y
AW I_—_l AE AW |:] AE
iy P = Sy =
W z 2¢ 2E W 2¢ 2F
= q’_@’- =) @‘-
£ =
s . ~ - <

(a) Case2 (RTHMHST. BATHEREEER) (b) Case3. 4. 5
(EETHRHK. ATHEEER)

3224 BRRBHIHEY —2
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BI3E BI%k- BEERICSTIEERIOL-OORSITEORE

1) Case2 (REETHHKES. BHE THEES) HEREE

X 3-2-25 (ZHASBEEH R OO A . K 3-2-21 12 b L—H— 1 R O HOeR: & S P9 1 S 0 5
275, PFT I TITH AR OR T 28 CHIE 21T 5 2 EREE Lo, 5 1 iRk
AT L& LTz, Casel &Y — OH AP RIS D & REFEIT Casel O 1/3 FLEETH Y |
B — U DOREEL RE WSS o7,

£3-2-21 HEI—CDPL—Y—HRABEFEHE (Case2)

ENEETHIE (mg/m’)

Zone |BIFE{IfE| PMCH [HFE-7200] HFB OFT
1 1F/E+C 0.36 0.14 0.08 0.03
2 1F/W 0.18 0.38 0.04 0.01
3 | 2F/E+C 0.14 0.06 0.21 0.07
4 2F/W 0.07 0.03 0.11 0.18

KELRIZ L Bon - REINTEAROE
| - y
=20.965>  2F/W Ro93-=> 20/E 2F/IC <G00
<2091
Zoned [ } 4} Zone3
{zo.gin%M—-
v
chool>
093> 1w <piag P IFC <p20%
Zone2 Zonel
B4 [mv/h]

B4 3-2-25 MREBFEHERE (Case?)

2) Cased (EETHMKT. BNETHENS) HERR

(X 3-2-26 (ARG DR R A | £ 322212 b L —H—H RO ME R & BN FHE O T
2T, Case2 TIZHEE DO HIHEMAR L E L T2, PFT 10> R—F — 0% i @ A L=
T EWVSEHAG Case3 TIXEE THMA K LT o7, Case2 & [AlfE. # XILEEIT Casel D 173
THY, FY = OREEBRKE VN, PFT 0D F—HF —OF% BT &R L2300 &5 8k
LA Case3 DG AT AN Y THD L £ 5,

F+3-2-22 FIJ—CDL—Y—HREEHELHER (Casel)
EREETHE (mg/m’)

No. |f#{u®E[ PMCH |HFE-7200] HFB OFT
1 1F/E+C 0.48 0.19 0.14 0.05
2 1E/W 0.24 0.40 0.07 0.02
3 2F/E+C 0.24 0.09 0.29 0.10
4 2F/W 0.12 0.05 0.15 0.19
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E3E MLk BERICETIMEREDO-OOBGUELEDR

MEBEICL Y B ORI REA RO

poog> 2w TPOTET opk opc g
- <2091
Zone4 H A
{20_91}{201“191}—7%3—-
i
qﬁﬁ>
20.95 : A JE FIC 12.73
120,95 W _pigy PR TP <H12.73
Zone2 Zonel
B3 nv/h)

K 3-2-26 BMR=EFTHEIER (Casel)

(b) HRMEEDIEET

FERTEH &N Case3 DG S AT MMIBWT, HABMBEIZOWTOMETE1TH, Case3-a
1T b L—H— 0 A O R A RilE O FEERE A H L, Case3-b (L0 A% Case3-a O 172,
Case3-c [Tkt 4 Case3-a D 1/4 & Uiz, #3223 IZERE LT b L—V— T AR L HED b
L—t— 1 AR OGRS S A 59, Case3-a iX PMCH, HFE O£ A Ly, #WilZ Case3-c I
BERMIZRIENK T E, o 77— EBRALLT (0.02[nglBh F) IZRDWEENH D, Lo
T Case3-b DEEFD 12 DMBENBY THDL EEZ D,

£ 3-2-23 HAMMEBLEEDFL—Y—HAREHERR
(a) Case3-a (HRAMBIE : RIRIOEERIEZER)

emission rate (mg/hr) EREE F B (mg/m°) =B
BERE| PMCH [HFE-72000 HFB OFT PMCH [HFE-7200] HFB OFT (ms)
1F/E+C 16.11 0.48 0.19 0.14 0.05 47.00
1F/W 12.92 0.24 0.40 0.07 0.02 32.18
2F/E+C 9.49 0.24 0.09 0.29 0.10 51.00
2F/W 6.21 0.12 0.05 0.15 0.19 34.32

(b) Cased-b (HRAMMEE : RIEIDRERIED 1/2)

emission rate (mg/hr) ERBE LB (mg/m”) EBR
Bt E | PMCH |HFE-7200] HFB OFT | PMCH [HFE-7200] HFB oFT | (m%
1F/E+C 8.06 0.24 0.10 0.07 0.02 47.00
1F/W 6.46 0.12 0.20 0.03 0.01 32.18
2F/E+C 475 0.12 0.05 0.15 0.05 51.00
2F/W 3.11 0.06 0.02 0.07 0.10 34.32

(c) Case3-¢c (HARMEIE : HIRIOZEERIED 1/4)

emission rate (mg/hr) ERRETHE (mg/m°) EBR
BIERE | PMCH |HFE-7200] HFB OFT | PMCH |HFE-7200] HFB OFT (m®)
1F/E+C 4.03 0.12 0.05 0.03 0.01 47.00
1F/W 3.23 0.06 0.10 0.02 0.01 32.18
2F/E+C 2.37 0.06 0.02 0.07 0.02 51.00
2F/W 1.55 0.03 0.01 0.04 0.05 34.32
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(c) £&&

PFT {EOFEBRFHEIZ DV THIEF R ATV, Al fiRis 27 A L H A EIZ OV TR
L7z, R AT AOKRFHI DV T, Case2, 3 TIHHEAIAE OR R FM£2Z T2 < #AME
IBEE LT 1 R S AT DS DOWEMREH AT o 7o, f3liBlo0 FBR L~ T, il Case (T k&
BLEL, &Y —VOREMRNT ERY — UM TOREAENT-E ) LR LN, PFT {EO R
— P —OREABE PP LTV E W I BLE O AENL Case3 DM AT LSS THDH L&
ATzo HAMBEDRFHI DWW TIBEGFO T A E TI3E TRENES W Z & BEFD 114 Ok
AR TIIRENMET X, Y77 —0EEBRALLT (0.02[uglbh F) 122D lfetEndh 5 = L n
b, ABENIBEFD 12 OBEEN @Y Tl EE x T,

3.4 AFEEED FL—Y—HRERLV: PFT ABEE

(1) REROBM

3.2.3 BiDFEER & kR, BTERIEZ A TR L O R 2 Il LKL EY | PFTIAT
WE L-ZEMOBREL 7 7V THIBILZBREAELZ R L, ZORBELZHEID D,

(2) REABE

(a) MIEDREAZHEX -RER

Y7 T —OFERREBEL T, EHTLF—F—2%2 1 Y= LT 2 ADD | AN
U, BEEEDETD B2380)—0) TRED.
FARR T O AMEIRNEE Lo | MR A S 2T & (RRHBR. R
DEMTEREZITY (323 HiB)—(THED.,

BT 7 L ORBAEERICH LTRKETEDLD, A54 5 v 7 2 ERLTEMT7 7 >0
BEBEMZ D (323 #i(3) (@ TH).
P —ZBELT 1 ABNTOOH S 7T 2B D (ENOHARE - F—F 0K
BENLETH-D), £, Yo7 T —13 1 @i 2 KTo%mET 5,

TI2T AT TV T #IT,

(b) RERRR

ATE] 0> 28R & [k, HALKFNIZ T DN RERM W Th s 32282 —() BH),

KU PEREIT 3.30[cm’/m’ ] TH B (2005 4F- 8 HE(E),

(c) EERAAR
HEMRIZ 2005 FE9 H24 B2 69 A 30 HO 1@ TH 5,
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(d) ERERAE

HEHEB X, REE. s, 7272740707 )07, BARNEETH S, HiRE, K
i, BRAME A EGE OB S SV TRl O R L Ak TH D (3.2.2 Hi(2)—(0)B M), —ERSEE
IZHOWT, Al b L—Y—H Z4ZI1E CO, Z vy, BREREIX 1000ppm & L=, THENDOMIE
Ok % BB 3-2-7~3-2-8 |~ ¥, £/, —EMREL L PFT IRIC X A WENLE 4[4 3-2-27. 3-2-28
(b7 N

TITF47TH T3, flEHEHERVTE2HERHL T2, R 7T DI PFT 7
F—ZBOFT,. @SE 1L Tm (RN TH T T—LECEE) IZEE L, Jith A 100[ml/min] & L
TiTo7l2, WREITY 7T —OWERRTH D 1[ug] & COMIS TitR LIz ZnENDOENHRE
(/1| Ok Fe & L7239, '

(a) F—I v 70T (b) o7V v TORKF
BEE 3-2-6 —EREXNEDEF

V] Vit 1 on sty m
DN
3 O #%0
B RO
e 3
X
X X
2F/C
wiil 2F/W 2F/E = _p
, ¥ HREAR
ool X HABER
ﬁ)‘ \ﬁ -

B 3-2-27 —EREZEDAEME
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1F/W

(a)

F—H—Dfk+

ra

1F/C

mO
S35
X Xy
on

(a) WE DR+

1F/E

DN
ore
63
coll] 2F/W
o
o

2F/C

PMCH 2 HFE-7200
QYo IS5—

(b) o 7J—Dkk+
BE 3-2-7 PFTHBIEDHTF

I—LIF7O2

2F/E

3 HFB 4 OFT |

B 3-2-28 PFT ZMDRIERFZELE

5

(b) BIFMEELGEE (&) &RV (F)
BH3-28 ZUOT4THL T TDHF
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E3E MIk- BERICEITSHERIED-OHORIGEEDRS

(e) EEREH
AR 72 EBR O S IXRTR O R & AR TH D (3.2.2 Hi(2)—(d)Z M), 4 3-2-29 (ZFE D
— Y & [ 3-2-30 IR X RIT OB 2R, RiRIOFERE VAR Lo, M7 7 3%
OFFHEHT S & MED SS[m MFRE L M) K& Wi, AT ¥y 7 CERIEAZMEG L, mE
% 20[m’/h]f i"rmlzﬂfmﬂﬂ*z) Ll MRHRITE N ERK AT LT, 1 2BOFRTo
b (bR A A 1 - 2B PR L BHEX AT Z & Th D (14 3-2-31),

AHAA 1

M L ORET-

3-2-29 EE#EJ—2EY

" AtcE ~
T 2E 2V
N~ 7
| \'n \
1E v

3-2-30 NETFUEFEALE - 2BEMOBIDOEKRTF

2C

3-2-31 MR VAT LDOHE
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F3F MBIK - BERICE T SRR -ODORGAEEDR

(3) EER#ER

(a) AEREHER

BRI S A T L D R E OFEJ A K 3-2-24 L [X]3-2-32 (2, /N7 7 o oo SR E A A £
3-2-25, ¥ 3-2-33 (oRd, MEIFENENERGT L EiE 3 O, #ERIEE O AR
LTW5, IR S 2T MR T A F v 7 TERIEAZME L, R ~OKK AT 10[m /h)FLE L,
PEERER D D DHER BRI 20[m hFREE & L= /N7 7 A ZHOWTH AT A ¥ v 7 CTEELZ M L.
JR\ 5 A 20[m*/hFEFE L2 H0 Z CHREH L 7=,

& 3-2-24 HHWBMRIATLORERERKE X3-2-25 NEIF7UOREJERR

EX3 HBHS [REm'/h] X B&[m’/h]
E |f4 IF E—W 19.8
1F TS = W—E 20.0
TR '= 1F—2F 20.3
E _|#& = i 2F—1F 22.8
2F W |§A = 2F E—W 201
W B &l 233 W—E 19.8
AW - AE =119.8=>
4.7} 11.9 2F/W 2F/E. 2F/C
-
oW 2c 2E 20.1] ﬁ ’J:Ll—
o bogl |
- -~ L
oo 12,65 20.0>>
PS5 0] b
W Ic IE 1F/W ‘ IF/E. 1F/C
<H19.8=

< NRIFUICLAIEMERXRE

3-2-32 HWMR AT LORE 3-2-33 IMEBIDFUICKAEROERKBE
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(b) —EREEDAERER
TR K S BRI O E RS S L O, CE G, ENAMEE . CO, iR [X 3-2-34
(2R, CO, IEEZSEh 4 R 5 & | BE IR NI E R Td 5 1000[ppm] i TLiE L CRtll S 4
TV, IREOEE AR5 &, SEPNIREIX 170 TLE LTz, BNIMNREEEITR K T0RE
T, BT HICIREEEN KXW LD, KRB ORE(LE WD L5 1 FisK AT AT
HHT-0, SNEBEGEDEEITSZ T TEE LT e, 1, 2 BEO GRS 0.25[81/h], PEHEAS 0.1[[F]
/hFREECLE L Tz,

THRE + FHAE o0

- 270

S EE[m/s]
O = N W oo 3 o

w
o

NN
o o

BE[C]

COifz EE[ppm]

— 1F/E - 1F/W 2F/E 2F/W

——— 1F/W 1F/E
2F/W 2F/E

0.75 1F/W 1F/E

0.5

R E % [[E /h]

0.25

0
1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 12:00

9/24 9/25 9/26 9/27 9/28 9/29 9/30

3-2-34 HEBREM - EE - JRE - C0,RE - MMKEIHOEREI
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PFT ik &[] CHE WY (9/24 12:00 ~ 9/30 12:00) O 50154 » S %085 A koD S fili A % 3-2-26
FNIMEIE A K 3-2-27 127 T, AAEANROFEYEZE RS L, 1B, 2 BB RO 5 A
V_EI%I:J%CI: DANVKOE AR, KRBT L 0 O EPERE D ST 0ME W 32 720 T —
YTHREBARNL ol bBEZ OGNS, 1 B, 2 BEILATE R IR 0.23[[51/h]. PEE R IX
0.11[[E/h] T 7z, HENEREDO LA WD &, R &R E2 TN ZFhL—AT 7T a2 T
16CISRRE L2728, 1HEFEDHRTEH 17°CHHT & 22> T,

+®3-2-26 MREIH - H[REAZDFHIE
B L PFT & [@H5%) (9/24 12:00 ~ 9/30 12:00)

=z ERHE (BIEH|NREAR

[m?] ([E/h] [m®/h]

- B —|[ 4763 0.11 543
my—>| 32.89 0.23 7.66
IFEar-¥19 | 8052 0.16 13.10
oF RY—V]| 5247 0.11 5.56
By —> | 3575 0.23 8.31
QFEET-F1 88.22 0.16 13.87

KRV —VIERBE+HBTETS

%3227 EANEEOFYE
TERE
= S
W 17.5
1F E 17.2
C 17.5
1FJHy 17.4
W 17.2
E 17.3
C 17.6
T 5 Y

137
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(c) PFTZDRIERER

# 3-2-28. 3-2-29 |2 PFT EOMIERE R4, X 3-2-35 (2 — MO LA A2 7R T, SAROEA
B BRI E D & EOZERT S —EREE THE LRR LD K&, [X43-2-35 10 PFT i
(kB Y — D3R AR LWV 7 s K D ZE R s (RUEIE OFER) A<D L 1B
DAL N K E VML & e~ 7203, FRLISMIERA RAf 72 kP 2 7Rr L7

#&3-2-28 PFTEICLPMHELEMERDENRE

Emission Rate [mg/h] EREE (mg/m) E5H[M’]
PMCH HFE HFB OFT PMCH HFE HFB OFT
1F/E&C 8.54 0.155 0.076 0.078 0.045 4763
1FW 7.66 0.115 0.184 " 0.070 0.043 32.89
- 2F/E&C 4.55 0.098 0.055 0157 0.061 52.47
2FW 2.58 0.075 0.047 0.108 0.101 35.75

#*3-2-29 PFTAICKAHR[BAE LKA

=z EAE |[maEi] AREAE
[m*] [[E]/h] [m>/h]
i E 4763 0.61 29.04
} W 32.89 0.35 11.60
1F&ET -1 80.52 0.50 40.64
- 52.47 0.17 8.77
i} W 35.75 0.33 11.85
QFEET-F15 88.22 0.23 20.62
Qe 8 ()
<=hel 20/W RIFF> oppoopc LT
11.85F— <—8.77
72 . 24.16
Zone4 ' Zone3
TEN
<==07.38 35.4 | et
G, . 1F/W D 1F/E. 1F/C el s
Zone2 30,23 Zonel

B {7 : [m/h]
3-2-35 PFTikIc&k b V—URMOZERXIEE
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(d) ZOT4THoT) U TDRIERR

TITA47H TV 7139 H 26 HE 29 AD 2 [T 7-, 1 8] H ORIERS $ 4 2 3-2-30,3-2-31
(2. B4 3-2-36 (2 — M2k sc ik A 2 [BlH ORERS B A F 3-5-32, 3-5-33 12, ¥ 3-2-37 i
S — UM DOZER AR A R, 1 [ H OBIE T, BRI RGFOMOGEARMEZ 2 L-720, i
A5 & TETRECAEY 2T H o7, £ 3-2-30 DENREOHEMEARTHL, ThE
NOHAZKBH LTV DB TEDOH ADBENREHL RHIFTTHHN, FOXHTER->Tn
KON B ORER b M D22 [ AR OFE R b HIH L 72 & OIS IZ R b s o 7z,

e

JE MG

Rhoi-,

£3-2-30 FOTATHUTIVUJICEHAMBELEAERDENEREE (1 EE)

Emission Rate [mg/h] ERNEE (mg/m)’ E"g‘ﬁ[ms]
T PMCH | _HFE HFB OFT_| PMCH | HFE HFB OFT
1F/E&C 8.54 0.148 0.302 0.101 0.094 47.63
1FW 7.66 0.113 0.101 0.058 0.074 32.89
2F/E&C 4.55 0.096 0.056 0.096 0.064 52.47
2FW 2.58 0.074 0.040 0.109 0.080 35.75
£3-2-31 FOT4THUTYUTICEANRBABLBRES (1 EE)
=4 Eom [RIEH[AREAE
[m’] [[E/h] [m®/h]
1F E 47.63 1.14 5415
L W 32.89 0.00 0.00
1FS&t- 8 80.52 0.67 54.15
oF E 52.47 0.15 8.02
W 35.75 3.19 114.02
QF&Et- 1 88.22 1.38 122.04
G| D5
<= 2F/W 1.83F——— 2F/E. 2F/C (149 At
13.4 <—8.02
Zone4 Zone3
0.70 mﬂFr>
53— 1F/W - 1F/E. 1F/C <5415
Zone2 Zonel

3-2-36 FZUOT4THTYLITIZKBT—2HD
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E3E

MBI - BERICH T HHERRED - OBRIGAEEDRE

2 [\ HOBEIZ 1 BIHO X D R kBuEieno7-n3, 1 ER LRk, £NENOH Az KL TV
LB TEDOHADOBRENEL RDITTTHIN, TOL I IZIFRoTWigholz, ZORKL

LC. 72747 %7 ) P TRERHITIIADHAY 38 Y |

BIM 20~35 LMo T-Z e EZBND,

PR ELNL D 2 & & BERE

£3-2-32 FOTA4THUTYUIICEHBMARBEERNERNDENRE 2EE)

Emission Rate [mg/h] EREE (mg/m) @ﬁ[maj
PMCH HFE HFB OFT PMCH HFE HFB OFT
1F/E&C 8.54 0.148 0.088 0.130 0.083 47.63
1FW 7.66 0.132 0.120 0.120 0.072 32.89
2F/E&C 4.55 0.128 0.068 0.264 0.104 52.47
2FW 2.58 0.066 0.040 0.124 0.090 35.75

£3-2-33 FOT4THTYUTICKBAKREAELBREY 2EE)

=4 Eo0E RO I REARE
[m°] [[&]/h] [m°/h]
e E 4763 0.00 0.00
i} W 32.89 0.80 26.48
IF&at-F5H 80.52 0.33 26.48
oF E 52.47 0.10 512
- W 35.75 1.92 68.50
QFEET- 15 88.22 0.83 73.63
< 13646 2F/W ) O
2.05F=> <<—4-7.00
14.99 4.71
Zone4 f ! Zone3
6.1
<= 03 4 (i
T T 1F/W 5 1F/E. 1F/C ol I
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3.2.5 HEFEIC Kk H2EERERDIRET
(1) BEHBICLIEREROBR
(a) ETEBIE
1) FEERK .
FT UL L 7= BT 3.2.3 fi(2)-(a) & [FAEETdH 5.

2) [EMEE L RREDERTE
Alal VT2 R PERE LS 2005 4EFE 8 HICIE L7=fE A M9 % (3.30[cm/m’])., B D5l
F, B2 HE323HQ)-(a&FRTH 5,

3) REFRE
B FH I O 7 JRUE AR B 3.2.3 HiiQ2)-(a) L RIERTH 5,

4) MRURT L

PR AT LT | i S AT AT 3-2-40 1R X H 12, EFICHEBEREZ L, RO
IIHHERT D, £72. 1, 2RO IR & FTREB L OV BEEGHE & 2 G R A 7 7 o Tl
W LT, W7 7 > Ok AR~ T HEHIE & [7 U 20.9[m/h] & L7z,

o T
2
-
I\ 1E AW IE
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L
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[ 2v]

X 3-2-40 BRATLOWME
5 ENRE
SN 1T BRI O R A L7 (3R 3-2-34), BAg A EEBRWIRIZ LV —Lx=T 20
1

REREXZ 16CIC LT, EE CREOEEIIZFEA LR ONR - T,

x3-2-34 AALIEZRNEE
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6) [REH
K[RT—H L LT, SR - BGE - JRA) - fHR T ER TR ON T — ¥ M L7,

7 FL—Y—HREEE ;

4 T b L—H—H AT, ZHZNHERR LR T (PMCH : | B/ — > HFE : 1 51/
—>, HFB: 2B —> OFT :2W8Y —>) LV RAESEE, bL—F—HROHHERITE
BRAESL L 0 BB fE 5 AT (K 3-2:35),

#£&3-2-35 FL—Y—HRAOREMELBHE

emission rate (mg/hr)
No. 3B TE {52 PMCH |HFE-7200| HFB OFT
1 1F/E+C 8.54
2 1F/W 7.66
3 2F/E+C 4.55
4 2F/W 2.58

(b) EtEHER

X 3-2-41 ICHRBHFE O RA . K 3-2-36 |2 b L—H—H 2D & BN E EEORE R
ZRT, AREAROKEEZRAD L, RROAETOTWVALARERELY b, X ZIToTW5
PR TR X VMEEZ R LT,

£3-2-36 £EJ—2D LY —HRAREHERR

E AR EFEE (mg/m”)
No. 3B 5E {52 PMCH |HFE-7200] HFB OFT
1 1F/E+C 0.26 0.1 0.07 0.02
2 1F/W 0.13 0.24 0.03 0.01
3 2F/E+C 0.13 0.06 0.14 0.04
4 2F/W 0.06 0.03 0.07 0.08

097D 2F/W 2F/E.2FIC  <@l0.54m
Zoned JJJ = Zone3
IZIVQI@U‘@—, '

@21.025>  1F/W <g CIFEJIFC <1182

Zonel
BRI : [mv/h)
3-2-41 MK[EHERR
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(c) ZBRBRLAEHKROLLER

F 3237 IC PFTIRIC L D EBROFE YA, £ 3-2-38 IZIX COMIS (2 X » TH LN EEDOENE
WEORTRERAZ ~T, FERATH & FFRRR A2 i35 & . PMCH OEBRES RAVGI R~ T/ E
W2 ENbnd, Ik, WEBONEINEBZ LD, 2F 0, WEIERONME E2 5 L 7E
KPP OREAEY VT T —NOHADREZET L ——HANRETDLOE0N, OFT DX H 7%
BT ADRET H L XOHANY T T —OREIZHK O T TENT A (PMCH) 2T <
fe, WAF LIS LKD) 2 ENExLND, Yo 7T —IZRAE LT ADRENREH &
BROWAENEZ DT RDID, TARWMELZ/ NS TLHLERODLEEZ LD, £OMOD
HANZDUWTHE PMCH 2 ED KR E 7813 i G e h > 7o, PMCH DR EEDME A - 727212 1 Bl
B B RA MBS N L CLE =L EZ HND,

ZOMIZ b, H A HFE, HFB, OFT (Z oUW T AT OB O ARSI BRE 2 L TH 0,
FEBEAER L T Rned, ZTOMBICONTHRET ILENEZ LD,

F 3-2-37 PFTAICIDHMBEBLERNERDENRE (X 3-5-5 DHER LK)

Emission Rate [mg/h] ERNBE (mg/m) ERH(’]
PMCH HFE HFB OFT PMCH HFE HFB OFT
1F/E&C 8.54 0.155 0.076 0.078 0.045 47.63
1FW 7.66 0.115 0.184 0.070 0.043 32.89
2F/E&C 4.55 0.098 0.055 0.157 0.061 5247
2FW 2.58 0.075 0.047 0.108 0.101 35.75

< 3-2-38 COMIS &tHE#KER

emission rate (mg/hr) = NE JE F 1B (mg/m3) =R
BlEfIE| PMCH |HFE-7200, HFB OFT PMCH |HFE-7200] HFB OFT (m3)
1F/E+C 8.54 0.258 0.114 0.068 0.019 47.00
1F/W 7.66 0.128 0.238 0.034 0.009 32.18
2F/E+C 4.55 0.128 0.057 0.140 0.040 51.00
2F/W 2.58 0.064 0.028 0.070 0.081 34.32

(2) 4BEOFL——HAXEAVPFT ZBEROF LD

NN 7 % AV TR OS2 R L 7RRB 2 /E D | PFT ih o S i 2 a4 5 Bk
Elrote, /INUT 7 o OB ERIE LR L PFT 1512 X » THIE L 72 55 00 A B O 75 el
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I L Tz, 2ol E U THEWAEBTAIZ LD PMCH OERIENMRNZ ERNEZ NS, &
%X AR O S L0 i EFR D SLIE L 7 E S DI BT HRENR S D EEZHND,
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E) &7 %,

(d) [UEMRE. BYIER

EEOLEMRE LT C ) 1% C=0, 2. 5. 15[ecm¥m’|&4E L= (C=2[cm’/m’)iT@E 5 E T
DO}HE . C=5[em’m’ TR EEEOIAE, C=15[cm’/m’ 1T ARG OREO I, L B S 2T 4
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f) 5845 —X
PAL6.22~625 HiDi &AM AMAGSHE D EHE A — AWK 3239 D X HIcikET 5,

#£3-2-39 HEHI—2

0 J e s N
Case |mEmSATL| mAzt [MEMOmH| AAD | e | FARMER gope am
[em?/{@] [om”/m’] [em®/m?]

1 FiiE B - - B 0.0 = B
2 118 B - - B 0.0 - B
3 EAE: ] B - - B 2.0 0.5 ]
4 EAEE] B - - B 2.0 0.5 B8
5 EAEL ] B - - i 5.0 2.0 ]
6 F118 A0 - - i 50 - 2.0 Bg
7 EP3E] B 20 6 NEEBSR O 0.0 - 7]
8 $2iE ] 20 6 SHElS O 0.0 - B
9 F21E B 20 6 NEBSO 2.0 0.5 EA
10 215 B 20 6 SNEBmERA 2.0 05 3]
11 E3E] i 20 6 SEER SO 5.0 2.0 E3]
12 $2iE A 20 6 SNEERER DO 5.0 2.0 ]
13 EYE] SEmER O 20 6 ] 0.0 - 3]
14 35 SRRSO 20 6 i 0.0 - 5]
15 E3E SERERD 20 6 i 2.0 0.5 ]
16 B3R [(AEBESO 20 6 R 2.0 05 ]
17 35 MmO 20 6 B 5.0 2.0 ]
18 EREE] SIEER S O 20 6 B 5.0 2.0 5]
19 B2 SLEHR R O 45 12 SRRSO 0.0 - ]
20 B S BRSO 45 12 NEESRO 0.0 - ]
21 B SEBmEO 45 12 SEBRAO 2.0 0.5 Ef
22 B# AERSRO 45 12 [4EE &0 2.0 0.5 &
23 EES SIEHAR O 45 12 SEBmERO 5.0 2.0 3]
24 B SERR O 45 12 SLEER O 5.0 2.0 Ba
25 B2 SRR O 45 12 LB S O 15.0 30.0 E
26 B SIERAS O 45 12 FLERAE O 15.0 30.0 ]
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