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Development of a Theoretical Model for Predicting Contaminant Concentrations in a
Multi-zone Work Environment
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ABSTRACT

To predict contaminant concentrations within a multi-zone work environment, an air quality model in the work
environment was developed. To do this, airflow equations on the basis of orifice equation were solved by using the
Conte and De Boor scheme, and then equations for the conservation of mass on contaminant were solved by using the
fourth-order Runge-Kutta algorithm. To validate the accuracy of simulated results, this model was applied to the
controlled environment chamber that had been tested in 1998 by Chung KC. The comparison of predicted
concentrations by this study with measured concentrations by the Chung KC indicated that the average deviations were
2.66, 3.35, and 3.15% for zone 1, zone 2, and zone 3, respectively. Also, this model was applied to a working plant with
four zones. Thus, the results of contaminant concentration versus time were predicted according to the schedule of the
openings operation, and case studies were done for four cases of the openings operation to investigate the interaction of
airflow and contaminant concentration. The results indicated that opening operation schedules had a significant effect
on contaminant removal efficiency. Therefore, this model might be able to apply for the design of ventilation schedules

to control contaminants optimally.

Key words : Multi-zone work environment, Air quality model, Contaminant removal efficiency

)
);_11
o
r,
&
B
2
te
o,
ftlo
i)
> Y
r

=l

PO
o

ROHTIE Fa3ih
S

o o
i g
>,
~

by

i)
i
iv)

O, Iy

u
-
-l
»
H
rir
o,
N
i)
o
fu

A et g
q wue 7)ol Witk
S0l AT
Jal7] SaA =

ft 2 o
o)

of

o

o
= ol

2 2 o 5L o
2 ) o X o
e, off 1
H
o
2
A
ol
i)
N
o
s
o |

riot
N
)
ok
o
=

*Corresponding author: Seok-Ho Cho

A A ST F53E 9WA

FA7IEYsty 37435ty

Tel: 051-510-0631, Fax: 051-510-0626

E-mail: shcho@cup.ac.kr

* B Ayes REEEWEaL 201033 SeddoH] AYes FYEE

Received: 2011. 7. 19., Revised: 2011. 9. 27.
Accepted: 2011. 12. 19.

185

437 3718 wde] A7t Dol
ofubE, ARA Fo AubAl AuEel 3714
o5t Hosts] 919 AHE71A B E(Indoor Air

Quality Model, TAQM)-2- Shair?} Heitner(1974)7} A5
L5 A9 E =t TRAY o] 24 HEE AT & g
A5 pale] thafol ol $hrh(Walton, 1982;
Walton, 1984; Walton, 1989; Waters2} Simons,1987). A Ujj
14 B ga7e), 298, o7 SoR 1 o4
(bol e E o] grom, Ayeg o =2 QA &&=,
RE SR LASE 58 AEHOR oZe]
FRRE olF XS] 4TAEEL BE 1ol
A0l o Zat7] giat
(Chung,1996; Zhang,2005). WA= &%=,
S5, 90U ES FAo o 25 gt
At SRR AT B B 2
FE ATH(EA] 3,2006; 245, 2010). o] 9f Zro] A¥bA Q]
AUeA A 7 F5 LdsEE A5t Sl
ol 23l mulo] Pk @1 Aahis T WL o] S,

2187 712 Bz B E AT ol PHoh Al Mark
(1996)7} &4 gdAS 2+, shoe g FE5to]

—

N

= O

2 2 off ofd o

i
lt



P;, Py : 7} 73] 9] 7] &5 o]0 A 2] ¢F€[Pa]

I

°|[m]

HH
NR
o
o

~,

Z,', Zk‘ .

o)
—

.25, Chung (1998)

S AA]

o 23}
ZF

W+ 2ke A

T [m/ sz]

-89 37| E[kg/m’]
% [m/s]

P, HHE2] W= [kg/m’]
0)

-

.

ol A
1A -

<

37}

=

=

T

a

SERE R

1

.

A ol L= A7

153 Ao, ol A

£}

ool

o

B
el

Al

<o
B[N

@

ol & <A UtH(Ohira

X

jk
A o 2 0.6, 2 7+ 0.78)

X 5 AP (ERE AT 0.65, 2 i 0.5)

I/QAP
A HESR B A ]

My, = CA}L«; (2pj )

fex]
=

shaL7
o} 7}
=
of

9

1

.

=
s

Fo]

NG5S o

TS A A
[e)

aL

]

Fol & Aol A

gk of i sf

Aol el

3
Z

§ 2

0

1A gt wreba

of H]

9

o
o

2
<

[¢]

&
=
<]

Z}

il

o
1o
oF

A=

3

%5}7] 9)

Chung (1998)0] o] &

)
—

i B,

9

A= 8|

1=

sho] Autx
LERERERE

&

]
&S

oz TAstee ey
o}

O

<+

ol

1!
" ol
4qr o
B o
ol o

(S

B o

oF AT

o

EER
423

7k 2ol 4 o] 2.8 A0l A7
o

=
=
3

Aol
b

2) L gE= ALt
Kl 295, 2

F=d(1A)Z d2A

glo
2o

o] AHg-= ™

1w

ul

A Sl A

Ba

| Aom ehy

[§)

ol

«
oy
oH
oy
%
HO

N

)

T
w
oy
NI
e

Ik

0|
o

&)

ppm]

-

fu

http://www ksoeh.org/

ppm]

|

.

7] % % [mg/m’ &=

Qs - 371 m’/s)
Qe : ¥ 7) F[ms]
Qj : F U m’ss]

H

&, G G 789} 2 % E[mg/m’ E
Csy, :

o
717}

ZoA e

(M

-

R

o

aL

il oF71 =

jolA -8 k=

o

[e]
$5E

Aol 9] 7155 Fol 4

Apole] &

EA(H A eE 71 A 2] o 2

3]
o}.

(P, = P) +p9(2,~ Z) = pig (2~ 7))

+O.5C’p/p0

]

3]

2
[e]
AN

31

Kol o
9%

3

WA Qg T
of ek, rof
3]

e
Q]
=
2

.

°

f14
&l
o, 1 7

& Ao et

KX

O

APy, 552040 g A {Pa]

Foll 2]
§J—_

=

b1 9
A

b= ofof
2) ol
o

=

[¢)
J Korean Soc Occup Environ Hyg, 2011: 21(4): 185-192

o

=]



g2 mg/s T m’/s]
Rp,, : F(=azu 7)ol &gt Al A=
Z3H[mg/s E=m'/s)

K;: 237403~ 1.0)

V, : 7212 74 [m’]

t: A ZHs]

Al EF
=]

fo it 2
o2 o Ju fo

Input Building Data
Input Weather Data

Setting the Initial Value of Zones
(T, P, C, etc)
!

Calculate Airflow Rate

Calculate New Pressure Value

Output Airflow Rate

Calculate Contaminant Concentration

!

Output Concentration )————

No

Fig. 1. Flowchart for predicting work environments
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Fig. 2. Schematic of the controlled environment chamber
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Fig. 3. Arrangement of the simulated working plant

Table 1. Zone and opening data of the simulated working plant

Zone Volume[m3] Opening Area[mz] Center height[m]
1 36 D1, D2, D3’ 1.6 1
2 36 w1, w2, w3 28 23
3 36 op23™ 6 15
4 60 op34™™ 45 25

1 : door 1, D2 : door 2, D3 : door 3
W1 : window, W2 : window 2, W3 : window 3
OP23 : Flow path between zone 2 and zone 3

ok

Hkrk

OP34 : Flow path between zone 3 and zone 4
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Table 2. Schedule of the openings operation

Open hour
08~09 09~10 10~11 11~12 12~13 13~14 14~15 15~16 16~17
D1 ClosedClosedClosed Open ClosedClosedClosed Open Closed
D2 Open ClosedClosedClosed Open Open Open Closed Open
D3  Open Open Open Closed Open ClosedClosedClosed Open

Door’

" DI1: door 1, D2: door 2, D3: door 3
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Table 3. Openings operation for case study

. Case
Door
1 2 3 4
D1 Closed Closed Closed Open
D2 Open Closed Open Closed
D3 Open Open Closed Closed

* D1: door 1, D2: door 2, D3: door 3
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Fig. 4. Comparison of Chung(1998) and this study for CO,
concentrations in environment chamber

http://www ksoeh.org/



078 A8 edEFE AF5E AT o8 =do AT 189

Table 4. Average deviation of predicted values for measured values

Average deviation

Zone
Chung This study
1 6.1% 2.66%
2 7.7% 3.35%
3 4.1% 3.15%

Concentration[mg/m?]
»

0 A
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Time

—e—Zonel -A—Zone2 =—e—Zone3 —A—Zone4

Fig. 5. Formaldehyde concentration profile for all interior zones
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