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Abstract

Interior space in most buildings is divided into several zones. The most important factors relating to the
indoor air environment are temperature, airflow, humidity, and contaminant concentration. An integrated multi-
zone model to predict these environmental factors simultaneously was developed. Also, a computer program
for this model was written by the language of VISUAL BASIC. The proposed model was applied to a apartment
with five rooms that had been tested by Chung'”. Comparison of predicted results by this study with measured
results by Chung showed that their variations were within 14% for airflow rates, 1% for temperatures, 12%
for humidities, and 5% for concentrations. It was seen that the opening operation schedule of building has
a significant effect on the air moisture and contaminant removal. Thus, this model may be available for predict-
ing the indoor air environment and may be contributed to design the ventilation plan for controling of indoor
air quality.

Key Wonds : Indoor air environment, Multizone model, Thermal model, Airflow model, Humidity model,

Concentration model
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Table 1. Walls, openings, and zones data of test building
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Walls Area [m’] Openings Area [m?] Center height [m] Zones Volume [m’®]
W01 8.146 Q01 1.540 1 1 72.645
w02 21.750 Q10 2.880 2 2 4.462
w03 6.806 Q12 2.465 1.45 3 39.157
w04 7.212 Q30 2.880 2 4 12.965
w05 11.252 Q23 1.540 1 5 12.296
W06 10.063 Q40 - -
\ 4.408 Q24 1.400 1
W08 5.249 Q50 - -
w1 11.252 Q25 1.400 1
w2 7.163
W3 3.709
w4 4.408
w5 1.065
w6 7.163
W7 3.849
Table 2. Weather data
Time
Weather data 9:00-10:00A.M. 10:00-11:00A.M. 11:00A.M.-12:00
Temperature[ ] 27 28 29
Humidity[g/kg] 13.5 14.4 15
Wind speedfm/s] 0.4 0.5 0.5
Wind direction North North North
Particle concentration[mg/m’] 0 0 0
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Table 3. Schedule of the openings operation
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Time
Openings 09:00-10:00 A.M, 10:00-11:00 AM. 11:00 AM.-12:00

QO01(Door) Open Open Open
Q10(Window) Open Open Close
Q12 Open Open Open
Q30(Window) Open Close Open
Q23(Door) Open Open Open
Q40(Fan) On On On

Q24(Door) Open Open Open
Q50(Fan) On On On

Q25(Door) Open Open Open
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Fig. 3. Comparison of measured and predicted airflow

rates from 9 AM. to 10 AM..

Table 4. Comparison of measured and predicted values at 10 A.M.

Temperature[ C] . Humidity[g/kg] . Concentration[mg/m’] .

- Diff. ; Diff. p Diff.

Zone | Measured Predicted [%] Measured Predicted [%] Measured Predicted [%]

value'’ value value'” value value'” value

1 26.80 27.01 0.8 14.2 13.5 49 0.240 0.231 38

2 26.80 27.03 0.9 142 13.5 4.9 0.120 0.125 42

3 26.80 27.01 0.8 14.2 13.5 49 0.120 0.125 42

4 27.10 27.10 0 15.7 13.8 12.1 0.120 0.125 4.2

5 26.90 27.03 0.5 17.5 13.5 229 0.120 0.125 4.2

v Diff.[%)] = Imeasure d value — predicted valuel % 100

measured value
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Table S. Predicted temperatures of each zone in test

Table 6. Predicted airflow rates through openings in test

building building
Temperate[ C] Airflow rate[m3/s]
Zone 09:00- 10:00- 11:00 AM.- Opening | 09:00- 10:00- 11:00
10:00 AM. | 11:00 AM. 12:00 10:00 AM. 11:00 AM. | AM.-12:00

1 27.01 28.01 29.01 Qo1 1.200 1.126 0.923

2 27.03 28.05 29.02 Q10 0.591 0.858 0
3 27.01 28.01 29.01 Q12 0.610 0.268 0.923
4 27.10 28.11 29.10 Q30 0.344 0 0.657
5 27.03 28.03 29.03 Q23 0.344 0.002 0.657
Q40 0.154 0.154 0.154
o Ao Al w2 7Y exE Tasy Q4 | 0154 0.154 0.154
Z71513 9ee & 4 Q) E3 18 4= g= Q50 0.112 0.112 0.112
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Fig. 4. Predicted humidities of each zone in test building.
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