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Abstract

The most important factors relating to the indoor air environment are temperature, airflow, humidity, and contaminant
concentration. A sensitivity analysis of indoor envitonment factors was carried out to grasp influences along with changes of
atmospheric conditions. An integrated multizone model was used to predict these sensitivities. This model was applied to an
apartment with six zones.

Airflow rates are influenced very seriously by changes of wind direct or wind velocity, but are influenced very slightly by
changes of outdoor air temperature and are not influenced at all by changes of outdoor air humidity or contaminant
concentration.

Indoor air temperatures are influenced very directly by changes of outdoor air temperature, but are influenced very
slightly by wind direction or wind velocity and are not influenced at all by changes of outdoor air humidity or contaminant
concentration.

Indoor air humidities are influenced very directly by changes of outdoor air humidity, but are not influenced at all by
changes of outdoor air contaminant concentration and have little or no influence by changes of wind direction, wind velocity,
or outdoor air temperature.

Indoor air contaminant concentrations are influenced very seriously by changes of wind direct or wind velocity, but are
influenced somewhat by changes of outdoor air contaminant concentration and are influenced very slightly by changes of
outdoor air temperature and are not influenced at all by changes of outdoor air humidity.
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Fig. 1. Schematic of the zonal arrangement of test building.
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Table 1. Data of test building

Wall Area[ ] Opening Area[m’]
WOl 12.9768 Q01 2.4168
W02 7.3872 Q04 1.2600
WO3 9.0000 Q10 1.3872
WO4 10.48880 Q12 5.2440
WO35 3.4200 Q13 3.4200
WO6 6.8400 Q20 Fan
WO7 3.5100 Q35 1.3872
WO8 9.8040 Q36 1.7136
w09 6.8400 Q43 1.7136
WI1 10.9440 Q50 Fan
WI2 5.4720 Q60 0.75
WI3 3.0744 Zone Volumef m’]
WI4 2.0328 1 61.7652
WIS 3.0744 2 30.4608
WI6 54720 3 7.8660
WI7 7.2960 4 47.1960
WIS 4.5600 5 7.5240
6 30.7800
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Table 2. Input variables for the sensitivity analysis

Fixed
Variable value  Changed
(Base value
case)
Building data Table 1 -
. Zone l:
Particulate[mg/s] 1.944 -
Indoor Zone 2 :
source Heat[w] 100 )
. Zone 5 :
Moisture[g/s] 0.056 -
Wind direction S({uth N(?rth
wind wind
Wind velocity[m/s] 15 %00
Weather Temperature| C] 20 0,10,30
Humidity[g/kg] 15 5,10, 20
Particulate 01 0,02,
concentration[mg/m’] ’ 0.3
Q01, Q04, Q12,Q13,
.| Q35,Q36,Q43,Q60 Open i
Ventilatio
n schedule Q10 Close -
Q20 0.154m’/s -
Q50 0.112m’s -
Observation time 1 hour -
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Fig. 2. Airflow rates at the base case and the north wind.
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Table 3. Influence of airflow rate along with changes of wind velocity

Opening Factors Wind velocity[m/s]
0.5 1.0 1.5 2.0
Qo1 Airflow rates[m3/h] 1016.71 1522.60 2092.98 2708.94
Sensitivity coefficients 0.771343 0.817562 - 0.882894
Q04 Airflow rates[ms/h] 448.51 701.07 990.58 1305.14
Sensitivity coefficients 0.820837 0.876789 - 0.952654
Q10 Airflow rates[m"/h] 0.00 0.00 0.00 0.00
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q12 Airflow rates[m’/h] 554.36 554.40 554.42 554.44
Sensitivity coefficients 0.000162 0.000108 - 0.000108
Q13 Airflow rates[m’/h] 462.00 967.78 1538.09 2153.96
Sensitivity coefficients 1.049441 1.112373 - 1.201237
Q20 Airflow rates[m/h] 554.40 554.40 554.40 554.40
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q35 Airflow rates[m3/h] 402.53 402.47 402.45 402.43
Sensitivity coefficients -0.000300 -0.000150 . - -0.000150
Q36 Airflow rates[m3/h] 508.72 1267.26 2127.17 3057.67
Sensitivity coefficients 1.141270 1.212752 - 1.312307
043 Airflow rates[m*/h] 448.63 701.22 990.75 1305.32
Sensitivity coefficients 0.820772 0.876699 - 0.952521
Q50 Airflow rates[m’/h] 403.20 403.20 403.20 403.20
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q60 Airflow rates[m’/h] 508.59 1267.11 2127.03 3057.54
Sensitivity coefficients 1.141338 1.212846 - 1.312407




45

Q714 9] Wate] w2 Au A MgE 24 131

Table 4. Influence of airflow rate along with changes of outdoor temperature

Opening Factor Outdoor temperaturef C)
0 10 20 30
Q1 Airflow rates[m’/h] 2105.61 2099.18 2092.98 2087.01
Sensitivity coefficients -0.006030 -0.005920 - - -0.005700
Qo4 Airflow rates[m’/h] 997.12 993.79 990.58 987.48
Sensitivity coefficients -0.006600 -0.006480 - -0.006260
Q10 Airflow rates[m’/h] 0.00 0.00 0.00 0.00
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q12 Airflow rates[m’/h] 554.19 554.31 554.42 554.53
Sensitivity coefficients 0.000415 0.000397 - 0.000397
QI3 Airflow rates[m’/h] 1551.55 1544.69 1538.09 1531.72
Sensitivity coefficients -0.008750 -0.008580 - -0.008280
Q20 Airflow rates[m’/h] 554.40 554.40 554.40 554.40
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q35 Airflow rates[m’/h] 403.21 402.82 402.45 402.08
Sensitivity coefficients ~ -0.001890 -0.001840 - -0.001840
Q36 Airflow rates[m*/h] 2145.47 2136.14 2127.17 2118.52
Sensitivity coefficients -0.008600 -0.008430 - -0.008130
Q3 Airflow rates[ms/h] 997.14 993.88 990.75 987.72
Sensitivity coefficients -0.006450 -0.006320 - -0.006120
Q50 Airflow rates[m’/h] 403.20 403.20 403.20 403.20
(Fixed) Sensitivity coefficients 0.000000 0.000000 - 0.000000
Q60 Airflow rates[m’/h] 2145.47 2136.07 2127.03 2118.32
Sensitivity coefficients -0.008670 -0.008500 - -0.008190
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Table 5. Airflow rates[m’/h] along with changes of outdoor Table 6. Airflow rates[m’/h] along with changes of
humidity outdoor particulate concentration
Opening Outdoor humidity[g/kg] Opening Outdoor particulate concentration[mg/m’]
5 10 15 20 0.0 0.1 0.2 0.3
Qo1 2092.98 209298 209298  2092.98 Qo1 2092.98  2092.98 209298  2092.98
Q04 990.58 990.58 990.58 990.58 Q04 990.58  990.58  990.58  990.58
QI0(Fixed)  0.00 0.00 0.00 0.00 Q10(Fixed)  0.00 0.60 0.00 0.00
Q12 554.42 554.42 554.42 554.42 Q12 55442 55442 55442  554.42
Q13 1538.09 153809  1538.09  1538.09 Qi3 1538.09 1538.09 1538.09 1538.09
Q20(Fixed) 554.40 554.40 554.40 554.40 Q20(Fixed) 55440  554.40 55440  554.40
Q35 402.45 402.45 40245 402.45 Q3s 40245 40245 40245  402.45
Q36 212717 212717 212707 212717 Q36 212717 2127.17 212717 212717
Q43 990.75 990.75 990.75 990.75 Q43 990.75  990.75  990.75  990.75
Q50(Fixed) 40320 40320 40320  403.20 QS0(Fixed)  403.20  403.20  403.20  403.20

Q60 2127.03 2127.03 2127.03 2127.03 Q60 2127.03  2127.03 2127.03 2127.03
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Table 8. Influence of indoor temperature along with
changes of outdoor temperature

Qutdoor temperaturef C]

2Ee D8 ke FEE Bolx Ytk oA Zone Factor ; T m m
© 7y 13l o © o] 0% 3] O O ZxlL
2 Zh FE o2 FYstAY A o E fEdle | _Indoortempentues €] 0020 997 19937 | 29892
371 S5 Fito] £2 7108 Aoz Azt Sensitivity coofficients  0.098997 0.998947 - | 0.998646
a3t vie}l o] F&52 W= 373l & 9 , _doortempertuss[ ) 0121 1004 19924 | 29821
BFS- m A AT 1 ZV|RSES Ay IthR| Sensitivity coefficients  0.993927 0.993776 - |0.993475
=2 Ogt'g:% U];‘(];(] %}'g 2 ?__,_‘- _/1': g,lu]— tE]-a]»A-] %_45'_9,] ; Indoor temperatures[ C]  0.014 10042 20.073 | 30.105
W3l w2 AYewe] szt Al ufe 2k 7k Sensitivity coefficients  0.999303 0.999452 0.999552
oZA] TEL AYLT L RS GRS ujx| T ' Indoor temperatures{ C] ~ 0.007  10.029  20.052 | 30.077
9128 oF 2= 9} Sensitivity coefficients  0.999651 0.999701 - 0.999900
MrRu= =1 . o
5 Indoor temperatures[ C] ~ 0.008 10309  20.622 | 30.946
i ) Sensitivity coefficients  0.999612 1.000194 - 1.001261
Table 7. Influence of indoor temperature along with Indoor temperatures[ C]  0.014 10033 20053 | 30075
changes of wind velocity — -
- - Sensitivity coefficients  0.999302 0.999352 - 0.999551
Wind velocity[m/s]
Zone Factor
0.5 1.0 L5 2.0
| Indoor temperatures{ C] ~ 19.897 19921  19.937 19.947 Table 9. Indoor temperatures[ C] along with changes of
Sensitivity coefficients  0.003009 0002408 - 0.001505 outdoor humidity
) Indoor temperatures[ C]  19.920 19922 19924 19.925 z Outdoor humidity[g/kg]
one
Sensitivity coefficients  0.000301  0.000301 - 0.000151 5 10 15 20
. Indoor temperatures[C] ~ 20.186 20108  20.073 20053 1 19.937 19.937 19.937 19.937
Sensifivity cocfficients  0.008440 0005230 - -0.002990 2 19924 19924 19924 19924
o T 20080 20065 20052 20045 3 20.073 20.073 20.073 20.073
; ndoortemporatures[ €] _ 20. : : ' 4 20052 20.052 20.052 20.052
Sensitivity coefficients  -0.002090 -0.001650 - -0.001050 5 20.622 20.622 20.622 20.622
5 Indoor temperatures{ C] ~ 20.673 20639 20622 20612 6 20.053 20.053 20.053 20.053
Sensitivity coefficients  -0.003710 -0.002470 -0.001450
Indoor temperatures[ C] 20114 20075 20.053 20040 Table 10. Indoor temperatures[ ‘C] along with changes of
Sensitivity coefficients  -0.004560 -0.003290 -0.001940 outdoor particle concentration
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Outdoor particle concentration[mg/m’]

Zone

0.0 0.1 0.2 0.3

1 19.937 19.937 19.937 19.937
2 19.924 19.924 19.924 19.924
3 20.073 20.073 20.073 20.073
4 20,052 20.052 20.052 20,052
5 20.622 20.622 20.622 20.622
6 20.053 20.053 20.053 20.053
3.0, Hlhg
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Table 11. Influence of Indoor humidity along with changes
of wind velocity

Wind velocity[m/s]
0.5 1.0 15 2.4
Indoor humidities[gkg]  15.000  15.000  15.006  15.000
Sensitivity coefficients 0.000000 0.000000 - 0.000000
Indoor humidities{g/kg]  15.000 15000  15.000  15.000

Zone Factor

2 Sensitivity coefficients  0.000000 0.000000 - 0.000000
3 Indoor humidities[grkg]  14.991 14994  149%  14.997
Sensitivity coefficients  0.000500 0.000400 - 0.000200
4 Indoor humiditiesg/kg]  15.000  15.000  15.000  15.000
Sensitivity coefficients  0.000000 0.000000 - 0.000000
5 Indoor humidities[gkg] 15379 15380 15381  15.381

Sensitivity coefficients  0.000195 0.000195 - 0.000000
Indoor humidities[g/kg]  15.000  15.000  14.999  14.999
Sensitivity coefficients -0.000100 -0.000200 0.000000
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Table 12. Influence of Indoor humidity along with changes
of outdoor temperature

Outdoor temperature[ ]

0 10 20 30
Indoor humiditiesfg/kg] 15.000 15000  15.000  15.000
Sensitivity coefficients 0.000000 0.000000 - 0.600000
Indoor humidities[g/kg] 15.000 15000  15.000  15.000
Sensitivity coefficients  0.000000 0.000000 - 0.000000
Indoor humidities[g/kg] 15.000 14998  14.99  14.994
Sensitivity coefficients -0.000270 -0.000270 - -0.000270
Indoor humidities[g/kg] 15.000 15000  15.000  15.000
Sensitivity coefficients  0.000000 0.000000 - 0.000000
Indoor humidities[g/kg] 15384 15382  15.381  15.380
Sensitivity coefficients -0.000200 -0.600130 - 0.000130
Indoor humidities[g/kg] 15000  15.000 14999  14.998
Sensitivity coefficients -0.000067 -0.000130 - -0.000130

Zone Factor
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Table 13. Influence coefficients of Indoor humidity along
with changes of outdoor humidity
Outdoor humidity[g/kg]
5 10 15 20
Indoor humidities[gkg] 5000  10.000 15000  20.000
Sensitivity coefficients  1.000000 1.000000 1.000000
Indoor humidities[g’kg] 5000 16000 15000  20.000

Zone Factor

: Sensitivity coefficients  1.000000 1.000000 - 1.000000
Indoor humidities[g/kg] ~ 4.999 9997 14996 19995

} Sensitivity coefficients  0.999967 1.000067 1.000067
Indoor humiditiesfg/kg] ~ 5.000  10.000  15.000  20.000
Sensitivity coefficients  1.000000 1.000000 - 1.000000

5 Indoor humidities[gkg] 5404 10392 15381 20367

Sensitivity coefficients  0.972986 0.973084 0.972499
Indoor humidities[gkg] ~ 5.000  10.000  14.999  20.000
Sensitivity coefficients  0.999967 0.999867 1.000267
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Table 14. Indoor humidities[g/kg] along with changes of
outdoor particle concentration

Outdoor particle concentration[mg/m”
Zone P img/m ]

0.0 0.1 0.2 0.3

1 15.000 15.000 15.000 15.000

2 15.000 15.000 15.000 15.000

3 14.996 14.996 14.996 14.996

4 15.000 15.000 15.000 15.000

5 15.381 15.381 15.381 15.381

6 14,999 14.999 14.999 14.999
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Table 15. Influence of indoor particulate concentrations
along with changes of wind velocity

Wind velocity[m/s]
Zone Factor
05 1.0 15 2.0
ndoorpartiulste ) o g1 0760 0617
1 concentrations[mg/m’]
Sensitivity coefficients -1.379060 -0.975290 -0.592980
Indoorparticulte )13 ogg 0 0508
7 concentrations[mg/m’]
Sensitivity coefficients  -1.374410 -0.976300 - -0.592420
Idoorpartieulste 200 a1 0500 0418
3 concentrations[mg/m’]
Sensitivity coefficients  -0.816000 -0.726000 - -0.492000
Indoor partieulate 0 00 G076 0086 0.092
concentrations[mg/m’]
Sensitivity coefficients  0.453488 (.348837 - 0.209302
ndoorparioulate -y e 060 04s9 0409
concentrations[mg/m’]
Sensitivity coefficients -0.812880 -0.717790 - -0.490800
Indoor partieukie o ser 0597 0as 0dis
concentrations[mg/m’]
Sensitivity coefficients  -0.270240 -0.625510 - -0479766
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Table 16. Influence of indoor particulate concentrations
along with changes of outdoor temperature

Outdoor temperature[ C]

Zone Factor
0 10 20 30
Ind i
ndootpariculee e g1 wey o7
1  concentrations[mg/m’]
Sensitivity coefficients  0.006502 0.005202 0.005202
Idoorpartilele g 0 0g31 033 0635
2 concentrations[mg/m’] .
Sensitivity coefficients  0.004739 0.006319 0.006319
Indoor partieulate o o409 0500 0501
3 concentrations[mg/m’]
Sensitivity coefficients  0.004000 0.004000 0.004000
Indoorparticulate 5000 o087 0086 0.0
4  concentrations|mg/m’]
Sensitivity coefficients -0.011630 -0.023260 0.000000
doorparticulle o o0 04g0  04gy 0490
5 concentrations[mg/m’]
Sensitivity coefficients  0.002045 0.000000 0.004090
Indoor particulale g0 0493 0dos 045
6  concentrations|mg/m’]
Sensitivity coefficients  0.004049 0.004049 0.004049
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Table 17. Indoor particle concentrations[mg/m"] along with
changes of outdoor humidity

Zone Qutdoor humidity[g/kg]
5 10 .15 20
1 0.769 0.769 0.769 0.769
2 0.633 0.633 0.633 0.633
3 0.500 0.500 0.500 0.500
4 0.086 0.086 0.086 0.086
5 0.489 0.489 0.489 0.489
6 0.494 0.494 0.494 0.494
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Table 18. Influence of indoor particulate concentrations
along with changes of outdoor particle
concentration

Outdoor particle concentration[mg/m3)

Zone Factor
0.0 0.1 0.2 0.3

Indoor particulate

. 3 0.669 0.769 0369  0.969
i concentrations|mg/m’]

Sensitivity coefficients  0.130039 - 0.130039 0.130039

Indoor particulate

. 3 0.551 0633 0716 0798
2 concentrations[mg/m’]

Sensitivity coefficients  0.129542 - 0.131122 0.130332

Indoor particulate
3 concentrations{mg/m’]

0406 0500 0594 (.68

Sensitivity coefficients  0.188000 - 0.188000 0.183000

Indoor parioulale 4 gy gog6  0a73 0259
4  concentrationsimg/m’]
Sensitivity coefficients  1.000000 - 1.011628 1.005814

Indoor particulate

. 3 0399 0480 0579 0.669
5 concentrations[mg/m’]

Sensitivity coefficients  0.184049 - 0.184049 0.184049

Indoor particulate

. 3 0402 0494 0585  0.676
6  concentrations[mg/m’]

Sensitivity coefficients  0.186235 - 0.184211 0.184211
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