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Development of an Infiltration and Ventilation Model for Predicting
Airflow Rates within Buildings

Seok—Ho Cho
Department of Environmental Administration, Catholic University of Pusan, Busan 609-757, Korea

Abstract

A ventilation model was developed for predicting the air change per hour(ACH) in buildings and the airflow rates between
zones of a multi-room building. In this model, the important parameters used in the calculation of airflow are wind velocity,
wind direction, terrain effect, shielding effect by surrounding buildings, the effect of the window type and insect screening,
etc. Also, the resulting set of mass balance equations required for the process of calculation of airflow rates are solved using a
Conte-De Boor method.

When this model was applied to the building which had been tested by Chandra et al.(1983), the comparison of predicted
results by this study with measured results by Chandra et al. indicated that their variations were within -10%~+12%. Also, this
model was applied to a building with five zones. As a result, when the wind velocity and direction did not change, terrain
characteristics influenced the largest and window types influenced the least on building ventilation among terrain
characteristics, local shieldings, and window types. Except for easterly and westerly winds, the ACH increased depending on
wind velocity. The wind direction had influence on the airflow rates and directions through openings in building.

Thus, this model can be available for predicting the airflow rates within buildings, and the results of this study can be useful
for the quantification of airflow that is essential to the research of indoor air quality(temperature, humidity, or contaminant
concentration) as well as to the design of building with high energy efficiency.

Key words : Infiltration and ventilation model, ACH(Air changes per hour), Airflow rate
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Table 1. Terrain parameters for standard terrain classes

Terrain class b a Description
Ocean or other body of water
T-1 0.10 1.30 with at least Skm of unrestricted

expanse

Flat terrain with some isolated
T-II 0.15 1.0 obstacles(buildings or trees well
separated from each other)

Rural areas with low buildings,

T-0 020 0.85 trees, et

T-1IV 0.25 0.67 Urban, industrial or forest areas

T-V 0.35 0.47 Center of large city

(1988)7} A=} = A (normalized pressure coefficient)
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(p=10.6Cpy (2.a)
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+ Cyos(a/2) + G G*sin® (a/2) + Gycos® (o/2)]

(2.b)

kb : 2 AGAS, Gy - B FE A,
FTHFA), 6= ln(s), S |
G =1.248, ¢ =-0.703, ¢, =-1.175,
G =0.131, ¢, =0.769, ¢, =0.07,
G =0.717
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Table 2. Correction factors for generalized shielding

Shielding >Piclding .
class correction Description
factor (Sc)

S-1 1.0 No obstruction or local shielding

S-T1 0.88 Light loclzal shielding with few
obstructions
Moderate local shielding ; some

S-I 0.74 obstructions within two house heights
Heavy shielding ; obstruction around

SV 057 m.ost. of perlmf:-tfrr bull.dlng or trees
within five building heights in most
directions
Very heavy shielding ; large

S-v 0.31 obstruction surrounding perimeter
within two house height
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Input building data, weather data, terrain class, shielding class,
window type, indoor temperature, and mechanical ventilation data

!

I Set the initial value for pressure of each zone |
)

Calculate the reference wind velocity |

|Calculale the pressure coefficient for each wall |
|

r Calculate the wind pressure difference |
!

| Calculate the stack pressure difference
l

Calculate the total pressure difference I

1

[ Calculate the mass flow rate

1

Calculate the corrected mass flow rate

Calculate the new

pressure value
of each zone

ICalculate the volume flow rate—|—>| Output the volume flow rate|

I Calculate the ACH I >| Output the ACH |

Fig. 1. Flow chart for the calculation procedure.
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Table 3. Side ratio of wall at test building

Wall Side ratio Wall Side ratio
East 0.64 West 0.64
South 1.56 North 1.56
Table 4. Window area in test building
Window Area[mz] Window Area[mz]
W1 0.711 W5 0.711
w2 0.247 Woé 0.711
W3 0.613 w7 0.281
w4 0.247 W8 0.711
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Fig. 3. The floor plan of the zonal arrangement of application
building.

Table 5. Side ratio of wall at application building

Wall Side ratio Wall Side ratio
East 0.64 West 0.64
South 1.56 North 1.56

Table 6. Opening area in application building

Opening Area[mz] Center height[m]
D1, D2 1.540 1
D3, D4 1.400 1
W1, W2 2.800 2
Q12 2.465 1.45
Q40 - -
Q50 - -

Table 7. Zone volume in application building

Zone 1 2 3 4 5
72.645 4462 39.157 12.965 12.296

Volume[m3]

3

3. Zut { n¥

n

3.1, 2do| AZ
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Fig. 4. Predicted ACH according to standard terrain classes
[shielding class S-III, fully open windows and no
screen.

Table 8. Comparison of predicted and measured ACHJterrain class T-1I, shielding class S-II, windows with 60% porosity

insect screen]

, ) ACH[h'']
direction  velocity(Vth)  Measurement ~ Prediction - iction( 1S tudy) - y ’
[deg.] [m/s] (Chandra etc.)  (Swami etc.) Indoor 20C Indoor 20C Indoor 20C (%o}
Outdoor 10C Outdoor 20°C Outdoor 30C
87 2.5 19.0 16.9 17.13 17.14 17.15 -9.8~-9.7
140 4.3 29.8 29.9 33.28 33.34 33.38 11.7~12.0
152 32 23.3 22.5 24.56 24.59 24.62 54~5.7
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Fig. 7. Predicted ACH according to wind velocity[terrain
class T-V, shielding class S-1II, fully open windows
and no screen].
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Fig. 8. Predicted ACH according to wind direction[terrain
class T- 'V, shielding class S-III, fully open windows
and no screen].
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Table 9. Predicted airflow rate through openings in test building[terrain class T-V, shielding class S-III, fully open windows

and no screen]

. 3
Wind direction Airflow rate[m'/s]

Opening Flow direction 0° 45° or 315° 90° or 270° 135° or 225° 180°
D1 Zone 1 — Outdoor -0.964 -0.889 0.434 1.025 1.081
Wi Zone 1 — Outdoor 0.404 0.364 -0.393 -0.730 -0.762
w2 Zone 3 — Outdoor 0.272 0.239 -0.324 -0.592 -0.617
Q40(Fan) Zone 4 — Outdoor 0.154 0.154 0.154 0.154 0.154
Q50(Fan) Zone 5 — Outdoor 0.112 0.112 0.112 0.112 0.112
Q12 Zone 1 — Zone 2 0.538 0.505 -0.050 -0.312 -0.337
D2 Zone 2 — Zone 3 0.272 0.239 -0.316 -0.578 -0.603
D3 Zone 2 —Zone 4 0.154 0.154 0.154 0.154 0.154
D4 Zone 2 — Zone 5 0.112 0.112 0.112 0.112 0.112
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