AN =g A 208 A 2 3(2008)/pp. 121-127

Modeling of Turbulent Ventilation through an Opening due to
Outdoor Pressure Fluctuations
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ABSTRACT: This paper investigates the effects of outdoor pressure fluctuations on natural
ventilation through an opening on a building envelope. The ventilation airflow rate depends on
the magnitude and the period of the pressure fluctuations, the size of the opening relative to
the space volume, and the resistance characteristics of the opening. Non-dimensional parameters
have been derived, which determine indoor pressure responses due to outdoor pressure fluc-
tuations. The flow regions are categorized into (1) synchronized region, (2) opening resistance
region, and (3) transition region depending on the non-dimensional parameter derived. Pressure
fluctuations and flow characteristics are investigated numerically using the 4th order Runge-
Kutta method.
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Opening Area = A

Room Volume = Vv

Fig. 1 The ventilation model with a
single opening.
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Fig. 2 Equivalent electric circuit for the linear
model.
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Non-dimensional pressure, ®(t)

Non-dimensiona! time, ©

Fig. 3 Non-dimensional pressure variations
with respect to time.
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Fig. 4 Non-dimensional pressure magnitude
Omax as a function of H.

Fig. 4= P29 @5 Hol me AUy us
& 2RI 93 Aotk yZo] Yed o,
PimaxF Pemax® HIZA 98 gz =
o WE AW FHEE AFe Wge vepdo
AT 4F-FFEAo] AFQ A9 W
A= Hlaste] BelFa glvh Tz A Hit
o 7)) W @ AX Yoz ol
H7} 0150 72 742 Ay Ao v|do |
FHHe) 7] wEel Aejgte] WA Ay

rir _I

o

J

Feol A GFEL WMAA e AL B 4
A o GelolxE 49 dAWF FyHo
2 @ F/2 FojAe w o w wgste

AFR Fgo] FE 8 FAe] A g
3te] A gE et wela o] ggL EAA g
% (opening resistance region)o|g} & <= 9t}

©
=]

=—Non-linear
— Linear

®
(=1

@~
o o

o
=]

w
S

Phase shift, 8, [degree]
8 ]
LI L L B L I Y B B B

=
o

[T B S R R R TET L

o

0.01 0.1 1 10 100

o
=1
S
2

Non-dimensional parameter, H

Fig. 5 Phase shift 8, as a function of H.
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Fig. 6 Non-dimensional flow rate ¥(r) with
respect to time for different H's.
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Fig. 7 Non-dimensional flow rate magnitude

Ynax as a function of H.

43 xdtel BRI E 3l
2 Ae ¢ F Ak )
oHg el B

o}
et dRzRd ATRg 58 ¢4
F& AN & 9o Fig. 6& Azt

of #&Y FFl BaF Mol £F Hg
of FIEEE Yol AYOE oFFH: AL
T ek

Fig. 7& $a9 9% Hol e T34 §39
AEES voln Yrh FAAZIGN Hgkol

]
2 Zop A2ire] Wate]
Wigol dFe Ao WA e, g Ws
pimax7]- OOE] HHQ’}' ZEL %Eﬂ
A

& B, Hgtol 2
ool Frlsgd YoM E

sigts Aujeke W
2 Agz feE
%

37k A FAC dojvn
FFN A2 wEHe F¥ w2 793
H FEe A4sts BES wolA "
A gES 2 £FE T 22Y 5
e B ddHgez o] st 24 W
<] = AHEE dE AHEd dXdz

125

— A=0.00211m?
R == A =0.00422m?
---- A=0.00844m?

002

Q[m3/s]

001 [

0 I
0.01 0.1 1 10
Period, T {s]

Fig. 8 Average effective ventilation rate g as
a function of period T for different
opening areas (V = 38.4m).
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Fig. 9 Average effective ventilation rate g as
a function of period T for different
room volumes (A = 0.00422 m°).
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