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Numerical simulation on the effects of building coverage on cross-ventilation

[zuru HOSOOKA, Tadahisa KATAYAMA, Tetsuo HAYASHI
Jun TANIMOTO, Hitoshi YONEZAWA, Jun-ichiro TSUTSUMI
and Ping HE

The results of many wind tunnel model experiments show that the wind pressures on building walls be-
come smaller when building coverage ratio becomes larger.  Cross-ventilation rate which is caused by natu-
ral wind is not easily calculated by the ordinary equation for ventilation rate based on wind pressure coeffi-
cients on building walls and pressure drop coefficients of openings, because the air flow through inlets,
rooms and outlets conserves a part of its dynamic energy. Numerical simulation of cross-ventilation can
give the detailed information of air flow in and around a house and the cross-ventilation rate. A cyclic
boundary conditions method for the numerical simulation is used to model the unlimited spread of a built-up
area with regularly aligned blocks which are cubic and have two relatively large openings on opposite walls
respectively.  There are six layouts of blocks with different building coverage one another. An equation
for the calculation of the pressure difference between the windward and the leeward boundary is proposed.

The cyclic

boundary conditions produced stable

calculation

results. The simulation results of

cross-ventilation rate is compared with the ordinary equation‘.
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(a) Vertical section (b) Horizontal section

Fig. 1  Configulation of model buiidings

Fig. 2 Layout of model buildings and numerical simulation
region
Table 1 Six layouts of model buildings with different
building coverage ratio (B.C.R.), numerical
simulation region (Lo/H) and total number of
grids (T.N.G.)

Model |B.C.R.(%) Lo/H T.N.G.
Model C1 25.0 2.0 16,900
Model C2 20.0 V5 19,600
Model C3 15.0 4/ 20/3 22,500
Model C4 10.0 410 25,600
Model C5 5.0 2v/5 32,400
Model B 0.0 — 34,200
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Fig. 3  Numerical simulation region and its calculation grid
(The case of Model C3)

Table 2  Basic equations for the numerical simulations
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U;: velocity component of X; direction, X;: axis, t: time, p, II:
pressure, p: density of air, v eddy viscosity coefficient, k:
turbulent kinetic energy, & energy dissipation rate, Cp =
0.09, C;=1.59, C,=0.18,0:1=1.0,0,=1.3
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Fig. 4 Transition of ventilation rate in accordance with
number of calculations

BIETT 5. Z20BRTOEFEIERRITKREL, £
BFERLVIEEE L. #0%, SHEI ED L@
AERISLLERL, BerCEHEICEYD S, B
TEIF B L VERES % DBEIT18HFEEE TR D
BOEEEIGEL, BEFHRORD DL ERE5%
DHBEDI0FEFTHOR S KEVEEEETER L&
b, THZERENKRE 2 B, FHEEESEICR
LTEYOEDLEENKELRD, FEITLER
LBIDTHAE.

LI, 3 XRTOEFIEFIVIIBWT, SHELERE
WEFEICELZEEZZONLFHEE K4 XI10°DE
BERETEERFONRE L TR T 2 EIZT
5.

3.2 BEEANY MV OHERE

ZEWEYE 7N OBEEEC BT D BN
CEL, ALESRERTEIRGEN S N V46 & LB L
T Fig. 5 \Z/RT. EYEREOE LB FE AR T8
L, #OBRMIIEMAE LIRS EYHE CRVWEE
TTRLCATUEDOR LEEICEHRT 5. Z0F%
VBRI i o CFHEL, —ERi3BIOA S ERICHA
T5., IS HICBEMICIHEo CTTRL, BEREICE
LTHERS 5. Ki, ZoEiEHERICH-> AL
PR OETERICEHRL, ZOBMIZB->TLERAT
A, F0O%, BRTHO SOMBRRE —HEIZh->T
FRL, BATmE2S. S0k L TEYHEIZEE
SNAMERIE, BERESSALRDEOESES S %
518, FOBWERESL. LA oT, ZOMBDL
HIZELERON S O ARFAIRE A > TFREY
HEEL, BREPRKEIVWVEREZ2ERIH 5.
BTREO,S oA, #i2, LM T 5705,
FOREDBERENKEL 2 BBRAE L2 HEANCDH
L, ZOL)BRBMARMO TR, mHKKO LAIX
Model B IZBWT b RSN LMEMTH 555, BEID
BB EYEICER SN AHIEIC X > TENSHE
ENTVWE, ZOZ L, BRENOEZILICLEERYS
RABZ LI A.



— 206 — EHRENERICRIZTEE

3.3 HERROLE

1) 2B 7 —A&E 2.0

Model C1, C3, C5 & U#ik# 0 % D Model B O -
SRTERTTE & K FUTENC BT 5 2 7 — RS ERN % - ; .125&?3
H# L Fig. 6 12773, Model B & Model C1 # I 5"
ThE, WEORY LECBY RS HRE T 92 N0.280-2

ﬁ)&bfﬁif‘ﬁébf%“(ﬁ*) ZOE, HELDG Central vertical section
REZEMEERLTWS, ZOEMISEREIKE 02\ o @2 TS, O

r
2oL 0 d0s, |

0.4~ —0.4 o|5 :
] __J
/////// // Central horizontal section
= = o o ection —

Centrai vertical section

_o. 2,’J )) ,0.2
—0.4

L ((((’((\’(\’7’ ///”//’//@’/’//‘f’ Central horizontal section

Model C5

I

1.4—
W 1o 10—
— o.a/l \)!)m;
Q
s .44
(0.475. 2/1_1 l 0.2 0.2 _ |

Central vertical section

045%“1‘/02 0.4/

0.6— |

odel c4 (Bulld g Coverage Ratio 10%)

NS

= §/>//W/ e 2
8 N
S
AP I IGESS v
‘Aw — A
LI T VY.V ) S5
= 25

Central horizontal section

Model B

Fig. 6  Comparison of scalar speed distributions on the cen-
tral vertical section and the central horizontal sec-
tion of three models
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Distributions of turbulent kinetic energy and energy
dissipation rate on the central vertical section of
Model C2
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Fig. 8 Relation between building coverage ratio and

ventilation rate
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