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Abstract

Keywords: Building ventilation, Multi-family dwelling unit, Surrounding

buildings, Wind tunnel experiment, Computational Fluid Dynamics

In densely-populated areas, where buildings are grouped closely together,
wind-driven ventilation is strongly influenced by the surrounding structures.
The sheltering effect of the surrounding built-up environment can reduce the
wind speed and wind-driven ventilation rate. This study used wind tunnel
experiment and a three-dimensional Computational Fluid Dynamics (CFD)
model to investigate the influences of adjacent building on wind-driven natural
ventilation of the downwind building. The influences of building depth,
height, width and spacing between the buildings were systemically studied.
The simulation result demonstrated that the ventilation rate decreases as the
building depth increases. In addition, the ventilation rate, compared to a
single building, was significantly reduced by 50% when the spacing between

two buildings is less than three times of building height.
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LHEHF O TFHEREN LI ORR

Sk,

T (2004)F]* -5 ikl ds 4 B (CFD)#c e i g €8 i b B AR
PR HER S EY RE k- HSERARF TP AR RE
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= #% ;% v Navier-Stokes > 4254 o ¥4 42587 10 & 1 5 ¢

%:0 (D)
0X.

0. Ou u, P 2u. on,

aul n i =_l OP +V6 u, _ le (2)
ot 0x, p 0X, ox;  Ox,

7 THRLj=L2,3A8REAXy,Zz Z B3 ot ARy o p Gimikis
g B{eBA4 s p 53 F R By &SRR T R4 (subgrid scale stresses) :

Tij = %Tkk6 U—Zplts_ (3)

ij
Fyoe [T PR K OAEF Gl TR G
= p(CSAS)2\12§ij§ij 4)

;7 Cy 5 Smagorinsky ¥ #c > S; % & % 5 (rate of strain) :

- 6u
Sij =— o, (5)
2| 0x; axi

FRPAE T ERRLER T UGE G

A, =min(xd, C,V'"?) (6)

$¥ xk(=041)5 5+ ¥ #ic(von Karman constant) > d 2 #1745 a0 » V 5 3+
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(a) Windward face
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Frog BEf

41 WRFB A E D H R BN EELER E

154 2 4R

Ly, fleor  of Q; Qe Q' A%)

1™ 0.450 0.439 0.445 0.438 1.45
1.07

2n 0.537 0.518 0.528 0.521 1.21

3.57 2 0.407 0.402 0.405 0.426 5.04

RS F RO E Ug=10m/s. Br @ < F & 2/H,=0.25(1%4c 0.816(2")

FH AR AL ER
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BESLEHE RS AR P

3 42 A i HoE Sk

LyH;  Vi(m’) Grid number Domain size Br (%)
(AXxAYxAZ) L W, H (m)
Case Al  1.07 18928 169x51x60 123,39, 36 1.28
Case A2 143 26208  174x51x60  124,39,36 1.28
Case A3 179 33488  179x51x50  125,39,36 1.28
Case A4 214 40.768  184x51x60  126,39,36 1.28
Case A5 357  69.888  204x51x60  130,39,36 1.28
Case A6 714 142688 254x51x60 140, 39,36 1.28
Hi Zzp3A& V; 22084 0 Us=10m/s
ARl S B Sl S L
£ 43 A xRS %
Cpi Cp2 AP(Pa) Q(m's) Q  Q/Q,(%)
Case Al 0.826 -0.461 77.22 5.21 0.52 100.0
Case A2 0.724 -0.381 66.30 4.83 0.48 92.6
Case A3 0.732 -0.293 61.50 4.65 0.47 89.2
Case A4 0.706 -0.196 54.12 437 0.44 83.7
Case A5 0.710 -0.151 51.66 4.26 0.43 81.7
Case A6 0.713 -0.138 51.06 4.24 0.42 81.3

* > Pl A RN
Qo % case Al ehg Fl&kim £

?'Jffljw)f? RN LS 5.
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44 fR ARk

g B

Ly/Hy H./Hy Wo/ Wy S/Hy Br (%) openings
Series B 0.5 1.0 1.0 0.5~6.0 1.28 No
Series C 0.5 0.5~2.0 1.0 1.0 1.28 No
Series D 0.5 1.0 0.5~2.0 1.0 1.28~2.56 No

FALRR AP ER
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BENAzHEAL P R NPT

% 4-5 5| B ehidk,
S/H, H/H, WJ/W, Grid number Domain size Br (%)
(AX x AY x AZ) L, W, H (m)
Case A 0 0 0 169x51x60 1230, 390, 360 1.28
CaseBl 0.5 1.0 1.0 173x51x60 1290, 390, 360 1.28
Case B2 1.0 1.0 1.0 188x51x60 1320, 390, 360 1.28
Case B3 2.0 1.0 1.0 218x51x60 1380, 390, 360 1.28
Case B4 3.0 1.0 1.0 248x51x60 1440, 390, 360 1.28
CaseB5 4.0 1.0 1.0 278 x51x60 1500, 390, 360 1.28
CaseB6 5.0 1.0 1.0 308x51x60 1560390, 360 1.28
CaseB7 0.0 1.0 1.0 338x51x60 1620390, 360 1.28
Case A 2 H#HZaPF i 2823 AR Ug=10 m/s.
TR AT ER
% 4-6 57 Bofies: (Br 3R z=0.75H)
Cor Cp2 AP (Pa)  Q(m’s) Q" Q/QL(%)
Case A 0.943 -0.427 82.24 5.38 0.54 100.0
Case Bl  -0.217 -0.202 -0.96 0.56 0.06 10.4
Case B2 0.056 -0.241 17.98 2.50 0.25 46.5
Case B3 0.299 -0.431 43.79 3.93 0.39 73.0
Case B4  0.799 -0.398 71.87 5.03 0.50 93.4
Case B5  0.851 -0.396 74.85 5.13 0.51 95.4
Case B6  0.867 -0.441 78.49 5.26 0.53 97.7
Case B7  0.859 -0.422 76.93 5.20 0.52 96.7

Qs i ¥z A eng TS nE (Case A)

?'Jffljw)f? DAFT Y T
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Frog BEf

% 4-7. 53] C etk

S/H, H/H, Wo/Ws Grid number Domain size Br (%)
(AX x AY x AZ) L, W, H (m)

Case A - - - 169 x 51 x 60 1230, 390, 360 1.28
Case C1 1.0 0.5 1.0 188x 51 x60 1320, 390, 360 1.28
Case C2 1.0 1.0 1.0 188x 51 x 60 1320, 390, 360 1.28
Case C3 1.0 1.5 1.0 188x51x75 1320, 390, 540 1.28
Case C4 1.0 2.0 1.0 188x 51 x93 1320, 390, 720 1.28

2R % Rk Ug=10m/s

TR KR L AT AT

% 4-8. 43| Cenfidrs s (Br &R z=0.75H)

Cor Cp2 AP(Pa) Q@m’s) Q°  Q/Q(%)
Case A 0.943 L0427 82.24 5.38 0.54 100.0
Case Cl  0.660 0217 52.67 430 0.43 80.0
Case C2  0.056 -0.241 17.98 2.50 0.25 46.5
Case C3  -0.077 10.298 13.29 2.16 0.22 40.1
Case C4  -0.235 -0.290 3.31 1.08 0.1 20.0

Q' L E At chi Fl=in g (CaseA)

?'Jffljw)f? DAFT Y OEIE
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FESLZHEAY p RAR PP

% 4-9. 53| D ik

S/H, H,/H, W,/ W, Grid number Domain size Br (%)
(AXx AY X AZ) L, W, H (m)

Case A - - - 169x51x 60  1230,390, 360 1.28
Case D1 1.0 1.0 0.5 188x51x60  1320,390, 360 1.28
CaseD2 1.0 1.0 1.0 188x51x60 1320, 390, 360 1.28
Case D3 1.0 1.0 1.5 188x72x60 1320, 390, 540 1.92
Case D4 1.0 1.0 2.0 188 x75x 60  1320,390, 720 2.56

2R % Rk & Ug=10m/s

FHR AR AL ER

% 4-10. 57| Denfdie s (B - & & z=0.75H,)

Co1 Cp2 AP (Pa)  Q(m's) Q" Q/Qu%)
Case A 0.943 -0.427 82.24 5.38 0.54 100.0
Case D1 0.339 -0.278 37.07 3.61 0.36 67.1
Case D2 0.056 -0.241 17.98 2.50 0.25 46.5
Case D3 -0.330 -0.156 10.44 1.92 0.19 35.6
Case D4 -0.459 -0.188 16.30 2.39 0.24 44.4

Qs ZHWE AP chg Fl=xinE (Case A)

TRRR AT EIR
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