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Prediction and Evaluation of the Wind Environment in Site Planning
of Apartment Housing by CFD
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Abstract

Diverse problems in wind environment has occurred through rapid urbanization and growth of high-rise building

numbers, This study aims to propose the CFD (Computational Fluid Dynamics) simulation method and evaluation

standard of wind environment in site planning of high rise apartment housing. The CFD simulation method proposed
in this study is not existing detail simulation, but it is the method that a designer can correct and develop the design
through immediate evaluation of design options in concept design phase. Therefore, the proposed CFD simulation
method of wind environment in this study uses the BIM based CFD tool in which the 3D model in concept design

phase can be used as for the CFD simulation.

In this paper, the study examines existing evaluation standards of comfortableness level in wind environment for
pedestrian near buildings, and selects new evaluation method which is possible to apply to the proposed CFD
simulation method. In addition, it is to examine calculation time-spending and appropriate mesh division method for

finding CFD result which is useful to find the best design options in aspect of wind environment in concept design
phase. Furthermore, it proposes the wind environment evaluation method through BIM based CFD simulation.
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1.8 B
11 478y 2 25
FA% EAR Qe dEel HA 1nFd, uUE3d)
Uq = =

SAY, woe B4z
dhgol #A ghol, @
EE g F4S Ase A
@ el 71 ofolth. of

@ ofel, 103 A

B mEFA AT AY Al
9 2.5},

shgel o% veE Fols

A EE AE el E=E wixo] wE AEFHI

do
:é
R
r
A
i
o
Yy
oy
u

* (F)FFAFAANA 1Y, Aeddiste A58 ddus
(sohn6969@gmail.com)

o

2y *ﬂ‘ﬂok ok AE F

X
i
k)
o2
rot
o
T ot
ol

o N =
-
l
L
>~
>

il

2
>
Mz
&
ol
>
o
X

of ®a R i 2 ot

_O|L

‘ K

9

i)

ek

>

S

il

il

o oM iy
Rt

2

2,

2

2
[
O%
L ﬁ
oftl
ki ofd ol g
on M rle oy
e 2
{z 2
5‘3_,('
.
o
°

o

Jo 4 v

% CEDABelol el Aol Jge
A, Srldaelz, 249 4

g s o1& Bl frole A
27 9% 448 wEDE ANHAT. Qingyan

=]
B
EH - Z‘ A=)
t}. R. Yoshie”, Cheng-Hu Hu® 5<& A&F
e
x)
Q1

12 1o WE R AL i oox AL N Y R ol

p)
oty

fo 0
B
=
>
o

My AN R e lo

A
Chen” e CFDE Z&3dte] AU/l 7|Fa8 2 A3
7183 PEE AdFE AP oldolxE AFE W
o9 F715ES BAF 4o =i Fold £ gk’
I8y V&L AFEL dEFHY T8 S 9%

63



ozt FA9] WA o] CRDA| 913 FRAe] o= @7/ A1

®% Arno Schlueter” BIME 7|Wo 2 AAAEC] =
1AL WA ARk oA dsg Brhsha
AE F s 19 A4 W Aty
ot

oAt A% A A i FAEe
A=ty WEy] AF FRA FAAEA B 0@
% BIMS 7|¥to® 3= CFDES Abgste]l 374 3
A S A sEE 540 ok 53 A= A
oAl AAAZE 2 Akl el dEAd A4 gl
ol AFKsta rdeA FEAES HE ¢ A= W
2 AAE Aol

2.1 Penwarden?| HJII7|&

AL AbEC m X = vbshe] JEI FEHI BAE
Aoe Hx==2ZE Beaufortd 2 Al H(wind force scale)©]
ATk oA Y HFH T BAZ A Ho

2, Penwarden< %13 Zo] 7]¥£9 BeaufortZ® A&}

’i44ﬂin§}%ﬂﬂ%%ﬂﬂﬂW”
e UA e nbgte] JEFS ©Ed] P FSwt
otyel HIE, &34 ZFE T VIlete Ae® T
o] A7|9S 183t E Beaufort $HAFWORE T3S
HrtetE de A7 ok 2 % Penwardend ‘Wi E
&o] bm/sE Z4st= FEo] 0.2% viwteldld 1 T4
2 &g deltf e NEE 1 Y Huk 1ES
A A et
2.2 Davenportel 77| =9
Davenporte= A X199 £ £ A7F & 7
bl g wltl Beaufort Numberet <& S35 2
Mol AB(F2E 1 AFY FHEY & 7l A5
ddst= VIS AAEGT dE Eo, FUAA A
st 4% Beaufort Number7} 5¢ &@ste= F4<
21m/s®]  whgo]l Ak WA FE 13]/F wwrold
Tolerablefﬂ—xl k21 o]to]l®™ Tolerabledt#| ¢t} H7}
&2 O X9 A4 =o] 6it(1.83m)oll thst HeF
2 2ol

64

E 1. Penwarden®| Beaufort S A&

Beaufort | Velocity )
Number (m/s) Effects

01 0-1.5 | Calm, no noticeable wind

2 16-3.3 | Wind felt on face

3 3.4-54 Wmd extends 11~ght flag, Hair is
disturbed, Clothing flaps

4 55-79 Raises du§t, (.h”y soil and loose
paper, Hair disarranged
Force of wind felt on body,

_ 5 Drifting snow becomes airborne,

2 80-107 Limit of agreeable wind on
land
Umbrellas used with difficulty,
Hair blown straight,

6 10.8-13.8 | Wind noise on ears unpleasant,
Windborne snow above head
height(blizzard)

7 13.9-17.1 |Inconvenience felt when walking
Generally impedes progress,

8 17.2-20.7 | Great difficulty with balance in
gusts

9 20.8-24.4 | People blown over by gusts

I 2. Tentative Comfort Criteria for Windiness

Ar RELATIVE COMFORT
.. eas
Ama ctivity .
Applicable Comfort |Tolerable|Unpleasant| Dangerous
Walking fast |Sidewalks 5 6 7 8
Parks,
Strolling, ~ |entrance
skating s.katmg 4 5 6 8
rinks
Standing, Parks,
sitting plaza
short areas 3 4 g 8
exposure
Outdoor
Standing, restaurants
sitting long  |band 2 3 4 8
exposure shells,
theatres
Representative criteria  for < < <
acceptability 1/wk. | 1mo. yr.
Units : Beaufort Number, Temperature > 10C
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F 3. Acceptable criteria for wind environment based
on occurrence frequency of daily maximum gust wind speed

Level of assessment of strong
wind and acceptable exceedance

frequency
(at a height of 1.5m)
Effect of Areas - ; ;
clas . Daily maximum gust wind
strong applicable
s . speed (m/s)
wind (example)
0 [ 15 | 2

Daily maximum mean wind
speed (m/s)
10/GFb | 15/GFb 20/GFb

Area used Shopping
for street in
S
purposes residential 10 0.9 0.08
1 most ) (37days (3days (0.3days
. area;
susceptible per year) |per year) | per year)
. outdoor
to wind
restaurant
effects
Areas
used for
, | e et | s | o
’ 80 13 2
susceptible park (80) (13) @
to wind
effects
Areas
used for
) pulf;‘;ies Office 35 7 15
. street (128) (26) 5)
susceptible
to wind
effects

“When these criteria are applied, values of wind-tunnel
experimental maximum mean wind speed may be used as the
indicator of wind speed. Maximum mean wind speed can be
given by converting the gust wind speed using gust factor.

PGF =gust factor (height 1.5m, averaging time 2-3 s). Area
where wind speeds are particularly high(1.6-2.5); typical city
area(2.0-3.5).
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>23m/s Completely unacceptable

<16m/s Generally acceptable

<13m/s Gengrally acceptable for o
stationary short—-exposure activities

Generally acceptable for

<10m/s . .
stationary long—exposure activities
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3. BIM based CFD Simulation to analyze the wind
environment around the building

3.1 BIM based simulation tool
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Turbulence
Model standard k-¢
Wind direction North
Wind Profile V1=5m/s,Boundarylayerheightd(m)=
370.0
Flow exponent a = 0.22 (suburban)
Temperature Isothermal
Discretisation FVM
E 7. 4X%E% dolH
Case Case 1 Case2 Case3
(Minimum grid size) 10m 5m 3m
Number X cells 69 98 151
Number Y cells 74 87 115
Number Z cells 30 57 92
Max aspect ratio 21.2 12.0 13.3
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Appendices
Appendix A.

I A1. Computer Specification
CPU AMD Athlon(trn) X2 250 Processor,
3013 MHZ

RAM 3.00 GB
Graphic Card | NVIDIA GeForce 210 (512MB)
Appendix B.

I A2. CPU time for CFD simulation
Case 1 Case2 Case3
(10m) (5m) (3m)

CPU .

time(h) 1h 30min 12h 20h
FSIn RN
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