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ABSTRACT

ABSTRACT

Keywords : urban thermal environment, natural ventilation, wind tunnel
experiments, numerical simulation

I. Introduction

Due to rapid development in urban territory where the available land limited,
the newly constructed buildings become higher. As these high-rise buildings can
generally affect the path and speed of local air flow, it results in different extents
of pedestrian comfortability and safety. In summertime, heat due to solar radiation
from asphalt road pavement and expelled warm air from buildings can also cause
a significant increase of temperature when the local wind is weak.

The factors that affect the pedestrian wind field are complex. In urban area,
they include the characteristics of local atmospheric boundary layer, wind
direction and speed, the size and geometry of the local buildings and so on. The
condition of wind environment can affect the extent of pedestrian comfortability
and safety. A good wind environment can alleviate the strength of possible
heat-island effect.

I1. Research method and procedure
The project attempts to investigate the urban ventilation effect and explore the
method of assessment by using numerical simulation and wind-tunnel testing. The
work includes:
Collection of related studies,
Selection of investigation district and model establishment,
Execution of wind-tunnel tests,
Execution of numerical simulation,
Assessment of comfortability, and
Draft of guidelines.

S T o

I11. Important Findings
Four important findings are stated as follows:
1. By conducting wind tunnel model tests on the Bangiao investigation district,
the equivalent speed was evaluated according to the local meteorological data

Xl
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then to find out the SET* temperature scale. Accordingly, a standard operation
procedure can be established to assess the outdoor thermal environment.

2. Under the condition that it is 1 o’clock in a summer afternoon and a human is
standing up, the comfortable wind speeds for the local six metropolitan cities
are obtained based on a 30° C upper limit of comfortability.

3. By performing numerical simulation according to the specifications by AlJ and
COST, the predicted results are generally in good agreement with those from
the experiments.

4. According to the results of analysis about the two typical arrangements of
buildings, suggestions are given in help with the planning of street blocks to
improve the local thermal environment.

IV. Major suggestions
The major suggestions are

— to establish the wind tunnel test method and procedure for the assessment of
local urban thermal environment,

—to draw up the local technical codes for the execution of numerical simulations
in assessing the wind environment, and

— to construct the national design guidelines for the ventilation of urban thermal
environment.

Xl
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% 4-3 LRI RR P ETHORTFIIRES S|

o £ 515 Tk i (WU,)
A N T A U €O O G | te k| ds |[asd
1 | 0208 | 0.153 | 0.140 | 0.134 | 0.139 | 0.123 | 0.217 | 0.182
2 | 0178 | 0.262 | 0.195 | 0.178 | 0.139 | 0.130 | 0.120 | 0.134
3 | 0218 | 0.263 | 0.184 | 0.255 | 0.268 | 0.259 | 0.201 | 0.144
4 | 0232 ] 0237 | 0191 | 0190 | 0.171 | 0.162 | 0.139 | 0.155
5 | 0.207 | 0.193 | 0.204 | 0.166 | 0.153 | 0.149 | 0.150 | 0.141
6 | 0.224 | 0.219 | 0.190 | 0.284 | 0.284 | 0.240 | 0.211 | 0.154
7 | 0221 | 0224 | 0.290 | 0.236 | 0.211 | 0.202 | 0.113 | 0.116
8 | 0181 | 0.166 | 0.127 | 0.107 | 0.083 | 0.093 | 0.158 | 0.154
9 | 0471 | 0464 | 0.356 | 0.343 | 0.325 | 0.333 | 0.242 | 0.196
10 | 0.226 | 0.224 | 0.291 | 0.342 | 0.351 | 0.297 | 0.221 | 0.178
11 | 0.305 | 0.234 | 0.271 | 0.258 | 0.286 | 0.286 | 0.241 | 0.182
12 | 0.322 | 0.226 | 0.241 | 0.226 | 0.250 | 0.195 | 0.222 | 0.171
13 | 0.300 | 0.259 | 0.254 | 0.226 | 0.242 | 0.171 | 0.290 | 0.219
14 | 0.255 | 0.230 | 0.264 | 0.249 | 0.270 | 0.188 | 0.334 | 0.290
15 | 0.294 | 0.257 | 0.314 | 0.254 | 0.228 | 0.241 | 0.425 | 0.355
16 | 0.220 | 0.279 | 0.264 | 0.318 | 0.250 | 0.243 | 0.316 | 0.240
17 | 0.216 | 0.262 | 0.275 | 0.270 | 0.245 | 0.345 | 0.399 | 0.302
18 | 0.343 | 0.309 | 0.224 | 0.226 | 0.223 | 0.248 | 0.293 | 0.316
19 | 0.257 | 0.215 | 0.190 | 0.187 | 0.201 | 0.177 | 0.274 | 0.331
20 | 0.216 | 0.311 | 0.347 | 0.268 | 0.247 | 0.207 | 0.189 | 0.235
21 | 0.227 | 0.280 | 0.275 | 0.236 | 0.226 | 0.235 | 0.172 | 0.286
22 | 0.196 | 0.237 | 0.268 | 0.222 | 0.253 | 0.225 | 0.192 | 0.240
23 | 0.202 | 0.290 | 0.314 | 0.248 | 0.251 | 0.253 | 0.280 | 0.250
24 | 0.215 | 0.251 | 0.215 | 0.171 | 0.148 | 0.121 | 0.150 | 0.260
25 | 0.205 | 0.251 | 0.226 | 0.245 | 0.301 | 0.391 | 0.254 | 0.254
26 | 0.146 | 0.149 | 0.136 | 0.134 | 0.113 | 0.114 | 0.104 | 0.115
27 | 0.188 | 0.227 | 0.167 | 0.149 | 0.132 | 0.131 | 0.150 | 0.160
28 | 0.179 | 0.233 | 0.205 | 0.165 | 0.117 | 0.101 | 0.114 | 0.131
29 | 0.212 | 0.231 | 0.208 | 0.243 | 0.242 | 0.329 | 0.241 | 0.145
30 | 0.223 | 0.322 | 0.321 | 0.240 | 0.195 | 0.184 | 0.156 | 0.136
31 | 0.185 | 0.207 | 0.235 | 0.182 | 0.237 | 0.277 | 0.218 | 0.214
32 | 0217 | 0.248 | 0.235 | 0.187 | 0.145 | 0.165 | 0.209 | 0.201
33 | 0.141 | 0.133 | 0.110 | 0.109 | 0.148 | 0.204 | 0.204 | 0.204
34 | 0214 | 0290 | 0.284 | 0.268 | 0.226 | 0.280 | 0.269 | 0.153
35 | 0.192 | 0.252 | 0.344 | 0.196 | 0.143 | 0.136 | 0.155 | 0.118
36 | 0.164 | 0.276 | 0.373 | 0.214 | 0.132 | 0.145 | 0.154 | 0.120
37 | 0.163 | 0.182 | 0.266 | 0.284 | 0.298 | 0.307 | 0.149 | 0.153
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P

R R b TR E R R R R A R

%4-4 L RIBEAA R » & TEFIIRFEESE I

o £ F=x T 3ah i (u/Uo)

T e 230 | 0@ |[dad & S R A R o
1 | 0167 | 0.202 | 0.242 | 0.163 | 0.233 | 0.355 | 0.253 | 0.136
2 | 0.140 | 0.188 | 0.188 | 0.179 | 0.229 | 0.274 | 0.166 | 0.159
3 | 0145 | 0.175 | 0.162 | 0.158 | 0.184 | 0.227 | 0.209 | 0.241
4 | 0154 | 0221 | 0.178 | 0.171 | 0.184 | 0.191 | 0.196 | 0.262
5 | 0150 | 0.178 | 0.168 | 0.152 | 0.193 | 0.181 | 0.133 | 0.158
6 | 0.158 | 0.162 | 0.156 | 0.155 | 0.180 | 0.171 | 0.160 | 0.172
7 | 0153 | 0.152 | 0.158 | 0.152 | 0.250 | 0.163 | 0.139 | 0.184
8 | 0170 | 0.154 | 0.187 | 0.225 | 0.209 | 0.216 | 0.113 | 0.101
9 | 0.135 | 0.245 | 0.208 | 0.165 | 0.143 | 0.217 | 0.253 | 0.398
10 | 0.180 | 0.148 | 0.151 | 0.157 | 0.181 | 0.190 | 0.176 | 0.211
11 | 0.118 | 0.221 | 0.187 | 0.192 | 0.172 | 0.158 | 0.211 | 0.251
12 | 0.120 | 0.151 | 0.166 | 0.172 | 0.140 | 0.158 | 0.153 | 0.215
13 | 0.127 | 0.147 | 0.217 | 0.179 | 0.156 | 0.160 | 0.122 | 0.195
14 | 0.146 | 0.143 | 0.204 | 0.174 | 0.148 | 0.150 | 0.136 | 0.199
15 | 0.194 | 0.131 | 0.154 | 0.180 | 0.159 | 0.172 | 0.134 | 0.209
16 | 0.165 | 0.157 | 0.231 | 0.258 | 0.238 | 0.276 | 0.141 | 0.154
17 | 0173 | 0.112 | 0.171 | 0.207 | 0.191 | 0.236 | 0.141 | 0.186
18 | 0.170 | 0.235 | 0.235 | 0.209 | 0.207 | 0.219 | 0.205 | 0.291
19 | 0.177 | 0.203 | 0.222 | 0.243 | 0.209 | 0.203 | 0.151 | 0.215
20 | 0.210 | 0.384 | 0.465 | 0.481 | 0.249 | 0.379 | 0.442 | 0.421
21 | 0.273 | 0.270 | 0.327 | 0.376 | 0.183 | 0.277 | 0.364 | 0.362
22 | 0.240 | 0.383 | 0.463 | 0.434 | 0.251 | 0.445 | 0.404 | 0.343
23 | 0.262 | 0.416 | 0.522 | 0.502 | 0.321 | 0.548 | 0.553 | 0.383
24 | 0.354 | 0.259 | 0.275 | 0.276 | 0.242 | 0.312 | 0.365 | 0.285
25 | 0.331 | 0.231 | 0.391 | 0.399 | 0.361 | 0.401 | 0.414 | 0.301
26 | 0.115 | 0.133 | 0.131 | 0.147 | 0.145 | 0.151 | 0.130 | 0.114
27 | 0219 | 0.284 | 0.300 | 0.293 | 0.213 | 0.335 | 0.313 | 0.235
28 | 0.164 | 0.201 | 0.240 | 0.238 | 0.212 | 0.256 | 0.318 | 0.248
29 | 0.173 | 0.244 | 0.302 | 0.330 | 0.308 | 0.304 | 0.217 | 0.143
30 | 0.140 | 0.149 | 0.265 | 0.390 | 0.300 | 0.291 | 0.239 | 0.193
31 | 0.241 | 0.279 | 0.319 | 0.286 | 0.297 | 0.333 | 0.273 | 0.157
32 | 0223 | 0.276 | 0.320 | 0.295 | 0.301 | 0.350 | 0.339 | 0.168
33 | 0.258 | 0.226 | 0.169 | 0.181 | 0.188 | 0.175 | 0.164 | 0.118
34 | 0177 | 0.211 | 0.311 | 0.405 | 0.337 | 0.334 | 0.234 | 0.166
35 | 0.177 | 0297 | 0.364 | 0.382 | 0.258 | 0.299 | 0.164 | 0.153
36 | 0.155 | 0.277 | 0.240 | 0.303 | 0.240 | 0.216 | 0.181 | 0.136
37 | 0152 | 0.234 | 0.327 | 0.377 | 0.283 | 0.219 | 0.138 | 0.119
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% 45 LRIBE F R T I0R # Uy

BE (> Ueq (M/S) B (> Ueq (M/S)
1 0.700 20 1.222
2 0.709 21 1.030
3 0.882 22 1.162
4 0.749 23 1.302
5 0.677 24 0.863
6 0.894 25 1.224
7 0.825 26 0.523
8 0.568 27 0.795
9 1.147 28 0.721
10 1.034 29 1.024
11 0.955 30 0.979
12 0.837 31 0.986
13 0.846 32 0.900
14 0.875 33 0.637
15 0.868 34 1.082
16 0.991 35 0.917
17 0.905 36 0.836
18 0.928 37 1.088
19 0.828 - -
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Wik ~indle UDF

) L4 . > hom > -
ek~ > il e UDF
/*****************************************************************/

/* Concatenated UDFs for fully-developed turbulent inlet profiles */

/*****************************************************************/

#include "udf.h"

#define UMEAN 25.
#define B 0.25

#define DELOVRH 400
#define VISC 1.7894e-05
#define CMU 0.09
#define VKC 0.41

/*****************************************************************/
/* UMEAN::# & & & S b & */

I* B :powerlaw 2. K#ica */

[* DELOVRH::#2 % & B & 6 */

[* UMEAN:# % & & 4 b i */

* ti cEonm A *

[* kay :Exindiap */

* ti cEonm A *

/*****************************************************************

[* % & T ¥k i# profile for x-velocity */
DEFINE_PROFILE(x_velocity, t, i)

{

real y, del, h, xND_ND], ufree; /* variable declarations */
face tf;

del = DELOVRH;

ufree =UMEAN;

begin_f_loop(f, t)

{

F_CENTROID(x,ft);

y =x[2];

if (y <=del)
F_PROFILE(f,t,i) = ufree*pow(y/del,B);
else

F_PROFILE(f,t,i) = ufree;
}

end_f_loop(f, t)

}
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I* % % ¥ onde s profile for kinetic energy */
DEFINE_PROFILE(k_profile, t, i)

real y, del, h, ufree, x[ND_ND];
real ff, utau, knw, Kkinfti,uz;
face tf;

del = DELOVRH;

ufree = UMEAN;
begin_f_loop(f, t)

{

F_CENTROID(x,f1);
y=x[2];

if (y <=del)

ti= 0.26-0.18*pow(y/del,0.35);
else

ti= 0.08;

if (y <=del)
uz=ufree*pow(y/del,B);
else

uz=ufree;

F_PROFILE(f,t,i)=pow(uz*ti,2.);

}
end_f_loop(f, t)
}

I* % & ¥ i $7 profile for dissipation rate */
DEFINE_PROFILE(dissip_profile, t, i)

{
real y, X[ND_ND], del, h, ufree;

real ff, utau, ti,uz,kay,dudz;
face tf;

del = DELOVRH;
ufree = UMEAN;
begin_f_loop(f, t)

{
F_CENTROID(x,f,t);
y=x[2];
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if (y <=del)

ti= 0.26-0.18*pow(y/del,0.35);
else

ti= 0.08;

if (y <=del)
uz=ufree*pow(y/del,B);
else

uz=ufree;

kay=pow(uz*ti,2.);
dudz=ufree/del*B*pow(y/del,B-1.);

F_PROFILE(f,t,i)=pow(CMU,0.5)*kay*dudz;

}
end_f _loop(f,t)

¥
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