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ABSTRACT

ABSTRACT

Keywords : CFD, neural network, GIS, weather data, wind speed

probability, urban ventilation corridor
1. Background

In the context of rapid economic development and urbanization, the
intensity of carbon and heat emissions from various types of buildings, such as
factories and residences, has gradually increased due to the prevalence of
cement buildings, impermeable pavements, and high-density development
resulting from various economic activities. This has further caused an imbalance
in the overall environment. According to the results of relative research, in
extreme cases, the temperature difference in the urban center of the Taipei Basin
can reach up to 5.4 degrees Celsius, indicating that the urban heat island
problem is very severe. The high population density of Taiwan's cities, the rapid
process of urbanization, and the resulting high-density development have
reduced the area of urban open space and green space, further reducing the
ventilation capacity of the city.

The earliest urban ventilation map was developed in Stiittgen, Germany, to
promote good urban ventilation in 2008. In recent years, it has gradually
received attention and has been used as a reference for major cities worldwide.
Planning and establishing suitable urban wind corridors can not only reduce the
urban heat island effect and effectively solve the problem of urban haze
accumulation but also reduce the city's overall emissions during urban planning
and design, which is of substantial help to our country's 2050 net-zero emission
target. Major municipalities in our country also attach great importance to this
issue and have reviewed and responded to it on both policy and implementation
fronts. Therefore, developing a universal urban wind corridor analysis tool is an

urgent task.
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2. Methodology

The purpose of this study is to integrate a large amount of data and to
accurately analyze the ventilation characteristics of an urban area using the
mesoscale WRF model and small-scale CFD simulation to establish the
structure and process of the urban wind corridor analysis technique and to build
an urban wind corridor geographic information query system. Through the urban
wind corridor geographic information query system, users can provide the
results of wind speed statistics, prevailing wind direction and average wind
speed, surface roughness, urban heat island intensity, etc., and finally analyze
and present the primary and second wind corridors and ventilation potential
zones in the urban area.

This project establishes a tool for urban wind corridor planning and
analysis, plans the system layer structure of the "Taiwan Urban Ventilation
Map" (from now on referred to as TUVM), and develops the system prototype.

The system consists of the following components:

I. Wind speed and direction data and Weibull distribution analysis;

(1) The last ten years of meteorological station data collection in the study area;
(2) Addendum to the automatic station data;

(3) Statistical analysis of wind speed and direction.

II. Urban Ventilation Map - Primary and Secondary Corridors

(1) The latest 3D building modeling data collection in the study area;

(2) 3D model transformation, gridding techniques for building and analyzing

urban morphology;

(3) Definition and analysis of primary and secondary ventilation corridors.

X1v
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1. Gridding prevailing wind speeds for administrative districts
(1) Zoning administrative districts to simulating areas;
(2) 3D buildings model conversion;

(3) CFD simulation under prevailing winds and data acquisition analysis;

IV. Heat island intensity map layer

(1) Data collection of satellite aerial photographs in the last 5 years in the study

area;
(2) TCCIP temperature data collection;
(3) Analysis of Heat Island Intensity Index.

The final integration work is to integrate the data and map system into the
TUVM system, analyze the application strategy of ventilation maps, and write a
final report and report on the results. During the implementation period, two
expert seminars were held to solicit suggestions from scholars and experts on

this project.
3. Conclusions

In this study, the “Taiwan Uban Ventilation Map” was developed as a tool
for urban wind corridor planning and analysis. The information required for
urban ventilation assessment was produced and piloted for the built-up and
densely populated areas in the Greater Taipei Basin, including Songshan, Xinyi,
Daan, Zhongshan, Zhongzheng, Datong, Wanhua, and Shilin Districts in Taipei
City; and Bangiao, Sanzhong, Zhonghe, Yonghe, Xinzhuang, Luzhou, Taishan,
and Wugu Districts in New Taipei City.

After integrating the techniques of the neural network, CFD simulation,
mesoscale atmospheric model, satellite infrared band inversion, urban
morphometric analysis, and geographic information system (GIS), we have

produced the information and map layer for urban ventilation planning. The
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following conclusions can be drawn after synthesizing the study's results and

reviewing the expected outcome benefits.

(1)

2)

€)

(4)

()

The TUVM website was built, and four major areas of information were
included, including regional wind speed and direction information, urban
heat island information, building morphology information, and urban wind
field information, to provide a quick query platform for the related designer

to obtain urban ventilation planning information.

In the course of this study, several validations and analyses were conducted,
including the accuracy of the wind speed data obtained, the
representativeness of the augmentation satellite data, and the confirmation of
the urban texture analysis method, to ensure that the relevant information can
reasonably represent the physical mechanisms in the study area, and to
provide a guarantee of the effectiveness of the wind corridor after the

assessment.

Concerning the practices of major high-density cities in the world, we have
established a methodology for evaluating the ventilation of localized area
development and proposed three requirements for maintaining regional
ventilation, which can be used to assess urban ventilation in urban

development or planning.

In the overview of the TUVM system and the application process, users can
recognize the various information provided in the content of the description,
according to the changes in the functional content of the system, amendments
or additions to the content of the description, and further integration of this

part of the information into the website system.

After referring to the control principles of major cities in the world and

taking into account domestic urban patterns, we have initially formulated the
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control principles suitable for Taiwan. In the future, while continuing to
improve the system, we will revise the control principles and reach a
consensus with all sectors of the community to introduce feasible and

effective control means.

4. Suggestions

Suggestion |
Immediately feasible suggestion: TUVM Promotion and Application
Origanizers: National Land Management Agency (Ministry of the Interior),
Architecture and Building Research Institute (Ministry of the Interior), Taiwan
Building Technology Center (National Taiwan University of Science and
Technology)
Associate origanizer: Taiwan Association for Wind Engineering

In this project, TUVM (Taiwan Uban Ventilation Map) is established as
a tool for urban wind corridor planning and is applied to the analysis data of
the administrative districts in the Greater Taipei Basin to provide regional
wind speed and direction information, urban heat island information,
building texture information, and urban wind field information. In the future,
we should be able to promote the application of this technology to analyze
the major cities in Taiwan, with the initial target being the densely populated
areas of the six capitals, and in the future, we can analyze specific areas
according to the local needs, so as to provide the county and municipal
governments with references for their urban design reviews or urban

planning.

Suggestion 11
Medium and long-term suggestion: Revised principles of Control for ventilation

corridors
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Origanizers: National Land Management Agency (Ministry of the Interior),
Architecture and Building Research Institute (Ministry of the Interior),
Associate origanizer: Taiwan Building Technology Center (National Taiwan
University of Science and Technology), Taiwan Association for Wind
Engineering

In this study, an integrated technique is developed to identify urban
ventilation corridors, and the means of controlling the corridors after their
designation involves people's rights and the local government's urban
planning. Measures such as preservation of green space or restriction of
development, as well as limitations on building coverage, plot ratio, and road
setbacks can shape the wind corridor, but they also impose constraints on
land use. The control of wind corridor areas also needs to be tailored to the
local context, which needs to be considered in a holistic manner by
examining the existing central laws and regulations as well as the local
government's land control rules. In terms of localized development, we can
first promote the evaluation method and standards, and start the urban design

deliberation by each county and city government.

Suggestion 11

Medium and long-term suggestion: Developing or integrating the ventilation
map information platform

Origanizers: National Land Management Agency (Ministry of the Interior),
Architecture and Building Research Institute (Ministry of the Interior), Taiwan
Association for Wind Engineering

Associate origanizer: Taiwan Building Technology Center (National Taiwan
University of Science and Technology), National Land Surveying and Mapping
Center (Ministry of the Interior)

This project establishes the technology to produce various types of basic
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urban ventilation information, create large-scale urban ventilation map
information, and set up an online map query system to provide a complete and
friendly search environment. In the future, the related maps will be integrated
into the National Land Planning and Geographic Information Platform of the
Public Works Department to provide integrated information for reference. Since
the city's physical environment changes every year, the corresponding map data
should be reviewed and updated every 2-3 years to produce up-to-date and
up-to-date information on meteorological statistics, urban heat island intensity,

urban texture, and wind corridor distribution.

Suggestion IV
Medium and long-term suggestion: Efficiencies Verification of ventilation
corridor planning
Origanizers: Architecture and Building Research Institute (Ministry of the
Interior), Taiwan Building Technology Center (National Taiwan University of
Science and Technology)
Associate organizer: Taiwan Association for Wind Engineering

We should continue to track and review the benefits of wind corridor
improvement on urban heat islands for building energy conservation,
inventory and evaluate the regional building energy conservation benefits,
and assist the government in verifying the feasibility of net-zero paths in line
with the direction of our country's net-zero emissions policy. In the future,
we can focus on the localized area as a verification field and conduct
real-time monitoring of wind field, temperature, surface temperature, etc., to
track the benefits year by year.

Currently, the difficulty lies in the fact that the surface temperature
reflected by the satellite is affected by the climate and the quality is not the
same, using analytical means to reduce this part of the influence, the final

index of heat island strength is still to be verified, and in the future, we can
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plan for the aerial camera to carry out the verification work. In addition, the
distribution of the vertical wind field in the urban area needs to be further
examined, so it is necessary to plan the experiments on the light datum.
Summarizing the aforementioned work, it can be found that the field
monitoring work is quite difficult, in addition to taking into account the
installation of equipment and data transmission technology, but also requires
the cooperation of building owners and local governments, etc., which

requires careful consideration and planning and liaison to complete.
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A H 2 BEHE S E Y B R(open source)z Lt Al iqg 4 &£
#48 OpenFOAM (Open Source Field Operation and Manipulation)[10] » # 4
TENRT AL e F2 R~ KU~ RS 2 T REEI ~ p RIS
ESRTRTE SR o Fab S ISTE S AR E T A S A L K A
BB AR B AR CRR G ENE N R S A R i
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AF 7 * OpenFOAM 2 simpleFoam Rz % 72 A5 "L 2
(finite-volume method) 5 7 ##72& 4 &) % SECRPRE 15 SR & RV Y £ 2
T R ERE S s

ou ov ow
—+—+—=0
x & o (3-2)
ou ou  Ou ou 1 op o’'u 0u Ou
—tU—+v—tw—=———"+ [tV +t S+ )
o8 ox d oz pox o’ o oz
2 2 2

@+u@+v@+w@:—ia—p+f +v( ‘2)+8‘2} 6\2/) (3-3)

X z L Ox X z
ot 0 oy O 0 g 0 o° 0
ow ow Oow ow 1 op o’w o'w 0O'w
—tu—+v_—tw—=———"—+ V(5 5+ )
ot ox oy Oz P Ox ox® oyt 0Oz

Jit

HY susveow Z#BR A x y z 2B 3wz g 5t SEF L,

AHNRRAE Xy z BEFZA0F Jp FBRA S 0B VLN G LR
R 238 $5 4L % & (kinematic viscosity)

POV T ORPLA e AR R SRR E S P A e e
RIS B RFEMP S R E NN o R AT RGP B A
AT AR RE A o B RRERE A pt SR Y e ok
B e FlAs ki g & SUES 0 0 RE I R RGBT

HIBE P TR BE o

¥ OB IRA B * relizable k- e model[37] » & P w3t
FRLFFTRAT D RETELHREE TSR ERFEL LT
F kR

Fd RERS A0 - B9E (mean) fo- B3H £ (fluctuation)

gfod o
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Jferk § RS R RUL B TLT K S
u=u+u'; v=v+v; w=w+w,; p=p+p (3-4)

A (32N I (33) B N FREF IS 8 AN T RTIOR

R (Reynolds averaging principle) ¥ ¥ 4r{s 2. % 45 #f(index notation) %] 5% 2

A

ou, _ 0

ox, (3-5)

%_,_ZT%:_LGP + 0 (Vaui —ulu)—}-f

ot ' ox, p 0x; 0x, Ox, ’ ! (3-6)

it J% Boussinesq i #t-3kiF & B3k (eddy-viscosity hypothesis) - (3-6)
FP T4 (Reynoldsstress) ¥ 4 77 & ¢
. - ou, 2
—u.u, =V, (—’+—J)——k5,-j (3-7)

t
v ox, 0x

J

B¢ oy s FonabiF R (eddy/turbulent viscosity ) s k(= u'2 + v'2 + w'2/
2) % ¥ i ir (turbulent kinetic energy ) ° &; » kronecker delta & % °

& k-& model ¥ - i & AFF A& (eddy viscosity) ¥ d 12T 250 R AF

pC - (3-8)
(R ID BT SRl AP ST SR OE LY ST S T A L
%(pk) +aixj(pkuj) =aixj <u+'u—)aa—kl + G+ G, —pe—Yy + S
(3-9)
2 (00) + - (pew;) =
i[(u + %) ;—;] +pCiSe — pCy = r+ C1e = C3eGy + S (3-10)

an
Hoe H5 4 e w47 24 =38 (production term) ~ i $73E (disspation term)

fe k= 6 75 (wall term) - & 75 4 3 A 4 3 C, = 0.09; Cy = 1.45; C, =
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(2) (x> Building Polygon Simplify Tool » £ # 7 & f§ it 7 geojson 4% ;

B) EREAF R KM

(4) PR 0 & g AR S B shp B
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eI L FRA REEER
%
Riw 7 B (n/s) | Bk w b EE A Zo (m)
Fab 1.680 NNW A 0.02
[ 1.703 ENE B 30 0.8
<% % 1.679 E m" HEE 1.0
A ¢l F 1.810 E ﬁﬁ%%a 1.0
¢ 1.708 E m HEE 1.0
BN p—z ,4; x?J 1709 SW ~;6' A _ 0.02
aEX E 3 B EE 1.0
qFER 1.782 ENE 0 HEE 1.0
A AR % 1.808 ESE P A 0.02
ik 1.657 ESE R 1.0
3 AR F 1.592 SW ilia 0.02
A 1.677 ESE B 30 0.8
Rl Ko ¥ 1.667 ESE P A 0.02
A RTE R 1.720 W L 0.8
B RTH 1.709 SSE iw A 0.02
o 1.848 NNW iw A 0.02
ZEW 1.789 NW m" HEE 1.0
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T b TR BB

o
R Frew (ki (m/s) | Bk b Zo (m)
Pl F 2.525 ENE o A 0.02
[ 2.471 ENE 7 3R 0.8
X ZE 2.528 ENE AN % 1.0
- PR 2.612 E T 1.0
s FRE 2.629 ENE |7 %4 % 1.0
< | AR E M B 1.0
wam| Y ENE ﬂ;rs-a %8R 1.0
TER 2713 ENE |13 % & % 1.0
i 2.774 ENE P A 0.02
g A w 2.521 ENE Ak &% 1.0
5 2533 ENE [ % 3% 1.0
LIS 1 2.519 ENE ’F’K‘F‘ 2 EFE 1.0
P AR 2.500 ENE o A 0.02
AT 2.574 ENE e A 0.02
P 2.458 ENE i 0.02
M 2.574 ENE im A 0.02
B 2.458 ENE = 0.02

»

%< 7 # : Engineering Sciences Data Unit, ESDU, 1993. Data Item 82026.
Strong winds in the atmospheric boundary layer. Part 1: hourly-mean wind

speeds. Engineering Sciences Data Unit.[8]
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4%+ openfoam 3 & 9 T4}

(a)blockMesh
/* k_ C+.|_ _k *\
=== |
\\ / Field | OpenFOAM The Open Source CFD Toolbox
\\ /- O peration | Website https//openfoam.org
\/ And | Version 6
\V M anipulation |
\* */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object blockMeshDict;
b

convertToMeters 1;

//************BaSiC Information****************//
#include "../windDirection"

#ifeq $windDirection N
N_boundary "inlet N";
W _boundary "side W";
S boundary "outlet S";
E boundary "side E";
#endif
#ifeq $windDirection NNE
N_boundary "inlet N";
W _boundary "outlet W";
S boundary "outlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection NE
N_boundary "inlet N";
W _boundary "outlet W";
S boundary "outlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection ENE
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N_boundary "inlet N";
W_boundary "outlet W";
S boundary "outlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection E
N_boundary "side N";
W_boundary "outlet W";
S boundary "side S";
E boundary "inlet E";
#endif
#ifeq $windDirection ESE
N_boundary "outlet N";
W_boundary "outlet W";
S boundary "inlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection SE
N_boundary "outlet N";
W _boundary "outlet W";
S _boundary "inlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection SSE
N_boundary "outlet N";
W _boundary "outlet W";
S boundary "inlet S";
E boundary "inlet E";
#endif
#ifeq $windDirection S
N_boundary "outlet N";
W _boundary "side W";
S boundary "inlet S";
E boundary "side E";
#endif
#ifeq $windDirection SSW
N_boundary "outlet N";
W _boundary "inlet W";
S boundary "inlet S";
E boundary "outlet E";
#endif
#ifeq $windDirection SW
N_boundary "outlet N";
W _boundary "inlet W";
S boundary "inlet S";
E boundary "outlet E";

45> openfoam 4 4 i (4%
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#endif
#ifeq $windDirection WSW
N_boundary "outlet N";
W_boundary "inlet W";
S boundary "inlet S";
E boundary "outlet E";
#endif
#ifeq $windDirection W
N_boundary "side N";
W_boundary "inlet W";
S boundary "side S";
E boundary "outlet E";
#endif
#ifeq $windDirection WNW
N_boundary "inlet N";
W_boundary "inlet W";
S boundary "outlet S";
E boundary "outlet E";
#endif
#ifeq $windDirection NW
N_boundary "inlet N";
W _boundary "inlet W";
S boundary "outlet S";
E boundary "outlet E";
#endif
#ifeq $windDirection NNW
N_boundary "inlet N";
W _boundary "inlet W";
S boundary "outlet S";
E boundary "outlet E";
#endif
addDistance 1000.;

x2 -3000.;

x3 3000

x1 #calc " $x2 - $addDistance ";
x4 #calc " $x3 + $addDistance ";
y2 -3000.;

y3 3000.;

y1 #calc " $y2 - $addDistance ";
y4 #calc " $y3 + $addDistance ";
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zMin 0.;
zH 100.;
zMax 400.;

maxDelta  50.;
globalRatio 0.2;
pedRatio 0.1;

minDelta  #calc " $maxDelta * $globalRatio ";
pedDelta  #calc " $minDelta * $pedRatio ";

[/REERHRRERE Calculate delta length and cellg™*##akk//

Lx1 #calc "$x2 - $x1";

Lx2 #calc "$x3 - $x2";

Lx3 #calc "$x4 - $x3";

Ly #calc "$y4 - $yl1";

Lyl  #calc "$y2 - $y1";

Ly2  #calc "$y3 - $y2";

Ly3  #calc "Sy4 - $y3";

Lz  #calc " $zMax - $zMin ";

Lzl #calc" $zH - $zMin ";
Lz2 #calc" $zMax - $zH ";

bataX1 #calc " 1+ ( $minDelta - $maxDelta ) / $Lx1 " ;
bataX3 #calc" 1 + ( $SminDelta - $maxDelta ) / $Lx3 " ;

bataY1 #calc" 1 + ( $SminDelta - $maxDelta ) / SLyl " ;
bataY3 #calc " 1 + ( $minDelta - $maxDelta ) / $Ly3 " ;

bataZl #calc" 1 + float( $pedDelta - $minDelta ) / $Lz1 " ;
bataZ2 #calc" 1 + ( $minDelta - $maxDelta ) / $L.z2 " ;

x1Cells #calc "round( 1 + log( $globalRatio ) / log( $bataX1 ) )";
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x2Cells #calc "round($Lx2 / $minDelta)";
x3Cells #calc "round( 1 + log( $globalRatio ) / log( $bataX3 ) )";

y1Cells #calc "round( 1 + log( $globalRatio ) / log( $bataY1))";
y2Cells #calc "round( $Ly2 / $minDelta)";
y3Cells #calc "round( 1 + log( $globalRatio ) / log( $bataY3))";

z1Cells  #calc "round( $Lz1 / $minDelta )"; /*uniform*/
// z1Cells #calc "round( 1 + log( $pedRatio ) / log( $bataZ1 ) )";
z2Cells  #calc "round( 1 + log( $globalRatio ) / log( $bataZ2 ))";

yCells  #calc " round($y1Cells + $y2Cells + $y3Cells) ";
zCells  #calc " round($z1Cells + $z2Cells) ";

//******* X'diViSion*************

x1Ratio $globalRatio;
x2Ratio 1.;
x3Ratio #calc " 1/ $globalRatio ";
//******* y-diViSion*************
y1Ratio $globalRatio;
y2Ratio l.;
y3Ratio  #calc " 1/ $globalRatio ";

yLratiol #calc " float( $Ly1 )/ float( SLy ) ";
yLratio2 #calc " float( $Ly2 ) / float( $Ly ) ";
yLratio3 #calc " float( $Ly3 )/ float( SLy ) ";

yllineP #calc " float( $y1Cells )/ float( $SyCells ) ";
y2lineP #calc " float( $y2Cells )/ float( $yCells ) ";
y3lineP #calc " float( $y3Cells )/ float( SyCells ) ";

divyl ($yLratiol $yllineP $ylRatio);
divy2 ($yLratio2 $y2lineP $y2Ratio);
divy3 ($yLratio3 $y3lineP $y3Ratio);

//******* Z-diViSiOH*************

// zlRatio  #calc " 1/ $pedRatio ";
zlRatio 1;
z2Ratio  #calc " 1/ $globalRatio ";
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z1Lratio #calc " float($Lz1) / float( $Lz ) " ;
z2Lratio #calc " float($L.z2) / float( $Lz ) " ;

z1lineP  #calc " float( $z1Cells )/ float( $zCells ) ";
z2lineP  #calc " float( $z2Cells )/ float( $zCells ) ";

divzl ($z1Lratio $z1lineP $z1Ratio);
divz2 ($z2Lratio $z2lineP $z2Ratio);

vertices

(

//block1
($x1 $y1 $zMin)
($x2 $y1 $zMin)
($x2 $y4 $zMin)
($x1 $y4 $zMin)

($x1 Syl $zMax)
($x2 $y1 $zMax)
($x2 $y4 $zMax)
($x1 $y4 $zMax)
//block?2
($x2 $y1 $zMin)
($x3 Syl $zMin)
($x3 $y4 $zMin)
($x2 $y4 $zMin)

($x2 Syl $zMax)
($x3 $y1 $zMax)
($x3 $y4 $zMax)
($x2 $y4 $zMax)

//block3
($x3 Syl $zMin)
($x4 $y1 $zMin)
($x4 $y4 $zMin)
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($x3 $y4 $zMin)

($x3 $y1 $zMax)
($x4 $y1 $zMax)
($x4 $y4 $zMax)
($x3 $y4 $zMax)

);
blocks
(
//blockl
hex(01234567)
(
$x1Cells
$yCells
$zCells
)
simpleGrading
(
$x1Ratio

($divyl $divy2  $divy3)
($divzl $divz2)
)

//block2
hex (891011 12 13 14 15)

(

$x2Cells
$yCells
$zCells

)

simpleGrading

(
$x2Ratio
($divyl $divy2  $divy3)
($divzl  $divz2)

)

//block3

hex (16 17 18 19 20 21 22 23)
(

$x3Cells

$yCells

$zCells
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)
simpleGrading
(
$x3Ratio
(8divyl S$divy2  $divy3)
($divzl $divz2)
)
);
edges
(
);
boundary
(
$W_boundary
{
type patch;
faces
(
(0374)
);
}
$E boundary
{
type patch;
faces
(
(17 21 22 18)
);
}
$S boundary
{
type patch;
faces
(
0451)
(812139)
(1620 21 17)
);
}
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$N_boundary
{
type patch;
faces
(
3267)

(1110 14 15)
(19 18 22 23)

);
}
bottom 1
{
type wall;
faces
(
(0123)
);
}
bottom_2
{
type wall;
faces
(
(891011)
);
h
bottom 3
{ type wall;
faces
(
(16 17 18 19)
);
}
top
{ type patch;
faces
(

(4765)
(12 15 14 13)
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(202322 21)
);
b
patchl _1
{
type patch;
faces
(
(1562)
);
}
patch2 0
{ type patch;
faces
(
(11151278)
);
}
patch2 1
{
type patch;
faces
(
(1314109)
);
h
patch3 0
{ type patch;
faces
(
(232016 19)
);
}
);
mergePatchPairs
(

(patchl_1 patch2_0)
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(patch2_1 patch3 0)
);

#calc " Info << $bataZ1 << endl ";
#calc " Info << $bataZ2 << endl ";
#calc " Info << $z1Lratio << endl ";

//

sk sk sfe sk sfe sk sk sk sk sfe sk sfe sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk skeoske stk sk s skosk skok sk

(b)snappyHexMesh
/* *o Ct+ -* s\
===————== |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /O peration | Website: https://openfoam.org
\ o/ A nd | Version: 6
\V M anipulation |
\* */
FoamFile
{
version 2.0,
format ascii;
class dictionary;
object snappyHexMeshDict;
}

castellatedMesh on;

snap on;
addLayers on;
geometry
{
buildings
{
type triSurfaceMesh;
file "buildings.stl";
}
// refinementBox1
// {
// type searchableBox;
/! min (-0.7 -2 0);
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//
//
//
//
//
//
//
//

¥

max (0.7 21);

}

refinementBox2

{
type searchableBox;
min (-0.17 -0.02 0.);
max (0.5 0420.1);

}

castellatedMeshControls

{

//

maxLocalCells 60000000;
maxGlobalCells 100000000;

minRefinementCells 10;

maxLoadUnbalance 0.10;
nCellsBetweenLevels 10;

resolveFeatureAngle 30;
plannerAngle 30;

features

(
{ file "buildings.eMesh";
levels ((1.875 4)(3.754) );

level 3;
}
);
refinementSurfaces
{
buildings
{
level (3 3);
patchlnfo { type wall; }
}
}
refinementRegions
{

}
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locationInMesh (0. 0. 300);
allowFreeStandingZoneFaces false;

b

snapControls

{
nSmoothPatch 3;
nSmoothInternal $nSmoothPatch;
tolerance 2.0;
nSolvelter 100;
nRelaxIter 5;
nFeatureSnaplter 10;
nFaceSplitInterval 5;
explicitFeatureSnap true;
implicitFeatureSnap false;
mutltiRegionFeatureSnap false;

}

addLayersControls

{

relativeSizes false;
expansionRatio 1.3;
finalLayerThickness 0.5;
minThickness 0.02;

layers

{
buildings

{
b

nSurfacelLayers 5;

}

nGrow 0;

featureAngle 180;

// Maximum number of snapping relaxation iterations. Should stop
// before upon reaching a correct mesh.

nRelaxlIter 20;

// Number of smoothing iterations of surface normals
nSmoothSurfaceNormals 2;
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// Number of smoothing iterations of interior mesh movement direction
nSmoothNormals 3;

// Smooth layer thickness over surface patches
nSmoothThickness 10;

// Stop layer growth on highly warped cells
maxFaceThicknessRatio 0.5;

// Reduce layer growth where ratio thickness to medial
// distance is large
maxThicknessToMedialRatio 0.3;

// Angle used to pick up medial axis points
// Note: changed(corrected) w.r.t 17x! 90 degrees corresponds to 130 in 17x.
minMedianAxisAngle 90;

/I Create buffer region for new layer terminations
nBufferCellsNoExtrude 0;

// Overall max number of layer addition iterations. The mesher will exit
// if it reaches this number of iterations; possibly with an illegal

// mesh.

nLayerlter 100;

}

meshQualityControls

{

// #include "meshQualityDict"
maxNonOrtho 65;
maxBoundarySkewness 5;
maxInternalSkewness 4;
maxConcave 40;
minVol 1.E-8;
minVolCollapseRatio 0.5;
minTetQuality 1e-30;
minArea le-13;
minTwist 0.05;
minDeterminant 0.001;
minFaceWeight 0.05;
minVolRatio 0.01;
minTriangleTwist 0;
minFlatness 0.5;
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nSmoothScale 4;
errorReduction 0.75;

}

writeFlags

(
noRefinement
scalarLevels
layerSets
layerFields

);

mergeTolerance 1e-6;

//

>k ok s sk sk sk sk sk sk s sk s sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk s sk sk skosk sk sk sk skosk skok sk
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“t4F = openfoam R f% |k T_ik

/* *o Ct -* s\
=== |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /- O peration | Website: https://openfoam.org
\ o/ And | Version: 8
\V M anipulation |
\* */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object fvSchemes;
}
ddtSchemes
{
default steadyState;
b
gradSchemes
{
default Gauss linear;
limited cellLimited Gauss linear 1;
grad(U) $limited;
grad(k) $limited,;
grad(epsilon) $limited;
}
divSchemes
{
default none;
div(phi,U) bounded Gauss linearUpwind limited;
turbulence bounded Gauss limitedLinear 1;
div(phi,k) bounded Gauss upwind,

div(phi,epsilon) bounded Gauss upwind;
div(phi,omega) bounded Gauss upwind;

136



div((nuEff*dev2(T(grad(U))))) Gauss linear;

// div(phi,epsilon) $turbulence;

}
laplacianSchemes
{
default Gauss linear corrected;
§
interpolationSchemes
{
default linear;
}
snGradSchemes
{
default corrected;
}
wallDist
{
method meshWave;
}
/l

iték=  openfoam F-f% Bk A
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/* *o Ct -* s\
— |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /- O peration | Website: https://openfoam.org
\ o/ And | Version: 8
\V M anipulation |
\* */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object fvSolution;
}
solvers
{
p
{
solver GAMG;
smoother GaussSeidel;
tolerance le-8;
relTol 0.1;
}
"(Ulk|]omegalepsilon)"
{
solver smoothSolver;
smoother symGaussSeidel;
tolerance le-8;
relTol 0.1;
}
Phi
{
solver GAMG;
smoother DIC;
tolerance 1e-07;
relTol 0.01;
}
}
SIMPLE
{
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residualControl
{
p le-4;
U le-4;
"(k|omegalepsilon)" 1e-4;
ionsistent yes;
nNonOrthogonalCorrectors 0;
pRefCell 0;
pRefValue 0;
b
potentialFlow
{ nNonOrthogonalCorrectors 10;
b
relaxationFactors
{
fields
{
p 0.3;
} .
equations
{
U 0.7;
"(klomegalepsilon).*" 0.7;
}
b
//
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“t4% ~ openfoam if F i 2 & T4

(HU
/¥ *_ CH+ -* *\

—— |

\\ / Field | OpenFOAM: The Open Source CFD Toolbox

\\ /O peration | Website: https://openfoam.org
\ o/ A nd | Version: 8
\V M anipulation |

\* %)/

/*  Windows 32 and 64 bit porting by blueCAPE: http://www .bluecape.com.pt
*\
| Based on Windows porting (2.0.x v4) by Symscape: http://www.symscape.com

\* */
FoamFile
{
version 2.0;
format ascii;
class volVectorField;
location "o";
object U;
}
dimensions [01-10000];
#include "include/initialConditions"

internalField  uniform (0 0 0);

boundaryField
{
buildings
{
type noSlip;
"outlet .*"
{
type inletOutlet;
inletValue $internalField;
value $internalField;
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"inlet .*"
{
type atmBoundaryLayerInletVelocity;
#include "include/ABLConditions"
b
"side.*"
{
type zeroGradient;
b
top
{
type zeroGradient;
h
"bottom.*"
{
type noSlip;
}
b
//

sk sk sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk st skeosk sk sk sk sk s skeosk sk sk sk sk s sk sk skeoske skeosie sk sk sk sk skeosie sk sk skeoske skt sk sk skosk sk sk
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2)p
/% * CH+ -* *\

— |

\\ / Field | OpenFOAM: The Open Source CFD Toolbox

\\ /O peration | Website: https://openfoam.org
N/ A nd | Version: 8
\V M anipulation |

\¥ */

/*  Windows 32 and 64 bit porting by blueCAPE: http://www.bluecape.com.pt
*\
| Based on Windows porting (2.0.x v4) by Symscape: http://www.symscape.com

\* */
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
location "o";
object p;
}

dimensions [02-20000];

internalField  uniform O;

boundaryField
{
buildings
{
type zeroGradient;
}
"outlet .*"
{
type totalPressure;
rho rho;
psi none;
gamma 1.4;
pO uniform 0;
value uniform 0;
"inlet .*"
{
type zeroGradient;
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h
"side.*"
{
type zeroGradient;
b
top
{
type zeroGradient;
b
"bottom.*"
{
type zeroGradient;
b
b
//
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(3) k
/% *_ CH+ -* *\

— |

\\ / Field | OpenFOAM: The Open Source CFD Toolbox

\\ /- O peration | Website: https://openfoam.org
\ A nd | Version: 8
\V M anipulation |

\* */

/*  Windows 32 and 64 bit porting by blueCAPE: http://www.bluecape.com.pt
*\
| Based on Windows porting (2.0.x v4) by Symscape: http://www.symscape.com

\* */
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
location "o";
object k;
}

dimensions [02-20000];
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#include "include/initial Conditions"
internalField  uniform $kinlet;

boundaryField
{
buildings
{
type kqRWallFunction;
"outlet .*"
{
type inletOutlet;
inletValue $internalField;
value $internalField;
"inlet .*"
{
type atmBoundaryLayerInletK;
#include "include/ABLConditions"
}
"side.*"
{
type zeroGradient;
}
top
{
type zeroGradient;
h
"bottom.*"
{
type kqRWallFunction;
b
}
//
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(4) epsilon

/% * CH+ -* *\
— |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /O peration | Website: https://openfoam.org
N/ A nd | Version: 8
\V M anipulation |
\¥ */

/*  Windows 32 and 64 bit porting by blueCAPE: http://www.bluecape.com.pt
*\
| Based on Windows porting (2.0.x v4) by Symscape: http://www.symscape.com

\* */
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
location "o";
object epsilon;
}
dimensions [02-30000];
#include "include/initial Conditions"

internalField  uniform $epsilonInlet;

boundaryField
{
buildings
{
type epsilonWallFunction;
value $internalField;
}
"outlet .*"
{
type inletOutlet;
inletValue $internalField;
value $internalField;
"inlet _.*"
{
type atmBoundaryLayerInletEpsilon;
#include "include/ABLConditions"
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"side.*"
{
type zeroGradient;
b
top
{
type zeroGradient;
}
"bottom.*"
{
type epsilonWallFunction;
value $internalField;
b
}
//
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(5) nut
/% * CH+ -* *\

— |

\\ / Field | OpenFOAM: The Open Source CFD Toolbox

\\ /O peration | Website: https://openfoam.org
N/ A nd | Version: 8
\V M anipulation |

\¥ */

/*  Windows 32 and 64 bit porting by blueCAPE: http://www.bluecape.com.pt
*\
| Based on Windows porting (2.0.x v4) by Symscape: http://www.symscape.com

\* */
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
location "o";
object nut;
}

dimensions [02-10000];

internalField  uniform O;

boundaryField
{
buildings
{
type nutUWallFunction;
#include "include/ABLConditions"
value uniform 0;
}
"outlet .*"
{
type calculated;
value uniform 0;
"inlet .*"
{
type calculated;
value uniform 0;
}
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"side.*"

{
type zeroGradient;

}

top

{
type calculated;

value uniform 0;

b

"bottom.*"

{
type nutkAtmRoughWallFunction;
#include "include/ABLConditions"
value uniform 0;

b

bottom_2

{
type nutUWallFunction;
#include "include/ABLConditions"
value uniform 0;

}

bottom 3

{
type nutUWallFunction;
#include "include/ABLConditions"
value uniform 0;

}

}
//

sk ok s sk sk s sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s ke sk sk sk sk sk s ke sk sk sk sk sk sk skeosk ko sk

148



ek~ openfoam if B iF £ 3%k T4

(6) ABLConditions

/% * CH+ -* *\
=== |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /O peration | Website: https://openfoam.org
N/ A nd | Version: 8
\V M anipulation |
\* */
#include "../../windDirection"
z0org 0.05;
zGroundorg 0.0;
Uref 3;
Zref 10;
zDir 001);
#ifeq $windDirection N

flowDir ( 0.0000 -1.0000 0 );
#endif
#ifeq $windDirection NNE

flowDir (  -0.3827 -09239 0 )
#endif
#ifeq $windDirection NE

flowDir ( -0.7071 -0.7071 0 );
#endif
#ifeq $windDirection ENE

flowDir (  -0.9239 -03827 0 )

#endif
#ifeq $windDirection E

flowDir ( -1.0000 0.0000 0 );
#endif

#ifeq $windDirection ESE

flowDir ( -0.9239 0.3827 0 );
#endif
#ifeq $windDirection SE

flowDir (  -0.7071 0.7071 0 );
#endif
#ifeq $windDirection SSE

flowDir ( -0.3827 0.9239 0 );

#endif
#ifeq $windDirection S

flowDir ( 0.0000 1.0000 0 );
#endif

#ifeq $windDirection SSW
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flowDir (03827 0.9239 0 );
#endif
#ifeq $windDirection SW

flowDir ( 0.7071 0.7071 0 );
#endif
#ifeq $windDirection WSW

flowDir (09239 0.3827 0 );

#endif
#ifeq $windDirection W

flowDir ( 1.0000 0.0000 0 );
#endif

#ifeq $windDirection WNW

flowDir (09239 -0.3827 0 ),
#endif
#ifeq $windDirection NW

flowDir (  0.7071 -0.7071 0 );
#endif
#ifeq $windDirection NNW

flowDir (  0.3827 -0.9239 0 ),

#endif

z0 uniform $z0org;
zGround uniform $zGroundorg;
kappa 0.41;

Cmu 0.09;

phi phi;

Cl1 0.0;

C2 1.0;

E 9.8;

//
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(7) initialConditions

/% * CH+ -* *\
— |
\\ / Field | OpenFOAM: The Open Source CFD Toolbox
\\ /O peration | Website: https://openfoam.org
N/ A nd | Version: 8
\V M anipulation |
\¥ */

#include "ABLConditions"
ustar #calc " $kappa * $Uref/ log( ( $Zref + $z00rg ) / $z00rg ) ";
kInlet #calc " pow( $ustar ,2) /sqrt( $Cmu ) ";

epsilonlnlet #calc " pow( Sustar, 3 ) /($Zref + $z0org - $zGroundorg) / $kappa

"n.
3

omegalnlet #calc " $ustar / $kappa / sqrt( $Cmu ) / ($Zref + $z0org -
$zGroundorg) ";
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