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ABSTRACT

Keywords: digital terrain model, computational fluid dynamic, wind tunnel

experiments, pedestrian wind enviorment

Digital terrain model (DTM) refers to any digital way to show 3D space
terrain changes, and now the vast majority of countries in the world surveying
and mapping circles are using digital elevation model (DEM) this term to
replace the DTM. In the early days of Taiwan, the grid resolution was 40 m x
40 m. Due to the development of satellite aeronautical and LIDAR techniques;

there are now 5 m x 5 m high precision numerical terrain models.

Due to the vigorous development of the urban area, the population density
also increased. In limited land conditions, higher buildings must be built to
meet the needs of people living and activities. High-rise buildings will cause
the local wind field near the ground to accelerate and the pedestrian wind
environment changes, affecting pedestrian and low-rise building users’
security and comfort issues, thereby affecting pedestrian activities in the
comfort of even. Therefore, it is necessary to evaluate the pedestrian wind

environment while the new high-rise building planning.

As the rapid development of computational fluid dynamics software,
some software vendors to facilitate the development of the general use of
commercial wind environmental assessment software, which allowing users to
use the modeling software such as Autocad and Sketchup to build the 3D
model of major building body and the adjacent buildings. Through the simple
setup of simulation and obtain wind field information then. In the wind
environment simulation, in addition to the construction of building volume

model based on the 3D model, the surface elevation of the region also need to
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ABSTRACT

consider reasonably. The accuracy and reliability of wind environmental
assessment will be further improved if the grid which closing to reality can be

quickly constructed on the basis of the above mention high-precision DTM.

The project is based on numerical simulation, supplemented by wind
tunnel testing, the establishment of high-precision DTM data into the grid
production technology of the wind environment simulation. In addition, this
study through the comparison of numerical simulation and wind tunnel
experiments, and referring foreign specification, then put forward the relevant

criteria.
This project concludes that:

1. It is suggested to allocate 10 to 20 grid points on the single edge of the
main building. The minimum grid resolution is 0.05 times the edge length

(0.05D), so as to balance the accuracy and calculation efficiency.

2. Inthe simulation of single-column turbulence model In the comparison of
turbulence model of the single prism case, the prediction of RSM is the
best, it is recommended to use, but the calculation time is 3 times of
realizable k-¢ model. While adopting RSM model, the efficiency problem
has to appropriate consider. In addition, the RSM model is quite sensitive
to the grid shape, and it is not easy to converge if the grid skewness, stretch

ratio, or aspect ratio is too large.

3. In the actual urban verification, when the reference height is at the
boundary layer height, it is suggested that the standard error should be less
than 0.2, and the overall correlation coefficient should be higher than 0.7.
If the reference height is adopted the other position, the standard error

value can be converted by the power law according to the simulated
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ground condition. These indexes can check that the user's CFD method,

grid distribution, and other parameters correspond to the criteria or not.

4. During CFD validation, the user should compare their CFD model to wind
tunnel experimental results in at least one single high-rise building case

and at least one actual urban area case.

5. In this study, CFD method is used to simulate the wind environment and
compared with the wind tunnel experiments, and the predictions are in
good agreement. Although the predictions of the numerical simulation are
slightly underestimated, but in good linearity with the experimental values.
The average correlation coefficients are above 0.7 and the standard errors
are all below 0.2. If appropriate wind environmental comfort assessment
criteria have been introduced, the numerical simulation should be a good
tool for assessing the pedestrian wind environment; the premise is
sensuring the reliability of the simulation and corresponding the relevant
criteria. The established technology can provide the wind tunnel
laboratory to construct technique for wind environmental assessment

work to enhance the laboratory testing energy.

6. Based on the AlJ guideline of Japan, some COST conditions are integrated,
and some suggestions are put forward by the CFD scholars of Taiwan to
revise some of the provisions to suit our own national conditions, then we
preliminary propose the CFD criteria for wind environment simulation.
The criteria are detailed in appendix 3 and are provided for consideration

of environmental impact assessment or urban design review.

7. The study area selected in this study belongs to the flat terrain, and the

mean dimensionless wind speed change after adding the actual DSM

XVI
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surface is not significant. But on the whole, the average dimensionless
wind speed of most survey points has been rise obviously. Therefore, for
safety considerations, the simulation should be properly incorporated into

the terrain factors, in line with the current situation of the simulation field.

This project comes to the immediate and long-term strategies.
For immediate strategies:

1. The education and training on the application of CFD simulation in high-

precision DTM.
For long-term strategies:
1. The popularization of CFD criteria for wind environment simulation.
2. Suggestions for future topics.

(1) CFD technical criteria for building wind load assessment.

(2) Investiation on CFD simulation of complex terrain wind field.
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BTN AR LT o ERT 2R ER RS LI L
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#2358 (74> 4250 5 governing equations ) i A0 fir & i ehde
42238 B i 2 (initial/boundary condition) & > & * BB 1 E i AP B
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A ¥ & eh# 4% standardk—e #°7] - RNG k—¢ #-1] ~ Realizablek—¢ #-7]
RSM (Reynolds Stress Model » 3 38 # #3]) 3% 32 > @ A5 @
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HPC)> & 3 #3817 o 4ofS 14 XA Iv i H e/ 55 ¢
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%% k —e #3]d Launder {- Spalding # ! » 3] & & & 5 chfg 2
fhos gAME ot B Rt B R R 2 2 5 KRR Y B FREA -
Boi A RAre- B o B k—e WA E R (k) B AR
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RNG k—e #3] 2773 Fag b4t k —e #03) > 8 B a b
R ke WR o Hetieyw i kg tOte 427 Hie T - B
o REAYEERPARS SRS ARL R ORI 4 R0 R
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Bt WA AR E R ¢TGBT i d ALY SRR E B
(5) LES model
ggiﬁgggzﬁlﬁ%ﬁﬁﬁﬁﬁﬁﬁﬂ’+*?ﬁﬁﬁzﬁ

B G R NP E R A ERL B0 S e F

;13 (subgrid-scale turbulence model ) fi$t2. °

ITEY 7: Ak =X ¥ ¥ o #-3] (dynamic subgrid-scale turbulence
model ) z_ 3%

-

=X e F UnAbF R o9 Smagorinsky ¥ B LE 2 E 0 H
LB ZRAGREd e md 2 i LAEF L 2RV R

Ty
o

m
= ~ k&% Sdk(wall function)

bR REG PG| R Ee Y > F) L REG WHETIA SR ECOE R RS > AT
BEo $F R B A AR e A0 RANS #0502 T icdl ¥ R R AL
ZEREFEIAMIL 0 F LGS N
P e B A K SR AL S B Sl
V- a2 R0 d AARG HITH R FEBE TS 7

P 2 RIS TR -

e
<
=
T
i
=
F_k
R
=1
e

FEd o SfioE ¢~ F BRGS0 o2 (standard wall function)fe 25T fiF
EEm 3 iz (non-equilibrium wall function) o — 4k k3 £ B EE G S Hc v 1Y
WAL S B BP0 4 Z_FLUENT ¥ 3p3K 0™ 2 o @ 22T frksg O
BoE PLEE YIRS S B AR AT A R e AR
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LB e A HEE PR R TAFERE o R
b oig i ¥ A2 5 R b i# (gradient wind) o

i

T\4

Rz

e

— AR L ARZ TN R DR AL A R 4 ARG R BUERT 0 A
W A HE SR RO FERKFERFPN o ARR DERT 0 < F
T i d BAGE RN ITH od W F N2 RAIR SARe ALY R L
PPILREEA FER R R PR L2 A FERA -

B PR LOEIRT > A MK ERARR 2R B A2 ek
ARRZE TRz R T WY alicp S T EOL 2R o AR R FR
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‘-z:L

AR R R AR 2
law) > ¥ - R i ##c & (logarithmic law)
(1) 45 B = (power law)

R ST E RS El FR TR e SR SR S A

v@ _ [Z)
u, s (o-1)

He yUS%Pp2 TR #2530 22 3R Ui B AR E
FERARER josdplice ARGFIREY P 2BRE 0O- Ba
P REZEETEFIHREIRO OERAKER S N Zdplica 2

T - & dpdciE(power
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i -
(2) ##cE(logarithmic law)

GRS Ao 0 AR AR BT R S R e P

k4 %]('\'fﬁ—xﬁ#ﬁ% %ﬁ)vﬂiﬁ}%¥ETuﬁi‘l%‘iigﬁ%%m TO+§P
BRI 2AFR w2 @SR c HRER KRR w2 Tk S 2R

A3 AR R A T

U,

Z,=b 2-2
=b (2-2)

He »ZiAHiEZ 33 R owi T4 hd=>/p) 504
7/;&& pr-r;[.;fo ?r‘fﬁ b—.r'*ﬁ'{’—,—l__é‘;yfLOOlSiOO:%LFE'l&"/?%T;F%‘%?

i B E Rk o Ak A HT

T

ES) N R B S

: 7 .

Ulz)=" [—] (2-3)

0

e

HP 5 k(=04)5 Von Karman ¥ #ic ; Zo % » % jek&E & (roughness
length) o > 34 (2-3) % 53 ¥ *TfE2 - FHE RS R4t sk 2
TIRT WG FRVERE AL F R FHAT PR AER
T bu®m < ER A R feEREFL A 2-1 0

SR BT 1 =2

iR F s aid <l hhE S R o R h 2 1

(rootmeansquare)lr‘'1—1;E )ksif,ﬁ_’."l'p'év\“i‘% FEENKR R A
v Hox

—20.5
TJ(%QzE%;—xlom% (2-4)
—:—d—\r} ’TI(%);;I ’__\?-/u 53))2 ulpl S "’%é"’&?ﬁ Ui

16



Yo% BHFF L

ARl TR A RGED R EL S REEE LT RS b
T F B TR
u = pu (2-5)

pEEFBETERRAM - KIARRT P FEL 060 &

s ek R o H B A
:p:;%?*é,“’m?m}ﬁ‘?'ff Vi E i R 2t FIRE R R
(turbulence length scale)!? % ¥ /i4f 3% % A& & #ic(turbulence power spectrum
density function)fr < 4p b #f 3¥ (cross-spectrum density function) 5" BT R

W 2V Lok e & AR o

B 21 3P RTIEEEIRZ B TLE

TR %R 1 [17]
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221 A5 R k2 a- 6% LEHit

Centers of
Large City

a | 6% | Ze a 1) Zo a 5 Zo a 10)

Coastal Area Open Terrain Suburban Terrain

Davenport

ANSI

Cook, N.J

TR kR AL R

Yo TR KR E e Rl B
26 ER KRR Him ax
370 ke sk E R 0 Him 2
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(1) & #H & BB AR

Maza %[34]41* 10 mx10 m 7 DEM 4 » 12 CFD 4% 10x7 = 2
R A R Ak B T EFRERIZ TR E - TR
Bt L e s b AR R RS WA e B R -

Villanueva % [44]41* LIDAR £ B3 # & 5 DEM 2 DSM F#(#
Bilmxlm)> Tg* GISZREFIE440776 T 22 dus? FIHiE
FEERE B FIDSMAEHS 51 5B AR A w25 2
w2 e Bfl HenE B A0S EHCAIE Y 0 £ %~ CFD b iR

B my i B S EEE T E 4%
(2) b HBBEAH

3 M CFD 7 b s an®im E 0] > 42453 2000 # ERCOFTAC
(European Research Community on Flow, Turbulence and Combustion) ! 5%
7 [ Extensive set of best practice guidelines for industrial CFD users | [15] °
His > BlF 2004 # g COST(European Cooperation in the field of
Scientific and Technical Research): " Best Practice Guideline for the CFD
simulation of flows in the urban environment ; [25]¥% 2008 & p =~ AlJ
(Architectural Institute of Japan) #7% % &1 [ AIJ guidelines for practical
applications of CFD to pedestrian wind environment around buildings ;| [7] °

o & f7 |7 Blocken t 2012 #74 % &7 Ten iterative steps in development

and evaluation of environmental models | [27] °

Yoshie %[47]tp #3775 % B8 7 & chh @R € » & #p| 2 F
Flenh i TR FF S BB RO o R R B
=467 CFD SR8 W=7 o de kg1 oo » b @ 3%

5L 37% = 2 4 #(237m)& KDD Building(% 187 2 ¢ )& il chh & » #
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BEHRANEEEFTHF L FTHPFEFA R SFR B3Rk ¥
Bl Wik S RO B S A GRE L A b R RE D RE (R

bo%F B HEEAL 10%) 23 FHHE G HIFRLEEL 2 23 %
DREFHF TR CEHER DA A RFEL D o I3 AT
Ve b I R E RN e % & b RANS TR R e o B AR R
WX € Sk E e 2R e gkt LES A 0 sl R
LG oskEc g e Ra oo dedk 7 LES kg AP E AN - Ko
et hf o R EHEGT R RE AR R AR THh g keanls g e

Q) ,?Qﬁsfﬂ»};A{& » Pl E_T3aR ig{‘\_p j%‘--/‘ﬁaé)i?[v?o

PAZEAT € (AI[46]:E 77 ~  eBicE st~ b F 2% ~F # 208
fo7 e e B AR B EAE o B¢ R Plgn R A At R
LES #3828 v g @ L Fha 418 % » P &Rk RETRT #
RANS #-3]:8 7 » T iﬁd TAER )T AR B RO R R BRI i
@ 0 2 2 g A4 (COST, European Cooperation in the field of Scientific and

Technical Research)!* & 2 £ = o

Mochida ¥ [36]® ff 7 33 8 & 3 B b 1 AZ(CWE)AES ¢ > 3037 R 41
PERBEAFRZDRRRELLZD AMARDFY YR
TR REIT L E Y R E A 2 RO R TRBAP M R AL 0 T4
27 A0 Ak EE CFD 2§52 3 W& v d|anid & - 2% > » 157

a4

7 B n(canopy flows)# Z 84 ~ S EAE S PET D T2 i T
AGTARR D D % o IR B HIRS ST AFERY o r it

Fol 2R BRI N EE e R R TN EEF R
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ESRE| 350 WUIRIE /BRI 9 W ]
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B2 RRF TR RF o RSB H R AP R

T B oY P T AL AR P ORI o m B ¥ AL ¢ * ¢ standard k— model
LBEARTERSE G Fondal B &5 0k 45 (Murakami et al.,1990) » 2 gL+t

RANS(Reynolds averaged Naiver-Stokes)#& i (steady-state):* & =1 standard
k-emodel BEE 3 ¥ F = AF cndFd FpF § % %1% standard k—
gmodel #& 11§ »xeniz & 2 3% > 2 4e RNG - realizable k—e model % ¥ ik #2

Ao AFE LR RBBEHHSE " RANS 27305 w89 p AR T
¢ (ALDR %8 CFD 3R » 0 EF /s 22 B RBETH -

FEWRHR Y BB 0T LR A RERR A 0 ¥ 5 AU
TR ETR FRREE L EPAEATEFEP ARPRFTHE
FERRPEREFER  EFARF ROV BR o A E [N
(CASEA)r2 % — {f§ % 5383 4 2)(CASEE)it (7 Wik > &3 (7

E}

\\\Xr

#ic
Ao

Vot 3 REER A HCF CFD b B0 Y » 287 3w gLt
BRPYHF RBEERPN S if‘u{%frﬂ“r* FERER O R EERS A
HAMTM) > HAE L 5 28— o FFF v @02 Fa S0 13 4
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(@) A3 ¢
AFTHEY AP FRERIGTOREZ LR d A3 TR R D

B4 ZE S I* 9y 4] 4258 (Bernoulli equation):t & 1 Ap B2 b i

(b) # AR plE &
konh i e £iR4E* Dantec 2 & 24 & 2 # 4 (hot-wire)iB| ¥ ik &
7o ApARIE R I T4 pER %éﬁﬁm&JA’ﬁ%
NS E B F e FEFT AT AT RE K TR ER o FFE

@M@%E&ﬁi?mREﬂﬁ&iﬁ%ﬁ&%%%@?%%iiﬁo

©

MRS E AT 22N o &k 0 1 AT I R B (compensating circuit) 0 %]
Meinid 2 8 HILGERI L2 R RABE T 2 st g R aFER L
BEFTH R(F) o fFR A2 RIETHE) % T ;}%i%%iffﬁ;}%@o&rtb?r’
FEd P ETROFE R T ERASET R 2R o Tk R
R REKT LE AR e BE OB R RISHGK 2R PR iy
#] e

(c) » %k &3+

BT ATRER SRR F A &Y AT AR RDE F
A SRR UK FE A PR e HRT o BRIGF S ARTR A

F B plEE o d R E g e > ERLPIZE v hE B B
Mo fAe P TR AR > BRZ FRI R ERNE KRR A2
Ik M REL

AExzZFAFAEREEREET Irwin[32]3F 1981 # #73 B 1) % thag
SR AR P RE R BRI FEF S L (TE Y F
RAAFE - e BRFRARE) A EFLRS L SR AS
2 B85 TAE TS BRIFABARAL 2 KT Bk iE (de LB 3-

2)em Hp@#rE 2T lrn o BY u i ki AP S PiEA poChE
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2B Z a~BRIE A K

u:a+ﬂ@ (3-1)

TR R F TEF B £ b # P (Irwinprobe) 2. o~ B &> it &7
hoiktE o AFEY U = ‘a‘.ﬁvnnpl#ﬁ?xih T 4o 3-3 o o K=
WH LA FARA O BT A e FPREERI S B R R P
A g R AR @2 BA L QAR 3-4 97 0 TR T
Fa~piEe

b nTEmNAL Dok ¢ 4,

- - EATERNAL D1h s @
SECTION ¥ ’-
SR Il

FLAT=TORMLD
b SENTOR TBE
wing ©onsH MODLL STRCLY
L J0ANT T /:wn\u
L] L]

i
-

Bl 3-23 2Rk #3330 W

TR kiR 1 [32]

W33 54 3 RS £ b3
FH &R AFTp R
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16

I y =2.3228% - 14321 -
%@Q R2=09997 _*"
Hu 10 /
2 s -
R g P
iR e
w4
n 5
2 3 4 5 6 7 8

i RBARETEES 12 (Pa)
B 3-4 3 % B # - RE ¥ EFR

TR KR AT R
=R EIRKA
WAz h R BERGEY R RS 2 BR o AP EEY SHET
AR R KT AT L BE A b N b SRR
A B ARSIV ENERETARRL IO C BRR

A% B % SCANIVALVE 2 7 2. & & 4] 3-5 %77 » H A 1% & 32

1. B+ 2 EIE % % (RADBASE3200)

(1) % % 7 # 32 8wt 20 B 3 & fic 20 22 # 3 B (A/D MODULE)

(2 3 v AES RS B RN E X 512 BRA BRI -

(3) H &b 2 g 3 2 #ic =3 8L(A/D convert) 247 & i£ 16bit o

(4) B~ ik 57 i S00Hz

(5) #* USB /i & @4 -

(6) & & BB iHle BEw i -
2. RARBEH S

(1) B4 g 5 +10in H20 -
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(2) FA#
-4 §° Fl 5 £0.2%

BV L 2 Vv
r PR RI
JLz
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MEE
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e ,f [ = S - |
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f i )
ES )L»I
;L@ E
-%%@m ’l"‘ﬁ
t 7 1 § 3 1L T 55 44
4 Ef :’% @4
fE' f@i
= :
% 7 R
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¥ - & CFD #icE it

TE kD TR AR VBRI S AN TR A EE

P EBBREROG N TR NBERN R ESE s F s
THFET - RS FY ER s A RERRARE L Pk
FAARE b o APEOTR F RS BEHCRT AR ORRT RS
FITRSACH 1% 0 3 REAN R R 2 b BT 0 ST A TR R
FRBEPETG G XA o vER S R R - TS
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ot Ox 0z pox 7 ox* oy Oz
ow ow ow ow 1 op oOw O’w O'w
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ot ox Oy oz p Ox ox~ oy oz

BP ou v - WEERA Xy ZZB 32 AR It EPEER fi
fy~ i@ R x yzEEIZAE S pERE IpEVAELIE
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QUICK #.7% ~ ¥ wZ AfaNEa58 o
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2 R AP LBERE > FERBfcERDBE > F o
() mig* A REER > EHIATRREDZ o
(4) FERF 0 F Lo REAR o
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(6) tit* gL ffzEpF > EH R ¥ FAS 5 £ i o
(7) #9057 PR e AR BE PR -
(8) ¥ HiE {747 45 1 (initialization) e
(9) E# Kf2E42E AR F (monitor) °
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(4o 3 B 3 ot 7 3 RS I3 AR 782 5 k.
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(B AR 141 22)5 9 & HERFRE LI 450 28 o AFHRERr )
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FOESYE AR MO Tm/s T 0k i e R RIL[32] F &
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ﬂ\y
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- ~AIJ CASE A

A renst g S ER AR P2 LI(B AR RRE RERE) R H
D AR 43 BAERD S 10 24 > rin TR 2 F b
o 4o B 4-4 o 3T gt 4445 5 4p i 1 (grid dependence) ~ 4 & K i B ke
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: : - XU
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EEE— - XU

%] 4-3 CASE A 7 & ¥
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% 4-1 B2kt

model s fo e BB X*Y*Z &?Eﬁ &jﬁﬁ
#2 k(coarse) 88x42x56=206.976 0.077b | 0.77b
T 7
(stz;‘_ird) QO] 3p |[132X57X81=609.444 0.05b 0.5b
(Efnf) 195x85x121=2,005,576 | 0.033b | 0.33b

TR kR Ay EE

WAL E g T3k (B 457V B 3 ARENESLRET
BRSO AR Pk AT ERASER B MBI 0 iR
I I b KR e (] 4-6)7 B A o e hE g T L AR I8 AR R
BRI 3R T G % i OAE e B IR % (8] 4-7 B 4-8) -
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= ~AIJ CASE E
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Al %3 5] CASEE % 8 M 9§ 500 $ 2 % ehuz 5 (4o F] 4-20) -
3T 3D Z AR TR =~ w2 08 POINTWISE {8 @ v 442
RaBB 95 400 F 0 FABAE 2 2 FEFPMEY 4 K ALk
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13le 23 £ B~ UDF
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b & Wi 2m ik ¥ 4 BH A
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Bt B R BEF HCA 27 CFD b 305

% 4-4 CASEE b » iR 2 ip B 12 Th ik

il | R tREEAL 1P B 2 T i
1 N 0.1681 0.566
2 NNE 0.1575 0.6467
3 NE 0.173 0.6014
4 ENE 0.1682 0.7419
5 E 0.1599 0.7907
6 ESE 0.1546 0.8185
7 SE 0.1516 0.7955
8 SSE 0.1459 0.8163
9 S 0.1526 0.8194
10 SSW 0.1953 0.8013
11 SW 0.1863 0.9038
12 WSW 0.1977 0.7684
13 4 0.1895 0.7779
14 WNW 0.1802 0.7801
15 NW 0.1567 0.7641
16 NNW 0.1586 0.735
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(b) NNE
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