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Abstract

Abstract

Keywords: wind tunnel experiment, CFD, flow visualization,

augmented reality

I. Background

Wind engineering is a multi-faceted, cross-domain and applied science
that is closely related to daily life. It covers atmospheric boundary layer
characteristics, turbulence characteristics, and bluff body aerodynamics.
Taiwan is located in a strong earthquake and strong wind area in the world.
When the height of the building reaches a certain level, the influence of
wind cannot be ignored. In addition, the characteristics of low-rise buildings
subjected to wind loads are closely related to the safety of people’ s lives
and properties. Some structures such as factory buildings, large-span
structures, gymnasiums, their aerodynamic characteristics are quite
different from those of high-rise buildings, and the responses of wind
induced vibration are important. Today, the creation of a livable urban
space environment has gradually become the subject of architecture and
urban planning, and the study of microclimates such as urban wind
environment has also become an important topic of academic concern. As
an important factor of urban microclimate, urban natural ventilation plays
an important role in the diffusion of air pollutants, eliminating the heat
island effect, and perceiving the warm/wind comfort of open spaces.
Therefore, it is particularly urgent to deal with climate change in urban
planning and architectural design.

The aforementioned related wind engineering issues can be presented
or analyzed through wind tunnel experiments and CFD simulations, and
discussed and analyzed qualitatively or quantitatively. Before the 21st

century, physical simulations were used to discuss wind engineering-related
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issues, and most of them were efficiently studied through wind tunnel
experiments. In the past ten years, due to the rapid development of
computer performance, parallel calculations have been accelerated from
clusters of computers to GPU, making the goal of computational wind
engineering research and analysis gradually achievable. n the wind tunnel
experiment, due to the limitation of instrument performance and fluid
characteristic, the technical threshold for visualizing the flow field is quite
high. Under the condition of high Reynolds number, the interaction of
vortices formed in the atmospheric boundary layer and surrounding
buildings produces high-frequency motion characteristics, which make it
difficult to make the effective visual observation. Compared with wind
tunnel experiments, CFD can obtain comprehensive data, which can be
visualized and discussed in post-processing by the CFD experts.

In recent years, with the development of mobile devices and wearable
devices, the applications of augmented reality(AR) and virtual reality (VR)
have been accelerated, except for the game level, and even engineering
applications and teaching fields. So that people have more intuitive and
convenient tools to understand or observe physical phenomena or
engineering problems. While integrating multiple physical information into
the AR platform, there are still some problems to be overcome in the
technology of camera tracking the physical objects.

This study uses CFD simulation to build the building wind field
information and integrates it into the physical building model through AR
software to present the average and instantaneous flow field visualization
results, which allows users to observe the real-time flow field and building
surface pressure in the wind tunnel. It will be of great help to the promotion
of laboratory business and the display of research results. The interactive

learning can also deepen domestic construction wind engineering science

XVI
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education.

I1. Research methods and processes

This research is aimed at the development of an AR flow field
visualization APP for ABRI wind tunnel laboratory, and the design and
establishment of the corresponding AR model. The AR software is
integrated into the physical building model to present the visual results of
the instantaneous wind field, allowing users to observe the flow field and
surface pressure on the building in real-time in the wind tunnel laboratory.
The main work items are data collection and theoretical collation. The work

is divided into 4 branches, which are described as follows:
1. Build up the wind field database;

2. Develop the server software;

3. Develop the client software;

4. Numerical model verification.

II1. Conclusions

The important findings and completed work of this research are as

follows:

1. In terms of the construction of AR visualization technology, first, we
establish a single building AR model for the demonstration. That is
convenient to move and use the mark tracking method to locate the
model, and it is applied successfully to different types of building

models.

2. After testing the VTK visualization toolset, it was found that although it
provides many visualization tools, they do not fully comply with the
visualization options planned in this project, and the system is huge,

which may cause the problem of mobile device storage wast. In addition,
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there are technical problems in the streamline positioning that need to be
overcome, so this system will use FLTK+OpenGL's AR visualization

solution to simplify the software in a customized way.

3. In terms of CFD simulation verification, this study compares the surface

pressure data of high-rise buildings with an aspect ratio of 6. In the
transient simulation using the LES model as the turbulent flow mode, the
appropriate turbulent flow can obtain the wind loads and surface pressure
results which close to the wind tunnel experiment results. Otherwise,

underestimation may occur in the estimated design wind load.

4. In the flow field database import part, For adapting the data produced by

different CFD software, the server data import format is mainly ASCII
file as the input format, and the input information is mainly spatial data
(X, y, z), velocity data (u, v, w) and pressure data (p). It is not necessary

to be arranged in a specific order.

5. To solve with the problem that the huge flow field data cannot be stored

in the memory, the Octree structure is used for data streaming. It has the
function of taking into account the cutting space at the same time and
quickly positioning the adjacent points. During operation, the visible
range and distance of the lens can be used to determine the precise level
of data required for dynamic presentation through the hard disk or
network transmission. Meanwhile, it saves the trouble of finding the
entire data and causing the operation to be too slow. That solves the
problem of excessive image transmission data and provide users with a

good experience.

6. This project completes the complete software executable file, source code,

environmental installation program, etc., as well as relevant documents

such as system test report, information security test report, and manager's
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operation manual to the organizer.

IV. Recommendations
For immediate strategies:

After the completion of this project, in addition to the transfer of 3 sets
of AR models and the corresponding flow field databases, our team can
assist ABRI's laboratory colleagues to build their own AR visualization
models through education and training. Including physical model creation,
digital model creation, CFD simulation database creation and import, and
even the server and mobile device connection pairing and other complete
processes. In addition to improving the technical level of our wind tunnel
laboratory, it can also provide related services to increase the number of
testing projects.

Besides, for the promotion and education of domestic wind
engineering, the developed system provides a good tool and platform that
allow users to create various 3D AR models through this program system.
The suggestion is to promote this system to the construction industry,
colleges and universities or education-related industries, so that the
construction wind engineering education can not only reach wider, and take
root down, use more friendly teaching aids that help education or
construction practitioners to explain wind damage phenomena. Let the
knowledge of wind engineering become more popular in order to increase
people's attention to wind disasters.

For mid-term strategies:

The project of this year uses the marker tracking method to locate the
AR model to improve the technical aspects of the overall AR visualization.
But for the physical model itself, the existence of the barcode mark has its

abrupt sense. It is recommended to use color mark tracking for development
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in the future or to track specific marks of the model, and integrate the
physical model positioning in a natural way.

We can extend the AR visualization technology developed this year,
further apply it to the AR visualization technology of physical buildings,
and develop building feature mark tracking technology. In addition to the
flow field outside the building, AR visualization technology for indoor
ventilation in physical buildings can also be established and incorporated
into the building information model to strengthen the visualization

technology.

XX



S
|
el
R

1REI-Biae BABEPVAFL L MR M 4
J%*%iﬂ%%ﬂ~ CEE ST R B R AR 2Tk
BRABE FOREALFRAF L AL R DR FHRT F AR
wﬂ’@%éﬁﬁﬁﬁﬁﬁﬁﬁﬁ&%4@Méii%ﬁ%h’%bé
Wdedl Bfie 5 -~ AP R R MY &L § &4 e g KEHA T e
FARDLEM S XRFHE /T T LAR[L2]

B AT Boahgliz e s 5§ 7 Rrgss RLIF P
A HFEAS S R R EMF oL C XL EEAMILDER
PR TS BT i E R FF o8 p AR BT F 5 R ORT
Fp#h il BBy Bad/b FRERHFLERES » PP A
B RPrE AR BHFERCASLE .

TAtARR b 1 ARRAEV BB R OF T 5% 3 E 4 £ (CFD) S &
FRAATES  FRFIPATEFHAIT e B21 L k2w g
TWHHRIF TR TARAB R PR ER FFRREFTF T IHTY o

GARARFFHT EFAMFTRCLES G2 XN F A
00 PR~ dp R (SHAUE) TV B F b2 (B 1-1) 0 AR A G
B SAS TR F o R pidiG PR 52 R o 2
K pA PP EHEFRGTEET O BPF TR 2R R4 T
AR P o P Ee s R4 RPIANER TR AR AR 0 kS VAT
AR PR RZIRIBROAA)ZELERR - FE KW bR
TR E R RIRER ERA S A e R RR] S 6T
VR ER - TOEGNTAE  a G TEBIINA R AR FE

R FFH o CFD figga e~ Epz 29 Lgm
T oot E RFR kA BB E > T EIFE d R A E B (cluster)
# e B2k 7 H A (GPU)eh4ei# > ¢ 18 CFD 27 b 1 847§ A 47007
i brAE T M AR FF &Y od RN RBE R S

ko



FEMRH T B AR 2 CFD 1 4k i F S 5 0537 AR T B8

S RBET A PR B o BB T HRERIRT 0 FF X f
Bk 2R EA N2 RN T EY A2 BARE R P R 7 5
s AR 1Y LR o AR 4T B JF F % 0 CFD it B 18 2 B enFok » %16 CFD
TRAU A ERTARMSELE ARG LB E
fed @ H T2 S @Y > i f Ao+ F 54t (Large Eddy

Simulation) ol [ R 2_ B Ak (transient)3*+ g o

(a) BERE % & fupr 2 (b) Srari

(©) B FF it

(e) L » Fupm iz

B 1-1 R FREBEFHFFTARS S 2
THLKIR ]2 4[3]



iR CFD A2 Ea 4o B4 S5 5 A8 AR
(post-processing) ¥ & 47 0 R IE A HF B/ E G B RA o TR T B
(Augmented Reality » fi i AR)* 2 BB L E 45 o T REOF &
s TEF g oLk TE9+R#E,~ iﬁl{AR(%ﬁi{?ﬁ) °
BREERLTRY ORISR FTEFTHRRY BESNS I RI o
44 $UAF hde IKEA 546 AR 5% 0 1% £ 48 APP -8 i B 5B
TRATH PR o U S AR R PR BB AY LR ATH
o4 B8 AR L F 2R E(R 1-2) > #mAschf 947 3 A ook

HtesE T R RECA LR £ 0 MR p R T e 4 o

W 12ARE & 7 %5 %

https://digitalsynopsis.com/design/the-weather-channel-hurricane-florence-

augmented-reality/

MEFES B RELE TRNEEFE o e HHF
(Augmented Reality > AR)¥? & %% 8 (Virtual Reality » VR)e % = & i
POET SRR G 2 2R KT IR R E A IR
BRFER G IEFER 3 - BLERIPGI{NLIE - FEI LS
REAIART & AP EHE WP 2P o G AT & S



fi’r

E4RA 7 5 AR 2 CFD a4 h F § % % 0037 AR 1 L4987 3

JE o

ﬁ@ﬁ@pﬂ%%mﬁki’wwAR@ F AT R RE & EF IR o
AL AT R FE A2 S X T A e R TR P
FIADHAZEY L AEY A FRFRLE RS o T i
WPELHARLE VP L E R G S SR 0 R T
Fhoofe B2 BOR AR L G R R A o st b KRR 2 < e ] ek
FFER DT HRERL CRZAE T A

PR s R B L Bor 2 P

A1 CFD W B 2 2 AR HF A 0 36 AR st &
IFMEARA U ERBFR ST SR R KT AR
TR TERRINEE ERL G R RN REER A

TR EREF BRI E EEIHNEYAVIRORPERAL IR
FH R -

pial

o

AL FRRG T

Y-8 By P h
AT ERAH AR FF &R T RS AR ISV AR APPr %kt >
2 AR 03] © 518 AR SR & 1 9 M2 RACA - 500 B LpEpE R
v RSk BBEBRA R FT AR FR &Y VERRILS
2R Ao bR BT AR e
(D22 3EAREH* 2 2HAHA - RLF R 62 LAFELEH 5
BREFZEAMZFAP A AP Z2AFEIIH -
(2)4 4 3 a2 AHA):E 7 CFD et > )02 B b FF R E %~ PIR
B TR oL > T 2 {2 Bp R g AR o
(3)iF = #63K & AP I8 B EF B R 8 3D BOA O T AL T B T
AP E D] HECE] -
(4)22 = A < E R 2 %7 f6 CFD Hicgtdh 5 o
G)E2 AR TA oGRS EH RS ZER IR TRR



m

PR e E

AT R K GBI A RS

LR RN R

APEFALHBALLAE 13 LRI EEE B TR RS
B BT RS L3BALEFIIN ¢ FRBFFTHRREEE - PR
RO % S B > B Ao
. }k}i&-?g}:ﬂ@éjﬁ
(1) 78 mHmEAHF;
(2) BEHH -
~ P PREE BCRE R R
(1) HH TR B A6 EE S
(2) WPREY (S RSB B B ATER B
3) %f%'»’?ﬁ"ifﬁ%]ﬁtﬁﬁé ;
@) FHFTHEBEE R

T R R

~N

%]

(1) #3) T e 3 5

Q) 2rHEHE MG BHE
CECERCG RE

(1) b iFF %L RER

(2) G~ FERK »mEL 2

(3) AR b sk 2 B NERE S 0 L H A 0E B Rl R



%"r

E#HF 5 AR 2 CFD 2R F 1 % 2 0037 AR 1Y B8 3

B AL I LAk (v ED ) AL SRR o
WA T B2 FHEARE AT H D R AR LR

FRE B2 2 4

¥ v 4
e N N\ N
P G 7 PR 44l R LA
S J N\ J \ J
[ |
v v \ 4
e N ( A ( A
Bk %R R Bohp T 4 6 et e e e
n ., | Z_ie R %
(L AEAfrE) Ee PRl b
. J '\ J AN J
VSR
e ¢ N v

e i BT G ey

Gy A EAfpE) we
& J
Fo KB R peeeeoooee- >y 4
PR 5 AT R Z e HEE NG
P B
A 4

( N
1EFEAEITS
D ——
rEY
\ J
‘* ---------- A N T
( N
kR 2
\ J
—
SR 2
\ J

W 1-3 75 imde



<

AN

o

pE

F‘. ’;F:' EN :)g-l : 7!
— y) . ﬂ\ iy
Y, 15[



FEE AP AR 2 CFD M2 1R F § 5% 2 57 AR 1 A7

2% BHT R A

ﬁﬁégp;LFQJ§

R AW AR LI o B R  FNER R EEF L
L EeS XA ih e - BN 2 0 B R - BT
W R SR CERECERE) MRS S s 2
75% (7R fLdd) > 4238 © governing equations) i A A fie & 'li g
Az 4 B R iE (1n1t1a1/boundary condition) f$ » J&* #c& 1 £ JajT
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$Uc; 0L T FRAR b L H o BEHA 00155 0032 F o ks
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(1) &4 B B4R % £10in HO -

(2). FLFF5202% -
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HE @2 BT RS MEAIL B E S ERS Bl T o
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= & CFD #i3%

A3t d 2 Bl R 2 H4 * B JR(open source)Z it A3 B R
4 5 #i48 OpenFOAM (Open Source Field Operation and Manipulation) >
oA EOR RS dR R R TR T ORSEIR S AT OREEI S p AR
COR Tk S RIIDIEE, SN =2 I S IADIEE, o SR I B Al 2 ",% TR A A
fest B g At s B AR CRA ﬁii’f“Pﬁﬁiﬁéﬁ
A2 B R T R T R X F P e e R e
PR FTUAREF R E 2 SRR E o 2t ¢ > OpenFOAM
LT b g a2 LY b (Bldof R R
s A AT e 0 TV e 3 R
® 1% ¥ > OpenFOAM £ § 4p % 3 % e0-T (738 8 »oar 0 & 128

T
“‘)‘
-
"
E

\§o

PSP e HE 0 R I AR MR g 2k o

— \%i ﬂ

AFF T OpenFOAM 2 pisoFoam ff2 E 2 3t 5 "L f4 2
(finite-volume method) % 28 72 &) ket B g de 4 F g5 > Rk
IR I R RN Sl

ou ov ow

—+—+—=0
ou ou _ou au 1 op o’u o’u  o’u
—tU—+V—+W—=-—"—+f +Vv(F+t—+—)
ot oXx oy oz p OX ox~ oy- oz

2 2 2
@+u@+v@+wﬂz—iﬁ+fy+v(a\2/+a\2/+a\2/) (3-3)
ot oX oy oz L OX oXx~ oy~ oz
oW oW oW 0w 1 op o’'w o’'w  o*w
—tU—+V—+W—=———+f V(G — +—)
ot OX oy 0z P OX ox- oy~ oz

HY susvew B BA A Xy zZ2 B3 w2 a8t AR i~
fy~ f, 5 H4eid E&wym)i%%iiﬁéipé@*‘ s pB Y A

k820 B R ¥ & 4k F R (kinematic viscosity) e
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3T RERE RS SRR RERE A RNk
S A RSB RERM S AR T DR H R o et d o T UM en
FREHAS AT RBENRERE Ao BREE L) 2B d o hir ]
Bfe e A f BlAs koot g S A 0 R RI S A A
STy Fo B TR R B E o
=~ iR
AX oAl A HE Y LESmodel» 2 P B E £V
FRAAEFAEL O RETR2ZERESNELVARCTE AT R
AR OFRKRER O FERBRE S AR 0 B 2 4% LES model
TR 1 ARAR MR T PR R
FRE R ERA L w0 - Bi5E(mean )fr- 3 # £ (fluctuation )
cfed T

TR F

U=U+U'; V=V+V; W=W+W; p=p+p (3-4)

A 32N 2 GB3)N R N EEFEF LIS A A HETE
J R (Reynolds averaging principle) ¥ 4t 2. & 45 {%(index notation)

USRI 2

oy, _ 0

0X; (3-5)
QEL+G:§EL:—~l—ap-+ 0 (vaui—u;u'j)+fj

ot OX; p OX; O0X; OX, (3-6)

i ¥ Boussinesq iff #g-4ki# A& 3 (eddy-viscosity hypothesis ) » (3-6)
¢ ¥4 (Reynoldsstress) ¥ 4 7 & -

- ou.
—uu; == (Su +Eriy~§k5”
poOXOX (3-7)

27



FERH T B AR 2 CFD 024 b iF F 5% 2 0037 AR 1 LA £

BP oo s A FnakF R (eddy/turbulent viscosity ) 5 k (=

u'? +v'2 +w'2/2)% ¥ in# i (turbulent kinetic energy )° §j 5 kronecker

delta &0 #ic -

¥ oo B3] 3 % Smagorinsky[24] i % 2. & o X v i A

(subgrid-scale turbulence model) > H = f2;% % :

X Sj 0.5
=Con| —- (3-8)

H ¢ Cg % Smagorinsky % #c > 3t pt g * 0150 A 535 i Bk
B @ §;=(0u; /0% +0u/0X) » B 4 R E o

S AFERA R

T APEF ER G EE 2 FE PR F L REL TR -
Smirnov % [25] A > 47 3+ (spectral method)s %4 » & » 7 Tk B R
BRACEE R = RS A 4 L% % 4 (anisotropic) (2L 4 (divergence-free)
Bdd R HEEP IS A 2 2 (random flow generation ; RFG) o
Castro[26] 4 DSRFG = j# i (7 1 £ #7 § % S 4% o § #ids2 %,&%»’4 :
TRAZEFRHFF DT AP D BR PR EFF > @520
WETE F AN A 4 2 MDSRFG (modified discretizing and
synthesizing random flow generation) o @ *# 3 2B K & Fon » i T AL
Ad 2 g MDSRFG(Modlﬁed VEWFIRAL BRAA R EEFLR

BRI % 1% 41 # & ¥ (Fourier series)fh & = » H % 71 38 dofs
M N
m,ng t m,n - Em’HN t
ZZ " cos| X, +a@,,— [+0q"" sin| K™K, + @, , —
m=1 n=l 7 [
(3-9)
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p" = sign(r™" ) % E (k, )k ) (3-10)
N 1+(ﬂm)
q"" = Sign(rim’n )\/% E, (k,, JAk,, m (3-11)

W o, eN027,) &7 & p, =0(E35@E)1 2 o, =27, (FF i £
B B A F gy 0 T 5 4P & m it #i(wave number) 2 4 F o 1™
P8, =02 0, =02 = a% A% Eddh o ¢, =050 (U % Ti5p
@) X=x/L(Li=0L +L+L) ) x s 3F=% »a L 32Tk
Mg & B %] 3 (scaling factor) o ¢ > B o~ PFR AR M M2 F S
7, =0,L /U » 7 & 4P B SE (0 e Finde it KM = k™ Kk, B
Z s iw o » kg 2353 4 (inhomogeneous)£? 2 & # 4 (anisotropic)#E
PP TR R AG 2 L ERE Lo

AT EMAS LI MBS e FHERRE 2B e

Ik i AE 3R von Karman 25 5% 4o fs -

_4(,0J (L, 0) )
() b+ 70.8(n, 0| o

S (f):4(|VU)Z(|_V/U)|1+188.4(2fLV/U)2I (3-13)
V i+ 70821, /G|

s, (1)- 4(|WL_J)2(LW/U)|1+188_.4;2(2I1f/|;w/6)2| 1)

1+ 70802 1L, /0

BRZFIRAE

¥ w
B ax e aEinf

L, L

_!—4\]‘:1 ,Iu\ Iv‘lw,g}gjélllg}kré.‘*%}kré.‘;:&.i
I I L R T SE N

s
SHcl, b A BEFIT M B2 F]F 0 FP 28kl L Ed 2 B p
B2 F|Fofed R FFTHKEDHEER A GEchE
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E4RA 7 5 AR 2 CFD a4 h F § % % 0037 AR 1 L4987 3

RIS FIEEY B4R 2 F RGP AT RAAM I GERES SN E L
4o F3h g * 7 Coherence dBeint ke (7 58O TR o h- B
% #F (narrow-band) % 4p B (cross-correlation) ;= » Coherence & #c

s R E L

[CZZ(ZI _22)2 +C;(y1 _y2)2]l/2

Coh=¢f f:
0.5U(z,)+U(z,)]

(3-15)

Y s Y, rZ A E 2 B AR 0 C B C AN G
Boe B8 ow ok R il 0 Ry Davenport #TiER([27] 0 AT EHE* %
7 i C, =102 C =16 5 @ E  S5d 0,3 ¥ Davenport = # 3¢
e A 3 A AR 6, 0 st > 0, F EE P L4 (time lag)iE

Facsh >« A EA AL BN G011 2/ « 6,20 Finfh
AERRRESEERAT N S HES B2 BPILER(F BRAEK

HRFL I R)AE L PFrE 5k > Huang(2010)2 3% & 2 100 -
M %¥ci: 4 & F s %ﬁf{(dlscretlzlng),igt TR DBl S § i
AR A HAE IR G S SRR d K EE Tt 2500 0
M OREA REHAMHRUE R o

3
ﬁﬁéiiﬁﬁ*%ﬁw@v%»@mwﬂvA PR B zﬁﬁﬁﬁ#
P BT AR RS ERR BRI B ERE  SERBETE T
HERARVARL B2 F 23 e i (DB R 6028 K24
@e# 2 EF ()& 101 * ¥ S A M6 80 2R
TSGR Emp o

B A0 G MR R (T AR IB E BRE ARG R VAR T HATEE S
FERERHREPE HRREL (D VT e R iF L
B2 A PRERRI(R 3-4) > (T2 n B FREY - ZHRAR 8 2
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A E QDA B 240N bl 1 E AT 05
Bl BB N TEREA R R AG YRR KA RT
"2 CFD figse it a2 B IR OB R - 17 5 47 RIGE J SL2E 2 % o

B 3-4 ff & RIaEEEA
TR &R 27 ik

- CRE 62 F EEANT
AMEURT L UL FRERLE T 60 WURPE L ROE
10 24+ F(H) 5 60 24 (hof] 3-5) < 0 H2 4 B = 5 3830 b BRI - 0%
PG R REFE TR R ER R R R T SERS Ho 2
BAEEERR 4 FE o L RTIOR 4 SRR 4 R b 4 e R
PR 19 mh e E P& AR 4 P LR o BB R T
T RS A R RAAEY B K EAR 4 2 CFD WL v LA -
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EFRHF B AR 2 CFD M4k F § & 3 87 AR 1 9 3

~

W3-5 3 5 623 & A
FTH KR AT HE

el g 8 Y
% Fe 3t B & iE e ggk(separation point)il ¥ jE AR 6 4k
SEBRFTEFECATIARROF RIS E FRAPRE G
#Hr i (Reynolds Number Effect)enff 48 o — 4@ 3 > § H8cA% 3
Bl G AR R AR T 5 B F) & g (wake)#E IR B G B oh
CREEE S S S 3 - SO
ipiéﬁa%*&ﬁﬁ3@ﬁ%¥:ﬁARﬁﬂ’ﬁ*ﬂ%%
%%‘f nE T F onF g h 4 Y AR EEAPKE T RV FIH
A E R 20 6 BN M E A BRI PN T EHE
20 S PR AR A B R BT R A BT e A ¢
% 1/500 0 = <+ 5 & S54emxF 425cmxF 13cme ¥ 5t @ iR

o

%‘. -

F_k

Yot @
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FRHER AR GHRR G xR UEPE RS
AR 25 B Ay dhA L UHEPERITEL G 21 B
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Bl 3-6 5% B 32 i
FTHRAR: 2P 7 %
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FEHAT B AR 2 CFD 224k F § & 2 In 57 AL T e 3

CEERF 101 AR EERFE
B ARWCEZ ¥ o4 B ARV EREAFEFEHE r%*
i dpRa b o 101 57 o I AR A2 2 HEF
LI01 5 #3512 2 F 0 HAlgE 9 5 1/500 « & p fz«s&aé%wﬂ;:
PTRFRERT S - RBET S 400 TR TERPRG 3 2 x3
CoMF LG ERE LS k' FEmpERR LB 3-8 Sk 0 R
4] 4§ 3-9 > # = 3D H-A 4Bl 3-10

M

jﬁ

G oogle

m38”i%hn'ﬂ§m?“ﬁ%ﬁ&m
FRkOm: AT R
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B 3-10 & &% 101 ~ #% Fl2 %38 3D 7
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KT 5 AR 2 CFD a4 b iF 7 B 3 0037 AR 14 $Ljier” 3

FoAEze NGE D LT A2 ,f@—s EAPER 2 5 o

-~ FEBRE N B

Tio 3¢ i PR AU AR 1B BLER L BT TRse 0 U B RTELER T B2
Bk B 3D AT B hing o f L ARREE S AL H
* e f B RS 38E ArUco[28]#74% & iz (Barcode) ™ & o H p fR#7 4
F 2 AT G s ARl & BLEE X B T S R B 4
ERTAT o ¥ OOh o FR P Re T L AR B BT AL TR E Y
WE G o AL R AR 2 AR o

4oB] 3-11> AP ARA 4 Ba 2 a3t - RiEE - ¥ ARAD 4
& ES AR W2 FAE > 1T5 3D WA 2 i BigeE o

W 3-11 2 RAHCA 2 AFRETH 1 2 4Rs3e
‘}, kiR ﬂ‘k’j A@llf

%1% i Aruco Code :T’»ﬁ%’ifﬁtﬁ‘ﬁ % pE % §| 1 PnP i PnP
(Perspective-n-Point) H_%f% 3D 7| 2D BE4Fi&den jF o Uy it T §
e Bz FEAEE - ARE el el B e
BAR* ? % - B Marker che B ABLAE R R OXYZ 3 Hk
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¥ = & e Markermap ¢ ¥ P~ 4p #% £t map A2 efp 30 2 ghehE

g

BRI HL AL FER e S AR AR R
ol BFE RS T R I DR e B8R A
TRAGFR EER R A

R ARAERERERR SR guE E AR ALY 55
g A Uit o 1 ¢ Chae ¥[29] ~ Nguyen % [30]#73% &) 2

¢ A]*E % QRCode 7% 42 ¢ BarCode(®) 3- 12)1*—L AR AR
M- BEBEHNEAAMOR R -

B 3-12 = i@ 454 %€ % QRCode
FH KR [29]

pos

a3 s . 2
I & wFVRCIE

FMIRFTARCLE > PG VIK R~ £ 2 FLTK

4 =

% & OpenGL p 722 ARK 7 FRE > ¥ AR E TR I IRINA - ¢
=

BRD|F AR Rk > gt — P o

- ~VIK & FLTK 4 &
VTK(Visualization Toolkit) £ — # B 2k (76 cdl 7 g2 o sb o #
WD EE S B Mg W A E TR (2D B

VA ST AR B E o R BT X A ] Az fes 50
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G AR AERER T Hltesz1 & fk*t OpenGL ¢ S B
_ng% FLELTEE i ?tljmﬁ@@,}\,sbét“}*?&%‘fﬁ ffo~ BB A7 PURL AT
L BT o
Exav®odFds 8 VIK g d B34 > ATy @

IR GP P MERCE  RERAR P EREAEHIRG F 2 AR
£rc% o £ VIK? Fla BRI EFE e SREF i sTu g2
BOFFEEFET I barcsk o F b VIK B2 ey slg 8l o Vg o
—HUF A 2 VR SR AR ERY o

FLTK(Fast Light Toolkit)® - ®## L 5 C++GUI 1 £ & » * &
UNIX/Linux (X11) -~ #&#t Windows 4 Mac OS X }+ - FLTK #& &3 it
e GUI # 5t “,f Frag g > 38 3 OpenGL e 22 e GLUT #4% B 4% & 3D
HIRVEEE: B

OpenGL % 2 & & % B API > 5
L&k B FLTK 2505 @ % 546 « Basbay Ry 74
AR #7% § g P RSk > T T p T Mg U F I B2

W HRBLE SN AL R R

IR AR S Fd BV kP (7

B EPRETH

B0 FIE AR R AR TR R 20 Ot e R Y i
3o AR A ;u;fg—(octree)ﬁﬂj%f#@f—? FHE R N AL G
FRE S B B R Peid L ARIT R Y o RF AR AR T L2
R RER RA-T e B SEH A S R B R R M AR DT
Foos BRSO A EL TR S ETENE R DT

AMABE - A R A Rk TR F B SR T
S 1t T R RE L T N R A
S TR BT R i R e U e £

SR Z M AP BRI A AP 8RR Ak
Bo? ¢ ARG LA BT AA KR o P B ARET HER
SK L AR e XA el R PE AT IR
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AR 2ho® 3130 p ok hgefRi Y A~ Octree g g

B R o L3P AR R 2 % 0 j& Octree shigfp? 2| ¥F
Re%de i~ R R et Bo ) BEHLAR A BARIT e BRI C AR
B (maAk 5 )enfioll - Fa R helRHEA > A EFF > - & 3D
SR T s Octree ﬁﬂ.f‘:é—ﬁ&r%] 3-14 #1751 o

2 i

B 3-13 ’F{'i?iﬁﬁﬁﬁi'gp‘-”'?i‘ > TR A2 R T R W
FoR % & © http://cri5Sti.com/game/2015/09/27/chunked-LOD/

W314 %Az BEFHBHA ]

TR kR ¢ http://criSti.com/game/2015/09/27/chunked-LOD/

~FARIGEE
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B E&HHF 5 AR 2 CFD RS 811 Rk E T AR BT

?ﬁ“imﬁ”iﬁ%ﬁu5@%%ﬁ2ﬁﬁﬁ’iﬁﬁﬁiﬁu
TN BRI E TR - BRI FFTRTT L B
WAL E BB R R FREFBER LR EINERE - 48
TR AR ZEE TR () A A ZER QA ()
TR o @ A GRARLA 20 C()FREES 5 (2)Q BRI%Ed |
FOL AR PR A B 2 o T AR AR T AL R (TP .

)

B

(1) %5 &5 %1

I

WAL A AR B - RS SRR BRI oS E
Bl 53 Mapns o BEE m)p»i“’ﬁ(@" CER) ATe PR
HME NS AR - T UBRRER L R > NE2 2 FP e
Z iR RA AR -

(2) i s B IE BT AR T
BEARMAIE D L A AFRe s - ALk T AIE 3 B L Al FUn M ki
T AR G F
a. jt&(pathline) : /id @ H T F R AT bR F RSO > AEE7
# 1 W # (Lagrangian)gL gk -

b. E & (streak line) © i ¥ 5 — ¥ L BLnAr G L & chiLEh o do)l 4R
Wip g 2 L T 5 AR o

c. mA(stream line) : JR48 AinHY > & - Bhig B e £ ML o ¥
RN TRAEFEY SHITRBEREE > H oG

dx  dy  dz
u(X,t) vX,t) vX1t)

= dt#(3-16)

57 AFLTK ¥ BEmimad 2 TR Biod P+ 2k @acd
Mk o A AP IRME REF R L TR A F R R g i
K P RBRZPEEFHEE VEFT - BREE oL BLERS T
TR MR PV EFRRAR . AVALLEE Y R AR T AR
3-15 #f57 o
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X NT?'Q A Ekﬁfﬁ? '}*Lj\)J-B °© +§'\'ﬁpfﬁﬁ& /rl‘-%‘%i&fi’_iﬁii?% ’

TR EH SR AP AR AR 2 BRR T - BRRR

PR EEFEAT - BERFO R Y L d pmP a2
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® 3-15 ;R T AR T R B
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if8 & (vorticity) e € & & i B & (curl) » 2 5540

i] k
oo=v><U=i i i
dx dy 0z
u v ow
_<6w av)A+(6u GW)A_I_(av 6u>r€317
=5y " az) TGz ) T ey T ey G

HP Ui B0 2 FA RS Wb @mr e s P2 = -
RfpieB S P MEHRER R fRE% FAR $ Ea (iso-surface)

ALY T R B4 B 3-20 P11 o B Bi2iry BagE v EZ R B
IQ;; fr«frw 2 IEH o

HQHMZE

AARATER RS TR R F i deg T iE e o d G
2 R REEDR | Tt Dy =oufox; kA w2 o d igd -
#‘Nﬁﬂ’ﬂﬁ?ubﬁéﬁﬁ%#%ﬁﬂﬂﬂ’Qﬁm@ﬂmmm

RATVU? e 3 RRORE M ER o B 25N
1 = — 1, — —

Q =5 (er(®@? = er(@) = ;12> - I1511” (3-18)
EYCATIELT) G Y (TR _

SU 2 "0xj axi) QU T2 (axj axi) (3-19)

gﬁ,a-a@%ﬁ%ﬁ’mjé%&%§°ﬂz‘@1”ﬂ”i ' Q

T & % I (shear strain rate)friff /i 58 & ek 38T 7 3 R S 2 &
Fwﬁnm§4«~b% WA SRS o d W] 3-18 T URBI] 0 ApEE
BREES > QUERIEES T URBIIRSBAEAR R 2
MR EF GRS BRI T kS o5 kﬂﬁwl‘g“ s

42



FTRELR: AET R

WM3-18Q EREiEam v T LW
TRk AET BHA

43



fi’r

& PR3 B AR 2 CFD MUE b o 5 % 5 in 37 R 1 s 3

Fr i B%
AFTREEFEOAZIHEA o
MHR F A% S F IR T A

B b 4 GEE R4 AEEEG

A2 GLERIE Y PR B

%5

ﬁi
A

E b FF o T

CRl Vi

FLE > 42 #% 2 VIK &7 AR ¥ 4R 1
A2

<r
~

A~

2o A KEAZ bR G
e

Hoe ¥V R iEAEE EHG A
o % & CFD e = 2 b 3
S
bode b Rl s > B VTK Bedk & 1 2
B'2o % 55 - AR

AR e s R F PR
AL TC 3% 2 # a0 A 3 ¥ 2 FLTK #f2 OpenGL
2 ﬁ*/j"‘ -’_%gtgﬁpﬂyﬁ, , l,(Tﬁ;J—)%J-*BF&gJ_ ﬁ—,—v\;gctgﬁp;bpﬁ o
5 &
sasgqvxp\ ﬂ_fi,;\g;\éﬁp
ll}z\“ﬁﬁv\vv‘]*ﬂ'

kR EREES

bR SRR TR 4-1) 0 o NEA 4
105 3k B3t (B 4-2) >

i Ceiw A3 R b i#
B 4-3) »

420 B b BRIL o~ MR

#F(Up)s 10m/s o 7 %PFI2A G 5 A2Bh(4e
500 & 10°u e fl 45 - = o Bl AE A A
HEPIZ180° X 19 BR » & o & X Kbk o

% 250 Hz » Bof g 5 1080 7

BORFH > F PR

W41 3R 6AUBAZHR KT %M

44



Un

60

50

40

T ¢ 6 ¢ 8]0 849
e ¢ o ¢ 0 0 000
N EEEEEEXL
N EEEEEREEXL
e & 5 ¢ 0 0 000
e o 5 ¢ 5 0 000
2 o & ¢ 8 o oo

z (cm)
[ ]
®
L ]
[ ]
®
®
[ ]

20

i * L L L * 9

| | |
5 25 0 25 5
X (cm)

W42 3R 6> AUB KA 20 RS I\ RRE
FTHRKR AFTEA

M43 350 64 UF KA
‘f Kk - j\ﬁﬂmé @l

A
=

11\1,

Bk r i@ R E TR a2 e 25N 7 kg FlcS (power law)
BEROFI W2 FRHTEEL T 0 ‘?*Efﬁlgf'Ja 015
i H R R R B R (0)%E A 4002 % (b FF B M A 1.6 )

ForsRe 25 PR kph FFRE LRSS EE f”‘?'ETF”LFT‘*",—"}i\:

45



FEEMH T B AR 2 CFD M2 h o 7 % 3 I3+ 41 B 1

1@):022-01865]'
o @1)

B 44 2k FPHFTCHERZ MMELE & TR E TR

VB FRAEAER SR AR BERPEY CHRmR &5 B

(a)T 32k # () Finse & @Fmfimi kR
1 = 1 .
® Measured 1
Power Law =015 L
08 0.8 r
&
i \
A
0.6~ 0.6~
w© =]
E W[
i 1
04 04 "‘
'
‘__i;‘
I
a
02 02t J9
ry
p
A
[ | L ) Dogerd 00 0 0 0 00
0 0.4 0.8 1.2 . 0.4 1] 02 04 0.6 08
u/U, I L, (m)
% s

Bldd4 hFPHREREAT EHE
FR &R 27 R
- VA RRER

SHRARERAF LG RS (B T EHEAFF R b 2 (U

EFR TR R RS S TR S

C = P — Do

= #(4-2
P 0.5pU,?,( )

B opo s 5F RS NP ANNAGERASF R A7 FT0E

A A SR BRI 45 T 4-16 5 F & B (0=0°~50") = HA A 6 b

46



Xy
>

BE 2

5}
s

RenT 3o 2 JEh S o WU F TSRS A 0=0"pF(F] 4-5) > b
FAGFTERSEF2) B-Da 2RbG5AMET 25 HE fH
BN (B 4-6) 0 AALY > FIFSAARDEE S RE & (B D 5 )iy
B AR P HERF R G 2R G o

Lﬁ@**”ﬁfﬂ’@*ﬁﬁﬂ”ﬂéﬁﬁ’&&ﬁié45&
FoAB & ~CD & 45l % p 3 5 e > ZH R R BRE S RAP
F°ﬁ&#ﬂ@¢M\@¢U%&ﬂM@¢H\@¢mﬂé’ﬁ%{
TN HEd b R 0=40° A~B~C~D & » A4 u$ T 0=50°57D~C »
BAw >3 i 2% -7 A j\?%}ﬁv;nxzfﬂﬁﬂﬁw 247 7T L
(e Rk AAH o > d M ERIFEFLE I8 A& TR
T h BEEASTOLET TR - o

-ml

(@) A & (b)B & ©)C & (D &

o C, C, C,
0.8 u ol u
u.7 e 0.05 e
N v
0.5 02 i
nA 04 . 04
n3 0.3 ) 0.3

-1
0 .6 os 0.6
01 0.7 Y 0.7
0 Kk b 08
09 09

W45 3R 62AF2 45 T35k BRiHEFO=0")
FRKR: AFT A

47



BEMA T B AR 2 CFD MaZ b oF ¥ % 3 53+ AR 1 PerT 1

(@) A & (b)B & (©)C & (d)D &

|
o 1
46 3 E 6ERF2 45 EF R B AEKFO=0)
FRKR: AFT A

(@) A & (b)B & ©)C & (D #

.15

n.ns
-0l
-2
-3
04
.5
1.6

W47 3R 62852 45 Ti0h B EEF0O=10)
FHkR AT Y

48

-0.1
0.2
-3
-4

-6
-0.7
-8
-9



(@) A &

(@A) A &

(b)B &

(©)C &

W48 3 50 62 RF2 &5 H 5 0B A EEF(O=10")

TR KR AFT BHA

(b)B &

-0l

-2
-3
-0
.5
1.6

.15
n.ns

©)C &

.15
n.ns

-0l

-2
-3
04
.5
1.6

(D #

W49 3R 62852 45 Ti0h B EEF0=20)

FHkR AT Y

49



BT B AR 2 CFD 4R iF 3§ % 3 87 AL T 387

(@) A & (b)B &

03

410 % 5 62 AP 2 4 5 5 h B % EF(0=20°)

TR KR AT B

(a) A & (b)B &

nils
0%
-1
.2
0.3
-0
0.5
U]

W4-11 B8 62 AF2 45 T35 R HEFI(0=30°)

TR KR AET A

(©)C &

©)C &

50

nils
0%
-1
.2
0.3
-0
0.5
U]

(d)D &

(D #

s

os
-0l
0.2
0.3
-0
-5
e



(@A® (b)B & ©)C & (d)D &

o

0w
0g
07
06
05
nA
N3
0z
01

W 4-12 8 50 62 2 45 4E5 R R 4 HKF(0=30")
FR kR AL R

(@) A & (b)B & (©)C & (d)D &

ol
[

P " "

ug wls wls gg
or s s .
- 01 01 .
ns 03 2 i

04 Py Y 02
03 Py by 0l
g% 05 05 g !
y 46 46 .

Bl 4-13 BE 6282 45 T3oh B %HEFI(0=40°)
THKR: AP A

51



FEMM T B AR 2 CFD M2 Hh F F % % 7037 AR (4 $F

(@) A o (b)B & (©)C & (d)D &

W 4-14 B E 62 R 2 4 5 Fd bR HERF(0=407)
THELR AFTEY

(@) A & (b)B & (©)C & (d)D &

CD (_:D (_;D
g'g 01 01
o s s
03 0.1 01
02 0.2 02
ol e 03
" 041 04
Y 05 05
02 s A6

B 4-15 3 5 6 A5 2 4 5 T30k B (& FI(0=50")
FHRAR: AFTEA

52

0s
07
0.4
0ns
04
03
0z
ol



(a) A & (b)B & (©)C & (d)D @

c)
07
o5
W4-16 % 5 62 A2 45 FH A R HEFI(0=50)
‘t’_,_ l)»%l j&p”" 55@1
=~ hAEBEE
B4 Afrenadh kst 0 O=0"pF 2 iR 5 GI(R 4-17) 0 L B4 T
EREAE SRR x5 ACH 3oy 2 BDa 3w B4 ik

~ \l 74 .
2o N dets

Crx = ————#(4-2
e 05pUHDH( )

Yy
= —2 ___#(4-3
Y = 0.5pUZDH (4-3)

Cx = ————5—5— H(4-4
Mx = 0.5pU2H2D 44
Coy = ——_iacs
MY ™ 0.5pUZH2D 4-5)

Crz = ~———a—5—H#(4-6
Mz = 05pUHH2D( )

53



FEWHH T B AR 2 CFD 24 b iF F % 5 50 37 4R 14 s 3

He v Fax?wx4 " Fiy?ex4d oMy -My~M, » %5 x~y»

2 b i g4 0 2 b 4300 Ao b RIGHA A E

Ey

W4-17 % REHb 4 (5% 57 & H(O=0")
FTHRKE: AT A

Bl 4-18 52 O=0°~180°2 T3ap 4 faficr %% > ¥ UF R &
O=0"P% Cpy~Camy F B EH 2 MEF b st & B4 d 40 57 9=90°
PR 4GB 00 48K 0 Cpos Cuy BT B 0=0"P% 5 0> "E¥ R 5
ERGe @ EH R0 b 0=90"F B EE A o T F L AR S 2T
HALETH L A-Ch 3-8 Fehh 4 G(CroCuy)d "ER + & 5 Kb+ o
" B-D & 3-8 7 ihh 4 G8(Cry c Cu) Y B b o 3 5B R & o 4P ¥
B h 4 Gl > %G e b 4GB Cu F Rl F 2 R A B
B4 b 0=40"-50"%1T o
LR 4 GBIV (B 4-19) 0 - A T o AInE I HERAFRE

1=

)

S

hF§F Bt AHER RS o T Cpy o Oy & 0=00F $* 55
A0 FPFEFRITER AN XA 0=0"F B EFES > Rk
6 =90"% i&brw 4 o $1 T 3ah 4 GHAP K o Cpy o Cumy 8 Cry ~ Cux 3 5
HELB5 BRhotd@RET NFED- Rahlg % o

EIER=IVESE, 3 i) WS Ay —Ff—, PR F R ERISE A A

54



A B E hh 4 Rl - o
BI85 1217 5 CFD {1 (T2 LA -

s4

e

Fri BR8iH

Kl E 2 ENiat

_1 5 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140

0(°)
B 4-18 Tk 4 a0t R@E
:iP{@ﬂ

R
%
<

160

180

0.25

0.2

0.155

0.1

0.05

0 20 40 60 80 100 120 140
0(°)
W 4-19 #dp 4 thlic W
FR &R 27 g

55

160

180



2

B

a

4

» 2
e

e E]

0°
%

MDSRFG

s

|# 3

g
Fip

Y

PR E O

f

i
2
~

5

=
35

iR

B=3

| T
> LES model

TR AL R
bk F
i*

z

-
=+

CFD #3% %
i

4%
o

&
B

7L
N

¥
K

#
=S

Bz

£33 % & AR 2 CFD 2 4Eh F 3 %
W

- ~ ¥

fi’r

CHE AR S S
osogt o B e
s B & 4 = > o
[ | ] N /‘W._ 4 u
A c@ o <
A S N 4k
A oo oM g W .mi =
T oo =& R
N— N ” J
g PR H S g
K- & o WS {mf
I kel
P T
Yo o WA= g
- e & . o
an| = - am °
Bl Do ook
-
AN R o o
= * W\n = & v 9
m/ on N R /T\ ..Em,\ ..\B <
w W o N
A b
t
¥ B & . & &
) —
=S T I PO A
" = 4 s
- < LS ia‘l,wdu /.T\ - o mm”l
o BEog B ot #
Bom Eo o ow Qo
oy Fo@ Lo oo
DT owm B4 &
Bor 2 e o) &
oy m A
© = oA o g e
S s ,l 1 L oy Jﬂm

SR RERER

56

% 4-20

S N

/|

= .



SR
FomA 4 i (WH=3) ki & & B8 7 12

5 4 RFG # i i 4 5 "
BB YRR BTN o F LMDSRG 2 gk 0 1T A F] RN R R

BB s FRRBOFERANERY A A o XA ELEEY &

P
Wi R AL B AEU/5=0.5) 3T 0 { B R eh ¥ ina B R B AT
FREZERY  (y/D=0)E i x-y 7 o ik RS BI(F 4-22)F 10E

FoRFG 2 &2 a2 A1 258 & IR & L F & v £ 0 4p 37 MDSRFG

o PTA) R R R f RIRC] o )
5 P &g o @ A MDSRFG &/ % 2R 4 >

)

SRR T A T4 R T R o e

F_‘-

&
o

+

Leb s R A IR R AR R
GRTE-SIRS S § S0y S

BEprmAZA T NAFIZAS RS LG PO TS D

b 3@ RFGZE TR Men? o o B ~ i@ B & ey 2 54 $20 CFD

FRIERAFTOR FHI R 4 R BRARER S G305 B < P

(a) RFG (b) MDSRFG

oty ieginde: 0 5 10 13 20 25 30 35 40 45 30

421 Timd 22 rins 2 A " RFl(vH=3)

‘}'j\/}ﬁ‘l ﬂ‘ﬁﬂwi @l

57



FERH T B AR 2 CFD 024 b iF F 5% 2 0037 AR 1 LA £

(a) RFG (b) MDSRFG
N e | | | . BN [ ek [ | [

vormyepimee: 0 15 30 45 A0 75 90 105 130 135 150 wgne: 015 30 45 60 75 00 105 120 135 150

W 422 RAAIERERD <5 2 A HH(y/D=0)
‘l'j\/}ﬁ‘l j‘ﬁﬂmﬁ ﬁl

=R RGERR

¥ P28 z=2/3H =% mind w T92 b R GHE TR
(B 4-23) o &L 3R 4 H#icits » RFG &2 MDSRFG £ & } 430k & =
¥ (0<s/D<1)22 5 Sk i 4p % 1T & Rk

h ¥ (1<s/D<2 -~ 3<s/D<4) »
2 FE AP BRERG K aukR e A b d

B ® @
¢35 » MDSRFG i# R 2.7 /5 e % o fe R 5 % » MDSRFG i# ¢
ABF o FhiEiE - %o RFG 2 &flh & 24 b
Fei R oo
LAE R RS hdINA > ¥ AT ) MDSRFG (iR gt o @A A

Boo >~ Blho ~F Rk e EI4 0 RFG 2 (XM K o 48§ F 5%
N R R Ry PRE Rl TR EROR N E A L 9
G R4 ok H 0k 6 E Rk G o0 PR ] KR F IR e Jgés

B kAP ERRE o Ap¥ih s MDSRFG 2 sk I3 87 b oF 7 & 97

(0<s/D<1)RFG

—=

Gz

;
-~

Aot AR T g - Ko @ingEha Bk Biia e
;Q«Z:t ﬁrs POk %ﬁ?}ﬁzg m%—ﬂ—%ﬁ(‘}%fi H':'%im’ d 'r/\j\/n ghfhi- &N

<l
=

Aple AN AR A IR G - TRADEE R FRL G ]
#5

i’
L—i:
Wi LoRkREmcc g A4 g o

58



OESSL Y

1
.L,%‘ _
- O Experimental
MDSRFG
------ RFG

(D) # R 4 i

02
[ ] Experimental
046 MDSRFG
------ RFG

UIII‘Ufﬁill‘ll‘Illl.‘5...‘2‘I‘IZ.I5I..l3I"II’3.‘5IIl.4
B 423 FinAddzEiido R4 RE(z=2/3H)
TRKR AP EY

PR WA E 'L

i%ﬁg;'*Amzu4®o$4w.;&wﬁ%;/HA%ﬁ-%é?mé
# b 4 GOt B R o T R 4 (G, ~ Cr) T 4 81 RFG
PR E fe ok o 8258 MDSRFG » § #f i1 enfia) > e 2 §

A ORE R e g E b R GEINA (Cpy ~ Cyy) » REG 2 g % P13
BN ERE - WA DR B B9 30% - MDSRFG 2 cficke 2 % A v i
F B 1 74%-TT%¢ tff b % 84 (C'py~C'yy)’ #h & 2 RFG §2 MDSRFG
Fg R R B G o L FE RFG # kit Fha £t

59



#H#F 5 AR 2 CFD RS 811 Rk E T AR BT

Be g P $EY RGO IR PR R 0 2 g B LRGG {1 Flt RFG
BE G RAER KF L o 5 MDSRFG i i b+ b 4 iRl { ok
TR kE > HEAL2A2E 8% -
E%@&ﬁé&*ﬁ&mmﬁm”kﬁﬁﬂmG%ﬁ%W%@%’
138 %@ % MDSRFG ;2384 » g 2 5 v £ 7| F % B en
FRAIER K » e R 4 Gl R

=
<
4
NG
= 3

%41 FinA222 0 4 Glcid i

C—Fx CMy C,Fx C’Fy C’Mx C’My C’Mz

FHE 0.853 0.471 0.203 0.229 0.12 0.111 0.048

RFG
(2% %7 1.117 0.594 0.054 0.2615 0.115 0.026 0.018
;\ L\L ) (131%)  (126%) (26%) (114%) (96%) (23%) (38%)
MDSRFG
(2% % 0.975 0.525 0.151 0.248 0.121 0.085 0.034
/A} L\L ) (114%) (111%) (74%) (108%)  (101%) (77%) (71%)
‘} N ) ﬂ\fﬁ %fi i®
ISR AHEFHCR

AR R KPR T R 4 B SRR AT
BHEIMER - B 424 W 426 A5 5 R b xc Fh oy £

Pezilihz bSO SEEFHREV RO ORI RAS 2 Y
2

B Cux b 4 HE3HI0A (R 4-24) 7 115 M F 5 G2 A 2 RIEF B
W MRS MG o R E T - B AL AR TS
(fD/Us) %+ 0.08 *$iT o 8278 RFG e % 2 #f p B TSF eI % > 12
HoAp 2% Ap ¥ >0 F M (narrowband) » it B A B P P % o (e AARE O AR
B RS HN PR PR LIERA » MAKE o @ MDSRFG i

60



RS LT AMAE R G Mt AT B RERE - Ko
B Cwy b 4 A7 3304 (B]4-25) K5 % > %4 (broadband) » # >

MDSRFG % F#g kB2 fREF 6> T RS FEG G A
% o RFG #H#&5M 2 fkELd > RAEREnegEFagp

BB MON SR RS R R R 4 R i
B Cuy b 4 HE3H 04 (W] 4-26) > # 4 Hf"ﬁ 2 B AN AR TR

10°
Experimental
wl===--- RFG p
--------- MDSRFG K
10-2 '*-
N
=)
O
© 10°
~
“
g
510"‘ 5 [}
o F r=", !f '
EG 5 ’ 4 ‘, ‘|
I S ' w
E/s 7 { N
-~ k\q
10°
10.77 Ll Ll L
107 10" 10°
fD/U,

W 424 Fing 222 k473" 1 B(Cay)
FRKR: AFTEA

61



fi’r

E#HF 5 AR 2 CFD 2R F 1 % 2 0037 AR 1Y B8 3

10°

107

Experimental
RFG
MDSRFG

2_ -- i L YA - LA A
o ‘ Ve q‘,’v.‘ {} I‘\
’

E ."

S Y

C , L

=/ '

i R | TR | —
102 107 10°

fD/U

W 425 FimAd 222 b 43 RFI(Cwy)
FHRKR: AFTEA

10°

107

Experimental
RFG
MDSRFG

a0

M |

10°

102

10
fD/U

d

W 426 FTinA 222 b 4 5 BB(Cw)
T kR AT Y

62



¥ 8 ARVART Hjwd =
- SVIK AR 2%

B BIEIEER 0 ALY VIKEF AR 2 JR3-F AR cnfE &
B HABL 1 (1)2BiE ArUco A 181> B-18 p 5 p b dp 40
A E 5 (2R #Ap s = F (Pose) A fie s VIK P eivjp s o 24790 3 8
TR E R R Q)i VIK P S g WRS B Ea ik
RERHT L BRH o

Bl 4-27 5 41* VIK:2FE A4 6 B4 > NPT 12

T

P
AR LIS AP HGTR AP A 4 0 AR E IR OB RS g o
B & ﬁﬁﬁ%w4%£mymﬁ{y@¢%§ﬁmnK&ha@4

LER2Z ARVALC B % > &3 G ch® % 4pk > =7 5 B o1 a7 11§ pcdk
HIFHEER ks FERPGEF LR TR TP
L B N O L eV I

k%ﬁﬁﬁﬁVR?ﬁﬂ%%%MQ%?U%m’%@ﬁﬁﬁ%%
Baor il m g MY RATE AP HIT AR E G Ap eI G o
H%?ﬁ{ﬂéﬁﬁﬁﬂﬁn¢@ﬂW%iﬂkg$%@ﬂmwﬁﬂ%’
RFRARE T I e A AFFERIREL & EURIRE AR A i
T H 2 VIK TR 4258 B8 0 12 9 € & FLTK+OpenGL P¥ f# -4t R
%Eo

T i R e & AR TARTZOA (R 4-30) 0 ARB N TSR T
B3 240 Rl e R R A%e > R IFR ] od

i 2393 PR CERBEE SRR EGEFIFREPIT A F S
BHETACEIRR IR 2T AT TAYa Y REFAEA» EE

711\“\

N4
“ml\
T
F_&

63



K& R B AR 2 CFD 24 b iF 7 % 30357 AR 1 $LAF 3

W 427 W VIK Rz 4 5 B4 ARFART
TARKR AT W

TR KR AP R

64



'I b

W 4-29 2 VTK e R4 % B2 ins AR 7 4L 1t
TR KR Ay AE

W 4-30 1 VIK @ A% Flig B+ £ AR 7 AL
TR kR A A

65



FEWH T B AR 2 CFD 24 b iF F 5 5 50 37 4R 14 $ess 1

= ~ FLTK+OpenGL ¥ L1 % %

%7 VIK Bl > 287§ 1 & % FLTK+OpenGL 71 AR ¥ 4R
* %#T#AR?#M Fojir o FLTK 284 (S pl3 » B  i gf]»ee A
2o P EEUTHRY FABA3) AZE G P X EHF R
IS URRE SIS SRS

=

(1) &%= 42 F A K Octree ;
(2) IRHFHE R B
B)FAREER AR 7 4RI 7 i |
4 QBRI EER AR VARIE# it

(5) im# AR ¥ AR 750 o

[_Run_| 44| | Frcengm
speed W
World Camera

Linear

Cubic B-Spline

Spline Type

Add Point | Delete Poin!
Reset
LoadFromText
LoadFromBinary
SaveToBinary
R+X|R-X| R+Z|R-Z

W4-31 2 FLTK § = AR+ 25 2 # GUI
Y RN

T A é’}"iﬁl—tlfﬁ;m

:I-
P TERL N ABFETRIEFEARAN LY R IR EE

66



33‘2'3_- BE B

B & F AL A b0 HE H 4B 4-31 #7n  LE 5 5 S (dynamic
streamline) & #& fi /i 4% (steady streamline) 4% ¥ 4 2 SR vcAz 4045 ) ~
FRET A0 B BEEG R G mHEY N NEEFRT L

i e R T 5 B 432 47

W 4-32 naR2 i

FAL SR ¢ AR ELiE

FEEEHE

W4-33 nsmz # Wtk rs LW

67



S5 PFH T 5 AR 2 CFD R F 9 5% 3 087 0 1 3L §

TAL KR AT RE

FERERREBUE ZFG EERS Z A E G b RS E RS
# 3D =% @ » 3 ¥ J F(Fragment Shader) > ¥ p& 7 ~ g #pF >

B2 A SRR Y TERERS TR Ao kgL e b B
FAL o P iRen® 24 Bt 3t g X ERINA o Y 2 RIIE E (Trilinear
Interpolation)™ ;% » 2 & g % 34 - B 3D ez > 47 > WL TR
BRI 2 Y E RN Bl BRI o Bl 434 L &
ﬁ%i?‘ﬁ&@‘&ﬁ?#ﬂﬁ”‘#iﬁf@ﬁé%"P"J'l'ﬁ AW - W
A =8 L FRAp g v~ £ B RE- HRIFETEL » Py
B o

54

\'-"..

$M44ﬁﬁim@@4*hmu¢AR i
T kiR A Y dp ik

Rl

(2)

SRAEZRA A % SR T A A enER i n %ﬁlfﬁ-%ﬁr s R pomi g ]
W a3 E FJ EY (Compute Shader)s 473+ 5 & iEin s &~ ~ g
R H¢ HiE Runge Kutta ## # 1} enig % o i - B P R 288
A P E R R RS v L EHER S R FREH S KT

68



Hoozt BiEd 2 feandk 8 ol BAf A 7 iE A% d S 2 o @ Runge-Kutta
SR E - FEECER A BN TR T ER S R B - TR
Y- BAFaESL 27 F o Runge-Kutta €328 v B 7 Feansl 5 5 4%
H¥ (Fac T @ o

AT Y S Fm T B EIAACL B S s A A
£ AuEIE o hoW] 4-35 41 0 AT FFaf g a2 A R

BAR T PLEE R ST SRR i 2 T AR AR B RpE S Hn
BFEMPMFEL Octree FHFIZZPfEEENER L5 2 P IR
Tl EFNEAPNIUISR AT AR R FIRRAFEL L B
B A TR IR G o iBIRA AT el N L E?E@E—’_Hﬁﬁi
B2 AP IRDh v RIpLE AR DEREEF 2 B MUF T T

Foe gl ek 1A e M SR AU S B R B IR B R RB S

B 4-35 s AR ¥ AL 2 %
FHR KR AT 4k

,‘55:

(Vorticity) % & & £ %4528 ¥ BUFFOR %40 5 4 g 1%
> A e ¥ ¢ E(Geometry Shader)#z fie {7 :& = * ;2 (Marching

69



&i‘

EFRHF B AR 2 CFD M4k F § & 3 87 AR 1 9 3

Cube) k& W prig foordy AR FEG o FHZHA AL B LERRIL
AP e 2 4 (element) > AH N B E E R gL A
¥E PR R S Y B P E - RS R G D

£y
BEEe B IO R NGRS 0 0T

¥

=
i

=
4‘2\5‘-5
KX
e e

SEEG A CHMP - BaTE kLT -
# ¥ > Marching Cubes ek & B3 5 ir = o W Oldp 5 5 @ f 1

B odok - Ef A BUEELA B AN E B G hiE o P AiziEg
L R —%1¢M§%iﬁﬁﬁﬁ%wiﬁ%i’${???+i
SHIHTEEA ARG DI IHANROT G kiITW AT E WD

EEG o] IS MWAHBAR S > B TR AR 0 N2 F K chE Y

‘.3;

r e

pLeh s e x 7 N E 33 (Phong Shading) k 3 1 i@ * —‘ﬁ mﬁ'ﬁ Wk o
B 4-36 55 JF A 5 800 PFehE B e -7 1 F N AnE 7 4 o

BRSG B PG R R DR AL > B4 Octree ¥ HrPfR IO R E
CEXZRAP P B ER T A S AT FFRE T R AL
TR E Y R b PR B RRR R BT S Sl 0 i
* dﬁ-k)v;};l;,g’}r LR ,rg,,, Moo

A

I

il
= »
oo

W 4-36 FAR S Ea 7L %

70



FH KR AP

] N\ THiE R

FENE AN =
AENEEES

NTTRE R
g

NIl 518

FEHEEEE

W 4-37 @
TARKRR AP W

(2) WIR AT

PR € TR Y T A TS SRR ARG R B
RO RATHRE L 28 I AR40 B 4-38

EWEBinhES ER EIRE R}

N\ Tohil 4 NiER Bix4a% Bln
W 4-38 @IRYIE
TR kR AT

y.

-_
rr\‘

l

'L

(3) AR e I 742

ARKET A LETFRD 2 Lk Btk - tEFRr A » 56
Frde Bl ket R APt S0 ¥ GfRied Bl R INA 0 B
R p i eilis s F kg d 2 Y cnifiek Bl HApM 24 LB
4-39 -

71



FEERRE B AR 2 CFD 1122

B R R T AL R

ZECHE
¥ 4-39 AR & It 7 A%
TR kR A LT

(4) £ = HEFieiAR

R ER -l UL R Ll R i A RN
T PIREG R A DR AR

wEw b HinARAo B 4-40 -

P A48
PSR- TnE S 2|

EHEE

AU ERE

ZULE R IR

EEER
eS|

AE R s E#E1%1E R Im
ERERER 40500 B A
stETEg SHERBAL = RIS RFEEZ L
B

&%
B 4-40 % =

2 hiE (oA
FALKGR kg

INERE - ﬁ~5~
FHEZ§ PR B
» CFD #i#e o B

LA L3 X 2R o] 437 B o A

SR o PR

b A b B
UBFILBIITE 3%

%
LR HTAHR  SETAEE LA B R A

feZ B 2 PR UEZATR RG  I e TR iE
m PPRERR & T2E 2 WiFi # gk o Es‘@é@,fé’asﬁ&ﬂ@ﬁ%ﬁ%é&;&% SEES 2

72



’;Q © SHETR
®

/ et E &S
BAG &
A AR Im £ & B FEInstE , '™
- SEBE + Windows & #t ,/'“'_ Fy
o B AEBCFDR « Android%#t -\
2Bk « I0S&4t
+ WiFi Hot Spot o BIRARER

W 4-41 s i 1557 3 W
TR KR Ay A

BAMRAS RABBR AL LS 2 bk E S APP &
R Jlr B BT AR e b B EE R T b PR
APRET R TH B T > A7 A0 Windows & sz £
AT RS RIERK o 1T MGk B AV ASE AR ~ RREBAR R
BAFRAR -H R FHEREEFMEEP o

(1) = a2 43¢

];lz_}%'/llj%_ﬁ‘}"kjlilj ’Igg/u I%q’hm\ﬂ"*ﬂ—qllg\‘ *\f auj’i‘tl—-—
TR m B JZAEN 0 A G 4o 4-38 0 1@ F SRARAeT
LR indr TR #RX Y Z Pressure U V W)z F #5811 3 15

TS

245 T ASLARS Ay R T R F AR LT .
3AFR PP R B R o B S AT B ALY AT SRR AR D
Kol BRI (S et ) B R ok 42 4T o

73



FEEMH T B AR 2 CFD M2 h o 7 % 3 I3+ 41 B 1

W FLTK — X

Input Filename || Select File
Output Foldername | Select Folder

Start Process

W 4-42 5 24250 4 &
T kR Ay HT

1042 FHREA LR

[ﬁ{;}%%,]‘ Q%Q#in A a;}ﬁﬁ;
! e

I35 ? Fed

675MB 182MB 188MB
(1)
pE B T

X 57.5GB 39.5GB 29.3GB

(100 %)

T kR Ay HE

(2) PR AR
AR EPIRES G RET B T AKEE R * 258 %56 Boost
R PRGSO ASIO R o B F & R IR AR L R 2N A
B F R E g TR 23 > DI ARPRFOIP &F FF R - AP

htJE & PPREBEATACE 2. % 4 IP 4P P (4- ] 4-39) -

W DA Research Relative\Building-Flow-Visualization-FLTK\Test Server\x64'Release\Tast Server.exe

W 4-43 FPRB A&

74



’}'1,}5‘( j\/};:r %i;llf

(3) RIFER & A
BIRTOR B P A RER Y LA PR E TR E S e
el o @ K % bR 5k 4 3% IEEE 802.11ac 9 USB # M B+ » 3w
fodod 430 L RIRE B E AR AL 0 @ S BT Wifi e stid s
TE o PR TR PIRGOIP 2 E F’“)éu:rw?@“’ﬂﬁ%*")ih? TR T R

IR g T AR

% 4-3 PIFEHRE

CPU:Intel E3-1231 v3

GPU:Nvidia RTX2080 Ti

Storage:Micron MX500 500GB

Ram:32GB DDR3

Wifi: TPLink Archer TOUH with IEEE 802.11ac

CPU:Intel I7-4600U

GPU:Intel HD Graphics 4400

Storage: SAMSUNG MZNTD256HAGL-000L9 256GB
Ram:8GB DDR3

Wifi: TPLink Archer T2U Plus with IEEE 802.11ac

(4)# i E H P
AT AR FRET LT EE RS LSRR b
YW RL A BT TRIIEF AR SR AR EE
BoF TR AR S b H i H 4o F] 4-32 7o 0 L iE ¥ E fi U 4 (dynamic
streamline) 2+ 4% f /it #(steady streamline) 35 % - T S 244 4o ]
FEEFTA A BRI ETEd R TR e RN EFR T R

T8 7 i ¥R Rk AR 4 B 4-33 -

75



fi’r

SYFH P AR 2 CFD 245k iF 3 5% 3 75807 AR 1 Hier §

A £

Run /Reset : *7 3 g Tl g icie B/ £ B4 g o
Progress @ B 3kl enff it & iE 0 7 & R R o
Play Speed : ppF 3R e i & 0§ F7€.0.01x~0.2x -
World / Camera : ¥ *7 3 & g ApisAp >t Aend & ~ =} o
Toggle Cam /Blk. : 73 & F &t B AL & Bom ARSL ~ © 4 » e~ g o
Drawing Types : # i 735 H o

Bk A 2

Step Divider @ jn 2 g e w2 & > AR X A oo & AR LT o
Spawn Count : ¥y #4]/n504 = #KE o

Spawn Radius @ #4744 & §5 [

Position @ 4] dndedn =¥ o

Rotation : i smAz 4= % g & & o

Sphere / Square / Line :  #p#]im 4842 4 8L 1k o

C. & msmdF i
(1) Visible / Invisible Length : F#]7n&# L &) o
(2) Animate Speed : ¥yl EE R o

D.2 R 6 & & %
(1) XYZ Axis : #2417 & pho o

(2) Offset © 7 & toid B fhe chiz B o

Eif A% Ea &k &
(1) Isosurface : 7 #|& &7 i & % B o Bicid o

76



77



fi’r

E4RA 7 5 AR 2 CFD a4 h F § % % 0037 AR 1 L4987 3

AR

2 sl A ¢y 3E 2%
13 SwEER
R
AETEEFT & % THRARTFH = 5225 8 ﬁff,g};\yrr;&g‘h,gg-
(1) & AR o FpFTE A 0 R T R ELER G BER T HRe s B HO 02
PRA R EARE > XV HED A

Q) BRIFEVIK PRI L SR AR EFIFTRCIL it
DARPEAIERPZTARCERL 2 SRR T g
FRITZ AR A APP B R X R AT o 4o b RS B b G PR
7R SR A & gk * FLTK+OpenGL 22 AR ¥ 4R 1 f3i4= % >

P % LI 2 5N APP R R -
(3) & CFD w&%ﬁﬂ*’ﬁpz%%$?w 2 FRERARRTHT

AL T4 o A2 LES model 5 X infiosl en®r s g > Y &
o RE o IFHIRD AR F TR A R BREE - B A

<

PR3k 4 0 P 682 MR agkR .

(4) iR E "~ 3RA > L FIRF B CFD it #7412 T4 BIR
EBFREF R & 2 ASCIL % = 37}%7’?%%}”*@5“ A
ESEZRFHRE y 2 #FAFTHU V> WIERS(p) FF R

BEpsER o

t_—-m

(5) » FIER < i TR 2 23N G R Y P

Octree i T FAte i« HEJ PR AR 22 7 > 2 i T

GF T S EEEEY L2 RS R R

Ll CRERITY il =8 é;ﬁ%]faiﬁw’%% 2 H AR R A S RS

TEDEL TR N E REE R AOTE o 134 B TR 2
FARAL 0 R T Y O

78



S
S}
s
4
*=
o

v
Pt

6) sHERY XWEPHFLEEPRS LS DEAE > pha? TP

sl

BRI AEFATRINEFERANI L DR SRR FER ¥
T Y RSB > TR UF DTSR Lk o

& -
2TV FiEk Bt AR AR AR R R F 5% F HAT R RIS
G PRESR O FOIRE BT 4

PR SRR F oS APEY v AR A Y FARE AR
T4

FORTERIEOEHII L ARNA L H L b F TR
BEABMBFEBRT VIR ATTREFCZS P FEEART
ARAHEE] e ¢ 7 F RIS s e fAlE 2 - CFD iRt =
PR RN 0 B 3O RIRE S A B R S e E R AL G
WACTROF R SR 2 B G R T R AR MRS B S e R
2% ] e

BLOR D RN R AR R KT o E- 2T E R T Lo
Ry BB AN G 22 LA 3D AR W] - T S ALK
%~*%&ﬁﬁ%?ﬁﬁé%@ﬁﬁ&’ﬁéﬁklﬁ%?%wii%’
oo TRATFRF L AR DAL RE O RERT A AT AR
WA FRG R IR 2 RB R HE LA
EIR -

¢ #paEik 0 AR VAR Y Hopiel e
A PR N RN AT T

Py L PR AR OBEAPEY o DHFPHAF TR IRE

&

79



fi’r

SYFH P AR 2 CFD 245k iF 3 5% 3 75807 AR 1 Hier §

AERVRAMRE S EHC 2R AREA R 24 FH AR

il

T2 ke AT RN R B A S - BB Ee ey 6l ]
£ BT 4T

F_iT e

BRMR cZRAREY § DR g HEEF B
hfF FREHLR TR HO M p R N EF A

BAERBF2Z ARFARLICHjiFfat® » 2% 2 F8EH2 ARV
AR P s 3 B g e A AR A B o o BRI
FEFMEAZTPE R AR VAR B B o 2 HF R o TR

Y255 (v ARLAR 1Y 2 HpE o

80



81



LT 5 AR 2 CFD a4 b iF § 5 3 00357 AR 1 $Ljier”

- HEEEEALLY B

7= FAHLRRLA FiBRT
AELFVER ST ARG HER | AP RH T AREAL A
PebhFp2LhFRELAGR A L) | TR RREFEFTARN > A
1 AT AR 2R ) 0 SR R e P REREF 2T FEER
BoomiER LG R BRINAS > AR
12 18 mIBiE H 2 AL~ o
1% CFD £k Fids ' 3t £ 40 | R#E A # 2o
) WHIABRBEERBFLEZ TR
MEEFF VA F LR
LR B E -
hiFR&FOCFDEH PRIERZE | P92 FHRILAFMEF IR 2
R SR AHFEFR LA | BAEF RT G R LR
WEREAEY 0 LES A2 @Y | DR h HiaaT g A
BEITVRERLFFTHRLEE L | AL RBEY AN F LS
oA FEZBL 78I PMAMER | EAT NS TEEPM AT
17 EL 2R B bR RAELT ]
. B 20% 0 0 b HRE P A
10% 14 o
P48 CFD fistenre 2 F 22 49
S SaEE S I R
TH54 R 2 CFD ¥
Bl > 4o AIJ(P ~)% COST(%
UDRE A SR E-E 8 SEAEE s RS
&k e
fl* CFD Bt 5 2 h B 7 3 | 2 7HRLIBAR B Z 4K
W AR RETBHME LI FHE | AL (DI T 5 6247
AR oY B RE23H | CUFEZRAIQBREFE
AR &% 2 2R3 > 27 4 | AMAETAE itk (3)
4 | AT MBI PEAFE LR | AP S AR AFE R

PRI AP ? T Ry
o BEE U S 101+ it

AHLESNINABRRIEA
(FERFLHY LAY

101 ~ 45 ¢ w480 2 ¢ 83
FRIPM ZEAF -

82




- B AL LT

TR TAR S pd w
BIP  VRBERET N T A
7|4 £ F 2 OpenFOAM #id &
128 Frow N e $03 B (ol i
A& R R R UAF A e g ok
*awamp ?

AFETF M AR p D w AT
E J”S/»\ » ' 7 & * OpenFOAM
w B i 7 T f3
TE CFD #4121 IFE%ﬁE_,nﬁ
B T B AR 3 i i Bk
HEd R F R E o R R T
WAL B 112 W
7 #“@*%‘]‘ Lo e
P o

¢ RRTAFIELL 1305 ~ -

348 AR 2 AN E 0] 0 F
RGN BB VRE Ea
Belm B feF it 5

AT HRES3 2 AR E* A
maﬁ#grﬁfi |9 %% & CFD
FREZEE o kR PR
RS & B I
%”fb‘g‘%%'ﬁﬂlzl;,ﬁj\iiﬁ
AR 4] H L F kbR
1R ST o

Pt CFD Hofs b @5 3k
AFARA e

AP F B * LES B2 ifF
CFD %t & h FF R ER S5
S - RO O S A W
% > 4 I CFD Wigrfmer
TEApM SRR TG OERM
oo Tt o bk R k%
EL s TR T D 2
CFD #ic# B > - 488 S e
ARt 2 ik o w3 §
fs ‘%fﬁﬂi VS S - I ) L

ﬂkﬁﬂ Beal et 3 R H RO R (A
CFD fﬁ‘%& Wit Sdommad o
Fafk o L7 g oA E AR RIA R

MEF PR 2 3 e AR 7] K-
WEFA TR KR %R R TR
S > T8 CFD #if % &7t
a4 o ¥ 24 W% 2 CFD
B R R SR T
AR

83




fi’r

&E# 7 85 AR 2 CFD U@ﬁ_& Rk E T AR BT

10

AT E L BIRILFTR R ®
unity ¥k EF @ * o £ F L v R
G R LERIRE B A

AP F AR FZIARICLE L
7 'LF_unity ¥FENGIE o TR
Z PR E BN R LT AR
CalE > JERE2Z Y Ha oo

11

HaFe &2 ’*"LrF'“}‘?Appig\
R SR 0 P e R T
Gl A BIE I WL Y
Th ok ReE R E G o

12

BoAR: € A0 107 & TFT g b TR
B VR VAL k- B v E3 ¥
B R RILE E L AN
PEE -

Bt iz > AR 2 VR &4
e dgie o e dpt AR TR
BB > VR b 5L fFi
B g che pARRG § AR
BB VR VAR K B AT g
AR T S NN 4
N AN S

miE HIiTL j\,,ypj’“%i%jk o

13

FE SR Rl

7 AR gE g B $*$@ﬁ%
Z_R e o “9‘-"3}7%}‘3 ¢ 15 e

(ARToolkit) ~ # 3 %? 5 _
(ARTag) ~ F ~ [f] # (Concentric
Circles Tags, C2 Tags) ~ % $- 8+ &%
(Projective Invariant Tag,
Pi-Tag) > % ¥ & > = %
(Error-correcting Grid Codes) 12
BEAREAE L BT 6
-T'z ,"J: s '3_sz\ ? A M—r%’# 7 =
/~:’L"+/\“'§Eﬂi‘3‘"§=‘:‘ Pl o

14

PIRRE L S e s W ?

M PRI E* linux 4k~

Bw e R ket o4
E: SN gf’“’? android ™ 2 10S
;;j\ﬁ,ﬁgqr o

15

Fat A PUIRTE R A~ 44 2
e o P E A (B %A%
B g~ %) stmTale s

AP IR p v £ B CFD F
FRGuEE > FTEERXA R
ERRELRE APM S AR
Lie-Heh - PHRE =B w4

84




16

b HHH2 & A5 5035 BIM
284 % & unity 2 4p B AR@%“"’

d »* BIM #c#84c Revit ~ Tekla
—%— ,;‘ «Ufa =< > ELF/J—' _?f—l :FT'(‘F‘H‘ i
§ o AR B Bl B
BEBHFHIERY 2R
Az % 7 4] CAE #c#d » &
By L EHR S 3D #iE
YT

17

CFD frk Fid% 73 ¥4 H T

- RERPR R -

AR T BEE Y LES 3 27
@Dn&nﬁ&w%%~m¢%
< A i S S R
%5 4 I CFD Hgmnmys

TEAM SRR TG AN
oo Flpt 0 %R OF R B
T TSRS S - - S
CFD i3 2 P > -4 8% S dicie

f:f %‘;‘—E‘g A Li: Eﬁ o

85




FERH T B AR 2 CFD 024 b iF F 5% 2 0037 AR 1 LA £

WMk - F-o XL FARELLEY R

& 2ARR PrERERY R

. AR E AT AEANAE | 1 FaRealamh L A
* LES - 22 p % ¥ L2 e i H % o LES # A7
RANS 2 £ 8 L 2% YT 35chiE% » RANS g 3¢
R F] ? TR R PR GER o F

2. B PR AR 24 » RANS e f e
CERCE T ERAEE K & hRHE B A SRS G
F CFD #cRl > & 8 #id * i;ﬁkmﬁﬁgywm’

¢ e 2R EARSLR
3. EHAAET Y RAE e Iﬁ#hﬂ*‘m%@ﬁ
o A HTE B ERE

B 1 A424p 2. CFD $#t

13} Rk 5
R F 3 IR o (DNS) > 5. p # fsz A b 4

et n ™ FIHE o AT

4A%§?%§ié%ﬂ{ T I
I W B
5. AFFd CFD T2 AR | ) sz 2 0 ASCIL 5 %
Bk g WRTASEOBERL g pame 2w e
PAFT > BT X~y~zo FRFRE FER

u\V\WJ‘zzv'.)EJ po%)xf%
EREAE o Sl I e =
YRR AR TR E
TSI SRR R R R =
Ry o

3. AAEFEA AT T} &
? 5 #4417 RANS model 2. k
B FHE 0 IR AP BE 2R R
FERBAEL LB X o 4
» LES model su& 2% -

4, R NEE R A [
2 REgpE AP R
gAY AR OB E

86




s % - B RAMERL ALY R
5. B w
ARG AMBEFREY | 1 e fRP AR LGS
& & AR HpEo #pivE A PR e~ m RS
FHWP Ao r a1 YR BRI AR o
EHRaHER LS o 2. #1301 RE e
RFG ¥ MDSRFG % 3. e HEO B R B pcEnd
3R [ KB @Y R RAFLRLE e bRE AR R
Wi L e PRI R AR T g RBF
AET LA EHBRE BLER IE B
B o AJT AR ¥ 1247 B
7l R AL EF A
B S HE?
BEFEBINY > £F | L R FELR Ry piTd
VLR - R AR mﬂ’" ’ "Jﬁ‘*b’fﬂ
B SN BaE (R R0 BERBLE - ¥ p SR
2 9 ER SRS (F 38 sw ’
FERFT A FIA T R PR e
FHE N RS ESE 2 PROTEE A SRR
AR IR L A NS ¥ - MR OER GRS PIRE
FHRTT o LR & W
B AR E o 2G4 gn‘%“mm?#—' °
Ke UL AFHEER - b K 3. i,é?»fiﬁ%‘?iéﬁz’%‘@?
§ % ~ CFD = = $ s iiefél_;ﬁq ~CFD~ kb FF 5% &
2 g R & RAR G KL 1R TEL Y FEE
N /),%zf; S o BERA KT z*xsz
KA T T B TAERESREEY
#EF 559 4, hpwRGEFEIER > G
SRR R B 60 FPS © it #& Ap % 45 <
1_&&_}"%\.‘%}% ..j» I%O?%Efg—i CFD%{#&%
7 B4 &V L2 1
AR F R R F O w TV”TTngWfff
OpenFoam z_ f% ;% & » i PR R E&/ cr
b R R g 0.0001 ) o B84 iy &1 el
" - = s R a@if%ﬁ%ﬁ%ﬂ’.}f}ﬁ 100
= FPS -
5. B3R 6 2 AT KR

87




fgg%iﬁ?ﬁiAR; CFD ”Lé'fﬁ-)k P 3’;“—’%&)“:}:‘:4{&531”

P AR 5 12700 R A5
B i 13m> Al B mar
AT gl s 015 - 4
BE T3 15 AT AN T 4R

—/:rl-' ‘:‘ o

A 5 & T4 ASCII # 5% %
oo b SRR TR AR
X~y~zo PRFNE FER
U~V WL E R4 po T rpF
AP Tl 1N T
YR RRREMERF IR E
PAE BT AT T L AR
oty o

WHBRIRE AW P
*OERE R R P RR
BB AR
B g B R R T R ARG
PR A

4 CFD #-#%#E % % 3
Yoipdp o Ao iz 9
AR #AE T RF £ &i7
AR BRBRAR  FI R
WE AR EEE
PR T R R
Favy R F il k0
ml*ﬁvﬁﬁﬁ%@%
¥ %% 1.5km’ 2 R F A
fw

Rt RRIL BHR B
A AR L AR R
U N L
OpenFoam &_p #v R "% + ¢
* jpE % ch CFD #kd » H i
BagfH7 GUI e > B
YRS - %z HERER
S S B B
WooH Mo TR A A
4 ’i"?;ﬁFEihE”fﬁffL?‘r
itk s A RCA & 4 op g
T RERREHEATRE
Farpz s iFHE
T AR AR Y P o ¥ A

3

Q

—h

ELY Mw ¥ind s

Amﬁ;
o
o~
~
-

& % 101 + +$; & 1/500 £ @
TOBRYOE 1 Sk k

Bl T oo FIEA AR F Y -
m%&%&é4zz,gy
?"%]L—&/ﬁf
53 m ’»'}f‘*b& R R

88




s B - IR FAGERL AT

3

io

L E2RiokeR L3 ¢80 | L AFF Adm iH(e
B RY BEA DTS CFD ~ kb i

bR BER S ]

2. TR B T AL oo B R R R § B
BoOFmLT B En FonEE o A ekl
37 ] §f%1"‘v‘)w?@?‘h it m%i-f{ ’

kAR RS R R
LB FE LR s H R g1 fpiE
AL G e
2. AR ARER EAAPEL R
FIRF BT AR g Ajfz
D PpE N o 3 B
Sl - Al e)
B FIR IR § i A
B

Lopag®* - aglge =g | 1 &3F 2R SLa e g
3D A 23t a‘ag%ﬂ]ba[i/{h—,ggwjk’ga%u
B g e L iwdhﬁp‘é-xﬁlﬁ
T R TREUER I BRI AT Y BooF b OB AR TR

2 AP FRFL 1 o
PRy g R RN ,T*u 2. R¥hER o A7 & CFD ¥
LA e pERE AL ENE R R

MR £ B 4r AP R EL o Vs du g HHFE o ek ap

3. BB BE X E 3101 g ged s 2 FLTK ~ 82 i
<@ b RE R Wﬁéﬁmﬂﬁm@’+{
AR PP o F 11#5‘. B 45 chRA o

¥ b APP B g BIFLE BT 2R
Aoow A AR & i eh
-

3. Bl BB TR > e F R
;fb};lg o

89




EEBH R A AR 2 CFD v 4fh F 7 s 3 737 AL R §

Rz R B
1 R

£k APP $0 48 2 % 5 4 5
£ - RnER -

FiTho angImE i L3
THEF Bl R- &%
ARELE Lo

APP §i#ll 7 28R 7 &
Lo LT PR A

ABIH§ R4 EMAPP 2 £
),E;o
MR E TR 4
& APP ¥ 4o x ¥ 2 2 P
DETERE RN cX

& 7 7410 -

90




ez B FAERLALE

ez BT FAELLE Y

¥ I

%R

2HRA

PLERY R

AEEHF 2 AR B* 258

(App) & i * g 1?‘1._% #ir

5 Rh Y 46 B

s

ﬁ\i?%)&ﬁﬁl)\
2

AR T AR 1 i 1A
—’:[.‘%IEJ—F._EI:O

= SER Py

~
=g q) o x;l]—&rl—é

A T

=

%o AR

A7 B windows /i G 2
BRL o B R U R
F&E-E23 00 51
FLTK & § B 4 212 4 6 »
A% & 273 CFD #cid &
HT RS R PR o
REHEG MR ¢ R o
pARE G RRLEAH
BT 0 R A SR AT 2 AR
VAL s o

g
|-
<A
e

e B A TR O

R

LF SRS F ain

37

IR

(App) > # TR %

.ﬂ&]

& J}iﬁf" R o

SRR R Y
CRARE L ﬁm’k
R
WEAERIE] 2
ECRRD X T ok ML
R PR RB AN
ARRSE AR
PRSIl =3 R T
A

BaHEk o B3t k4R 2o

fe r ARBEFER o

i} >;.§

4
eg

“%34

m@w%.
=

W3 BT

EHRT LA B ERE L

CFD i3z i 48 & &

m\: ﬂbt}‘o

£ 3 APP

A~ A AT &8 CFD ##
ﬁ**w’mw@afww
FEUEEESFTHR AT
4‘«_111}‘1’%’# °

BRI gk

LERR A R T A

R LR F S0 X )

e 38 o be;:r o

7 i%‘}%

51 & Hojie Octree i

EHY T
ﬂ)ﬁﬂiﬁ%*ﬂﬁﬁw
QRCode * % _J;\ %z L,ﬁ ,}ﬁ

sts

91




FERH T B AR 2 CFD 024 b iF F 5% 2 0037 AR 1 LA £

e $E 3D HEA] T2 48
v S EFE 25 E
Mo i 2
PEF AR -
AR JB* i B 7 2 B
V-
P At h 2 B Ap
BER* 20 & ® IR & AIAT
2_ Jy o
L SR B R
*”Wfﬁﬁ%fﬁﬁwﬁy
BB LT G 0 BiE
;i‘ dn2o kB4 45 (system
analysis) > % & 7 ¢ * .%z
ﬁAR@?*‘E%%@
Z F(requirements) ° & %
BT R 5 F R
(7R A DB B 4
PR e e
ARZ VR 142t 3 #
LT R SR
’%ﬁ < 'AR 2 378 i
BT Mg R 2 T U 5
1AEH IRV
J'}“%fgtt;i.?iﬁa&é ,‘?
FLARFTIH  FERT LA
FHZ A E D -
Fpr a9 %R
B2 gt o

Pt VA oo

R AR YIRS =
13 +£m.3WﬁW“*
[ERER=2E AR =S - ]g‘

Ao AFLHY 2 3D K1
SR SR Rk B
*ﬁEQE’Fiﬁ?ﬁﬁ
2P RS o

BHE R A L kS
PFeloinfr g BEFATiRM A
Retsm o £t ¥ 7 Rt
7B AT L PR o
BHER g R
T BT IR T2
b SRR

I

R4
O e

AETARBHFRETR
L 4235 (App) » i@ * 1L
A M4EE 8 & QR code
CRMESENAS 3 e B T
TR L

E e R & ﬁ%{&g &L
#ﬁi@ﬁ F 0 &AL QR
code #_i*7 ;% Kif Bigd) o
ARBPLUERAB A EAE
Veid DR AL S

92




ez BT FAELLE Y

* £ AJE T AR E R
B EHRT - R
K OETAS B2 AL
& VRIS JET I
V8

o o oW
%
ke

(ﬂ.

T A ﬂ\ﬁllf‘?ﬂ]—fﬂp\ 0

LABHICIE S < DA T JF - O
Octree hig £ i& 7 TR ¢

c B pEH AR B TR
oo T ARITEEH Y o R
o fEA R o
VR g2 IR T :r??j»i LB

e Byl Z i,
R Y
B oo AR T AR EHRG K
o P oRA L - kR
T AEEYE A
T AR 2 ST B o

Wwog oo “%*i&—
(App)? 4 % H_/& 37 & 51 &
juLjZ'*QOam{'Z}a
e ARG E R BRE

B ki sk o B A

2
FrikATIR G R ApT A Y
AR ALE T FB R
e A5 .
FALAF S - B
FiE- F R B
A ﬁgﬁ*ﬁ;a\@ [

AER R BT F - BT
oo Eh 1IARFY TR S

FEOUSEE AT SRR R
ST T ARR LT

R IR T A A L T
BRI R E 0 AT R M
L% o

& 7 740 -

)

Faomie- H 0 fRE A
B R R 2 4] F ok

Mot R AR ERATAR M
* ;f_.}u ’é”iﬂx,%

B BTk
}‘@)}” o

A
=~
eyl

e

TREFAL D RS

A2 (App) E B il %2

drii ¥ v '—L%—f
{@%’é““ﬁ%w

Eéo
LAY 3 BRko > FA
WEAFEASE RE

A B e kg ¥
B*1p iR i 2 CFDfi
BE R F B
BB B % o do g thes e
Freflo ABBERLEE
3 EEAVARY I et
AR R 2

93




BEERHF 5 AR 2 CFD 24 h F F S 2 i3+ AL 1 B
#?
1. F& AR #i2 CFD Hiht o
© RIRLR FLHEF AR },E\.';E‘T% o
# B %%iﬁzﬁ 2 3% (APP) B AR TR
Apek LB R B R L e
2-@**ﬁwﬁ“ﬁmﬁ igﬁfﬂﬁ;,%%@ﬁ
$ AL SAETEAR R WL R TR 2
PR S TE A BAR 4R BREEY  # e h - AR T
i A A CFD it 4 jires fr AR PR
BV e o
3. ApASEZER Y 2 3 f ks

EaWE ARG LR
P HlER L LT
m CFD f# i d AR %
R

94




V—]- > =

BrEhELLE

e B AFALLE T

¥ &

1R 2HRA P EEY R
. 23 FFm 7 253t hr 2 o
BB 2 EZ R FPLTE RETL - B LR M
kG e g o A5 4|2 CFD ¥ AR+ ehT 5 o i
?‘)E&fi ° e 'ﬁ" R FE s AR B
2. ZkiE- HF L AN FHE 77 g3 g
o ?;“ff#%(*m}%i’? i) Al ey
2 FEF I AR H3Z &AL CFD Kt
3. FERE YA (TR BN A BEEF RFTR > uFE N
ORGPk R I R RRE AT LA
YR FRP AP OERE
2 TR A B
A EIOV BT AR A o
1. *F 3+ 317 CFD ## AP EAE S 3 Bk
T EE AR BT o GleT R pE R o R B SR
PR G P2k F 5% HoRFE S RE P
#{7 CFD W49 2 /% 1.5 Eégmﬁayag#‘%
BY o EFAREPFRR B o derdon geik ik 2
PRl 2s? TALE > 4 A2 R DR
BUARRIARIS | 2 Asv AL Hprl ¥ St 2t FHEEE R EF 1 %
2 VK RER 0 B P BT RY BREET &
i o iy B_E AR ? S
AT TRB 3 AR
A5 & $AFRUE AR
E R E - B E)
2 M RER o BT
A0 g o
1. ZHF{EE10] ~ 2 < F AT IIEE A AR ¥ A
- BRI SR $3 1% CFD fehAE
i PR R RSR 2 TR R A A AR RER kE

2. Ak¥ e 3D FEH

FoARTHRIMBBAY >
f'L:;H-FBE' —»&- /H;p I‘:’ \:'atl\i"L

95




FERH T B AR 2 CFD 024 b iF F 5% 2 0037 AR 1 LA £

2]~ BIM 585 & 0 CFD #icf 1t % 7z CFD 2
Higw o BAH 2 B R HCE b F
e o

2. AEFZ A E A2
3ADFEF > sV Y £ R
% AR VALY 2 & ¥ BIM
B E  HERT PR

l. #7442 AR B* > | 1. B3pER > & 52 Kb

AR T B B ‘—gmﬂg AR G HF AR I Poji T
ot FREE BAER | nEFRm
BER) ERETEN © | 0 A g dat AmP & T 5
2. Fg,?%“ AR app 2.7 * i ¥ Z_RREAE* M 0B g Al aE
& BuT 5 (e tios ~ android) * R A o
SR A L B RAT LR 3. A H R EF R AR
3. LAk B URIRZ S YA R AP M RAR 0
e TR O ERIFE iﬁ%éﬁﬁ-‘#ﬁ@;ﬁﬁ
ESPANE S RS 1 | S C ERNER A P AR
BEORATFEFEFAT AR i’i’i'th%F} m@’}\ﬁ'”&
SRR PR LI R R W A
ﬁo
L'%@mﬂwﬂzﬁzr;;’ O - R R A
lb?g"—’}? ;L"; }%‘?;(g ’ﬁl———l}"ﬁ%f'TE’
& o TUE TG i h K A

A28 ks 22 248 3D AR
Bodl o 2RV T A E
BsxBmiRaK4ipM A
¥R BEAL
%?%Wii%’ﬁ@T#
Mk g ek Foog* L EMfed ¥ i
HE o BRE R T B E B
FARRPRIR: > ER
RPN TV -0
i CHEAR o
2.%%ﬂﬁ%5%ﬂ?*iﬁ_
xErrE#’j» Kp ] {H—éd—ﬁ_
ﬂmﬁaw%@ﬁimgu
pARePS VLT MR T

96




e B AFALLE T

o® B2 AR ¥ AR

T Azt e ii’**i“?ﬁ
Z. AR ¥ AR 1Y Pojier T B %
A AR T8 3 PRI o Y
g:;;i&,,”};% b A E
FHEAZTPER AR
L, BH R AT

s
TG

4

T-—h »if

33
¥ AR

.4;\‘)

~

fw——ﬂl] m,_ I%\ s 1l 53 fL %ﬁ_‘% IL‘

2P o

A
M

4
~

T

I

AEL A RN

FHREBRET > 5 F 4P

F o E R I

FFM o

gt § sk H A
Sl

;ZE‘

97




KEWHT B AR 2 CFD 12 HEh iF § 5 % 70357 AR 1 $oF 1

98



ViidRT BB R g iELp

ST SEET ER S SLER

>

t BuildingFlowVisualization & st#c48 @ > € %+ 5 B F 4L 2

1. ArucoCalibration- #p#+& i+ #25% ;
2. Markermapper- &3z B4 47 4250
3. Preprocessor- TfEJIZAZ G S
4. Server- #PRzHHCAY
5. Client- % = :# 48 -
B o 4354 0 GUR B 8 5% E L S A AY o
- AaRE
Refiz g e
Disk : SSD 512GB 14 *
CPU : 174770 rz }
Ram : 16G 12 }
Wifi © & # IEEE 802.11ac /2 } g 4t e+
GPU: m#72 f

&R - 1280x960 14+ 60FPS

AR
Disk : & #7k& &
CPU : 15 4500 12 }

Ram : 8G 12+

99



FEMRH T B AR 2 CFD 1 4k i F S 5 0537 AR T B8

Wifi : & # IEEE 802.11ac ™} e 4 4+

GPU : Intel® UHD Graphics 630 14}

4EEp ¢ 1280x960 14+ 60FPS 1zt
ISR mpm

1. ArucoCalibration #p # #& &+ 7 3\

& LN |

Bl a5-1 fp iR f25d

Bty AT AR IR R KD - A ke

(Z)ﬁ?‘l » 3p % : aruco_calibration.exe live:0 markerset-cam.yml -s 0.045 °

Q)i a BB W 25 FRLED FALEolp ¢ o 5% 54 BSC 4
B R -

\\\?{r

Fp

live:0 : #p #8550

100



ViidRT BB R g iELp

markerset-cam.yml : ﬂi%J P

SIEEEFLR A (D) A9 i odrs0.08 35 5 0.08 2T o
ref0 @ 53 B #Frde O R enicA] = F € 4t Marker iF 5 R Bk o

d ARUCO MIP 36h12 -noshow : # 7 { #

Preprocessor 7§ &2 47 54

Output Foldername| Select Folder

Frame Count |0 File Postfix [.dat |_ Has Vorticity

Input Foldername| Select Folder
Obj Filename | Select Obj
Markermap Filename| Select Markermap

XPos [0 YPos [0 ZPos [0
XRot [0 YRot |0 ZRot |0

Start Process

W a5-2 &%/ @

Himm

B~ BB TR R E L R R TR N T S

FoF ST AR T L4 T B#F (XY ZPressure I ] K)
2 8 i #F (XY Z Pressure Vorticity [ J K)erft 7] o
AR

(1) Output Foldername( § #»’Eﬁ%] MR E) M i VW E R Ap T
TR ARG - XEJPF 2> database © o {8 Server

W AH PR E ¢ kB database ¥ Eihiy AR F X E T L BT

=l

il Y

(2) Select Model Name(:Z # F ##-3) & 40) 2 TR A 7 &0 A ERFTH
B RBFALP Ol AT AN T E R A S A




LT 5 AR 2 CFD a4 b iF § 5 3 00357 AR 1 $Ljier”

Bk LA

Select Model Name |SmaIIBuiIding

[Mew Model Name]

SmallBuilding
Frame Count |0 File Postfix | dat Dome
Input Foldername | S
SM1

(3) New Model Name(#7:& § #4573 & 45) © % AJZ a4 2 376030 R

i RETR R LR -

(4) Frame Count(F 2 2 4) 1 FALAHLALL B4 5 > 55 10 £ 7420
%J »> 10(ex:Input Foldername 7 Fire > B|F #L %% 5 Firel ~ Fire2 -
Fire3...Firel0)

(5) File Postfix(F 4 @il &) * T h@ldh & - 4o % 5 I T4 #ldh & 0
P B FRAMTEZTE o

(6) Has Vorticity(£.F ¢ Z ff R FH)  #&7 ZRAEA T 2 §E
fod o B AREHAE -
(7) Input Foldemame(ﬁir?] »EREREE)FHEEELFE TR
(ex:Fire/ Firel ~ Fire2 ~ Fire3...F1relO)

(8) Obj Filename(m ¥ #-A1F6 %)t F 2 29 W2 AW R OB FA %
S BT -

(9) Markermap Filename(#:3ed Blfh %) ¢ Fh = L affie B -

(10) XPos...XRot... % (i # $-8c) FHIRFTH PG &7 2@ & =7

POEFEARE - WERT R A -

3. Server #PR#Hd AR

102



T IR R L

ream Data Cot File

¥ a5-3 #HIRBAEN N B
ol

B~ IR TP R TR 4 AR T T I8 7 Server -

4. Client % = =542 5\
A R F
(1) Run/Reset : *»Epepr Tl et R / £ B 38R o
(2) Progress : B P Fofl crdficiE & iF 0 V& RPN -
(3) Play Speed : &P 7 4L cndficig & > # B1/E0.01x~0.2x o
(4) World/ Camera : ¥ *73& & '}g WP ERDER S 2] o

(5) Toggle Cam / Blk. : *» 4% £ F & FAR & B 7 AR4 ~ ¢ 4 » ch ™ &
B o

(6) Drawing Types : # st *» 35 H o
B. A T

(1) Step Divider : jn# gk ooid wmAZ R > BA% < A4 oo & AR L c

e
AL °

(2) Spawn Count : 3=4]/m 44 & # g o
(3) Spawn Radius : #7472 & §F -

(4) Position : FpH]/nMAZ4- =8 o

103



BEFRH T B AR 2 CFD M2k F § % 3 i 87 401 A 1

(5) Rotation : ¥ #]7m A4 8 % & & o

(6) Collide Force : 47=#]imsie » 2 A4 chF FALR » B4 Plw i
4 d—ﬁ"\ o

(7) Sphere / Square / Line : #7417 A2 4 BEAS Kk ©

Dynamic Streamline
Magnitude Plane
Velocity Cone Plane
Velocity Cone Whole
Vorticity Isosurface
Whole(cone)

B a5-4 n&z2 #nB3E7 3 H

104



ViidRT BB R g iELp

C.# & im b 5 3041

(1) Visible / Invisible Length : #7472+ L 5 o
(2) Animate Speed : fy#|4E T EE B o

D.=7 & 3K Z_

(1) XYZ Axis : ##4]*7 & fhe o

(2)Offset: 7 & frizBdhe ¥ o

EfR % Ea % T

(1) Isosurface : 47 #|& 81 FF R ¥ o HKE

Fo27 35030 T

(1) Switch Model Adjustment : % % £ J4p 3% 53 iz iz f o
(2) Update adjustment to server : + @24 2 i 3| HIRE o
(3) Select Camera : £ % o /{8 4L Ef -

(4) Select Model To Watch : £ 4% BpLq cE A o

(5) Select Stream Data : % % ’(ﬁﬁfé SRV, a S

iy Select Camera: [0
X Position [0 X Scale[1 select Model To Waich: [-Mone—

S

Y Position [0 Y Scale [1 Select Stream Data: |
Z Position [0 Z Scale |1

X Rotation [ 000 []
Y Rotation [0.00 []
Z Rotation [ 0.00 []
Update adjustment to server |

W a5-6 *7 & HAIR Tov X W

105



KEWHT B AR 2 CFD 12 HEh iF § 5 % 70357 AR 1 $oF 1

106



\\?{y
le
«
e
s

54 <

l.
2.
3

10.

11.

PEAREIEEE 01997 Th I AREKERY > FHEBE -
FE= 20060 "R 3 AR FEBE -

£1% 40020060 T3 § A AT GF 2 IR T AR Y HAE 0 N pednaE AT T AT
piTFY AR

Cermak, J. E. and Arya, S. P. S. 1970, Problems of atmospheric shear flow
and their laboratory simulation. Boundary Layer Meteorology, I, pp.40-60.

Davenport, A.G. and Isyumov, N., 1967, The application of the boundary
layer wind tunnel to the prediction of wind loading, Proceedings of
International Research Seminar, Wind Effects on Buildings and Structures,
pp-210-230.

ESDU, 1982, Strong winds in the atmospheric boundary layer, Part I
mean-hourly wind speeds. ESDU Data Item NO.8026, Engineering
Sciences Data Unit, London, 51P.

Wang, X. 2007. “Using augmented reality to plan virtual construction work
site,” Journal of Advanced Robotic Systems, vol. 4, no. 4, pp. 501-512.
Maclntyre, B., Hill, A., Rouzati, H., Gandy, M. and Davidson, B. 2011.
“The argon arweb browser and standards-based ar application environment,”
in 10th IEEE International Symposium on Mixed and Augmented Reality
(ISMAR), pp. 65-74, Oct 2011.

Gee, A. P, Webb, M., Escamilla-Ambrosio, J., Mayol-Cuevas, W. and
Calway, A. 2011. “A topometric system for wide area augmented reality,”
Computers & Graphics, vol. 35, no. 4, pp. 854-868.

Li, W. K., Nee, A. Y. C. and Ong, S. K., “A State-of-the-Art Review of
Augmented Reality in Engineering Analysis and Simulation.”, Multimodal

Technol. Interact, 2017.1.17.

Zhou, F., Duh, H. B. L. and Billinghurst, M., Sep. 15-18 2008. “Trends in
augmented reality tracking, interaction and display: A review of ten years
of ISMAR.” In M. A. Livingston, O. Bimber, and H. Saito, editors,
ISMAR’ 08: Proc. 7th International Symp. on Mixed and Augmented
Reality, pp. 193-202, Cambridge, UK, IEEE CS Press. IS.

107



fi’r

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SYFH P AR 2 CFD 245k iF 3 5% 3 75807 AR 1 Hier §

The VTK  User’s Guide 11th  Edition, Kitware, Inc.

http://www kitware.com.

Bruno, F., Caruso, F., De Napoli, L. and Muzzupappa, M. 2005.
“Visualization of Industrial Engineering Data,” Journal of Visualization,
9(3): 319-329.

Li, W. K. Nee, A. Y. C. and Ong, S. K. 2017. “A State-of-the-Art Review of
Augmented Reality in Engineering Analysis and Simulation,” Multimodal
Technologies Interact, 1(3), 17-38.

Yao, J. W, Lin, Y. F., Zhao, Y., Yan, C., Li C. L. and Yuan, P. F. 2018.
“Augmented Reality Technology based Wind Environment Visualization,”
Proceedings of the 23rd International Conference of the Association for
Computer-Aided Architectural Design Research in Asia (CAADRIA), Vol.
1,369-377.

Heuveline, V., Ritterbusch, S. and Ronnés, S. 2011. “Augmented Reality
for Urban Simulation Visualization,” In Proceedings of the first
international conference on advanced commnunications and computation,
Barcelona, Spain, 23-28.

Kim, M., Yi, S. K., Jung, D. Y., Park, S. J. and Seo, D. W. 2018.
“Augmented-Reality Visualization of Aerodynamics Simulation in
Sustainable Cloud Computing,” Sustainability, 10(5), 1362-1375

Kato, H. and Billinghurst, M. 1999. “Marker Tracking and Hmd Calibration
for A Videobased Augmented Reality Conferencing System," In
Proceedings of the 2Nd IEEE and ACM International Workshop on
Augmented Reality, IWAR 99, pp. 85-94.

Fiala, M. 2010. “Designing highly reliable ducial markers,” Pattern
Analysis and Machine Intelligence, IEEE Transactions on, vol. 32, pp.
1317-1324.

Calvet, L., Gurdjos, P. and Charvillat, V. 2012. “Camera tracking based on
circular point factorization,” in ICPR 12, pp. 2128-2131.

Bergamasco, F., Albarelli, A. and Torsello, A. 2011. “Image-space marker
detection and recognition using projective invariants," in 3D Imaging,
Modeling, Processing, Visualization and Transmission (3DIMPVT), 2011
International Conference on, pp. 381-388.

Garrido-Jurado, S., Salinas, R. M. N., Madrid-Cuevas, F. and
Marin-Jimenez, M. 2014. “Automatic generation and detection of highly

108



23.

24.

25.

26.

27.

28.

29.

30.

\\?{,

3o

reliable ducial markers under occlusion," Pattern Recognition, vol. 47, no. 6,
pp. 2280-2292.

Irwin, H. P. A. H., 1981, A simple omnidirectional sensor for wind-tunnel
studies of pedestrian-level winds”. J. of Wind Engineering & Industrial

Aerodynamics, Vol. 7, pp.219-239.

Smagorinsky, J., 1963. General circulation experiments with primitive

equations. Month Weather Review 91(3), 99-164.

Smirnov, R., Shi, S., Celik, 1., 2001, “Random flow generation technique
for large eddy simulations and particle-dynamics modeling,” Journal of

Fluids Engineering, Vol. 123, 359-371.

Castro, H. G., Paz, R. R., and Sonzogni, V. E. 2011, “Generation of
Turbulence Inlet Velocity Conditions for Large Eddy Simulation,”
Mecanica Computational, Vol. XXX, 2275-2288.

Davenport, A. G. 1968, "The dependence of wind load upon
Meteorological Parameter,”" in Proceedings of the International Research
Seminar on Wind Effects on Buildings and Structures, University of

Toronto Press, Toronto, pp. 19-82.

Garrido-Jurado, R., Mu™noz, S., Madrid-Cuevas, F. J. and
Mar'in-Jim’enez, M. J., 2014, “Automatic generation and detection of

highly reliable fiducial markers under occlusion”, Pattern Recognit, Vol.

47(6), pp. 2280-2292.

Chae, S., Seo, J. H., Yang, Y. S. and Han,, T. F., 2016, “ColorCodeAR:
Large identifiable ColorCode-based augmented reality system.” In
Proceedings of the 2016 IEEE International Conference on Systems, Man,
and Cybernetics (SMC), Budapest, Hungary; IEEE: Piscataway, NJ, USA,
2016; pp. 2598-2602.

Nguyen, M., Tran, H., Le, H. and Yan, W. Q., 2017, “A Tile Based Colour

109



fi’r

31.

32.

33.

34.

35.

36.

37.

38.

SYFH P AR 2 CFD 245k iF 3 5% 3 75807 AR 1 Hier §

Picture with Hidden QR Code for Augmented Reality and Beyond.” In:
Proceedings of the 23rd ACM Symposium on Virtual Reality Software
and Technology. VRST 17, ACM, New York, NY, USA, pp. 8:1-8:4,

2017.

FrcH 2017 TRAESR  REpZFTEE LR R SRR F
T TR Lm? o

Li, C. C, Lai. Y. C.,, Syu, N. S., Guo, H. N., Todorov, N. and Yao, C. Y.
2017. “EZCam: WYSWYG Camera Manipulator for Path Design,” IEEE
Transactions On Circuits And Systems For Video Technology, vol. 27, no. 8,
pp. 1632-1646.

Madgwick, S., Harrison, A. and Vaidyanathan, A. 2011. “Estimation of imu
and marg orientation using a gradient descent algorithm,” 2011 IEEE
International Conference on Rehabilitation Robotics Rehab Week Zurich,
ETH Zurich Science City, Switzerland.

Google. 2015. Google cardboard. https://arvr.google.com/cardboard/
Costantini, F., Gibson, D., Melcher, M., Schlosser, A., Spitzak B. and
Sweet M., FLTK 1.3.5 Programming Manual,
https://www.fltk.org/doc-1.3/index.html.

Huang, S. H, Li, Q. S. and Wu, J. R., 2010, “A General Inflow
Turbulence Generator for Large Eddy Simulation,” Journal of Wind

Engineering and Industrial Aerodynamic, Vol.98, 600-617.

Li, Y. C., Cheng, C. M., Lo, Y. L. and Zheng, D. Q., 2015, “Simulation of
turbulent flows around a prism in suburban terrain inflow based on
random flow generation method simulation,” Journal of Wind Engineering

Industrial Aerodynamic, Vol. 146, 51-58.

Schroeder, W., Martin, and K., Lorensen, B. 2107. “The visualization
toolkit an object-oriented approach to 3d graphics,” 4rd eds., Kitware, ISBN
978-1-930934-19-1.

110



