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Floating Offshore wind is mature with >300 MW in 2022 and ready to go for commercial
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AIT (Asian Institute of Technology) &
SEAGS (Southeast Asian Geotechnical Society)

Three Giants of AIT Geotech’
lauded at 21st Southeast Asian
Geotechnical Conference

@wwwatacth O ge@atasz  QOBO @oteaitasia

AIT GTE NEWS

Three Giants of AIT Geotech: Dr. Z.C. Moh, Prof. J. Nelson, Dr. E-W. Brand

AR AR nn N T 22 F5E Geotechnical Div. Y
HEBHAY) ~ HSBEIEHCRE - EEZE =B AE
#2210 2023 £ 10 1£ H 2 452217 21st Southeast Asian
Geotechnical Conference and 4th AGSSEA Conference °

On April 4, 2024, the Southeast Asian Geotechnical Society and AIT Geotechnical and Earth Resources Engineering jointly hosted
a commemorative ceremony in honor of Dr. Za Chieh Moh at the Robert B. Bank Auditorium, located at the Asian Institute of
Technology in Thailand. (courtesy of https://www.facebook.com/SoutheastAsianGeotechnicalSociety?mibextid=LQQJ4d) ‘ﬂ
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ABSTRACT

Due to the development of offshore wind farms in Tai-
wan Strait, abundant geological, geophysical, geotechnical
data have been collected and analyzed. Our knowledge for
the geology in this area has well been improved. In the same
time, more geohazard issues are also noticed. This paper
aims to introduce potential geohazard issues in the Taiwan
Strait based on the knowledges gained in the past years. To
discuss the potential geohazards, we start from the regional
geology, explaining the tectonic settings, sedimentary
processes, and metocean conditions of Taiwan Strait. The
geological background is followed by further discussions
focusing on geohazard issues regarding “structural develop-

* i AAEE 0 linlf@ntu.edu.tw

¢

ments”, “rapid sediment inputs”, “dynamic bedforms”, “fluid
features”, and “hard rocks” across the offshore windfarm
area. In the later part of this paper, the “wind power
geological information system” established by Geological
Survey and Mining Management Agency is introduced.
The online WebGIS system is a platform for publishing
the open-sourced geological data and analytical results. It
displays georeferencing layers provided in 2D and 3D ways,
including the windfarm areas, controlled zones for military,
ecology, and environmental protection, the data distributions
and geohazard risk levels across the windfarm areas. That
helps to share the geological information about Taiwan
Strait and can be a useful tool for developers to assess the
windfarm sites they concerned.

Keywords: marine geohazard, Taiwan Strait, offshore
windfarm, WebGis system
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ABSTRACT

Since Taiwan began to bolster green energy policies,
offshore wind power has become a crucial part of the
policy, and supply chains related to the offshore wind farms
construction and development have also grown and prospered
locally. Before any offshore wind farm project is launched,
in addition to assessing the benefits of wind farm develop-
ment, ensuring the long-term stability of wind turbines on
the seabed is the key. This has everything to do with the
understanding of the geological conditions beneath the
site's seabed, as well as the precise acquisition of geological
material characteristics and parameters, which highlights
the importance of seabed soil geological survey at offshore
sites. This article begins from the perspective of maritime
engineering development and talks about the introduction and
development of seabed geotechnical Investigation technology
from the aspects on both the demand and management.

Keywords: Seabed geotechnical investigation technology,
Offshore windfarms, Exploration vessel
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ABSTRACT

At present, two domestic offshore wind farms have
been operated in commercial scale, namely the Formosa 1
and the Taipower Offshore Wind Farm Phase 1, and their
total installation capacity is 237.2 MW. In addition, another
7 offshore wind farms have been constructed and are in
the testing stage for operation. As of August 2023, the total
installation capacity of offshore wind farms has reached
1,569 MW. And with the unfolding of the third-phase
development, domestic offshore wind farms are booming
and creating many job opportunities in development. The
domestic manufacturers and engineering consultants are
also participating actively. From the perspective of domestic
economic development, it is natural to expect the increase in
participation of native companies and move towards the aim
of domestic independent development.

Offshore engineering is relatively new to natives, and
since the development of offshore wind farms, relevant capa-
bilities of construction and manufacturing, as well as talent
cultivation for design and assessment, have been developed.
Therefore, this article focuses on the geotechnical investiga-
tion and interpretation for offshore wind turbine generators.
From the perspective of geotechnical engineering, this article
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introduces the methods of site investigation and geotechnical
interpretation, and shares some practical experience. The
purpose of geotechnical interpretation is to transform the
site investigation results into design soil parameters and
conditions, which can be used as inputs for geotechnical and
structural design, and is a very important link in wind farm
development.
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Phase? WAL | 25MW 2019 33 MW Semi-submersible
Windfloat - MHI Vestas . . AR,
Atlantic No. 3 e 25 MW 2020 34 MW Semi-submersible prigs 20 100
SeaTwirl S2 I 1 2020 = — = = =
Dounreay Tri * 10 2020 10 MW multi-turbine — — —
MHI Vestas
. . & V80-2.0 MW . . HAK,
Kincardine *xH 50 2020 MHI Vestas semi-submersible priges 30 60 ~ 80
V164-9.5 MW
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Hywind Scotland 30 MW

Tetraspar proto

Hywind Tampen 88 MW 3 smw 2019

. (E qumr} (Shell + Innogy)
[Eg‘oﬁf‘;f"} Fukushima Fwd Phase |- 2 MW
Hywind - 2,3 MW (Mitsui, Hitachi)

\w |Eq1m|or] 2013

Klncardme 50 SOF-2 MW Fukushima Fwd Phase 2 -5 (& 7) MW

[Atkins, Pﬁ%otolfshore ‘.._\ IGIOM'.I (ml.s;lzﬂgfgll

Rengwables:Cobra) 018

Canarles Islands — 200 MW 2018 - 2020 — Gm:x et Belle-lle - 24 MW
(Equinor) Floatgen— 2 MW (Ealfi, CGN Maval)
e “\\“\--,_‘_‘_ fideol) —__ i .

2‘”& ’ Kitakyushu - 3MW
ew England Aqua Ventus - 12 \ \. (Nedo)
[MnineAqu:"V\’:mus. Naval) WItrl;flia:t?(I:g:T:: 2 ! M‘-\\‘_‘_ ; '-'1 2 2018

2019 P Provence, Grand Large\Z#'MJV .
whdﬂm 2MW {EDF SBM/TFPEN) GOTO- saion:m -2MW
{anw Nw e 2019 - 2021 S 201;'
@ Demonstrator hY
Golfe du llon China Shanghal Wind

Done & ongoing pre-commercial
. farms TACiRaF s 2019 - 2021

[

Ferme pilote 24 MW

@ Pre-commercial farms

(EDPR, Engie, CDC, PPI)

Gruissan = 24 MW Demonstration
{Quadran, Idecl)

2019 - 2021

Floating Offshore wind is mature with >300 MW in 2022 and ready to go for commercial
Source: Carbon Trust, 4Coffshore, Eolfi Analysis

2 AHFXMREIGHIEEE B TR
##HR  EOLFI, 2019 & 7 A E T A2 3% 47 IR 2R Bl S oF 3 &

NE 6 MW B\ ST EEFEA 0 A 2017 B s o A A
( WindFloat-Atlantic Phasel) BIJELfA 2016 58 iRt -
T A il A L e A A O X RV Y HOAR -+ L = SR i R
(MEESARZK ~ TRESFTE ~ iEEREE ) HTkRE: » EREK
TR =8 JaVB 2 3% BE 25 R RS DA S e e P H AR R
DA B RBGE 30% HUFRREN S (2017 557 H #2018 4
6 F i 8T TR 25 S TR B0 3.7% ~ i des 1 VY 25 2 KT8
Fy 18.5% ~ iid o R BBy 32.9% ) © » #& HAEURF
EEEFABSETEERRRIT » S E
& 2021 FFSERBRT ©
17 =R 2009 FEAEHEL (Hywind Demo ) 2241
Siemens 2.3MW 24 H &£ 7B (EFGL) Z8E%HY MHI
Vestas V164-10.0 MW » HEEEF T H a2t - B2
PRSI =GR S LA LR R e
IR BEREEERA - 2587 PR EE M
FTER . Haiaikie RS2 DUREisE 5 RS s 5%
{LRIRERS Ry » BB BRI REHT I T = RVt 7

5 B AREICEA B 3 FoR - Hrh o 2025 %55
PERH 217 RS B e G R -

FRRAZFET A - HRRGHIT
=i

TR SRS S AR (Tower) ~ FEISES
(Floating Platform / Floater ) ~ #1544 (Mooring System )
BagEEEELRE ( Anchor Foundation ) ° /= Bl 2528 85
JR TR ENR IR R - FEPG ~ BRIERA B S P

2005 2010 2015 2020 2025 2030 2035
E 4

3 2HFAMERGRAHAREE

B L L5 5 T
BT

(1) 2B

WRFEX AR NS B EE
7, (Spar-buoy) ~ B fity = (Barge) ~ 2 % = (Semi-
submersible ) ~ 5 JJ i S 5 =0 (Tension Leg Platforms,
TLP) > 411 4 -

(2) BRR
BT B L AR E 2 v oy = A - R
H¥E RS (Catenary Mooring System ) ~ BXH] UG 5ER #
(Taut Leg Mooring System ) B¢EH7 =HH24E (Semi-
Taut Mooring System ) ~ PL i i 17 = %8 2 ( Tension
Leg Mooring System ) * Z[1[&] 5 Fr7R » A FESS A2
FHME LR GREE LLR AR 3 » R ARERIAANT ¢

BGEITEE - DU $HEHE
» SRR BT R TRREA

Ill
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A
R

B | mess

B 4 5 XEM &It (B4 A Golightly )

]
\‘ \- "
- -
_— -——

(@ BEXMELL 0 FEABELL (O RIBBELSL
5 HBEXAEAL FTRAMERAL  ROABREEZHZD

(a) BREXBBRE

e U B R R e SR S R e o S B B B
fiE » HAATAR B iR =X 2008 5(a) - BRI IR
HIA7 B PR S ST LR H A AHE < R EE - SR IR
YRR B R 7 By 0° » MR B A YR R TT o S-S B B AT
FREAAREBLE » /KM EIR < 58 R e
FEwEfi DUHT A 7 s 3 o 25 B LA S B R A FE Pl H e
AR FE 5 (Drag Embedded Anchors, DEAs) 75 5 Al
B A A S A S B AR EE A E - B
Gyt B g -
(b) BRI B R G F RO RE

FH R R (S R R M Y SR B A B TR A A R Y 7K S
Z2[H A MEFT R KRR e (s - R B HEH

YER D1 T e B E R RTS8 - AN FIER
FHELE T o (RIBE - B /K SRR PR 55tk » ml Bk B
NI - DU SR A5t g - FREHL
UM PR F LA B B BB R - RIIF 8IS
il B 7 QMR 8 2 8 B S R 3 #2386 (anchor attachment
point) A RE SR R T Se ML - — KIS TR 30°
& 45° » SRR R BIERH IR IR - B hr =t
BRI B SE BLRRE 7 25 i [ AR BK PR R f 2 5 2F
AR Ry 3 0 R Ry 4 0 Bh7 (B8
A7 QBRI AL B2 B 52 S 15 B G B B Rl o (B B4 AT
o i e~ R R R P SE X AR RS » 2108 5(b) Pz ©

(c) BRNIBREHBE R ML
P 5 T IR 88 28 R e o S BE BB B 5% P R e 2
FEREHVIE N7 - DUBAER R T o e o S B i R Ak
F1 > GE 5(c) o HRA G P B (5 5 BiE B S B K Y
|EHASEH - —IR T BB R L IERE
fE SRR ST RR R R MR AT BR R B 7042 8609 VLA
('Vertical Load Anchor) ##ERMRE » (HEFEPEHI YA
A RSTELSZ T foRfs:

k3 B A G il P AR S B

on 4 4 B& X R L2
15 @k X A &
TS ia X il i
EAA “P i x
Py , , -
s Bl Wl Zopbty (4 ey
&7 X ke .
WA AT |2, Wkt KA 1. # & hAi ;ﬁi£%
a3 AKX 2. R I 3. A
4. B A BT H o
B |am AR AT Rl B R e A g |1 IR
7 R CRAMBAREE ) Pomans  FEEMERTAL
— - o 1 S R B BRI RIT 2 e A
. 1 R ) GBS I b R 2% 2t ok R -
Begs (M@K RMHEF B K | BESER T BA R A3 S T e e T
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EASRE RS SEE R Yk P Vot S R R R

s e 2B SRR R = B A R - 2 Bl 2 R
EK YR IF BR (suspended line ) ~ £ 8 IR b 1Y - B
E% (lying line) ~ DL K38 A £t ay )0 HE Bt (embedded
line) o [ =B R B2 J @y B 20 S8y R 5O T 1ok
RO A AN FE - HHERRE R R B 2 2
1 o KR #E 1R A BhE (dip-down point/mudline point) Y
P S B A B B IR - BRI AR A R
1S HEsE B AR RS - KIE »  AHES A B S 17F Ry
TRII5 B SR RHE  SBE BLRE A R U R R
DU A J7 & 2L sihge Banft - A ERR (H5 S i A s 5E
Bt SR R DR R Sy EHTRLTT -

FRETFEE G BB R R - 2R 4 BHEE)
S B G R SR o VLI P B 5 FH 7K A5

(3) sEETERHE
— i Lo v RS A B S BL R A T D = a

$E (surface gravity anchor) J ¢ A = &% $& (Embedded
anchor) o F AT EE 7 =UaH §E DASH 38 B 25 B ifg PR 47 Ml JEE $2
JIlE e B - R B R AR AR IR S5 / 8 (Box
anchor) &M =E55E (Grillage and berm anchor) ; iR A
A esE AR s ie 5 AR - FEHsEfe HE - BN
FIJEE 22 ) i 2 7 R el - JRR g [ e Mg - UGS TR
S S YEAE S (Driven or drilled and grouted pile anchor )
Wk )7 S B JJULAE 8 (suction anchor/caisson ) © fi%
A Z # #f DEA (Drag Embedded Anchor) ~ #z#f VLA

( Vertical Load Anchor) B¢ SEPLA ~ HBjj J722 & f 3
5 RAEsie AU 6 Frr - HASREREANER S -

FEDF TR AR R R i B S e B E Y
Z8

I 7 55 55 = i P e M55 K VR
125 /N 100 m 5 BRI » St FTT BELRE V9 o R

z I W(H)

Grillage and berm anchors

Drag anchors  Suction Dynamically installed anchors Anchor pile
caisson

6 W LEER FE T 6 shsw A X
( Z# & Randolph and Gourvenec ™)

PEEREAKERA RIS FE R -
I+ BTG R PR VS R 5 S W ] o i B
el -

P AR BTG - AT RERCRR A SRR
BEHT AR - R R R SR T
VPRI LTS » T B SR AR R T e in
ERHST 5 R - 5 AR U R R B B T U R
AR - TRERC IR A G S ~ AR~ IR BB 1T
TG~ T ERAEH SRR A R TR AR - MR
AIER L EfE 2 T RASZE T - BRI
FERC R A =t AT Rl UK T SR AT % -

AT R 8 A 17 =R BE 7 26 B P i A i+ 40
#8j %] 71 #Y WindFloat Atlantic B2 H ZNii 5 Bff 2 B 5 22 £
i Vryhof 28 Rl g% &t & # i B i - 20[F] A5 R AR T
% IR AR AR L2 IR S S E R HIEIR
PRI+ BB PG AR 2 S5 2 g g PR 133 2% T B A TR i
kg v gnb BRI 2 iRES T iR
B IR I B sz g e i oiog - PR AT
VgD REENTEEE - FORRITFEA 2 K Liao ™ DLrRERE
R 5 £ (it o Vg PR B B R ST T o AT BT 9 - R —
IR AL GRS | BB K S L T aE S
6.7 m HAORGER LI HARBL - itk A

R4 FRFGHEAA R G T M AT B L

AR A Semi-submersible Platform Spar-buoy Tension Leg Platform ( TLP )
' - FHEXFE BrFHX RARFEE
e BEX/ Tk 4 X 7k 77 ik
i A KRR 60 m ~ 300 m 80 m ~ 300 m 50 m ~200 m
AR i7 1& i
L RARBRERKREGTRE 1 &R ZHARERE 1 &k
15 25 2. REAE T A 2. FERRRMSG  FAERDEER 2. FEBAIMS  FEREEL
3. T 1 EAT S A% )
EYY Y Tt 1 2O B R A RIR 1. K iBAZ AR AR - BT H R E
3 2. THREZHERLT AL (active 2. FRALETRNZILEME EES S Tk
ballast systems ) EFBURARK S 3. & S =k 0 BT 4HE 2. EBERERBEN HEERY
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(B 50 4F » 1FE) TR TR A AT R AR S
B EBIBFE B < 17 SR B PR
S B BB RO - R SRR
B R TR AT (I 2) -

EpE L F RRYFE)FEFME
21 (Semi-Submersible )

Y8 V2 S = SO I 2 A R 1 LB
Ve A RHRRE - B8 5E  BalE Ry
JEF - BRIz KEGE - nLIEE RSk &% E
FHEENZIK S A K RAR B 518 A FE e s T
DB/ Fs 100 25 R EAPRIHIE K -

& IR (Tension-Leg, TLP)

55 7 B = R T B oy 57 2 TR T R - SRR
TAYEIR » e L& Behe i B kIR e - BT fte
PEJTHIRBILE e - AEBLS LS R R BRI T -
i T2 85y 2 — R HRER o F S sia R s A R A =
BRIIIRAE » SSHAZ TR T 240 EUBRHR K - T M — i
B i E BT R T - 3 RV A e ] e
BIAHEH - RSB0 E A 7K 300 AR DL ERYEE
TKUHE - B AR R 100 28 RIS i vsige -
&1 (SPAR)

FREAEERENRERRRZRE - PR
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HE&240M

e

KFEHL20M
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= Bh#iAH20M

HEA RIFREEN - ORISR - KIS
GEE - HNFEERE - HEREEIZEIZKERSE - Kt
N LSRR IRPKRE RS » fEEERRAEREENS
HREE KA IR+ HE R RS /KB IR AR 1 -
izl (Barge)

Bt = — ER IR BEREARIF B 2 - B2 )]
KEEKR » BB~ R~ T2 K EE AR s
RS - HIFEWEE - KRR K o 7586 RS R
i fRL - BE25 5 % AR At 7 et BE T f A fe B 1B ol - M
R AVNES Y G

TEH A EEE PR E B b - CARSE IR 77 =0)R
PR HEA T ESEHEIIRE B - 2009 4 » HREEIZ Al
23] (Equinor) 1T T Bk Ml A7 =C BV Y [ BU A
L85 FIRREE - B4 13 [HEEREEE 2 MW B5F
R E AR E (8 3) » HEEt 2R H 7 @R
KRR > 2B~ HAR ~ 3R > P~ PR R PREES M

I AR REETE 2 WindFloat » K FyiE G
TERF LAt E TR RIRERE o HIF AR A %) A MRl
TR 3 R - S T ERRE 17 AR EE - hIER]
i LA A R B R R TR R o SE MR BB R B 2
fEF RIS AT » & WA R 5553 51| e w2 A S Mg Y
WindFloat Atlantic JA\%; » A 3 277 =084 - DURERHE BE
SN WindFloat Kincardine B\ - 4 5 2277 =0al 8% - #2
FETH LA REIGTE 0 13 FEFESE 6 R EE R
FE - BAREMN WindFloat /R E5 T BB 07
=+ ATAIH R RS LB R E R 00 -
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Assembly) %) HEREILE o /£ T EIFTREY S
Hh BB EEIE H R HE RKILE 9.0 T 15.0 ZfH - 2
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ZHRENCHEEG - EITREMRAL - BT EE
DUB & a5 RSl - eI (& 9) -

BXAESE I B AE B - Fy T HERA 158
JEE T AN [RI A P S R (- R BRSS dAeT » A3t E IR RO
A BRICR ATk e BRI T HE T 204 » AR I
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Mass, tonnes. m5teed or concrele

1
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TaidaFleat
25000
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ABSTRACT

In recent years, offshore wind energy developers have
shifted their focus towards the development of floating
offshore wind turbines in deep-sea areas. Floating wind
turbines are primarily anchored to the seabed using various
feasible anchoring technologies. Among these, the torpedo
anchor, in addition to its economic advantages and rapid
installation, also offers the advantage of easy integration
into the local industrial chain. Currently, over 1,000 torpedo
anchors have been installed offshore Brazil. They are
installed in environments with water depths around 500 ~
1,000 meters and clayey seabed. This study conducts feasi-
bility assessments of seabed impact velocity and penetration
depth for gravity-based torpedo anchors in the Taiwan Strait
under environmental conditions with a water depth of 70
meters and the seabed composed of silt and sandy soil, using
scaled model air-drop tests and theoretical calculations. The
results show that the torpedo anchors have the ability to

* W@ FAEAE ¢ chlin.geo@mail.nsysu.edu.tw

fully penetrating into the seafloor but some uncertainty are
still remain, for example, the holding capacity in sands, the
influence of oscillations caused by the mooring lines to the
sandy seabed and etc. It would be confidential to apply the
torpedo anchoring technology in floating windfarm after the
improvement in the understanding of the behavior of the
torpedo anchor in sandy seabed.
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The experience of offshore wind farm development,
operation and maintenance were shared in this article base
on offshore wind farm developer’s view point. The success
factors of offshore wind farm development were summarized
as performing risk avoidance and financial planning based
on technology. Synera Renewable Energy (SRE) is a leading
developer who standing in Taiwan and developing offshore
wind farm among Asia-pacific region including Japan, Korea
and Australia. Many international partners value SRE’s
more than 10 years of experience in developing markets
from scratch. SRE’s vision is to jointly promote the energy
transformation in the Asia-Pacific region and achieve the
sustainable goal of net-zero carbon emissions.
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DU 45 B A 40 AR & R IR R 3 I 4 R T Ok
o [R5 S Y TR 5 A A P 35 T D B A 1 A
T 5 A L [RIRE K TR0 P AR e [ s SR 1 T
By AT HE D IR R R AR R R B R 2 R
L o 2 A 43 O A O LA FE B A R
Ry BE AR A lny it R M s -

Wk SR B 7 R Sy R A - o3 R BH U
?ﬁ&x@gﬁﬂﬂjﬁ'ﬂ(i BH $7T 78 325 3= 22300 & 1F () A B U
o JRBERFE R A S R o AR ST
RN A K MRS 35 iR & AR E A i
TR R R AR B R L » S /K R R R = -
PEAF » WFE H s A A 1R 2 (Noise reduction
coefficient, NRC )

HHIR 2 S42ME  (Sound absorption average, SAA ) fE
Ro7K iRt SRR r LB -

B2
IRRER SR

A > TS VB T AUl B 5 - RS R B K S
LB - BEERIRREINGEG - BENE e ES
JEF AR > HAT — PR LR £ 2 7 AR
M - BLARRERE Ry © OB ) o T IHEREY | - K
Byh—EReR N - HER av - DUREAR (1, 6, ¢)
FOR - A0E 1 FR o

BN (dt)
B 1 AT EE

dV = r?sind doddr )
by r=Cde - CREEE - dr Ry BRAIRFRT - FHRERLL
HARAE 0 ASTERESMUINERE AS - RITHE AS #21
FRE R

AE — st2
T

b e BBGRERHE - BEAFIREEA - FrEmER
ABENHE AS HIRERARFTEy ¢

dE:J'AE:TASdt 3)
BN IRF A B LA i a2 57 ERYRE R (BERE A ST
i) AIFORATE

cosO AS )

dE  eC

“asa 4 @
BANZIRFAIIA - 228 5T R I B RE | (REDIR)

AIERANR
E=2C4 )
Elrfo 4= as B (SRERRER) a ks
SRR R o AR B’\O@J 1 LR - H a=0
REBERERICRMBHRFSE 0S8 - I e =1
REBH RERESC B WA BRI - 5 Rl - AR
FARHIR SO 5 O RE BB o AR R RE R ST IRLEA 1% - HEER

BB TR AT R — R o T
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V="t =W (6)

B FRAEMEE — I FOR B G RE RN
FIRAAMEE —HIORE R RE B HIER > - FIRA M
Fo & IR DR o BE R = 0 RFZIBARL - =X (6)
CIEZ9

Ve+ ATCS =Wu(t) 7)
PERCE GBSO TR Ry
w 7%1
S(t)ZA—C[l—e j (8)
ERFE t > oo HERURSEE -
w
“)="c ©)
ERE BRI ¢ = 0 RFZIBARH » =X (6) AIZR Ty
. AC
Ve+ Ta =Ve(w) 5(¢) (10
PR — RSO IR R
w AC w _
g(1) = Eexp (_WT“JJ = Eexp(—aNz) (11)

b N = CMFP RS e 22 R S g R 8
MFP = 4V/S B ¥ E HEETE (Mean Free Path) » 1 Ry
Gt - S B SRIAN - TR - B iR EE R
I > —ES B S S SR - SR S
B - BBSRIER  B e DR AR AR
TR H Y 5 22 o BLRERRBAE IR - TS
REEFE - ARI8 T, B3 - BRRLTHERHEK 60 dB (B
RERBEREE 10° £5) PR - A (1)

AC .\
o -0 (12)

2 (12) HEREEE - 13REIR ]
_24VIn10 55262V

T
“T g ca (13)
ER IR E AR (Sabine’s Formula ) °
SEAR

frea 22 RSP E R Ry o - IRFRE ¢ = 0 PR
Ry 1, » EEEHOE n KIS - BRIy

I, =(-a)l, , =01-a)l, (14)
RIB T, EF - BRALMEREE 60 dB (BUAFSRERFE
R 100 15 ) PR - (RA (14) ¢

(1-@)'1,=10"1, (15)

he —6n10
In(1-a) (16)
RIRR 2T
I, _n_ —55.262V_ a7
N CSih(-a)

O Ry 38825 (Eyring’s Formula) ©

FHREEEE

R B2 a= g S Brs iz IS ibEE N gl
% Ty (RERZEERET PRER - T AFREBRBIA RS
PORHR BRI - RS 8 U P s SRR
B (o< 02) AMEEAEC (13) KW E A AEFAETY
SRR - FORATE ¢

o o_ss260 (1 1
toocs, \1g T

(18)

ER S, BIR TR TR - SRR U
R - RIS i R R _E
PG R R TR TR (17) 2
AT IS » FOTATT -

1 o] 7352620

B S, RARBIIRIRL « bPRHZ EAY R R AT
F Milingtton-Sette N FHEITHE » FRATT ¢

0 ~55.2621
O CIS, In(1-a,)+S,, n(1-a,,) (20)
_ A" — A
%y :1—6XP[ s, j 21
Hrp
_ . -55.2627
AIZSB 1]1(1—0,3): CTﬁg (22)
i 35262
CTY (23)
EREEIE D AT
BRI %

7K B 2% T B K T B I P A AR Y B N RE g L
i H L — 2 B A A 39 05 AR {H (Root mean square,
RMS) SKEACERER/N » FTRATE ¢

1,7 N
Prus :‘/F-[O p(1)dt (24)

B p(o) Fe/KBEZSERGRIR » T RN RTRE -
HERE GIREETHECER B A% (Sound
pressure level, SPL) EFATT :
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T Fe B0l i [ ER R A I Ti23E iR, HiE

P
SPL =20x lOglO[ ;MSJ (25)

ref

B P RBEERE - Z2RHPEER 2 x 105 (Pa)
IKHES s 1 x 10 (Pa) » BREAIHEZ BN Ty dB -

=/VFERE

A8 FH NS v B ok R 1) TR R YR R AR
PO S R A HE T R 0 6 25 W IR AR BRI AL
T MG 7 3 VR 58 S 5 dB - fF Ry 22 U5 ER 09 B 4R 1
(SPL,) » i3 7E MR T 5 10 dB 1F R IR HHAREY
#% B (SPL,) » BRI 1508 B s ek il % » 4168 2(a) P
o RER R 2RO - R R AR P R, -

I()=1,xe™ (26)
b 1= P2 0 v RS ERAR AR o B3 (26) HETE
BoEHE - 15

10 logm[ll (’/)J 10x 1og10[1025ﬂ] a7
&

SPL(7) = SPL, — 10¢ x log,, (&) (28)

Hrp s SPL, = 10 x log,, (Iy/1,) =20 x log,, (Py/P,,) °

Amplitude [dBV]

40 - . " " J
9.995 10 10.005 10.01 10.015
Time [sec]

Bl ER AR

Amplitude [dBV]

30 - . " N s . . J
10.002 10003 10.004 10.005 10.006 10.007 10.008  10.009
Time [sec]

B2 ZOFHFEFTER : (a) BREZRBIEHEIR ; b) BRER
/);k‘g]é%;}ﬂn

TR R o R et i mT DL e R B R 2k

T
spL,] [ 1 104,
P O IR { SPL, }
. —_ . . T 29
SPLN} 100, | 10806 @
5%
{SPL} = [T]{X} (30)

B R (SPL} B [T] KA - nIA A&/ N7
1% (Least squares method, LSM ) ¥R 2855 Jik Hhf 1T
FRIE e B AR S A0 2(B) » FoRANE ¢

{x} = {zo} = ([TI'[T])'[T]" {SPL} (31)
RIS » GHEANT ¢
=61n(10/7) (33)

Lﬁtlﬂ FIRHERRIER t=1n (10") °

IR EEERS

HE ST R R EORE - ROE SRk
BTN R tE BRI » 5 R E R 2 IR E 2 E 5
SRR > BT

h(s)=h, (s) + n(s) (34)
B by (s) R BRARNRAE ZEE K 0 By n(s) HERTL o
FEHE A LU BT T

D(t,) = th(s) (35)

B o, ARERBEROR R - BELALEERORE R A, =

A DA R/ N EES R MR - (HARI B’\Eﬂffx
RopZ— (1/Fs)» LIEMDREHLFEEHER - 1
PR h(L) TR ENRERE & o] DA RE R T A 2 - B
(35) MEFTIEMLEERE @ :

d(t,)=— Zh (s)=1- Zh (s) (36)
Hrp

N:ims) (37)
= (34) AR (36) » WifEE A, (s) B n(s) Beffii A AH
15

d(t,) ~— Zh(s)+—(L tk) (38)
i o SR A — U S A7 PR AR T 2 o B

TEPRREE - AT DL AIEROR ¢
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fi)=a,exp(-a,t) (39)
= (38) » FEIRAIEEE I Rt MR IR FE AR =R pR AR
pIE

S (@)=a; (L—1t) (40)
52 (39) ~ (40) FRAZL (38) » LB TR R —EF R
TERKHL

Fla,t)=a, exp(—a, t) +ay (L — 1) 41)
EXF0<t,<L:>a={a,a,a} @1 2IEHMNE
PRESATFI ] MATLAB kg R ERR I i N T BB

(Isqnonlin ) HEFT K » k72 FE A% 3 PR AR 20 & 3 AT
o MRIES (33) B - IRERFRT AT G -

Te = 61n (0/a,) =13.8/a, (42)
L2 T IESLEERERE
h(s) ] d(ty) _|
L Fr e LR (R R AR SRR T
a= {ﬂla a:!!a.‘.i] ] Tsn = 13,8/&2

3 MkAEE AN AAZE

RARERS!

AFERFY] (Maximum length sequence, MLS )
J& I — T (s BE A S E I SRR - B H B A B AHR
BRI ALUR R T R B P+ R AR e A P SR
R AU S8 A o AHIF ST 48 MLS 7E B & IR B 1 ER 5% - @
I 28 v R KGR AR B MLS HETTASHHRBE B (Cross-
Correlation ) » BTG BEARMZEE - A& 4(a) FTx
BEE MLS EABEAR - AR EEEEE - DU
BE SR BN E - BE—2EER

Piz)=z"+ b}Hz”’1 +r+ bzt b, (43)
MLS AL NREAKEHE S
Spin = AuySppy T 000 T a8y (44)

Bian - HEAHZE 2+ x+ 1 Rk BRIy s,
=50, ts,  MAEBLUTFA ¢
{1,1,1,0,0,1,0,1, 1, 1,0 ---} (45)
JERA S ENBEEE » 0 FO 1 Ay —HERIARREA T Ry £ 1
A0 A T HU s 1 -1 B > BREERS B — BoE IR
Ry 7 4 MLS FHEE
s@=1{1,-1,-1,1,1,-1,1,-1,-1,-1, 1, .-}~ (46)

TESEZIFER Y

PR8I LR #E 7% (Exponential swept-sin, ESS )
J& 1> — R AR R AR BN R - S AR A AR —E S T [
A AR AEZ W S A B IR TR 543 - N E R A
X REFIREEEEE: - 4t - ESSEMLS Bf
AR FEER LB IR R HIHIRE )T - MIRTET oK BRGET L AR
A1 4(b) Fi7s © ESS EFRANT -

s(t) =sin |:27tﬁj(: exp(%) dt’}

el

B3 £y £ = 0 BRRYREREHER ~ K Ry SEER g 8NN
R o IRIEWFIFSESR (Instantaneous frequency ) EEFFAESE

F#f (Group delay time) EF :

(47)

£0=1 exp[é}

Q(f)zKlog(%j

1

(43)

R AR ARARR /) BLRSSRAER f, IR R Ry T - R

Bt (48) - 15 -
A

T=K1 ==
Og(fJ

1

A
K=T/1 ==
Og(f]

1

(49)

L EElGREE () |

: i 1 R oy
[ =EsRsEs© |-+ h©) =p®) @ s(-1)
(b)

ff. .. S h(:) \-\._-
\ -

S EETEETIONE

i T 7 A e
h(t) = p() @ 5(t)

[ Ermws0 |---[ kenesso |
4 PRATEE RS RAZ ¢ (a) MLS 33K 5 (b) ESS I
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B> ESS IR IB TS, |
50 =2 exol - s
500 =L exp £ |- (50)

VA SN e

FiA MLS Bl ESS FRaR & Bt SRR » Ak igds
T IR ET B R O R A R S S » 2 T R
FEESHTL N IR EE R - AR S 6 R R R e A T
JE P PR B o AT FCE B BN A I e 2R E TR A DL
T f e BT R o M B AR S U B 2 AR
SEFRATE ¢

1 |o| < o,

H((D)lowfpass = { (5 1)

0 o] > o,

X o, BHEE R X (51) & H 7 B
(Inverse Fourier transform, IFT ) » 752 FRAMK I E 28 :

h(),, =2 xsine (“)—tj (52)
T T

T E I s ] EH R A RIAERR AR R A RS -

h()puna =%xsinc[&tj—&x5inc(%tj (53)

T T

b o, BAEE TR » o, BIEE LR - Kiff5e%5=
23— /\EEZMHE (One third octave band ) 1T 8 IE
ARHVEEE -~ NEREGE » S L~ PIREHUOERER
AR :

1 1
-f;‘ =2gxfmin =zigxfmax (54)

B4 oL AER £ =125 Hz » HISER LR £ = 140.6
Hz » HESRNR £, = 111.6 Hz °

REBESEE

A E B o3 i 168 P B GE BRI~ MILS BV I8 F I
BB - LUK MLS ~ ESS USRI A IR 22 e i 43
@ WA R ERB ST - Bk bAER - '
B e 22 A e T R BB A - TRERRE BRIk AT
Ptk - BERKhEREEEITRER - 25T - BRGR
L fRBGE s RIS - BRI 125 Hz ~
12,500 Hz » EEREFEEAE RAEMAT T -

—RH=E

BEBRESTAR - E56 AR 527 ARK—
e E P TE S - HEREG o SRR 0 28 v RV i

P BN EREERIEC [FERAAAL » KRR T EEABERE 2 &
RO~ miifeAEEE 1.5 AR~ BEEEm 1.3 2R 2006 5
6 AT - AEEUEFES R - Sn— R e RS
% S T Ry B e R 0 TH I AT R B i &
W - FHHETRRAT R -

B RS RANE 7 fros » AN [EE B AN R B B b
Jiik o fEH > E5E (630 Hz ~ 1,250 Hz) B EHIH—E
P 8 A A o ] e e 7 B R R 2 M A 533 B
IEH B AARE AR B o X DA v i SRR 7
FK o nIRRRRIFE R B E 22 RS - KA
S XS MR RE 38 B AR A (R st
AR - BB EAEENSE (MLS, ESS) 5K & i rE+H
A8 BEE-EREERAEE - KR ERER
IRER R RRS R -

il 8 Ko BI HRBARLHI 22 & R 7L LS - S REUR
K AT BB R P AR R SRR - BRI SR B
BYRTRREI M - FFEBERRER - EIREEER R
ESS FHaRI 160 Hz S ARFEZEIERE 73122 MLS FHER 400

Hz BN EEIRIAGHIRTR - FE LRSI RE S s -
5.6m
2.8m . ‘,» - 2.8m
Q - Zm 5 § Q
E 1.5m
’ ¢ ¢ $
& $ &
BEEM2.7m

5 —BEAEFERERETER

6 —MEFERIAME L
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(a)

[—o— Mg =g
i
—o—MLE=F
——NL S

N ¥ ¥ ¥ ¥ ¥ ¥ ¥R Y FF T

AR (Hz)
, B
—— A=
18F —b— 1B FANRE
—e—MLS=F
16} |[—¢—MLSEEE: 1
141
=12
£,
g
o8
06
04
ozf
o

EPFPL PP PO FIP T IS
#AE (H)
T —REEZREFE N () BER 0) FE R

FH=X (18) PI DU S B R = - Al 9 P -

9% NRC i SAA %E # > NRC 2 #Hll & A FHE 250
Hz ~ 500 Hz * 1,000 Hz * 2,000 Hz VY {[f 538 R 1Y E £
W AWEEET 0.05 FIREEERR » SAA RIIZHY 200
Hz ~ 2,500 Hz 3£ 12 {E#H=R NS R - W EHHL
0.01 FIIREHERIR - B & MERERE R 1 Fios
f#F NRC ¥ » R TP el R A e 8
o FHE (= SAA B » R TR A Ry Blt -

k1 —EHEZNRC * SAA BE R b

R ik & REIE NRC SAA
. IR 0.10 0.13
wiE ST 14 /
R BT MLS 0.10 0.11
MLS 0.20 0.14
Ik 187 42 JEAR 97
AT RA & ESS 0.20 0.16

REVEEE

AE b AL R R R B - 'R
F235 AR ES56 AR~ 5 2.7 A RAYEEGHEE
17 » HEZEE% o S TE R - M anlE 10 R 11 fis o —
S - DEEE R FRVERE - e TR e R 2
W DR AGESHEWE - DI ERERE - &
FEGET AR R TR R - DU s 52 0y B = T o
Dt - BREras ~ SR 0l S G RN R 0.5 B LIA -
A BEEHIREE | A  SRES KRN
MREE 15 -

E 8

TED tima [s)

(a)
O FF T F ¥ FFFFIT
TR (Hz)
(b)
i}

TE0 time (s}

05

U PP PSP S P S FPII IS

SRR (Hz)

(c.)......

Tl time )
=
w

EEFP LSS SSP SFF IS IS
SR (Hz)
@

R R R N e

— M EZIRE R 2T (2) R P ETE - F9 5 (b)
k& P Bk —MLS (o) Bk 8 BT 2% —MLS ;5 (d) Ak

SR (Hz)

187 A% —ESS °

04

Fo | .
—A—iBEHEN o

| e MLS = |

[—e—MLSERE
-, ©a _.._ : i ]
FEFF T S F SFP SFF ST

SH3E (Hz)
9 —REFTZERRTE M
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G 3g5m c; 3.85m ci?
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|

\ 4.7m 4.3m 4.7m
CHS CH{
3.6 3.6m
Y LN LN
\4.2m 4.3m 4.2m
CH3  3.5m  CHe 35m  CHE
$ ]
&m

N #e @ /

10 XAERTETREETEE

11 KAEHFTEREMEE

BRI 12 FroR - A RIEERE AR B
ik fERSE RE T RIF—E0E - =R RTEREE
ARV E N ZE R R E K - B ES
HAGZERERE  RILERSHEEESHE - (515
AEEE  fERESEEY T (1,800 Hz ~ 2,000 Hz) » I
B - BAEER R A A A By R R - (RIE
PRIER I fEgm R o) fl Sl 7 =0 B IR B TR L
USRS R o 18 13 BERIUSENAZ RER S
FASI - @ B/ N TR B S B AR TRk
W ERE ARG R Z AR - B TR HEE B~ kS
HER Al BRSO - 50 LRI EE S - BE R AR A
FHIZRRE B /5 35 ] HE P A 22 SR 85 -

fafikiE

AEEE RN /KT BRI TR S R & S
BRSO R R AR T » KRR R 155
AR ESAR K34 AR - HNERS RHZE
RIERBEIKT - tHE BB E fH th R B R /K N B
fitf » ARHFFE0E F Neptune T335 #2BE 28 1E F /K N 7H
B&K 8104 /K HEZRHETT /K FULE » 400E 14 Fiow - B
A ZK A ] B AT - B IR /K AR S BRI HL 3 5 i
B b Ok ) > SR EERE 8 AR ZE 15 A RELE =Kk
PEIRAET TR - A6 15 s -

w12
£l
gn.a
06
o4t
02r
b R
&@@E&@@@@&ﬁ&ﬁﬁﬁ@ﬁﬁﬁﬁﬁ
FE (Hz)
12 RAEH# 2 RE0F M A7
15
i
£
b=

05

FEIE (Hz)

13 KAURH T OREFM A (GBE vs R FE)

(a)

-

14 (a) Neptune T335 446 % ; (b) B&K 8104 &It %

A # (1 m*1m)

(a)

A R

8m GARAETm
A E155 m

15 Ak EE () RETEE  (b) 235
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BiREOOWESR S RIEMEEY SR
R G bR » TR ] R R R B - BRS¢
EHAIR SR o EERFEHRANE 16 AR - AR EREERRGE
EHEER /77 » 4F 1,000 Hz ~ 10,000 Hz &5 2 37 HH—3ei:
HER/STEENZE - K E(EHEE (1,000 Hz ~ 1,600
Hz) HRZERFRRA - LB S Bl —R 30 (IS REIRE
SRR ) BER  FREE—L T -

[ELIEN Y=

ol
n

T0time(s)
o
&

=]
w

0-25 T
. —O—E eSS
0.2 O T R -MLS
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0.5

0.45

_ 0.4
=
El
£ o0as
=3
=
0.3
0.25 —O— R EE-EA
WFEHFE-ESS
—O— T R-MLS
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1000 2000 3000 4000 5000 6000 7000 8000 29000 10000
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015 " . L " s i
1000 2000 3000 4000 5000 6000 OO0 @000 9000 10000
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18 7RA% = 5% 45 0 ] o
(& P B % -MLS)

s L . . . I . J
1000 2000 3000 4000 5000 6000 TO0O0 B000 Q000 10000
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21 Ay AR £ 4K 5 A
(RF PETE-$4)

17 ~ 20 R PR E R B 5 Hi 4 2 25 Bl iR b
5 0 [ 21 ~ 24 Ryl SRR A E T - S RBURS ik
TEARAR 1,000 Hz B 2B ANRERIE - R RIRE
B B RO » PRy ERERY SIS R - H#E
W R B RE AR - FH K iR e (k2
Rl 4.4 4% 7K 1,000 Hz BLZ2 58,41 226 Hz 1y 2
BHFKE - REEHSAFE R ENERERSE - It
G > 1R ThB A -BAERRSE (2,000 Hz / 2,500 Hz) ~ %
rhET ;- MLS 2158 (8,000 Hz) ~ JIR1E 22 FERE 5335 — MLS
AR (8,000 Hz) thH{FE IR 22 - DR R
4315 —ESS 7F 1,250 Hz ~ 10,000 Hz 5 2 5 1F AR 2L R
72 o A = B AR EERE R  EARGR -

B i PR I 1 22 R A 43 2 ESS ARV A LAY
R EIF M A E TR S SR A E - fE /K R e R i et
RO - aTRIAR (19)-23) (B R &
o FERANE 25 iR o

HEam

ARUPFEet BB R ARERFS] (MLS) AR
W - DU MLS ~ S8R 5751 (ESS) FERTRY
NREPEIERE i R — s ~ RIS R
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SR HE R P 17 i e SRR o
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WIFESR o KIL - ANHFSeaR S A R 2 A 53728 ESS
BHIRENSR » TERZER ~ KT BN R I 53 -

ZERK

1.

Massiomo Viscardi, Maurizio Arena, “Determination of the Rever-
beration Time Using the Measurement of Sound Decay Curves,” Appl.
Sci, 13(15), 8607 (2023).

. Ning Xiang, “Evaluation of reverberation times using a nonlinear

regression approach,” J. Acoust. Soc. Am. 98, 2112-2121 (1995).

. P.Guidorzi, L. Barbaresi, D. D’Orazio, M. Garai, “Impulse Responses

Measured with MLS or Swept-Sine Signals Applied to Architectural
Acoustics: An In-depth Analysis of the Two Methods and Some Case
Studies of Measurements Inside Theaters,”
1611-1616 (2015).

Energy Procedia, 78,

. W.T.Chu, “Comparison of reverberation measurements. using

Schroeder’s impulse method and decay-curve averaging method” J.
Acoust. Soc. Am. 63, 1444-1450 (1978).

. Antonin Novak, Laurent Simon, Frantisek Kadlec, Pierrick Lotton

“Nonlinear System Identification Using Exponential Swept-Sine
Signal,” IEEE, 59, 2220-2229 (2009). E%

zmmﬂ'

@aﬁ&mgiw
T aausRa
et R ) e B 590 PR 75
TRERREEMREH
BB R AT
HENTSRBERBEEAR
MR/ ERE/ TS

it LERERER =&
21587248
(02)8712-8966

RN

fr kTR E
KE R HE
IK 3 % iy
e = E

RIEESE
K & TR R B
KR & &
FKERE




FEA SHE AR 2 CFD 2 K F R A A R a3t

DOI: 10.6653/MoCICHE.202404_51(2).0013

B¢ el ©lFD)
2K FBEED FENRE

TH R AaRHREAGAMARTEIRER FRL
EIE SRR R LA GRS A ARA
BREEF] B AR kLR GRAIRE TREA FRA
BRIRIR /B AR A G AR T T RS2 THRA

BRAKFE "B amh kA GRS T TR A #i

v

L EATRT RESA R ERF ZRF 580 L RB IR RGERINA - wF R REEH
TSP BREHARBMG LW FAD o & T EAR AR 3857 KT AL E By 2 R L A
T AT RIS R WL L IRAEBRG AR T AR T RAMEESARAATIHRM TR AKRE - BT R
RRIZ T T 0 REFRAR A ANSYS Fluent #1823+ 3L 782 /1% (Computational Fluid Dynamics, CFD) 2 it
TR R ILZ T o0 b7 o ARTF R A CFD 4k Bl %A@ A 6y A7 1& B  f5ldm - CFD #idt

ALASTE R R SM AL GG R T BRI

A RGFRA ~ RIFRE RGBS EHEMNLE

o WA EAE 0 R T BARM AR - RARFIFEAR T REATF 5 F oot - sbsh - CFD #
BRI T EEARTARRGIRAE - AR T AR R % F PR ZAREG KR o 12 A B AR K TF
Aoy B TR b oy Ao SEM o 40 R0 - XA CFD MR 7 A 208 4 B BRoR A JLEF M 41 - R B

At $9 & 8 CFD AR & R 547K T A9 RAEILAE L

At FEARAR T R ER AT ARR TR - AR

B £ 3E ] CFD Bt 47K F R AN 23 047 AR R AL BHERATRELZ ALK L

BB KT RAZ ] A 33t -
Bl 0 R TR ARG SHEARA S

A&t A

[l

By
AW TR FHE R KN B AR ARG - i
CFD #R S HEA TR BRI URAE o BEROK N # B AR B 35T
K 2EBLG k% 2 DIRERIK T E - 21035 Echo
Seeker DU Jii BUAHIET SE[H] (SAAB) — Double Eagle 2%
EPETEKEE (ROV) —MKII PVDS % » {E kR 85%
5 HEARE H AT REMEL I Al B R 35 3 A -
AW T3 B ANSYS Fluent #KBE#£1T CFD BEHE - Bff
5% H AR I 2 52 8 BB W T2 2 He v 7K T e B AR A 7 i
TR RS - B0 < KR R SRR -

3

* B AAEE 0 yungyuchen@mail.ncku.edu.tw

A/ NERBEMERERY TR » e Ry EE EEAYER A TR Ry
K R AT BRI R SR - RZK NS ERANFE T
iERH TR 70% Ze45 » BOARTIE /K T i EL AR B S RE
e 2 B /K 8 LA MU B R RR CR R L -
FEEIIN LR AT S » S B EEH R ROV HiEH
PMB #U (0 » [RIEAHHFE AR AL 512 =k B sy fh[EIAE:
ik PMB UK T E » DUESIFESMEEETRITE K - A
FeAR /K T A TR PRS2 BUES AR [F RS S
% - FHSFEHRE TR S B - DUBREE K T AR
TERRIE T e MERE « ANWFFERHE H] ANSYS Fluent #RESIA
fat AN TR ~ = HABRBIHHE R sE A 5 R ( Navier-
Stokes Equation) RIEHEITIGEREE » WL SST k—o A

72

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



T Fe B0l i [ ER R A I Ti23E iR, HiE

AT BEEEIRIERE (Finite Volume Method, FVM )
SRR ALK TEIN 2 IS - At ETHA R
7Kk N EL MRS 255 B 5 Ty HUHET 22 (SAAB) -
Double Eagle #5 &% /K2 (ROV)—MKII PVDS : " &
JE3m~ B 12m KEE 13m0 A1 1 -

1 SAAB Double eagle ROV-MKIII PVDS

FRA LK T ARG SIS Tk
FRIASRE - LSRN B ARG OB G e AR Y
FEHITRIAR BREEE T » BURA LT Z WS A8 LU
FEAAEF o LUK T B E BEMEEREILERET - F RS IS

22 A T R LEE T - $R2E B K NENER
B2 7-10 B RH 7RSI » W% PMB K PR R 7
VERsaXa T EERE M - LB RORSE/K FE -

SAOK T S B EENEBIREY

Fy 7 SEEEHEAL B M AN E] 2 2 K N EE A K TR
ITIRF P AR S T Z AR AR EME - R BRI SE A -
FREIRE /KT s ELAEHE B B AR A 0 SRERET L R FHET
B #S 2 /K T EEENTT Ry - BXET e R BT E RN
TREBLHE /KRG RH B EREE o BhoK s A AR K]
KA IR E] - HAKZEHESMIHAFE -

Earth-fixed frame
x¢

Body-fixed frame
2 RTFHRAAL EHEERNA

LB SO 2 K TG LB AR - AT
s B =M EE RS

v=w v, =[uvwpqrl (1)

n=[m 1 =[xyz ¢ 6yl 2)

Horfro n R A 25 LRI < /K N AL E

DU ZERERIIRREIA) & » 1] v Fo/K T i H DU 8 A AT %

AL & il ELAS B DR P R E ARG A
AWFFEFT R PRI BIRR 7K dl AR HE 6 fla 4 B A5

BT By Fossen PR HHNFFRoRa | @ ¢
My+Cyw+DOW+gMm) =T+1,., 3)

Horfro MOERARAVIETERRE - D(v) BB ERIIAIELTT
IR > D(v) Ry/KBHIEAERE - g(n) FoRffelml = ) Uk
BT o R AK N EAYEERI ST > 1 v, HEZKE
HEST TN RS2 AR EE S - AT

DUF » AW e AE L5l 7k T i B SE B i A o 7
Fiasta T B E R R 2 B AR ED I PRECE R -

BB/
S CFD v DU K N# 2 /KH 1z g
o, F] DURE FH i /K R 4L a8 T T K B I fE 5 R T
K TFEREZZIRE - BTG BKBHE AR D(v) Hz
KEETIFRE - HH L K N E AN HHEEES TR
HIHER M 25 =S IR AR S o SRk A -
i SEENT Ry R R AR R IR R A S - BEE = (R B SE
M+ G HKFEEAERE D(v) Hiz 2805t — RIERRE X
AT RN o JI D(v) i B B A e - JREMELE
BHARR EFEEAR M — R RIEH B -
D(v) =~diagiX,.Y,,Z,,K,,M,,N,}
—diag (X, u, Y, Vs Z,, W K Pl M,y g N )
4)
H (3) /K N8 S B IR ME BN AT & D(v) AR Ry
AR ch )y B A A o SO CFD MBS EHE &
A T D(v) RS > A DUT K R B A B
ZZTTIRBL » AARIE AT H SR TR R S MIE IE -

HEER

CFD Fffk LB amyn T ks - AU
EHANEE R - A ERE R - BRI E
FERIAE R SPIRSE AL « MUK R EAT 2 Mo 3 7E SR
i AT - ORI E TR A -

Vol. 51, No. 2 April 2024 +AR/KF] SEH+—% H_HH

73



FEA SHE AR 2 CFD 2 K F R A A R a3t

LR Bk F i B 8 2 ) ST AL %
LG - A AR - ByR AR R
BRI -

EFHTED

LA 7 R U i — {18 5 T B B B TR - R —
il [l 2 Py e i - R 2 ehl e PO B e L B R
TSR R R AR TR A - A1 (5) B ¢

o, apu)  aev) , dpw) _, )

ot Ox oy oz
Heru vy wiarilkx s y oz HRAGEE S & » IR
RFRET p FeURBE B o RO TR A b
Pa
H%:‘

B R i 5 Ry S T IRR A ELUE B - HO e s AN b
fRsEE - d > BT Ean=X (5) Fis -

a_u + & + 6_w =0 (6)
Ox 0Oy 0z

= (6) "THE—FUE (7) < EFRR
V-Vv=0 (7)

Hd o V=ui +vj+wk T V57§+fi+l€£ o
x

oy Oz
BEHEN
RIS A IE S B E v 15 B B TR U 2 P
AR A TR B B R R AR E R R BB T - A
ke Ry N el B R  RITRTDAZRAn= (8)

p{aa—:,+(V-V)V}:—VP+pg+uV2V (8)

Horbo p R RS P REETT LUK

g=gi+gj+egk )
2 2 2

Vv? —%+%+§—2
X )y z (10)

JitEE (8) 2 & A HANHE RS St e iRt -
FIH VPR FRATT

pB%HVV»ﬂzﬁﬁ%ﬁZ@ﬁﬁ

VP : BTSSR
pg : AR YIRE )]
uVev - BRI RERR R

FmIRE

I
(e 6= [ PN k=i YR Al ib)- Z - dep=st TR S
BRI - RS e E N E ERYEE (A0

MW~ BRI ) BEE TGO A AR R ) - PG Ry
F o B 7 HEREHERI S TR SR » THIE A BRI
BIEFIARESTY - AR T 23R -

AT R B EE B R 107 B f 3
Ui [RIE R S0 8 B A R TR B SR B E BRI ik
Bl o FRIEIESER - B KR R AN R ST T
22 (Reynolds-Averaged Navier-Stokes Equation, RANS )
VERetiots et i ZRTAE AL » MBI SST k—o BIIES 1
R R SK A ER R E T3 - ARBESURR ©) ATt + RANS 3801
AU A PMB BU/K T L AIRH D TR & HRSYE - 2
ANSYS Fluent #Eg3GEH - AWFFERFUEALEER -
A2 B B ER E AN 3 FR -

ErETIER R R AERX (RANS)

A=K (10) A7 » RANS J2 B e 50 #2507 2 =0
TR RSP pRE - JRES YR ¢ RRECE YR ¢
BRI B AR B i o' 2R - TS R E A=
(11) Fis ©

o=0+¢' (11)

— 1 peear
b=—], o0 (12)
PR R B BRI DL (1) Be=X (12) iy ek

AT R R B B R TS 3

SR B S FE TR R

pV.(LT\_’):—{;—P+MV2LT—p ou' +6uv +6uw:|
X

Ox oy oz

(13)
pv'(V\_’)z—a_P+HV2\7_p Ou'v +5VV +6vW
24 L Ox y oz
(14)
Model Model Constants

Inviscid Abat it

Laminar 3

Spalant-Allmaras (1 eqn) AEE,

k-epsilon (2 eqn)
® k-omega (2 eqn) 92

Transition k-kl-omega (3 eqn) Bt Al
Transition SST (4 eqn) 008
' Reynolds Stress (7 eqn) al
) Seale-adaptive Simulation (SAS) 0.31
Detached Eddy Simulation (DES) Beta_i (Inner)
Large Eddy Simulation (LES) 0075
k-omega Model Beta_i (Outer)
Standard 0.0828
GEKO TKE (Inner) Prandt] #
BSL 1.17%
bl TKE (Outer) Prandil #
k-omega Options 1
Low-Re Cormrections SDR (Inner) Prandt] #
Options 2
Curvature Correction SDR (Quter) Prandil #
Comer Flow Cormection 1.168

Froduction Kato-Launder

= Frocicticn Limiar User-Defined Functions

Transition Options lent Viscosily
ition Model (none ~ | (acoe

3 FABRARRT

74

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



T Fe B0l i [ ER R A I Ti23E iR, HiE

ou'w' . ov'w . ow'w'
Ox oy oz
(15)
RANS FHES A ARAE R SR FE v 72 - ZHSNS Hr9IE
R URN R R Y A B R - T R A
77 AIDERESRIRANE ¢

[ [N [

uu uvy uw

pV~(W\_’)=—a—P+pVZW—p
Oz

R, =|uv Vv VW (16)
2 (16) ZEFHEETI I8 SST k—o FEAUSRAF o HAES
ERFEE T k—e BAIYE 2B RIBTN ko BERIRE
BRI EERE W o JE 1S SST k—o BRI B HTEEY;
Je S S RE R AR SR B S M -

BEHERKEE

AWF5EHE ] ANSYS Fluent fE#E/K Nk EAYTTESATI
JIIRPE © Fluent {52 14 FR A7 (Finite Volume Method,
FVM) #6512 2R Bl - DIFTREREE 5 - H
BEE RS R - HA RIFAISHIRME - [RIfLAT
BROMERAERER TAZRTE - AR - (TS BB
Hh ATREHER RIEER LI HRAE - TR OB AR 22 T A A
BB AR - IRBEBIEHEAT/KE &3 (International Towing
Tank Conference, ITTC) HYZEEE - — [ W JE 7% (Second
Order Upwind, SOU ) TEH#EREMERTRRGE M 71 BHA RIFHY
FHL » AR AR B LR B IS8 © -

E. ANSYS Fluent CFD #iciigHh » 5 HIRIRE ST 5K
#E L 4 SIMPLE (semi implicit method for pressure
linked equations ) * SIMPLEC ( Semi-Implicit Method for
Pressure-Linked Equations-Consistent) * PISO ( Pressure-
Implicit with Splitting of Operators ) 5z Coupled °

DT AR H 9 8 F A SK gy J73% + SIMPLE Bd
SIMPLEC -

SIMPLE B SIMPLEC j&& %

SIMPLE 7 [ 037 8 7 2 s O SR A S i (e
JTiE o AT AR A R A R S
f - BYESFIE E R RSP A o R AR
RSP R  BEE T RRR R B R NP
ft o AR TR A RS A -

SIMPLEC 1 B AR OB & 2 1 i g &
S 5 R R LR 0 A T S L g
R HEERATT

1. S KM« KB &P TR IR SR E Y -
IR 55 0 R 5 2 S A T A
2. BRJISG KR © 125 R SR IRAS SR 5 A
FATRE » LTI IS0 3K -
3. HMESEIE « FIFKBEEINEE S - BIEEE
55 » DURECRH i i Al ST 7
4. EURL © ANSAE TR A3 5 35547 A s Bl e <
G2 » RIS IREIRE 4 fBEEL
WS H AR
A5 $% Fl SIMPLEC i & i% » SIMPLEC /& —
U5 SIMPLE {8 FLERYUGEERR AR - il G RS KT
B BCR RS - IR BE A SIMPLEC 8 &k g HH Bl Bk
FYY R B S F A A A S R 5e ST 20 (RANS) © SIMPLEC
H1SIMPLE WAL AHIE » 72 BIAE iR B S IE /Y pR B 5
2, © SIMPLEC EEJJ{EIEE T (pressure correction under
relaxation factor ) [&E Ry 1 » Ifij SIMPLE AYEEJJEIEFy
p=p +o,p (17)
Hrpp R J7 - p* R BE JT A5 EHE » o, Ry ST B IE R
F o p' R BRI MEARE o SIMPLEC FYE S5 A AR U aR
LR - HAEE S HHEEAYIRE (skewness) ZIK
i o fEELAEHE - SIMPLEC DL— {8 & R IS 1E K]
TR BT RESY SE AT ROt HEE T e Ll » AELIR]IRF
EHRHERS RS B K Bk
AR SEIRE J 730 S RS 5 SR A 2 B P 972 SIMPLEC e
{5 FHAY I R Fo B2 e D A Bl TR SRR SR SR < 3B
SIMPLEC RE# v Al (5L R 7 35 R 15 05 325 5 TR Y 20
EAREN - SRR B FERE S Y EE A 2
IR - AR R [F T S TG SR S SE AR ATAS IR -
HRRE MERECR T RS AT B REER B TP A I M R HE 1
T o ABREERERGT R L0 AR A R LA B N5
(Least Square Cell Based ) ; JB& J7 Bl S5 A B0 A — %
(Second Order) ; TENE ~ ZRIMEIRE 5 LLFERCERAVRERL
FHEEH A SOU - HHBRE E AN 4 Fs -

ST R 2 SRR

HRIE ITTC Frie T RS 1 - fh 2 A TS
FrEDHE BRI RE - DIREI AR
s 2 HE R BV RE I A/ E - HERV0E
R AR MR ER S EN R E - R
18 0 2RISR K N EEAETREE AR 5 S EIERS - n] R
s 5 EEVR T S S 7K R LS - A BRI AT R
A 5 Fr -

Vol. 51, No. 2 April 2024 +AR/KF] SEH+—% H_HH

75



A SHLRLRE ) 5 CFD 2 R F RA KA R ALK

Solution Methods
Pressure-Velocity Coupling

Scheme

| SIMPLEC il
Skewness Correction
|0

Flux Type

| Rhie-Chow: momentum based ¥ | W] Auto Select
Spatial Discretization

Gradient

| Least Squares Cell Based -
Pressure

| Second Order -
Momentum

| Second Order Upwind i
Turbulent Kinelic Energy

| Second Order Upwind =
Specific Dissipation Rate

| Second Order Upwind -

4 ANSYS Fluent K g £ %<

5 SHAESRAEBESTER

BRI EE R AT ER R - B AR B e
WETERIRTEE T - AKBEAR BB N B BB 52
=N IPAN

1. ViR iiee Rk » By—7TRRE& (Steady) ~ 9% (Uni-
form ) ~ A AJJEEHE (Incompressible) ZIifs » &R E
Fs p=998.2 kg/m® * FiEFy p=0.001003 kg/(m " s) 5

2. MV EER R FIRED - MR

3. il

4. z JAEIINEEE ¢=9.81 m/s? ©

AIIE S SR a EAT T« /K MR Ry g B BE
[ (No-Slip Wall) » HyHGER[EI#EE RS R | & 5 7/
HI3 5Ok R B AT B E Ryt HAR 5.144 nvs (10 81 »
5 A HEEF R ERTTHIT » SRR E Fe % 5 HERDYEER
BRI (Symmetry ) 5 + DIBHEEMERKEE T ZBREG -

CEL S )

TET S R e B R o - MRS S BT E RS
AR - N E MRS E A #AA ] REG G
IR B SRR HE MR . B R BRI » P DA
(AR BRAN IR AL i B - 0 P O B B - R

ZETTE N B AVHSEE 2R S AN B E A » MRS £ R
B (1) FERETERERSEL (2) FERSRETERGRS - EAG A
JotsfErh B E PR E BRI T BAR AL - BE R JERS R MRS
BIRE DG T SR A AR U R D T SR ™ o (KUt -
AW IERS R A R T R T 0 A -

b TRV e S )

GRS EAEAH R ET I NG T R A SR 2 A B
LB ETLK - IEFEENT - M EBENInE RN
TR ERS RV IERE N - (HERE s BB i
FFERFR g o BN o KL - Ry 7B B AR RS
HEHHER A N B - A2E 0 R U AFEER - B
% Face Sizing Y Element Size » #iiiifia/[\/K Nk EJE
ERERE 8 R o EmEII IR B ENER - R
Z BT » Eal AT RS - TEMERERERE
HOW IO G T AL SR B R OO R - PR R R
AN EE -

o AR RS o B e et Y K T - I H
REMLH 5.144 my/s FEFTREHE - FEH Lol CFD &0 » H
3 RIEL 200 &~ 300 B~ -+~ 1,000 B2 RS BOET TR
15 o A K N E AT ZRIBH JIE R FIRE RS BN Ry E
e - 400 6 i -

FHE 7 AT - E RS B 600 B - FHAT
MERAREIRE ) 72 AR - U 2 B i8EY - i 690
A B 940 NGRS BH JTER 22 Ry 0.36% © ExfhiEEE
690 ESMHURy TRABRH T 53 BT AHE « K R#E 600 fE#EHE 53
iz 7 2 10 »

& B R AR BLRH J) 221 R Rk 23T R
KHYJRIA » K N E S 5MEH Body Sizing %5 # H VY
JElZ Gt Kl AHErs 8 -

REMEEINZE D
EmAEK NEE R HERE (Inflation) B
e » MISMEREUE AR - TR RS HERME T R

363
362
361
360
359

-

Z 358

1=1]
& 357

= 356

155

354

353

=§=—CFD

s - 8 -

0 1000000 2000000 3000000 4000000 50000C0 G0D0O00 7000000 SCOCO00 90000CD 10000000

Mesh Number

6 KT R aE A S AL IE

76

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



T Fe B0l i [ ER R A I Ti23E iR, HiE

8 SRR 4afh

7 KT KL 600 ¥ 48>

10 3% Jw Body Sizing /v %
WA B A

9 fE#R4m b

JERTSIEIE « JAh - BEARIE S L EE S E A
11 o DAREIRBESE AU HES FLUE MY B & 8L Yy
T o ARG IHERI TR RIS R R ~ Wy F1
g8 (Maximum Layers, N) o A (18) Sz (19) -
AETE MR ERE (First Layer Height, 2y,) i
AR (Growth Rate, G) » BF>RHIE - ¥ A Fluent 8k
R BV AT AR G 52 55U R R IR T s afaass

y+:puryP (18)
W
1-G"
gy =2y, ——— (19)
99 Yp -G

Hrr o u RS - 8, FZ R EIEE » v, RRIAIINE
— A i BEEL R A PR RN 12+ T " Ry y, BISEA]
ZAL » AIE R RIS AT B RUHEAT < B ER
] AT T N B BRI B TR -
FHIMEAS I 3 A TR B B R B By g
TTERE - B H A R HH R R B A R R B FE
BB - 2132 1 » DARPA SUBOFF Model 5470 2 ##%
#I 1 (Bare Hull) HYRH JJE BafHED & B Bdg - FEAHT

81);;

11 kR =&HE

"1,

NANN NN NNNANAN
B 12 y, T&8

% 1 DARPA SUBOFF Model 5470 # 7 1 L7 B Bk 4& 3 12

wE (f) | #®E (m/s) FEH rA (N)
5.92 3.045 1.32 % 10’ 87.4
10.00 5.144 2.23 x 10’ 2422
11.84 6.091 2.64 x 10 332.9
13.92 7.150 3.10 x 10’ 451.5
16.00 8.230 3.57 % 10 576.9
17.99 9.254 4.01 x 10 697.0

HIEHBEIEN T » & EFEHELIE (Reynolds’ Law of
Similarity ) 1" e

Wk AR IRAY Y8 » (AR Y 3 36 U I
T GEHEENTRSGEDN - ARG N EEE
1.28 x 107 » B#E Ky 5.92 Hiif) SUBOFF YR 36 SR~
85 3% - #3#E#E DARPA SUBOFF Model 5470 2 f#
| TE R Bt e 52 DL 5.92 FfTAA i S 38 17 RS S
G MTRIZR IAEAS I3 AT

SUBOFF YR SE YL 53 anled 13 Fros » EH Ll
T B HAERE R ORI 600 BEEE - FH 22 B LK -
TR LRI e B2 H < T REE A BB - A
AT RS SR  o FRERFREORIK R - ARiftsee
TS HTREEEELL 600 HEMS SO T RIS AT -

B bt 30 ARSI R A SR T AT % 0 DAEUR
SUBOFF 2 [Hifff 3T it S5 O R B4 SR G IR i £ - Ry T RE?
TR B R 55 SUBOFF HFH ) » WSE IR TRt — D 8
AEARFEIHE y- 8 » Ardl o A A I TR BRI B
B EERIH A5 R IEE A - 5 & LRI R dE
FESRanE 14 s > S y+ Ry 30 IRERH 7Bl B EalH
T Rl 5 RIS+ MRS pr 3R c 1~ 5
1120304050~ 80~ 100 5z 300 * #8#HEL > y* 1 30
T ATREA ARG S « #0 - BRI T TSy % 29
T 31 AURRLEEE o RRILESRE - SEABHEC I » 30 FolfE ©

B T Bl o3 i S FEIHEE y HEFH IR ARIFFE .2 7K
ARSI E . TR - B A E SRS

100
%0
Z
Eﬁ 50
(]
TO
60
--CFD
50 —Exp.
g 0 2000000 000D OO0 RO 1 OO
Mesh Number
13 DARPA SUBOFF Model 5470 A% 1 823 [EL 77 [ 4845 3%
-2 qE

Vol. 51, No. 2 April 2024 L AKF] BEH—% E

77



A T H AR A1 5 CFD 2 KT AL A R ALK
== CFD
=Fxp:

29 30 31 40 30 80 100 300

Z
= 83
79
5
1 20
Expeeted p*

14 DARPA SUBOFF Model 5470 A7 fA /7 FE B0 %t 454U IE)

-]

FEEAEE « HEATASE.Z 10 ETHASE SR /K Nk ELEL 5.92
EfiffiE Ay SUBOFF DAIANEIHASE - HEFTRE AR 8¢ - b
15 W50 - FEFEHAEE 8L - K N#EELEL SUBOFF ZFH
JIEZEMER B EEEY - HIELv15H]  EAHT R
IR T - EFERSE L & HET - Kt - SUBOFF
TR v Ky 30 FRFE REBI EERZIHT ) » RIRWTSETEHET
BRI /K N RS v Ry 30 HEITRAEERE - 1]
DITEEARY » DAL ETT RS SR e B e A H L
BRI IS SRART » HASE y* T 30 BUZK T ELAGHE i
alEl 16 Z0E 19 Fis o

AEmEEE

A% S A G B R T B RS HE B
B RN RS e 8 BET E R B -
It RS E o 1 0 B SR RN R A B AR S
Hr#Ets © ANSYS Fluent Bk S A= H » fEAE
& i AR A S0 B40 0 TEA 50 E (Orthogonal
Quality ) ~ BICHERHE (Skewness) 5 -

1A A (Orthogonal Quality) 31 4k 18 #YH& 1k 17
SETATIVANE - SHEEEEA R (4) AR
HOEFEEOAERAE (f) ETIERHE - EEE
AR (4) FIRE T E OB ER AR BT &
DHRERE (6) EITIERER - iU MERE ER
B o IEAEHAAENR 0 F] 1 2 - 8 IEARETERE

90
8
8
s 20

29 30 31 40 50 80 100 300
® Myring ®SUBOFF

B 15 MAKME y $1LE

Drag(N)
=2 LA

=1
iy

=
=

i s AT

17 3 4m B

16 RTREML y+ w6

A

18 f# 3 4w &

19 AT HEAKERGZ @5 H

TREEAE 20 s o 1B CHERE (Skewness) 140 FH
= (20) K lEl 21 FrEss - HAEZAAR 0 5] 1 2fH -

Optimal cell size-Actual cell size
Skewness = ; : (20)
Optimal cell size

— i AR AR » Bx/NIEA G B (Orthogonal Quality )
WAEKIA 0.1 » HEe KHITHERE (Skewness) Z2/NR
0.95 » HZFHARAEANE 22 AR o AHHIERINgH o E &
TEAZHENY Acceptable DAL »

20 MRS GG R TR 1

l Optimal (equilateral) cell
Actual cell

Circumsphere

21 HEARAAATE A B 04

Skewness
Mesh metrics spectrum

Orthogonal Quality
mesh metrics spectrum
1.00

22 AL H R AR A 1Y

78

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



"l i R A I TR RN, B

B 23 RAwERGR ) 24 WA v B iR Z E B 25 REIMRIE

ER)
=
% L
e
=
b
I
P
3
e
m
=B
g |
p
o
g
lwhl'
S
&
P
&
e
B

26 AW RIRGGREGEE

29 AR AR E

IKT & BB A R R IRE B SRR -
DUN B ARWFEA K N - EEWERET] ~ i D(v) = —diagi{X,.Y,.Z,.K .M ,N,}
L ~ SMNERT T ~ Ui I R S A AR R - —diag (X |ul, Y, Vb Z .y W K Db M gy g1, N,y 3
23 [ 20 B AWFEHGE BB CFD Hiig @1
FER o H RIS SRS AR W - tK N BT I =Rk BHJE B BE T 1) R FRRE & IRIEEWT DAS3

M SACRTIRE) BORRE S e - B 20 BURER | UL TS E B T 2 % A KB - 5350
FIEOE R S e - RIS - R DU I K BB AR BRI - LUK
R MERES » SBLFBUK « (FATRERRTRBUIAT L surge SR - SOKIHSANE AL Sy ]
WEIAR T - SRR R @, SRR -
FEI © 759330 P ELSBAGEPETS - I - PR XX,
I CFD ViSRS TR TERE -

u

u (22)
Hrp» ¢, By CFD #EHE/KFH T -

R REIE {3 n 2 CFD MUEER R RIS 2 surge [ H %
LI CFD #afk Pl RIS RIS I8 - B BRI T8 n UK FEE R FRE T2 Mk

Vol. 51, No. 2 April 2024 +AKF] SBH+—% FEH

79



LA S HARE /1 4 CFD 2 K F A4 A 2133t

ARy
Tpat u, |”1|”1 g
T u u,u €
L:XZ :_X“ :2 _)(Ml( | 2| ’ + ‘2 (23)
Tl)xn un |un un Sn
Hrp o & RS AEEE N 2RI -
e 4G
Tpxt U, |“1|”1 €
o ||t el {X” } - (24)
: : : Jualue :
TDxn un un un Sn

X
SEFIERN T E S (e BvME) FETE { o }  H1E
Pl gsst : e

u, |u,|ul ! u, |u||u1
|:Xu :|: U, |u2|u2 U, |u2|u2

u

n

u

n

u u

n n

u

n

u

n

T
U |”1 | U Tpur

u, |”2 | u, Toe2

(25)

u

n

u

n

u T

n Dxn

BEJT A TR B B K iy 2 RN BH 5
K o FERRETK N E R AN - BHOURISS R R &
BT & 0 W] DL R 0 S W 22 8HY T Semnan
Coefficient ; JEFEAIT 21

) (Volume)'”
Semnan Coefficient=——— ——— (26)
Drag Coefficient

Semnan Coefficient 1 7] DL #% % & Fy fd 15 2% =&
(Volume Efficiency ) © &5t RAFHYZK T EEE - FLAR
B LR M E Y - KR e R BH T B Be
HETT TR EAL o MEARBUBORAEAR R R B R T Ak
/NI - R EET -

+=A
=113

BEWTTE BAERREE - AR N ECEBHERPI  K
HHESMUART - SRR OISR ARG K A
RRALEA AT ERERATER G T BR - JCHEGTRTN - R ARE

B N ESMY R TR HEAEDL T - BEH CFD
HEREREIEE 7K NEEAEARN TR > Frsz ik N8 7k
BETI0R % - FHE SR K PR EFE A > FEx o~y 2
JI IR oy SERTAHIEGRE - # - 2 H] CFD Tt it
TEAEFERK N B ARG TR SRS R R (LG TR
R MO DU K BRI ELfE#E © ASCRE ANSYS
FXHEHY Fluent ZHAE » W] AR 7K N 3B AE K 1T IR
sz T ) ~ HNBEST ~ IEEIE ~ e iis s I
I - SELEERE AT IS KT E AR TR BRI
Dl o BN - RAHRIFRAERS ~ ST RIS ELE S U RIFRYTE D
o ATLARE A HAR B MURY KR B AR S R
Bil o SRR AEMEE SMURK NGRS EET T
HIERCFAIGAER - BLRYSMR ERAR R EH RST T E
P CFD #5 $5 Hi %K RE B B 7K T BEL 7 Bt 7k B T 1%
B o IRBAFZBIPRAAER - BT IRER T DIEH
B AR L MRS -

ZENR

1. M. Moonesun and Y. Korol (2017). Naval submarine body form design
and hydrodynamics. (Fossen) LAP LAMBERT Academic Publishing.

2. M. Moonesun, Y. Korol, and H. Dalayeli (2015). “CFD analysis on
the bare hull form of submarines for minimizing the resistance,”
International Journal of Maritime Technology, Vol. 3, pp. 1-16.

3. Thor I. Fossen (1994). Guidance and Control of Ocean Vehicles, Wiley.

4. F.X. Song, L.H. Zhang, Z.L. Wu, and L. P. Wang, “On resistance
calculation for autonomous underwater vehicles,” in Advanced materials
research, 2011, Vol. 189: Trans Tech Publ, pp. 1745-1748.

5. FR. Menter (1994). “Two-equation eddy-viscosity turbulence models for
engineering applications,” AIAA journal, Vol. 32, No. &, pp. 1598-1605.

6. F. Moukalled, L. Mangani, M. Darwish, F. Moukalled, L. Mangani, and
M. Darwish ( 2016). The finite volume method. Springer.

7. ITTC (2014). “Recommended Procedures and Guidelines: Practical
guidelines for ship CFD applications,” ITTC Report: 7.5-03 02-03.

8. M. Moonesun, M. Javadi, P. Charmdooz, and K.U. Mikhailovich (2013).
“Evaluation of submarine model test in towing tank and comparison with
CFD and experimental formulas for fully submerged resistance”.

9. M. Karim, M. Rahman, and M. Alim (2009). “Computation of turbulent
viscous flow around submarine hull using unstructured grid,” J. Ship
Technol, Vol. 5, No. 1, pp. 973-1423.

10. EERAAEE (2019) » T VERSRH )iz =HEBUE BB B R SRR S R I o
BT 37 BRI BRI o TR B R B 3RS 0 5 1-93 H -

11. H.-L. Liu and T.T. Huang (1998). “Summary of DARPA SUBOFF
experimental program data,” Naval Surface Warfare Center Carderock
Div Bethesda MD Hydromechanics ....

12. K. Alam, T. Ray, and S.G. Anavatti (2012). “A new robust design
optimization approach for unmanned underwater vehicle design,”
Proceedings of the Institution of Mechanical Engineers, Part M: Journal
of Engineering for the Maritime Environment, Vol. 226, No. 3, pp. 235-
249.

13. H. Schlichting and J. Kestin, (1961). Boundary layer theory. Springer.

14. A. Inc. (2013). “ANSYS fluent user’s guide,” Ansys Fluent, Vol. 15317,

2498p. E%

80

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



S AAHE B AR RE R 2 FI R R

DOI: 10.6653/MoCICHE.202404_51(2).0014

kA e

G #IZEA

R ki kN EAA AR > E & T

FIRERGELTES BN ERARNILAT » B

WEHL  FRER R BRI S B 5 3B

EHIMAE (X)) E 0 WZRAAS » 2ot 2H HHARARAER L 2> ARREAARL
BIRER AT 0 FHILHA BB R L SRR TR R EE 0 AR TR RME (BRE) B
fERAE TS BRI A sk RO AR o TN T TR LERKRERAETLZER
BRERBE  BATRECEERRERBMICEA L L HARSN  Bikk@ErF4 — Bt aALs
ik o VAR 2 0 WO B H AT R o AR AR L 3 R MR B R B B R R AR Btk
¥Rk AR FHARZAEY & — 5 HAFRE AL R AR A B AT E 48R 5 IR A
VTR BAMMERE B EPIRERBY RN BT RM R R A L F LS AT AR S Mk AR A

FHERZ5H -

Mets . UAV > TTRERAE

AR ERES RN
T IRE AR I E 1L % > Bunte and Abt 1 $f %
A T R3] PRE B A% - KRBT @) T ek L K
PRI, W - Hop iR ) RO TEEE EE
BRI (BB 1mx 1 mx 1 m) EEREEAEETE
Tt et EE RG] - BB R S E = D E
ML SEEERAR SR » HL 38 B ' Bk B 25
MR 5 TR ) R EENIEAI IR T DAERARHEH
BE ~ AP EHIEE - REMG A SE B U7 ARG - TR KX
s HGEE AR T EITEE LB R SRS R E
RLAR o3 - 78 DLA R BRI ~ scis Bl Ag 1T/
TS SRS RSP Y5k - SRR ER AR 1 - 2
1 R 2= B G 7 S H 2 I B e B T IR R AR IR

* W AAEA 0 tthan@wrap.gov.tw

AR AR RSB L 58 M OO - R
TEF KB R G AL SRR S B g - KIFA G
BIIR » RIARERRAL T — BP0 H T SEr A 71k -
o e B IE BUR A SRR A A T = KRBUFAE
PFERFMIUE - BIEBRERE K AT] ~ R E R #
B/ (RERERMESCE M) B2 MEALEZE
K I TR B K R A S R - AR RS A
AT EL B Jre » R RE B B B O 2 T BRI
A o [KIFERERE A FHR 2 DU A TR ITH# 2 (Unmanned
Aerial Vehicle, UAV ) 17138 2% [ $8 A7 R Y 5245830
# - I E EHEEr&EH (image processing) ZRFH
FERIAOBRES » 4% EH g G FIRE R AR R B et 43
AT AR T B R AR o AR 1 - B T —E e 2 H
S RCERAIE R R I A TTE - FEAEHEEZN2E
Bk 20 RS T BT E A - el A AHRA S -

Vol. 51, No. 2 April 2024 L AKF] BEH—% E

81



BAMIE R B RN TR E A FIEZE A

&1 RE@FRET FAFHEILE

g W # K IP  FAk 75 T e AR FR A
e (Pebble counts ) ( Grid smapling )
. 1. AR SE R AR 1. EAEIRAR
4 7 3 ‘ s —
ST 2. AR TR 2. BRI
FARF A | FEMEEFX > REAIHRTWHELE kR PT R AR B T 094
A @A MEREE > TE 100 m’ AMENEE 41 ~10m’
I RNLIRE =0 QT = N 2 iR G o iR R
. o MERERGAEEN & TF TR EFH

A B B HRIGAENFHE ’ \Eﬁ'g\m/‘\hﬂ‘ &5 — = =

THHM | ASAEHEEL TETREEH WG BRI
HESE H R IR - RECTERSILL N BRI R - (1) fi ik T ek

& R G AE B AIHRES 5 (2) SZERICHEA B
ML R B TR B HEE AR 5 (3) DUENT
Fes DL m i e AP HETTIRAS - AT B AR
REfRTT HAMUS » 2 rTHUCHERSER 2 (4) HHEANTSE
L HEA R DARZ R HLEZIF AT R - BT B
BEIAFEESE R T (AUKSCREA BN &M S &
K THAZE BRI RUKER/KIRTE) - MAFE—
SRETS 5 (5) KA H By FIRRE SRR BG 2 Ty i ) - L
fEREBE A 255 5 (6) AHBRSUIRE NI TE - B
ERITHERBRA G - HEA SRR -

REBETE — PR B BEEFTHEFI BRI > By
G ZEAE R ZOR - SR — Bl F AV EH TS (60 m
LUK ) » B R A S ARSI RIS ~ AN EEEE A1
FHZEE ~ FHAE R RE/REEIIGET - 22T BB A
B DU A (RSB IEE SRik ) AHBSE
TERERE Lhlg - B FOR P BLE I 1 - TAEvREaE 1 -

AR TR RTE RFIIFRIDER

=
TL.=1a% A&

AZHER DL Autel Robotics 25 H] B H 5 HS & i
EMmAN (152 EVO 11D Kfil - B 1" CMOS s#Z14JK
HTeft: ~ 2,000 B H AT ME RTK BH - HRIBILIEA
WMERE T E R BRI R REESK (a2 mEnE 1A
STHOMEIE AT RS ) ~ IR TIGEN 2SR ~ FRMUEH
RS R EDIRERR ] » [R5 S PR IE AH AR 8ok T
VISR IR T1IS AR 30 AR KRS0 AR 5 =
T S TR E ST -

FIREERBSIE R
FIRBHIRBATER - R AT SR MAE T AHERDE -

v

A B LR AF (T HiTHR)

& YT i i #:

B 3o
SRR

fiatimei = [ emaa e S
| ! :
| @ o )
|| it || RRBERS ) ——
. [ : / BAMK
L £ v -2 - '
| | T

|
| zmsta | wmasag _
: i | H MM AR

FAE 1 b A }—} R et

1 THEARETE

REFHR R B - ir B RHAIREI SR
EREITIRENE ~ BRIETIAE Y » WeAEE A Ko
AT R B R B PE ST 1) > #5% " BASEGRAIN
ELHASHEH] - BASEGRAIN Hifiif - #R Bk FR B T 52
Bt (ETH Zurich) 7KFIZKSCRVKFIFFE2 (Laboratory of
Hydraulics, Hydrology and Glaciology, VAW ) Z M. Detert
and V. Weitbrecht f* 2012 383 . T B H i 5o 5 FBE
HCHE ¥ DU MATLAB By BRREEE N < P15 ) = A T
H o FIR SR g e frmd e e P e TR oA

IR AR

FoBmat 22 PR nl SEE - ASCER B A ek
R (BREGHEIIEE R ) AR ECEIT IR - Rte R

82

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



T ieiirhz 31

MR AR R A A SRR - BB BT MR = 2 10
DR x 10 2 RK/N » BRI e 8 ey 0.5 &
R (400 {EEUEEES » 5E © Wolman B WfF5TF5H - FRE%
100 FERAEAE IV EREE J71 (pebble counts) A E{E
FFER BRARROREAE S35 ) A6 ARl — B E LT - A0
2 ElE - DIRHE A Fyi A= g 2 -

ZEFIREEL 5 3 R PIANSEHETT » SPSENHEETT
MR (PREEHE IR SRR ) Al - Se#E1T I €20
LGS - IRIEERE = s (15 AR 30 AR
50 AR A —BITEAETTION - NSEEITRG
WE ()~ RGNS R B (IR RS b s ) ~ A
BASEGRAIN #£17 HIBE s dgiid %2 B B - DL Rz AR 73
iR - B ERARANE 3 -

10m

A
v

JdJ

A

10m

B 2 10mx 10 m #FAk 56 B BAEAE A+ & B

bk [2F 3
$1k
ik
SR ﬁ&&ﬂfn
v
RPEALAS
ERIL
FHiER j

AL AR A

3 EIHEFENI KA F A

PR ERIRES
RiGnelEIE

HE R RO B W BT - SEBFERIR DA B
ATHE AT PR B B 22 i T RE e B B Ry A R 1 5
Fo 2+ PEVE/KERMER I 2 _Er EORRINT - 55
i 8 I (RS A~ G) - AlE 4 -

1,500 Meters 3

0 375 750

4 BARBAREAL T

RIS RTERMMSREAR

A E B E I E A - RIS i AR S B
AL - AR AR - FURRCRB R A R 5
BRI RE TS -SSR IS EBUA LM - ELHR A
11 + BUERAERAAENT - A S - TR TR AT
FIRERCIAEE 4 ~ 5 (SHUEIEATEE (GSD) -

[ | s
w0l ™ ||
— k@ ALEHE
@l ——Baselrain_15m_dry i N
: & || ——Basebrain_30m_dry } \
4 0 [ ——Basebrain_5m_dry \ N
£, — : W\ \
‘l/o ,
0 h L] \
N N,
-1} ¢
NN
0 f————— ! AN \
D NN _
1000 100 10

48 mm
5 BRRIHEZRREESHE (MREE &4))

Vol. 51, No. 2 April 2024 +AR/KF] SEH+—% H_HH

83



BAMIE R B RN TR E A FIEZE A

|

* H=15m

A H=30m
@ H=50m

@ average [T

A
] E\'j

0

8
S
»r

R 4 D mf e
N

10 100 1000
A mm

6 &fim-PFHHE (D) BEG@EALREERESHE

HDMEAR R AR (HIFEERER ) T8 R A ME R L2
FAFIRERR LR - SR D, BT - HAfiE 30 m»
50 m S EE RAT 10% ~ 15% Z [ BARR
RIS A v B2 - e 15 m SEIgERE 3
# 42% » BRI B A 2R A ST A R Y
EEWEAAE —EEE (30mBlE) R SR
RIARE A B2 i - H D, R RN B RE R B
b (BERUER) » 4kE 6 -

KIES 2KIEER

HOR 3T T S P A T il ] K N 7 - DR AT 1 B AR
o BORBURE TP DRI - HRE R AR
RIBEANEZ AGIRRE - BLEZ IR R LG - Wi 2 AN
B s 22 SR s EE RS G S
(R B EE TR ) - RO ] 330 AR H
THIE - 2 B S I W ol 5 e e+ 3 P A A
W iE A DHRE T EARIZIRERSERIE 1L - 4NE 7 -

ARRIEEIFE

— R E IR - JRE T e R A A
FIRRRTE D - BB (R 30 em 1) » ASHCK
Rtk - AT TR VRO - 06 8 - EER
FURE I B R AR s B T+ RISE AU AR s %
AR EREGIRIERR (R 1 m &) - RS
B i 15 m DUR TR S Rl MR > 30 m
~ 50 m AMEEERYEES TSI » 206 9 - IBEE A aIRE
P EERIEN S A= T -

RIKIFIBR

BPTERIE R T IR'E - S AR B /KA
IREITETE - BLREALGIRDCEEET T s s bRl iE 2 (IR RS
festgse) - ARSI o D AR A R AR RS BAF AR S ik
FIRRRERLIS D - MEATHER FIRE B S LA % - Bl
MR AL - FIRERE R DA —E AR - HRE R
BKERAIN D BORRLAEREE - (hiERE R T8l

7 mEEAR R SR B

84

Vol. 51, No. 2 April 2024 L AKH] HEA+—& H



T ieiirhz 31

R 1% H=15m

9 FARMARFIRE R R HAK G

T IR R R T - B ERERFIARIAE (BERR ST Bt
ERLER )+ ANE 10 > 737 TR & A TR
AR -

ETE A EER

R AE1T 29 Bt R B 22 HaAEE A - @ E g KR
BEFTARAET B R RSB 23 & 24) @ RRAN{a]
TSRS R B E R o REMURR AR E S TS 22 F s R
% EITRE N ZEIRBIKEREF (2 E T
fit (AkBiRR ©) R RAGTE IR - R
i B T R B % 25 AN e (ZoneA Jz ZoneB) s -
1GE 11 - [FE A BASEGRAIN #K 81T HIRE R S 2047
PRIETS EI W B A R P A R SR SR AR S BT » 2lE 12
el 13 o

34 Bh A FE 1% R 3T
10 3 KIRFIRE R AR L

Vol. 51, No. 2 April 2024 +AR/KF] SEH+—% H_HH

85



BAMIE R B RN TR E A FIEZE A

Zone A

Zone B

8 12 Zone A & Zone B #:48 F|FE 1 4 %, R

PR C AR

B o i 2

AW 112,08 25
WEdt B (GSD) ¢ 1. 09cm/pixel

GBI AN - B RTE RELEAZR
i

T
B  Toned

o Bk (THDAT) ¢ 215435, 2618860

& 44 (n2) © 1186n2

i [ oo [ peo [ oso [ mao [ pso | p65 | 075 [ 090 | Dm | Dmax | s

2Rem) | 4867 | 58.52 | T0.8 | 82.34 | 92.58 | 115,07 182.36] 180.11 [ 106.12 | 724

10 =
w
»
% o
B ow
g
i
)
% »
o
[}
::::: T
#2 f mm
B AR T

wimam 1120825

RITAST A 200G (AR RII) - BB HITR B

A A (GSD) © 1. 00cm/pixel

E 3-8 S FCEEE A N

Ab

iR Tonel
g A% (TWDAT) & 215465, 2619145

o (m2) t 1751m2

[ | o | pzo | p3o | D40 | DSO | D65 | D75 | DSD | De | Dmax | @3
afi(em) | 86.7 | 0770 | 108,76 ] 119,82 | 132,67 [ 159,63 | 177.6 [ 23264 | 146.3 [ 724 |
0]
L]
£
g "
B w0
ﬁ o -
# \
$
% \
\
x x
] \=
‘ 100 -
# fmm

13 Zone A & Zone B %148 51 wh 42 18

+=A
A aM
1B TR RIERAARHE - B% LWEE s

K FEATHE R T LB R LR - ARG T (RE S SR

FARERER AR (BRI ) HEETTHERT » DA

SRR (D) ME » Mk 30 m ~ 50 m (i fE

MTEERT 7 ~ 12 mm/pix ) SEXIATE /3R 10% ~

15% 7= FEHERERS - EURITR o0 ff b S4B A R i v

o VRS ESHEREK -

ZEFHFIRE LA IR E & e/ N AT AR R AR ST/ By

iy 4 ~ 5 £% GSD (Ground Sampling Distance ) ©

HNBSEBBGEE  BREULTH R 35 Mk

% RIFER MRS DR TR F BRI R e B -

(1) MHEEGMPRIAR R (SRS =A%) - B/
P E R B KR (RS REEYE
i) -

() RPN EARTERIE S - BRESEEERE -
TG R

(3) TR BARARAT B - i 35 i 0 00 ok 25 A TR /K B
°

BRI ST E RS B S A S D Re e AR (&

HOEIE 1" CMOS BT ~ 2,000 EEHR DL E#ET

FERBEEEIT ) » TIPS LA T K - HERE M -

- E IR Rt il A R G 3 SR~ R AE A

% BB PR o B R - N (e -
Bz G AIRE R RN IRE A - A HEN
3~ AR R LA M AR B B AT
REE SRR A YRR - AR — PGk -

SEN R

1.

Bunte K. and Abt, S.R. (2001). “Sampling surface and subsurface
particle-size distributions in wadable gravel- and cobble-bed streams
for analyses in sediment transport, hydraulics, and streambed monitor-
ing, “ General Technical Report RMRS-GTR-74. Fort Collins, Colo.;
U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 428 p.

ATERBERSEZE B UKL RFE (2019) T A A ST G

BEEJA LI 2 RS oA AT IR | -

. Shoji HIRAO, Toshikazu AZAMI, Makoto YOSHIMURA, Yuuki

NISHIGUCHI, Sarii KAWAI (2018), UAV #iz i ALE 2 L AR
JE R 53 AR (2 BE 9 2 SRS - ) [ BeflirnsCel » 55 24 %5 -

. https://basement.ethz.ch/download/tools/basegrain.html
. Wolman, M.G. (1954).“A method of sampling coarse river bed

material,” Transactions of the American Geophysical Union, 35(6),
pp. 951-956.

- REFFERFIZR R BT (2007) - T REHEERSS T

i D SR s - @\

86

Vol. 51, No. 2 April 2024 +AR/KF] SFHA—% H A



h bR XAk — Al
F T 2 HAR T AN TG R T L RKRA | AT

H3
A EEA T E L AKF Tf2LE

"X RAKRA] AT

?%@B% AL :
(BB : IO 0513 O514 O515 O516 O521 O522 £ 0%
(6H) (8H) (10H) (12H) (2H) ((4H)
FIEGE ( %;f?éﬁ) e )
H@HAE EI : *El{q: ]:E{\nind-?t*nzgn*ﬁ ’
He 60,000 HE  BFRFEREFREEGHLEHE -
”"Ej’g ? 80,000 ~
’ AR ERFFEH TUEE
HEAH
P N 50,000 o
Be K A &ear %‘Hii%-%/%
A A
HEEHEE | 40000 HATFIE i ik
NE2H
e 30,000 Btk .
(EX) L (FHFHEAFE)
AR
NEEH
* & 15,000 =x
(%K) ARA
NE 1/4E MW, HE :
%ﬁ@ 8,000
) BB THA
394 ER 2 .
i 40 E 85 W

FRAESTRI4 AL AAPE EARAF TAZLE  EE 1 (02)2392-6325  email: service@ciche.org.tw

98-04-43-04 BRI e G RE O F#kAH /f" EH @A )
Y Y Ak Y - 5, «E v
. * Al E g% o fa | O FHE B EG AR
g 01003067 8k B B R A O dE
(hE) i3
@I (R K 75 2k A7) K gg
BT ~ S 2 A2, A
H AR EAT B EARKFTAZER | 8
g & i ‘ Z
O %458 8 5% 1,200 o5 % A EX
O#m@ae E% 300t g3 %
% *
4
TR L AR — A
| h o | OO #
O®EN - EARE #4300 T
OEM - EERARMER  #5%1,800 % %
A% kF_ e __smuwan__p | ity
&
TR B LA KM — Al | © *
3T | TAEEEF] » —FAN\H) > \s
* 22 3 B e 2 20k
O®n - EAE R P4 1,600 L2y e v
OEM - F&EARMER  #4%3.600% i
OB - A (4801 }‘,3‘,
O B4k - #rE s £42007% W’
Q% KBk RMST___4 EN
BB NIRRT W




RSN =§5E P
CitEPEAPRBIEAKFI TIERE D
TR FmiamE
3 %
wmEg
% B O %@ A 4% 1,200 ©
@ B oA s _
O A4 e 8B 4% 300 ©
EIN o)
B oA HEAE |,
T ?j;? STRAEAOKRI AT - — 27
O VISA g |DEA - BARE #4300 T
+ #]| O MASTER CARD 244 |(OBR - FEARARMERMN 6% 1,800T
0 JcB ME Ll | AR _BF ke FMEAT_ 4
W Fe s
&R FF3 FRIE |, ,

T S lomemeknTESH  —E
JR % e [OBEA - EARE # & 1,600 7T
% = — A (O BA - G AZKB MR #6 13,6007

Bhex — (O A - A £4807
s ROT & 01 sh - R £4200%
R A/ A% BF_dae LT 4y
5 R+ % 4
G RT3
R TR
B B A B4R A ¢ (02) 2396-4260 %, email © service@ciche.org.tw
©) & 15 s B 3E 1 (02) 2392-6325 FERR 0 |
N\ r
B R A7 O IE HOEF R A E K
A

— WRIE S P A RFHRAM L B S M o A B
BATEEZ G HHARIEAT— REAN -
— s AR EFF T %

N BERREVALFEGETEAAL BRI E AL B o
BRSO AR BB EE . Z AR FIBRGEREETING -
‘ . w9 v ARA AR ARG SR AL AT XA o
= de SR B ARG o ABRARLE TS  FAE RS -
B o 3HAR M ARIIE A O NOARGRBMBEEEHILRE AR BRI EETERF Y
Wz AW TG &b BoRPFARERE  EMXFARELARRE TS
B R IE o *Elf:fr: WA R SR RBHEFRALIREEGRZ FRE
= ME o AR o
Z ARKFEEALEA BT £t REZBERFEELAMFAFZAHTEES -
G R NP RALETATZGE ) BT R (T) RIS ATHE B

Bk BoRS N T
R HARIE 0501~ 0502 &3k 0503F4RAK  221281# RHzei

IR R N S

R L TE R B o
A hEER S E 600,000 & (1005k) 94.1.210 x 110mm (80g/m*#£) &% &4 (34 K)




(} EETEITGA

. = S,
1€ ENZINCCTIN

F Pl o A e P i
Al il il o B o o e i e )
o ' -

Clt

I
N e 7

.1-
*

e
oy

T =20+ 1 ome 1)

a2y 4
7

A
i

L
Frrd

CEFFET TS

FTFTIFIIIIYS,

£

3

I'!,_.h
= <
& aF G F T E

- =
-

;
I A

5
L A
"
| N
f
{E
'
A
A
i
I\

N

(L ESET LT PR HE

YrrEE
“F- 40 2

\\H
ﬂ

|EIFFSTIFIP,

o EE TFZERERERARFE ;

22 &2 natE L IEnaiais et ints FEEEN X R VH BETT (R EE A T R B S A T Al %
TR LS AR S EE X EARTS Taiai = BE /) a1 4 A fmsHan A T BB S Ard%

N ERIZ LA Lt eLBa EE] -~ axat » 2 EEYAERZEMRREI T HA BT

L2
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

TR TAZRAPIARNE | AT TR RILEELRT | A A 1997 5 (B 86
W F) A HIEREZRPR L EH ERRFRERER NG R ATRKRESRIELE 0 A
V
\
:

i )ﬁ 2001 S+ (B 90 F) 2Bt sd ' BRAK TAZBFB A RAE] |-

5jk¢jf‘ 28 KRR IR IEREMFEHI 0 R R TALR BB (ERFHR i

O ek A8 R R EIREEE)  THUEMI AR ARG L R AL A S T A
SR R ERMA BT . AR AMEGH MERMBER TR S TMBSB R &
L mkEEsaRm et 6 TRERSEGE - F -

| J? | A A AR AR A L RG> FHAB RS BR N5t B KE L R T 4240 H
) | | AL GERARTSEEABRNEREREREATRZAMAL S EZRR L

o By BATAGBBAR S 20 A -
o RAVERE— B BT H RGO TR GRS Y RRKW BN e 4E 50
e,

IR A — A8 e N &AM 69 TAE 479 ©

5= TizERI B IRA A

ol * 403 8 AR BILE 113 5t
Ban - 04-23782158 &8 * jh889@ms19.hinet.net




O

Sl
-

Creativity - Excellence - Conservation - Integrity

CECI

SENER

= IRt R

BALZRIEISHEZES © SERBHOK T LIS -
SR E - SEIRE » FUEEETE T RAVREITT
B E—EETS HESHID ~ BAIRAYIE -
yhERtE—EREnTs

i
THEEERABRAE]

2411491 BRI E132355%
Tel:(02) 8797 3567 Fax:(02) 8797 3568
http://www.ceci.com.tw E-mail.pr@ceci.com.tw




	DB5102-封面
	DB5102-封面裡
	DB5102-P001-版權
	DB5102-P002-目錄
	DB5102-P003-莫若楫博士 
	DB5102-P008-專輯序言
	DB5102-P009-專輯-臺灣海峽離岸風場
	DB5102-P018-專輯-離岸風場海床
	DB5102-P024-專輯-離岸風場大地工程
	DB5102-P029-專輯-我國浮式風機繫泊系統
	DB5102-P036-專輯-浮式風機-臺大浮臺
	DB5102-P042-專輯-臺灣西部海域
	DB5102-P048-專輯-砂波對於嵌入式拖錨
	DB5102-P055-專輯-離岸風場之開發
	DB5102-P059-專輯-沃旭能源
	DB5102-P062-專輯-應用混響衰減估測
	DB5102-P072-專輯-基於計算流體力學CFD
	DB5102-P081-無人機搭載影像
	DB5102-P087-劃撥-雙面
	封底裡-駿宏工程顧問有限公司
	封底-台灣世曦工程顧問股份有限公司

