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Study on Flow Resistance through Vegetated Area
Student: Cheng-Ta Liu Advisor:Keh-Chia Yeh
Institute of Civil Engineering
National Chiao Tung University
Abstract

There are two types of the resistances of the vegetation: submerged and
unsumberged. This study focuses on the submerged type to investigate the
influence of different vegetated density on the vegetation resistance, the
variation of velocity, and the variation of drag coefficient, Darcy-Weisbach factor,
and Manning’s n. The cylinder is used as the model plant. This study changes the
effects of lateral spacing and longitudinal spacing, discussing the different of
the flow rate.

Because the flow is affected by the vegetation, the flow field changes
rapidly. If the traditional single-point measurement at a time is adopted in the
experiment, the variation of the velocity field in the vegetated channel cannot
be obtained completely and effectively. Hence, this study adopts non-intrusive
color particle image velocimety (CP1V) to measure the vertical 2-D flow field
in the vegetated channel. The CPIV method uses-Argun laser as the light source,
the PCAOM separates the lightinto blue and green lights and they form a light
sheet after emitting on a Totating eight-side “mirror, the CCD takes the
instantaneous images of vegetated-channel flow field, and then obtains the
velocity field through the set-up of interrogation window and image analysis
Except the CPIV, the study makes a moving platform (Yo-Ta Chen, 2008) that
is connected force gauge, act as water and flow through this platform,
vegetation it influences to be dilatory, force gauge read value (N) at the
platform. The result is exported by the computer, examine the resistance of the
vegetation directly.

After measuring the vegetated-channel flow field with the CPIV method,
the vegetation resistance can be calculated and be compared with the value of
the measured (Yo-Ta Chen, 2008). The results demonstrate that flow resistance
is greatly influenced by both depth and velocity but that the effects are opposite
in sign. The drag coefficient increases in only a slightly nonlinear fashion with
the relative density ratio (total vegetation stomatal area/bed cross sectional
area), but Darcy-Weisbach factor increases in a highly nonlinear manner with
increasing the relative density ratio, so does Manning,s n. Expect there are
effects of the lateral spacing of the vegetation, the longitudinal spacing of the
vegetation can also influence it. The less longitudinal spacing is, the bigger
roughness of the vegetation is.

Keywords: vegetation, CPIV, vegetation resistance
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gep g p



QLI e B H FH AL LS Fr 2 @ F L MOLBY) BFH- 4
5k G T o SR B RN Bl £ 1 IP&PRIFE EE L R
PR T QL B EEARL A BAAEF 0 - 5 R kA
A §32BP W irPifedr ¥ - 5" IP&PR F 3| 4 £ &
TR - BREY > Z R l%xneyaﬁﬁ‘ﬂi’rl_“ E RN R Y rd
S T A o ST R PR AT OTATRAE - Bl R F i
@#@d 5 MPEG Rt % > fi‘ﬂﬁﬁ'— Do Tow TR 3B S
PIV # Z|%r2_ 22§ BB > “,ﬁct 7 MPEG #.# > ¥ 3 DVD(MPEG2)%.:¢ » ¥ 3
L IR ERR
BB B 1t A R o RN BB B 7T 4P
MEnes 7 NERIHELE R AT PR AT T RBREZF S
N=2"> N AR & % 3B g ag Poid & 2 F @k (FFTHE 2 3 g Mo
fcoPIV RIZY » ¥R *ARERIF2Z pHETT M H I TIHEH o
WARAFEZERFLIR LMo afs - Rk R g2 ER
S
SR REER
ARSI R 0 MR T 5 A#HDIT M T E 2 2 (cross-correla-
-tion algorithm)#t & iZ.3 @& * & PIV &35 2 6 » 7 4 4H4p M Sl 20 0%
¥ 4c 12 i3 1t s 4o Keane and Adrian (1990)~ Adrian (1991)~ Willert and Gharib
(1991) ~ Heckmann et al. (1994) ~ Westerweel et al. (1996) ~ Gui and Seiner
(2002) > * Al * AR PE - RE2 ARG R EE > JI* AR DT

w8 =4 8 (displacement) - 4p B S0 ficE o Noer

M N

©(m,n)=73 > g,(, )-g,(i+m, j+n) (1-1)

o omn)stab B2 \BEfFA 2 g,(, ) F g, ) = FAZRE G
e d 2 RREATFRE S A MxN(pixels) s i%j &3 R F ot 2



Aded T mEniitw it el 2R A Eo(m,n) kiR i
CERBHFF)FE 284 FEFRF -

@ % CPIV /% & 47 ¢ f,’ﬁe;fgsi Fod BB G THA G ED PR
ZAF AT NSGRR AL B EZ RS Y T AP S8BT AT
# 3 E K % (interrogation windows) p B 2k2 =4 € (Willert and Gharib

1991)» H = g8 40T

.(m,n) =§:i|mdl Je[img(i—m, j—n)] (1-2)

i=1 j=1
¢ imbzimg A wiES 2 HI RAELSGEZ B O, (m,n)
RIS EE B E A B TEZETAEHBE IR JEAERH
2 A4 B O MIN G R <) (3 = pixel) mZ n G imb 2 img & #h %
Gdhz = E > F (i-m, j-n)alimg Eimb 4p iz (matching) e %
N FASH

1. Nogueria (1997) 4 %+ E3R4s Ferlicie ¢ FLF & 45387 A 4 7 & 1L nid

BB &d A7 doim 28I E TP Ml X573 £322 % & 4
1] fl}/_]}_ o

2. Huang (1997) # % PIV # i K o » A fFptic Ba &3 Hd
& 7 39133 £ (root-mean-square) % i 45 34 (bias error) b I HE-pt = L
BB R

1-3-2 fEALEE 4P A

Petryk 2 Bosmajian (1975)4 7 KiF | ** & 3 a4 3 PFeng B n & o
g Bl T EEEELT O
C
n=n, 1+ﬁ(£)sz (1-3)
20AL n,




PR kG TG 28 Bkl Cired il ACERERF M e

B (M) 5 Akt a%Te & A (m’) s LiBE £ R (m) s Rik4 X (m) e
Kouwen (1997) £ {78 $ BF %A 5 » H37 $0 k2 & &5
0.06~024; @ 7 7 0 {4k 2 § BB 5 0.01~0220 7 7 $ 0 AT R % T

AR Z F o EF R AT FIP AV P ARG AR 24 & T
2 o RiEHTE BE

L
Wu (1999) 1* B L7452 RAFT > AHFELHEL T ke oz

7

fi Z_ %2}5‘30

BRIk G T2t Rl o BT HEi A G R IRAM G

4~

IR KT BOEF KRR e Gl {1 RARE LR AR
fete 4 e (k) VR DA ok RZ ek Rk o

C,, a (VD y el
c.m |lv.Dslebmee (1-6)
D1 27 %
a:nﬂ,a::%igg 0.8<k<2 (1-7)

C&_f.hﬁk{JLf (1-8)
C:I'Dl m1/3 V2 m2/3

" 2

Bem 05k (1-9)

Juha (2002)i * 73 ¥ (sedges) ~ 7 ¥ % & ¥ ¥rati<(willows):E (77 2% i¥
PR RAARFEPEMRZLGE TG EREINAEERTF o I KSR
Darcy-Weisbach = 3% 2 B % #ie() 2 3 25 8c(Re) ~ i ~ RIF ~ dp ¥k

Bz B enhf oo 8 350 B 5P 3P 15 BT Ok c BEGEEF T H

B < n L o %0 REPREA ) B ES T o R R 2 A
R R S SRR S I AR SRR LRt S

EUERIA o ST R R A Ak o e b e E S ik o dp et

5



AR BERGHE B 238 o

Stone (2002) 1 * F EA LB RE R RIRIE T %R P R R
2m oo PR F AR IER A AR h RO HEHRE
(o AR AN T r P A 0 P RS SRR 2 T
i o A GRORFE AL R S ERE S AR

Wilson (2003)4]* ADV (acoustic doppler velocimetery > %4 B
BIVEET A ALY B R kR Y IR AT it
PIlmEfEAEa- X Y aEEAEHF AR T LT FIAHFA

9,z A A5d F oh 5-RiF ko enFins F i3 X p{E4s

A2 BE o AEIER (@h)> =240 T4 M E A i ER >
m 60~70%2 HoRiFFR > FingEm d L3 BEARE - FRL6 (R
B AL IR R A R X Y AR
Foo LT UEMPIRENLRE B R <2 T B I A

TRINESHECEE IEERBHA R TR TIH0E T o
2 ERWE S L hEL iy o
Armanini (2004)F]* - p @+ EpRE > Bk Gk E 0

Boie @3 R E A Ak e Q:T‘(E,=%/)C AV )| 85250 e 4

B T 2 TG MR SETREE AT HN AR 2RI
R¥ 2 B P o fE A BT 3aE 2 T 3§ AT AU A ARR LR
TR R 0 Arpt Rk T 4T d e (Cp) 0 T RK RS R dkIT -
Vil md ARG FHEHREAETERRE " S R 2RkY 245 0 24 &
T3 BT A AR L Rl 5k T 0 R4 G R e
W sty ALK %o

= (2005) fe* 429 FERR Rl 2 (CPIV 2 ) $H4e 24 B i3
SRR R 2 B R R AR e FREAEIRA



AR RHES RAMRER G 2 B B2 PP HRRER
L AR AR PE o RS AR S A L AR AR
E®nids 48+ o HA R0 5

n = 0.004e"%™ (1-10)

He on Sk RE M RAMA > Tk E KA §F A

Carollo (2005)*t & & e % B ¢ > | * + 72 (Kouwen’s method) 4
TR R A o TR Y R T B S R P
Dl RSB T Bfod R 2APWER > I FHREGpRE T 2 AL

2o RIS R JEARIE A SR AL R R D R e o KR R {5 AL (<S50stems/

dm’)fe 4 %z BEFT T A P4 T g A B AL & R TR

. o o uh, ., o,
Lo B A 4 TGS RIETFE S Vsmﬂafg‘o

Jason (2005)F1] * + #f (bluegrass) » #¥ i % (centipede) ~ 4 % ¥ (zoysia

grass) ¥ 7 AL TR AT R Fat R 2 & % E()E T 3% £ E(VR)

Ji

2 ARRE W AR > T & 3 X (Stillwater) 2. o AR AP 0 P = fAfEAR

LR REET AL R OB AN A R K Y LHA

N\

5 (2006)k* 45 ¢ TR Gl 2 (CPIV 2 ) ¥ 2 B iy
e FRR D AR RRRAE FRR AR KT EE KT
WA A e A RRE A BEFIAEIIES
PELEREAEPnELLE - 2 RBERHREETPH
FHEREA S PR A BRI A EF R R R

Pt BAEA S 2% HARTHFEREL R EIFA TI05
EABF2Z B4 L5 1181% » Flpt > aMERS LG 2770 o

L’r

4

3%‘?:
=1
s

=

B ok T

rI.

4

i

Fr

[

‘:mk— “ml\
\):\

KiE
9.81% >

A A BN I R ST U el S JESPTE. px s - NG ) M P e



ESRAE SR CE AT A
Musleh fv Cruise (2006)F1] * 7 %% Fl4i{iat (7 5 fEAAHT] - 28z
AL REF LR AR 2 KA B R SOKIRE R FoRR RS

F R B BB EE KRS § Al A b 0 R R e R

FeldpEy o VENAHTRAPELIESFY > JEHET ST
BT el BE 2 AP F AL R FE AR 2 A 4T 0 )
*2biE o NG5 BRR (IRl £ (CPIV 2 ) kit B 3% > A 712 N L
AR i fooR g o a2 a4 Gl(Cy )~ E T BT
mEEFFOEE R EO)EEREF LM R a3 2124 Ek* Musleh
& Cruise (2000)#74& F2_pe 4 =38 > F g g ®re 4 § plEis(m 7 £ >
2008)2. F ¥ & P E 8 {70 R
1-4 =3 >

EAFTY PP ELERL LA RIS 5 % - L CPIV 2% %

Foifomtrins - 52304 5 p Bl plERA o

% - %4 (CPIV 2% ): 7 5 EAhkd Argon 2 § % 7 55 § (488
nm)~ % (514 nm) R &% > F SR 4v r = MFERLREE S @
TEERFRREI GRS B BT F L E LA R B (polychromatic aco-
usto-optic modulator - PCAOM) » ;ﬁd P2 RRETSERE RN TR AT
k2 G R MIEEN G AT S T R o AR Gt B
DuncanTech MS300 %] 2. CCD #&R/ S #pP~ 1 B 3 54 T 7 2 2> FE®
LT s PP (1/5 1 1/4000 £5) #rik % e fIBf 5 5304 > 0 E 10 2
T F 0502 F040 BB EE S0 A FRRE M ik
KA X E RPN BEFRGVEEARILS 277 o £ * JijE

HOARSY 2 B A T8 B RS R ST L B R A T



N

- R BEE LT o
Fodma (p g plEIAS ) ESBHT LR AR ERSER S T
kARG o BET SBEPRA PR RET RN 0 T
T BlE o BT S AR R P RS e BB E
FMaor L 1022 2 704 22 2 F% A EEXEEABET 5 (L 0.15
~F 037 2% ~ER 0.005 2% F AR rin B R AR
BARIEREARIL S 2T o

LSi@ﬁ%

&'—7")}" 1/3 ?ﬁ‘g\'!:'z\? I%\/P /2‘ (CPIV /2‘) p%]!ﬁg\ E] ilrg "/ :‘E“ﬁ
(R F £ 0 2008) > s T S fA AR Y 2 LRl 0 2% XA 5T

SSEN
FLARZFATHE  ERRa s EHHERRAT S ENE A
TR o AR B v k2 v B CPIV A g i S p e 4 B (IR
# i > 2008)% 154 JnH-Ap MAD § A IR IE o

s
Iy
—\“b

5 CPIV 2 B ad@ iR A2 M X p B 12 4 & pIHjirz. RIZEP o
52 F 5 CPIVHEHZZ RBHECRERGE LA~ siimd] 53 B ik
G BB FEREADE p W PR REFEHB BT S~ 4
B RSB B -
PR AT RIERZGEE LT KRB FCFERE - 7
PEA AR B HIERL R A DR PR T 24 ik
(Cy) ~ & 877 w5 BRFF ()~ § B E(n)& k7|2 el i o

v 2

RmEER S FRIELTEILEE > T RNERAKT
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A
—_

W

i
TR p e A £ ORIEE
=¥l

2-1 CPIV i B AJm s 4z (3 » 2002)

CPIV i3 ¥ e a4

\\

2-1-1 #ic i B g

$5d B BERS foRliE 2 (CPIV)Z ¥ g s~ 2.4 % 285 % B(PCAOM)
B o~ m AR P AT B2 it 0 ¥ ARGON 7 52 2 & £ L B
W EASES RRZE S kL X AR A GAE TN - BRI X
TRl 224 FHFBCCD)L T FEMEFEAAR L TP o
4] 2-1 ©
2-1-2 #2583 8 447

B b B AT A TR S 0 BB EL e & 5 R B AR
229 DR FEEFR T LW MRS L 5 BB ] ® B (small pattern ) »
ol HBHEAL PR § (interrogatingwindow ) > & 02 F R § 5 B G B e

5
122

(\s

Tt
J'W

i{;
B
b

e Al AR Pl AN E I s Her R

- ~ 3 4p Rk 382 (cross correlation )
fﬁﬁé%%fﬁ;%%u%)ifﬁ_lag?& [ R A -2a WA & ’inﬂ'l},ﬁ?—!ir—f :
1. d B 239772 imbEF FHNEELZ AAHA > XRELFRT A )22 g
HAjo = § gk o
2. 4 B 2-3 fromZimgid BECAELE A B GIELE =S &imb e 7
Ho B A A BT R 0B E o hoB 24 90T o R G T 4p B

S B B A B2 &ﬂl@%ﬂpﬁxﬁ Z 7?%1%(

UB
S
i
™

=
i
S
g

TRLZEFRE 2 TEEHE 0 doRl 2-5 977 -
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& #r2 5 4p B Sk (discrete cross correlation function) 3+ 5 o H % &

C,(mm = > Y fimbi, j)]-fimg i~ m, j )]

He 27 M3 Ed F 4P BIRTZEAKXTIN=2">n 5 Kk

HEZ AL 4ot > A% 2en 228 o d2 7 4pR Sl G

-~

{# = ¥ i 3% (fast Fouier transform, FFT)» gt » #-3+ 5 pF ¥ 4 cECRl G i
l M-1N-1

C”(m’n):_N [imb(i, j)]-[img(i—m,j—n)] (2-1)
i=0 j=0

M

Cymn)Z#BEH A  HE X EiFZ 2 TmEnt=fHE;imb 2 img 4
HWAiECSRERZRRELAGEIZ JLARPHIHZA4TE o omED
5 imb % img H $h & Gephz =A R 0 F(i-m,j-n) 5 img £ imb 4p fie
(matching)eHi & o
S WHEE E-¥ AT 3 ARE RlE (NCCa2 )

W3 BIART T E 2T pk Skl o AP ERBIE LR H
PEZBA BRI ME LR U BT M SN BB
TEBPGALZFE SO EEAMARR » Bt p M ES F T o
¥ AL v 3 4p B 282 (normalized cross correlation coefficient » NCC /% )
PO BRKTFRET AT H R R R 2 TR
RRAGTRETFOCFTEEITL TR TP 2 A AR I T AR
ZAPREARR (A2 08 12 /%) 8FA3 ) Ih4ph Gl B~ B
P PRFZEHE S AT AT
>3- fimbi. ) imbfimg(i - m. j -n)-img]

Cij (m,n)= i=1 j=1 (2_2)

1/alii, J iazii, JD
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2

> fimbi, j)~imb] (2-3)

j=1

O, =

Mz

Il
—_

azzii[lmg( -m,j-n —|mg] (2-4)

i=1 j=1

— ] A, ..
imb=—— imb(i, (2-5)
MN;; (¥)
- 1 Mi. (. - ) ( )
iImg =—— Img(i—m, j—n 2-6
g MIN &4 g J
He > imbiimb P ihd 22 THE img 2img ki 22 T3E ;M

FHESCMENASZEFRE Aidw X j3 8 <] o

(w,

Lné@ﬁ"?&’ﬁ

FRE M 2B P gansisd NCC# 35 @ IR 2 Tmes i
A1 Cimn) 2| 2 F RGP 2P BAEEZ T AL TR 2B E 0 3

Ci(mn)agitss 1> # a3 B AN ZART? > 7 2%

ETI
e
=
==
-ﬂcn

PRLEBEEF TR LS EL MBI 0o

g R T ARM SBGE P E G R R TR S B
FR(,i+1) PRS28] ¢ 5205 B %

# (m,n) % f&4cF

m=m,+¢&, * N=n,+¢&,
-0.5<¢,<05 ,-0.5<¢,<0.5

FRPam o A EEREBE s g h05 BHEALFL L0 ERE

o

BFLEJI*FFFBIZ oW R B o Hray e
F 3 E G A AeB B M F % 2 % (Gaussian curve-fitting) ~ $

5+ F % 12 1 2 (parabolic curve-fitting) ~ 25« 3 & % 1% It ; (centroid

N
>

2

S E2 WP AT 0 B 2-6 5 Y

method) % = ;% X% M AR LE 0 &

N
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1. 25w+ F %2 ;2 (centroid method)

A

=
«4

- >V‘

7§ C, ¥ C & C, PR R o

g =—Cu=Ca 2-7)
C,+C,+C,

2. B ¥4 M3 42212 (Gaussian curve-fitting)

B InC ,-InC,,
2(InC_,-2InC,+1InC,))

(2-8)

MR AEY > UFHTRFFEB IR KRG T R
G e P R 2 FBER R A B RIRIT R ETA T 0 FIt o RS R G F

BEA T > Sd BEY RB I EE2Z 25T LB G orLATEEY

‘F_k

B N AT

logC(x, 1. Y,) ~logC(4+1,¥) (2:9)
ZI:logé(XO -Ly,)+ logé(Xo +1,¥) —210gé(X0, yo):l

X=X, +

logC(X,,Y, —1) —logC(X,,Y, +1)

Y=Y t+ - 7 ~ ( 2-10 )
2[logC(XO, Y, —1)+10gC(X,,Y, +1) —21ogC(X,, Y, )}
Hoe o x By 2R GE BT RS xBy L FEEB S

o C(mn) 5B p b 2- 8 9T 2 BATA G o
T~ - RE '—ifh"’“’“-} A i

GEMYRIFABIZREL

—

T80 ARG EEEY o TR T

Bt $HEAL 0 G F AR A A2 - Rp B2 B o 4o 27 4

—

o F MR R - Rz E R BB h o o] 28 41T 0 22 g
EE S L R Lk A R I R 2 S L



ETTS

Keane fr Adrian 1257 B D, 5 2| W] A > H D, T & 5 % - P ih &
B % - sk ijE B2+t {E(the detectability as the ratio of the peak calue of

the first correlation peak to the second) » ¥ #E3Z D, >12~1.5% & 2 [F -

a7

Fore R o AR RZAES LR

ET

FRY 2w

(singal-to-noise ratio,snr) - Westerweel ¥+t A fEw € 2 b3t B 1= @

F 0 e 48 T 1938 g (global mean filter) ~ & 7T 32:F g (local mean filter)

% B 3%e i (local median filter) -

1. %% %8 -T 39:iF g (global mean filter)
BPIVE2Z8%Y » EFMAFMZ T EF LR - R g

Sz % RFIHAL C A AC o 258295 C & EC,

-—

EARIT O R IR

EERE R V(L)) I HSGRE 2 Bl B Tad B v=— VRRE-
PO 2 RGN R o +ol (o) R FERF LR

BAe ol AL BB Aot TG AR BT AL R R e
A B R e B0

2. F 38T 359:iF g (local mean filter)
NERAH G- R D RERA B R L B
2w RiiR o v E AT

— 1
Vii=< Z (Vi+k,j+| _Vi,j) (2-11)

NM k,leM

EHEE 33 H(N,=8) > § e EAPERT R Bl e & SR - R

(i’vlj%ir& %J‘)"‘?J'l’%lﬁt“?pii‘i? . i")Jﬁ _ i_é.—g;:;?ﬁ%x;% v @ R
Wip2 ARBERH L2 2

3. B3¢ 4 iF gk (local median filter)
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FI* pne FEF AT E A 20] BEd 3 A H

PREL S on BT A B M i F

N
R
E
(\

=
ity

-@ N
I
Bl
=N
R

o BHARA I T HBLA o 0 BRI B LT BEL
BRI E SR - R JI* A2 R a2 Bk o
grit s o #A -RERPEFTHIG A LRI GERE

PR EY o B Rt g2 e BB A {1 BB AL AE R

\%
=i
‘K
133
Il
5
&
2
Py
pal
T
.
9
g
Rt
g
4.%?3
hn )
Bl
!
by
Bl
pe
i
&
)H-
F
&
Py

TE AT LASAE o F 2R e BAT o AoB] 2-9 AT e

PG ELELAT A LT 2 M - PR PR
Fe¥t4s 38 = ~SE %3 £ (random error ) & = 35433% £ (root-mean-square ) ;

= ~ k%X (systematic error) & i 4% 3% (bias error ) o L 4T
CER RN R BROR B A A4S SR
g HE aREL > BF imb EL GGV ELE R F » @ oimg % 4

/

h= 4
-

%?Fv D'v "’E’ ll’l'lbi_ ¢ 2/ %%'{%%FF bt é‘]’@fi‘ﬂ AL ﬂ’?#t‘lﬁgﬁi“
AEEERTE P A2

A2 L2 Vi i d B R RE S 2
BRSO R TRERRACE

S RERIRL S R

@E
I

S EA G MBI TR T A A KRV Y W Rt £
AT RE A BRI R RBAES T RS R G TR

v
Yrq’\
1l
=
Rl
=%
4
A
P
Wi
)
=i

Sk
£y

Aga

(TR S P B E L 3RS X

6]

A S MR 4 (precision error) 0 B A $TAZ R ch+ o] BB AR B

Z_f& & ¥ (standard deviation ) & RMS %% > 4@ 2-10 #1757 o

‘/"\

dmzﬁzdi (2-12)

15



a:\/ﬁi(di ~d_y (2-13)

Be > dEZFRT2LEHE d 2 FF T2 08 T5E > RMS#H4
(o) ,—»%‘“Fv FHEETIEE RS L2 T B
= hRFL N RPEL
AL R e TR o et ARBFE (BAR - R B2 CCD
AT féﬁf—’f@ﬁ%}i@ﬁi)‘ AGHEITFRESKREF AFE S LR

N

WA LRFAFFFEBALGTLFL B RLIEF - R VHRAT
w A

Ridy: & ETEM

\\—_'

AR FIt kARG A4 (bias error) o

MOt T EEARY o BB EL ST M Sl 2R B T
(peak-locking) # B » 2 & R FR & 3-8 77 2 B (B Fa i
BE)BEFREN2EF - EREReam & o B2 H5HMBEL (dy)
(dy) > 4=i=# 0 & %2 (zero particle image

displacement ) & =45 + 3% I & 7B FRE TR 3-8 97182 T35 (d,) 2

£ o do@) 2-11 #5757 > B 278 4eTF
d=d,-d, (2-14)

AR L e po BB E S vz 8 F %87k (Liang etal.
2002) » gt #h AR EREARTEA A AT 0 AR I B AT B Y IR T
BB ) 5 4007298 £~ BRI R 5 32%32F % 0 A u I B AT

e
e
™

Bk P E R oM 2-1297 0 A A 8 A B2 P E S o 1Rl

LRI RFEG o BRI A ITESFAXx T w2 23518 (o) T35 0.0578 ~

ITapi g (d) 95 0025
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dB2-12 %%t P ERLER T EERFECE P BBEL
AET NI Ap £ - Bt (order) o Fpt o I E AL F A REAF

RpoAEEL > T A BT R FEARET & oo

2-1-4 CPIV §: 2t B 2 4

Musleh & Cruise (2006) 432358 2. 7 $4 0 {48 (747 7 0 ¥4
Mmoo HARE s 2 B A @R T R4 2R EAE AR E
LA > VA2 > AFE Y B Musleh & Cruise (2006) 2. < & P #7i

Frpmd oo Gl 8 RATT g BTG L RES WAE

- adL
ARSI F, =F, +F
FFE o Ry S A A A 2 e T FOS AR R R SR 2 R o
S S L
F,=7,Bdx ; 7, =7RS,
R s ARRTRA CBARETA SICA FE B B2 R4 Rk 4 X
oy £ S SRR HE o

B2 FEAROTR @A) o Fp AP F LSRR AR
O EBRREF LIS g
HAgkpe 4 2N geT g

1 —2

Fy=Cso PV A (2-15)
bR AR IS (N) S Gt d Tl pok %R (kg/md) 5 VT 3k
(m/s) 5 AEAETH ff(m?) > 7 5 HEHRIN RIS e 2 BB R

Petryk (1975) % 7 3P k4 HAl"TA 2 2 124 » BTORAET 54 &
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PR a A AR (D) -

I
S F R E T G2 Ao Y (Darcy friction factor):
V.2
f=82 (V.= |2)
V P
PR i E AT BRI SV T AR

N3 x (2-16):

87,
f=—25
oV
FHRA4-2) 1~ (4-3) 0 TRl AT
S{Cd Ly [Aﬂ
2 a,
f —
—2
oV
S
e (A]
&

f
wo Glcd &
C =(1)Rl/6
n

BEY

#d #c(Darcy f)2. B k4o

BiEZM GdoT

5 (2-20)8 (2-21)2 B 4
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(2-16)

» 4§ 4-10

(2-17)

(2-18)

(2-19)

(2-20)

(2-21)



Rl/3

-7

2-22
” (2-22)
fo- B R E LTS N AT
7, = 7YS, (2-23)
dy V dv
Sf = O_d___
X g dx

VA yvaa
VA VA

£ £(2-16)2(2-23) » B ts B H IS h#(C, )2 2

d d
C, s (2-24)
(A/a,)pV
ﬂ: >~ Y
dx dx
ﬂ — ﬂz\Tz — ﬂlvl
dx dx
V = BV, + BV,

~ ’ ol “~
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% 41 FmEo)
FEE 1 2 3 4 5 6 7 8 9 10 11 12
8 Q(ems)  0.006| 0.007 | 0.006 | 0.007 | 0.006 | 0.007 | 0.006 | 0.007 | 0.006 | 0.007 | 0.006 | 0.007
¥ @iErem) | 2.1 | 2.1 2.1 2.1 2.5 2.5 2.5 2.5 3.2 3.2 3.2 3.2
Hoo FEEllem) | 2.5 | 2.5 125 | 125 | 25 2.5 125 | 125 | 25 2.5 1.25 1.25
o5 19 8(dR) | 57 57 57 57 45 45 45 45 36 36 36 36
FFEki(em) | 45 | 4.9 4.5 4.9 43 45 4.2 4.5 43 4.6 4.2 4.5
1T R (m/s) 0.366 | 0.369 | 0.32 | 0.37240:0.324 | 0.372-] 0.337 | 0.373 | 0.346 | 0.41 | 0.358 | 0.399
T %3 Re 16470| 18081 | 14400 | 18228 | 13932 116740 | 14154 | 16785 | 14878 | 18860 | 15036 | 17955
A% #ic Fr 0.5511]0.532490.48187(0.53682/0.49911(0.56017(0:52528(0.56168|0.53300/0.61064(0.558014{0.60083
3 42 EERG|2 B GIERART S
B %% b 1 2 3 4 5 6 7 8 9 10 11 12
A F
( F) 5.83%x4.34(6.41x3.89/6.12x4.52(6.31x4.94|5.82x4.316.31x4.52(5.73x4.24/6.22x4.51(5.72x4.32/6.451x4.63|5.51x4.22/5.95%4.52
cmxXcm
B %
( ) ) 3.0x2.0 [3.92x2.73|2.81x2.11(3.82%2.73[3.22x2.52|3.23%2.51(3.32x2.41|3.31x2.62(3.42x2.71[3.61x2.752|3.34x2.553.45%2.63
cmxXcm
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yl y2 | vl mean | v2 mean dx | dy/dx | dv/dx Fd(N) Fd(N) Fd(N)
A B1 B2 Cd Fri(t #5) | Re(t #%)
(m) | (m) (m/s) (m/s) (m) | (m/m) | (1/s) 3 (7 %) (Open C.)
1 0.042 | 0.026 | 0.368 0.443 1.078662 | 1.203684 [0.16| -0.1 |0.469 |1.562| 0.406 0.428 0.45 0.574 15456
2 0.04210.026 | 0.421 0.465 1.002774 | 1.271419 |0.16| -0.1 [0.275|1.017| 0.309 0.428 0.264 0.656 17682
3 0.042 1 0.026 | 0.357 0.439 1.133569 | 1.213586 [0.16| -0.1 |0.513|1.590| 0.420 0.428 0.492 0.556 14994
4 0.04210.026| 0.416 0.459 1.002046 | 1.280369 |0.16| -0.1 |0.269 | 1.033| 0.308 0.428 0.258 0.648 17472

% 4-4 CPIV R A & s A ¥ 4 ST o4

R(m) Sl bm2) Atk F S CPIV] Bs(N):' & a bm2) F#T 5 Fs(N)FH T -
1] 0.035 | 0.003 0.0424 0.044 0.056 0.058
2| 0.035 | 0.003 0.0448 01047 0.056 0.058
3| 0.037 | 0.003 0.0432 0:047 0.056 0.060
4] 0.039 | 0.003 0.044 0.051 0.056 0.064
5| 0.035 | 0.003 0.0572 0.060 0.056 0.058
6| 0.037 | 0.003 0.062 0.067 0.056 0.060
7| 0.035 | 0.003 0.0608 0.062 0.056 0.057
8| 0.037 | 0.003 0.0628 0.068 0.056 0.060
9] 0.035 | 0.003 0.072 0.075 0.056 0.058
10 0.037 | 0.003 0.076 0.084 0.056 0.061
1] 0.035 | 0.003 0.064 0.065 0.056 0.057
12| 0.037 | 0.003 0.07 0.076 0.056 0.060

40




% 4-5 2 EZG|FE%ES
R N bl e e |A T T B RIS
AR [ S A 52 Q F AR ERE g g dx s FdN) FdN) Fd(N)
%4 | FiEr | FEEL X yl y2 A1 B2 (G7 N (L (Open
(cm) (cm) (m’/s) (em) (em) vl mean|v2 mean| (m) Cd s 22| 2008) | channel)
(m/s) (m/s)
1 2.1 2.5 0.006 4.5 2.1 0.366 0.516 0.106 1.062 1.237 1.024 0.821 0.717 0.96
2 2.1 2.5 0.007 4.9 2.8 0.369 0.507 0.112 1.075 1.254 1.132 0.867 0.826 0.966
3 2.1 1.25 0.006 4.5 2.3 0.32 0.511 0.108 1.084 1.261 1.004 0.781 0.807 1.14
4 2.1 1.25 0.007 4.9 2.8 0.372 0.538 0.11 1.172 1.307 1.063 0.997 0.879 1.162
5 2.5 2.5 0.006 43 2.5 0.324 0.396 0.143 1.037 1.233 1.454 0.487 0.498 0.432
6 2.5 2.5 0.007 4.5 3 0.372 0.445 0.155 1.038 1.342 1.083 0.542 0.526 0.511
7 2.5 1.25 0.006 4.2 2.5 0.337 0.42 0.152 1.069 1.320 1.143 0.491 0.533 0.498
8 2.5 1.25 0.007 4.5 2.8 0.373 0.462 0:157 1.032 1.231 1.221 0.554 0.570 0.623
9 3.2 2.5 0.006 4.3 2.8 0.346 0.407 0.18 1.038 1.254 1.369 0.394 0.375 0.366
10 3.2 2.5 0.007 4.6 2.9 0.41 0.465 0.19 1.023 1.272 1.045 0.377 0.452 0.385
11 3.2 1.25 0.006 4.2 2.6 0.358 0.429 0.16 1.036 1.269 1.300 0.439 0.428 0.426
12 3.2 1.25 0.007 4.5 2.7 0.399 0.471 0.175 1.014 1.257 1.184 0.447 0.470 0.504
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46 EEVIFEHREFZFLVR

- Fd(N) Fd(N) Fd(N) AR A WA A
(A4 2 5% (Open channel) (Kt 2008) (CPIV & ) (Open & Fit)

1 0.821 0.96 0.717 0.145 0.339
2 0.867 0.966 0.826 0.050 0.169
3 0.781 1.14 0.807 0.032 0.413
4 0.997 1.162 0.879 0.134 0.322
5 0.487 0.432 0.498 0.022 0.133
6 0.542 0.511 0.526 0.030 0.029
7 0.491 0.498 0.533 0.079 0.066
8 0.554 0.623 0.57 0.028 0.093
9 0.394 0.366 0.375 0.051 0.024
10 0.377 0.385 0.452 0.166 0.148
11 0.439 0.426 0.428 0.026 0.005
12 0.447 0.504 0.47 0.049 0.072

T 0.068 0.151

42




% 47 LEG|IFERRESZAT
AR AR [~ IR PERIET ARIE|I ET T ST e B v B RS (%% iR | Drag  |Darcy friction| Manning | # % G154k [Ap 8 B &
Fol| e FEe  |Q(ems)| yl(em) | y2(cm) | ini# g | Bl B2 mAaw R ‘kiFE |coefficient|  factor  |coefficient|2- & % E(nb)| (n/nb) | Fr2
r(cm) I(cm) vl (m/s) | v2 (m/s) Ala ly Iy (Cd) ® (n)
1 2.1 2.5 0.006 4.5 2.1 0.366 0.516 [1.062|1.237| 0.232 0.488 0.581 1.024 0.817 0.059 0.015 3.853 1.43
2 2.1 2.5 0.007 4.9 2.8 0.369 0.507 [1.075|1.254] 0.232 0.488 0.581 1.132 0.904 0.062 0.015 4.132 1.40
3 2.1 1.25 0.006 4.5 2.3 0.32 0.511 |[1.084|1.261] 0.222 0.467 0.278 1.004 0.801 0.058 0.017 3.339 1.354
4 2.1 1.25 0.007 4.9 2.8 0.372 0.538 [1.172]1.307] .10:204 0.429 0.255 1.063 0.848 0.061 0.015 4.173 1.449
5 2.5 2.5 0.006 4.3 2.5 0.324 0.396 [1.037]1.233| .0.183 0.581 0.581 1.454 0.916 0.062 0.018 3.525 0.916
6 2.5 2.5 0.007 4.5 3 0.372 0.445 [1.038]1.342| 0.175 0.556 0.556 1.083 0.682 0.054 0.016 3.433 1.183
7 2.5 1.25 0.006 4.2 2.5 0.337 0.42 [1.069| 1:32 [ ,0.188 0.595 0.298 1.143 0.72 0.055 0.016 3.384 1.119
8 2.5 1.25 0.007 4.5 2.8 0.373 0.462 [1.032]|1.231}. 0175 0.556 0.278 1.221 0.769 0.057 0.016 3.633 1.105
9 32 2.5 0.006 4.3 2.8 0.346 0.407 |[1.038]1.254] '0.147 0.744 0.581 1.369 0.69 0.054 0.016 3.271 0.974
10 3.2 2.5 0.007 4.6 2.9 0.41 0.465 [1.023]1.272| 0.137 0.696 0.543 1.045 0.526 0.047 0.015 3.246 1.109
11 32 1.25 0.006 4.2 2.5 0.358 0.429 [1.036]1.269] 0.15 0.762 0.298 1.3 0.655 0.052 0.016 3.321 1.078
12 3.2 1.25 0.007 4.5 2.7 0.399 0.471 [1.014|1.257] 0.14 0.711 0.278 1.184 0.597 0.05 0.015 3.361 1.150
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