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Effect on Maintenance of Vertical Profile of Stream for Triangle-Type Labyrinth Weir
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Abstract

The labyrinth weir can be applied to increase the overflow rate, maintain constant water depth and improve water quality. This
weir can be defined that the plane shape of overflow part is not straight line and is a kind of weir having overflow length increased
by changing its plane shape. There are relatively few studies related to effect of maintaining the water depth which has been used
to consider for various functions as hydraulic facilities and design conditions of labyrinth weirs. Thus, it is needed to conduct stud-
ies related to the maintenance of water depth by the labyrinth weir. This study was to provide fundamental data which may
become a facilitator for more accurate and proper design of hydraulic facilities related to the maintenance of water depth. The
ranges of constant water depth (H,/P = 0.08~0.27) were provided for the triangle type labyrinth weir, and the effect of main-
taining water depth was analyzed using hydraulic laboratory experiments and 3D-numerical simulations(Flow-3D).
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FO

Al

QurHoz ulels glofe URTS) FUFFL WEAA UF LolE Z7 ololch. dhuuzs gloke AR )
W ARAS] B8 5 Qlom, RN Eabt ok Tt SETREEA Jbs 9 AAZAS T 5 e 4
#7) Bl B ArE A O FEG Agolk. B A7) BAL Ay Az gJole] 2URARH BT AN
o Br} B2 H4Y AR 91o] WA PSES shev] vk Ea FURA) Gl FeRFEE ¥ 33 FHE
9l FLOW-3DE ol8alo] EAalgic). olelah 2, & A7ola 328 el slole AR 2 Wl 544
Ak eskor, 9o} ER7A) Go] FAISRE (/P = 0.08-027)8 HFH 0 AN BEH1 BAV} Pss

#HMUE0] : FAFHA B3t FHEE fjof, | AR, FLOW-3D

1. M = gE FuiE ARt 4R5S MR Ao Ve A%

Aojret FAlo] dASHAl FAEHI dFFE F7HEh

oagle] A H ol E A3 B =) & (Taylor, 1968). Hay$} Taylor(1970Y= A2Hd &2 Altlg]

o]Z QI H kA X g o tiRE HdPold i & labyrinth $]012] 7S Hrlshr] 23 7S E3H

2y oS SR AL k. AT 2o e labyrinth $1019) 274 #AL AA ATt EF, o]5

TRt A8 24 et A s AYET glo labyrinth 9]019] €F592 Y 7 ZXolX] HPjolr

™, 53] Fp0] I 9791 =2 B A5zt visk 5+ T} wh SREule)| ofal] FrkehH, oleldt T8 ARt
82 548 7 Fas s vt Feel dig 2R 9ol ZAl veRdtkar AAIgE vl ik,

AA 8 S FHe] e SRS sketel o olefgh L fJoje] Filo] A FAEE A

slo] AT FAFATE Fastar, olek BEd el A 93} 9 W Azl BrgRo) dgo] sPssith wal

2o B A} Bag olch R, A T AR flofe A% Uk Al o olwolw 288 4
Uk 2o Aljlel B4} tiRsa gle Al itk AR FU80l} EANKEE WolA ofxd] Bue
SRS AR Slofe WH S Aol Al ATE ol W fo] UukAl 4 gofurt 1 e

#2439 - T EE Y Z W4 (E-mail : seungoh.lee@hongik.ac kr)
#4319 - FAY 3w EE T}
s - A AAGE) 71s/EF A NS A A A

107



Ao UdeiA th(Falvey, 2003). T2 B Ate] oyt
ol AR B FARE] EAE 9 A S8
dol & Zlo= 7djdrh

] 4R% 54 T a7E HulFE1esne Ry
ARl o3 A= 940194 —?ﬂfﬂrﬁi B4 71 A3
ofe} H]ﬂo}fﬂ Trahﬂfl} &5 At =, vE B
(2007) % Yol 1‘4161 TrlArsE Fupistel o
3 ATE %H ﬂﬂlﬂﬂ* Qo] YRS APzl EFAIA
AT S Ry A P SR AL VE
T - i | Foll tiEAR] ARIE dYsie] H88150mH,
FARFL FLOW 3DE o]&314th.

T3l 2] T ATE Tullis $(1995) 71E FE)Rd
AR ARF T AR A4E R ol f
5 B Ayg she AT 8ISt Tullis 52005y Gt
< GF EolE zhe gHEA $loje] AT AiAel disl )
WL 9o} ulE F4S WA AV APS Fsle] &
29 wF FFs Zﬂl*]‘if}‘%it} T Az flofo] Tt
ATE FEIRFARS Pl 5 flo] oM
Uz flojrt HL&EXM AoF FAHIOH, -
2ol 23] oleigt AHE ARSIsITH(Tullis 5, 2007).

FA R ot A2 9o T AFE Hayo}
Taylor(1969y7} AFE E&ol &3 ez Joje] A%
Brle| #3F ATE AFSFF LM, Aminipouri 5(1994)
HHHs oo gt 33k FARE TPttt
Bruce 5(2004)2 X500 23t g fJofo] 7 =
ole} 9]0 Eolefe] Hlof| e AFF WIS ATsINon,

O

ol

FLOW-3DE ©lg3}o] A1 2ol vigh LFFS =ojs)
itk GAPIA ez Sjoje} giE < t AFL 24
o B3t W8] uiEeolH, Ao BaE Ay )
Mo wiE Aol
2 Aol HHEs flole] 3 & dubHes gl
AR 7|RF0) Az Ak tis)] 4241 44 g o
g S Arfst] A2 AHEs folE B Ao
= AAsked 2 FHo] itk ol $)8) AR Al
Slolell g FelwE A% @ Fxmels Ak 4
sl Ozt e st AR Zajel diRt Mg
FE R AAskdrt.

¢

2. RbalalA

a9 1o Lehd mis) go] Aeslols] AAZ 9
2o HFER gL 9ol Hojw), F(m), AN
(crest) $£°](P), WHIE] Alo] ZH(a), PFFEE, T (apex)

Fol T 2 g Fa% el ok & Aelr=
=93 = 3’—34’5‘} ] <130 2Faidel <fa) A (1 2el,
T2eH HH Pt & Aelde AR &
ol Ul RIS s I8 AE A8,
o, 2kd3i4S B uckmgham«] 7 A9 o5t S35tk

c= f[

L W H Hq a} 0
W’ P’ P’ P’

FFAT, H=5F(=H+

v: 4
2g v

Ht -

Energy Grade Line

P Labyrinth Weir

FELLLLI IS

-

N

B cosa

()

T3 1. M R glof B e

108

siRumisisl=27l, Mo 35 20004 62



e

sx0l, h-

mig

12Rg, V=385, g=
T4tk
2 (2007)2) ol JFPA, Lux 5(1985)2] Aol
3 B FAMEME ﬁ%ﬂﬂsﬂr Po] Hly= AFAne] &
IS v oW, Taylor(1968)8] Ao zHE e
2 Qloje] FE|skE A% wiprl 28T} 2 79l gl
= Ao 7)EHo] ok Eek poll tigh gk A3zl
A 34 5 ok agER G GEs vNE
S thr A ()9 2ol 2ok it
C=f[LIW,H/P,a] )
B, AR AR floje] Al Bl disixie
Lot a7t fARE Qg X EE, B AFdrs H/Pot

a8 FARAN FFS Ve QA Tefsct.

THNER), Ho=

Lo

3. rFo|ZEHY H FX|=22

3.1 2|2 E@AUE
B AqtellM ARSE e 29 20 yepd
uRel o, Rl flole] AR visE S7gstr) Sl
4ol 20m, ¥ 0.6m, E°] 0.9mo|H, He] oj=d= H
?“A}Zﬁﬂ Nz A9 AAE ARSI g, 559 ¢4
< 9t FxENE 8.0mARY HHE2 $lojEs AA|S)
A}, Aol Fs 2dsh] 943 Aol AA]E o
o, sipddlle dRske s S48 S8 Fx5
AXET B Aelxe i B S S8 98l
Ao} AgEe) AFaakoZ 1.0, 12, 1.5m A 2 A
2 9o AR, 4, R0l 5AIE AR 55 5%
slFom, AT Yol WHAL flofo] FHY wislE &
Z317) 18l ez vjE 2 EAE AloAE 0|83l =4
S 3 Fx). shrd = R ARl A
folE 01&5‘}04 LFFS S, dare] Wl w
g} AEe 8] 98l sl 9FE WA B AR
15mx1z<j4 Tt 5 o83l HFE SAA
BEgh, Ank HAF floje] FAA| §44~ =7gsl] Sl &
Agk A3 EHOM FREI L 0.6 mS] YR ¥ fJols
%:j_i]’é‘}@ At
ﬂ OW H/P H9I1E °F 0.059014 070704 S74314
9] Feg B AR dush] Sl 2F A9
29| QAPALP} 5% olE S78E wrkA] 33
g REESIGITE & Aellx] FlE R A X
-‘%E“;E 2 SEAE 2" 20k T9 30 etk B3
Aol ARSE AR B flo] B3] Al E

=g 29

)

- 4

R}
JN m><
O_L/ U

e

1.2m

1.5m
a8 3. 542

1. FEldE 2 8ol M

a(°) L (cm) Lw w/pP

6 287.00 9.57 2.00

8 215.54 7.18 2.00

10 172.76 5.76 2.00

15 115.90 3.86 2.00

25 70.98 2.37 2.00

35 52.30 1.74 2.00
1°] HJsisict.
3.2 X229

£ Ages A7 gkl A ez 9ol 331l
FHEAZ 93] FLOW-3DZ o]g3le] Bslgion, 43
Ro] maaf 2 B Axpd e vt 2

sl

3.2.1 FLOW-3D9] 71&

FLOW-3D 28 x, y, z WY 5 2 4E5 =5
SejEle] SARelE she HHT
AHas THRE R B,
W54 B OHINSAE HAARE, e B viwe AR 2
i FHY djAo] 7hssitt. 7]%—3 HIA 57dEE
35y ALHEgA 33 Navier-Stokes *Fg21S- ARES)
o as3ich,

F3XHEH (FDM, Finite Difference Method)oll 2874 2]
842 At P4S AYE 4 A= FAVOR(Fractional
Area/Volume Obstacle Representation) W'H-2 =3 173k
AW (FVM, Finite Volume Method) F4-S FHslir ot
Aja 9 AEATL 2 58S wels) kel VOF
(Volume Of Fluid) & AME3P) wjizo] 7i¢& 550

* FEES \] U

P 20.0m :Jﬁ.nx_ﬁﬂ
1] H = s0mo6 } ﬂj\

Flodx & B5ERAN

O3 2. se|2S@AUHYX| BHE

A2t e A 2(0f2 AR St

109



O

A A 2 ARApt ole- & 7 R ol #A
7} BAlN EAlkE xS & ok dREMS 9
314 Prandtle] A H&@, 1A BE, 2084 BF
9 ke 3, RNG %%, LES 28 5 yXE #8d &+
e}, O‘HV—ﬂ_i B33 33 858 BoE = e #o]
BT Sgo) A3 WAHAS 1LAEl o)2 Zv) 98 22w
HE gl Uehbs RRAES Al WHORE k-
£ 2%, RNG 238, LES E¥o] HH3}KFlow Science,
2003).

WREES LES 232 Navier-Stokes B7g419] A|7F %
T Ul A B3 BEe AAlsle] LEe w3 g
U= AP B5L AR Aklela 1 Hoh 2L S5
EAAoR Helsict. e 2@ uls) ARIA R EA
7} 7Fssht B3R Fdellre ARzl RidelA] |
AS&Holt}, RNG ka.‘?ﬁé% kav:_ooﬂ HJ3)| 3|28 A
re AA, BRE O 588 Hr) AgsH RojE 4

on, 9o 9 e} B2 M SFol| figh FA|Ee)
oﬂ Agpsittar ¢elA Uth(Bruce 5, 2004). B AFE
aH];HE])\ SHO]Q] _E_}HN— /K]—E‘ﬂ ‘E_Xﬂoﬂ ];q_a]_ 1:/\94 1:11—
A T B 33 SEEAS UERY) wiEdd g™
o] EFFe FE54S v A= RNG ke J‘éa

4590t

4> o

=

322 AR 24

B Ao 3 FElng A o) A" Ads
Zx\ne] Avke} vl BEAsk] 2218 giulEls Yoje) &=
ARAEAE AFHAT. B Qi 2R 48 2w
o rwa) el et el dis 2Es
a=8° 15°9} 35°% Zgaiych. w3k, ¥ 20 vEhd vk
2ol, 78} 98 208 FARRNRT LA H8si]

E 2. $XEl0lM 0[2E AIEREH A=A

jg

B H,/P V (m/s) H (EL.m)
R 0.13 0.098 0.32
0.44 0.482 0.35
A2 10 0.15 0.073 0.32
0.45 0.379 0.36
A2 30 0.16 0.018 0.32
0.42 0.181 0.36

Xmin=Specified Pressure
(Velocity & height)

Ymin=Wall
Zmax=pressure

Ymax=Wall

Zmin=wall

Xmax=outflow

38 4. Fx2ol0f] AFZE BA=N

110

Hae] Alo] ZH R 2H) FEZE7Ad g8 S35k
1

7, f5Ed 208 slole] AU WA = T 74
oz Agab] 98] ol FSA AR 252E
9o} RN AT WEOR 15 mel] S8 %S o

&3kt

% 400 YERA vk} o], FX L] A] AARAL

FAF 2203 FLsHA Fdsto] Zosiqitt. nieat FKRE
HHE H(wall) BAZAE ARt HIEE 7 (no-slip
conditiony& Fofsjglom, fjojot Ho] S & - sk
o] e TEEQ ol AHEE (pressure flow)s &
st A3 o' AARES ?Jé%}%iﬂ} Lo A
o fJalf AdE= F7o] AAXEE 7)ok Heke e

Z ™ (pressure) 7, HHA~ -.4017} AX ]% T2t B
& 29QY) 2AS Helsldnh SRAAZAL FEES
(outflow)®] FEjE 2ttt

¢

3.2.3 FLOW 3Dell 2J3F Zxpd 74

ZAAPge) T4 FLOW-3D 28 Wie] AxA 7152
ARSI oM, U EZ(multi-block)ol] 23 RS 283}
of A= B RS ST oled e V1]
Az} A REY ZF Az 5 AS Al FUI )R
238 7 o} ARIERS} S NS ¢ Tk 3 3
of A= uiep Zol, Zh ko] Aol AV)(Ax, Ay, AzyE
0.01 mellA 0.03m = FX3e] F84 B e
Hafo] A oS E01, SR siae] FU=E
arefste] A $lo] AT Hblock2)l M= 7 A%}
WS o8tk

= s

4. @3 9 ulmEN
41 TE|2E@AY 2ot { BY

B ApoliE A7H el Slole] Bad salusle
B4st7) 9ol FElRELdES AAsilen, 1 23S
FLOW-3DZ& 0]4‘%} xR} vlwsigt). A2E #w=
2 9lo] SRR Ank dHglojele] Hlm 2 vy
o] AtolzHapl W}L WSS vlwslgon, A4 &
72 B3] thew) o] ARSI

l

H 3. XY FYLE

W3 3L block TZH(m) A | A=7)(m)
block1 0.00-1.35 45 0.03
X block2 1.35-2.30 70 0.01
block3 2.30-2.60 10 0.03
blockl 0.05-0.65 40 0.03
Y block2 0.05-0.65 120 0.01
block3 0.05-0.65 40 0.03
block1 0.15-0.45 10 0.03
Z block2 0.15-0.45 30 0.01
block3 0.15-0.45 14 0.03

siRumisisl=27l, Mo 35 20004 62



20

18 4 Loacation of Weir

h/P

— ke

Hip=0.81
Hip=0.68
Hip=0.55
Hjp=049
Hip=0.39
Hip=0.28
Hp=0.20
Hip=0.11
Hip=0.05

(a) et H¥ 240f

20

Loacation of Weir

Hip=0.44
Hp=0.40
Hp=0.38
Hjp=0.34
Hip=0.31

(b) A2 HBIA $0f(a =6°)

T 5. Y MELI01 MUY A l0je] FAEE Bl

h/P

h/P

(e) o =25°

A2t e A 2(0f2 AR St

18
—e— Hp=085 -e-
—a- Hp=077 -0-
—y— Hp=055 -
—a— Hps0.44 ==
—m- Hp=040 —a-
-g- Hp=033 -a-
- Hl,rp=0_34 —
- Hp=031 | @ e
_f: Hp=027 | 2 —A-
—g— Hp=017 7=
—e- Hp=012 e
—o- Hp=0.05
—— —#- Hp=074
—o- -0~ Hp=064
- — - Hp=057
e -t Hp=0.49
—a- —a— Hp=045
. —a- Hp=041
—e —#- Hp=033
—o- o -¢- Hp=029
—h— £ —h= Hp=024
—— — - Hjp=018
—e- —e- Hp=015
—0= —g- Hip=0.10
— - Hp=005
10 T - - T
20 15 1.0 05 00
DIS
(d) a=15°
18
—e— Hjp=0T1 —-e- Hp=070
—0— Hlp=054
—y— Hp=042
—d— Hp=042
—a— Hp=035
—g- Hp=030
— 4= Hfp=025
a —o— Hp=021
= —&— Hjp=0.16
—g— Hp=012
—e— Hip=008
—0- Hp=005

(f) o =35°

J8 6. &2Fd B 2{0{o] aHS}

111



A1 Rk dgejofst A e fjoje) dst
B

2 Ao 4218 giaz ol 54 A 3
S3l7] S3l Qi Adgeiolste] FAdwskE vl
- flole] Agell me =4 wske s <8l W5l

o] AR A (D)} FRE(N] HIE o83l
Tl Sk Slof ol Wi ARgsle] FAiels)
3lsict.

T3 sl veRd wle} o), Auk AF9iele) Beole <)
ole] AT D =031 AR FASA FAashe A
o= yehie Wi 421wz 9ole) Ao 9
ofe] AR olFele TR AR Bl ol I
3 frAlsE 2o yelkith. B3, Dol W7t 0 E
7B sk Ak 38 fojolM FAsHA s,
a=6%1 AR HHEs Sl vind A FAH
= A0E Uet oled A= AR s 9o
o] FAAl EF7E ARk Y SJojrn} ¢4 o' &
A3t

N jusl
ax N
ooy 1%
<

o

N

412 AR gz lofe] 40wst 4
Y R $lole] BEEA F 440 A A
EXQS B3] 98] B Aol AMESH B4 whHe
AHASE J1sl] 3l FalE f1ole] wol Hl(wPyE F
o a1, 9o AIHFN FHE7IRQ] Zo
S(=Beosa), $101 FHHolA SAHAAA] Al D2t
Bl pisE FEoF dlo] /AR =AE HAMEE A
< ol &3t

a9 eollA] UERS Ble} ol Hy/p7t S71sH weh A

i

e Y
"

2 o

H 4 AZHE He2ia flofe] HAE 2/0{9 FAFA| He
% A $1A1 H,/P$]
Qo AF(D/S=1.0) | 031 < H/P<0.75
a=6° o] SHFE(D/S=0.5) | 027 <H/P <031

H,/P <027
0.29 < H/P <0.75
0.21 < H/P <0.29

o] FHF(D/S=0.0)
1] AH(D/S = 1.0)
a=8° 9]0} ZHB(D/S=0.5)

9]0} FHE(D/S=0.0) H/P <021

Qo AF(D/S=1.0) | 0.30 < H/P<0.75

a=10° 9Jo} FHR(D/S=0.5) | 0.18 < H/P <030
9o FHF(D/S=0.0) H,/P <0.18
9ol AF(D/S=1.0) | 033 <H/P < 0.75
a=15° 9lo] AR (D/S=0.5) | 0.15< H/P <033
9]0} FHE(D/S=0.0) H/P<0.15
9o} AF(D/S=1.0) | 0.37<H/P <0.75
a=25° 9]o] ZHR(D/S=0.5) | 0.08 < H/P <037
9]0} FHE(D/S = 0.0) H,/P < 0.08
9ol AF(D/S=1.0) | 041 < H/P < 0.75
a=35° 9]o] HR(D/S=0.5) | 0.08 < H/P <041
9o} FHE(D/S=0.0) H/P < 0.08
112

]

| Z71IRom, S0 BN A5E o] AR s
A etk e ool 29 s Siel A

Ir

ARARAE Ae) QRS FAHUCH, oo} HIP7F Z7VE
5% 9lo] AR TR 7 AN ashe A
sk UEIT). el glole] $25A 2 shie) S4k

2 &9e BR8] 98 ® 40 A A $jole]

el wet Aol fAIEE H/P H9IE YEbH
340l YR ulel o), AR el fofe] el

= o] fAEE WP diAlE wuste] 7zt o7t b
S5 A FAEE AoE Yt

FARAEITL o] AHF7EA] Uehs A$-(DiS= 1.0
d o), F 1o AN a7t STl wet FARAR
WF e 1P RS7E Foe BEe et =
&, FAFAER} flo] THEAA Ui A0/
§=059 ™), o7} S7FN w2t SHFAEE Yehe
H/Pe] W87} HolRltt. oleid Avhe e fjofe] o
T 371l 98 H/P7F AAaEE Zelx 7107 Ae®
4=t

L, flo] AHFZRE H/P 2 IO AR Bk
7 BAACH, H/P7E ol WEF 0.276014 0.41 RS
PR S0 THEAA FHo] fAEe Ao vEt
o =3, floje] FARA A B3t e 1Y
Po] WI9l= a7t S7Fetel w2t 0.270914 0.087HA] sk
S e 023 Aihe AT B8% R
B A0 7zARE 28 7FeE o= Alad

i)

4.13 218 WA flofe) 484 §9] 4Hg

E Aol FARA g3l uisl] gekxez ou)r) Q)
= AL A e s 4SS fRlshe HeE
AASR= Ao)Eg, § 4Z o] 83dla] flo] FHE/A 4]
A G257 e A giids foje] go mE
H/PS) WS Agx oz BAste] AAsKch

TSt 9o SHEAA] F4de] A= 7 adll digt HY
Po) ARkgks a7 70 AT B Ayelxe A
2 f10j9] ool W A FAFAE Vs H/P
HAE A7) S8l SARAS Y31t SRS o

0.35
@ Triangle-type labyrinth weir(measured)
0.30 4 —— Hy/P=0.0723+0.4043EXP(-0.12580)
(RZ:D.QYQH
0.25
o
== 0.20 4
==
0.15
0.10
0.05 T g T
o} 10 20 30 40
o

O8 7. &2He 2B~ {010l 0] FXIE= H/P2| He

sH=EER|Es|=2F], Mo# 35 2009 62



H/P =0.0723+0.4043EXP(-0.1258 ) (3)
B a7l = 4] @) SRR 9@ Ao

osll 3jAE FolmE ole} HHH XE ¥ Hrt

o3 wAgk A}, oF 5%liloln HE Sl ofgt exk=
oF 2904 3%AEE tigk 10%]He) expr) waE Ao
2 BAEAT 28 700 YR vk} o] fEE 371219
ARAFR)7E 097910]51, 72+ SHE H/Pe LAE)
(Error-Bar)g 10%= TAISE 23, 5%l 10%2] Lol
Al FAdo] BHEER 3|94 AP BoR ddEn)
£ dFelA AN A A i 9o odl mE
ket @del sl Aol dASHA fAEE H/PY WM
E AT o=z, I A A 715l e
FPEER] 3 WA T 71RAA) ool 7VEE
Zlolot. TEgh AXE 2 B)plA H/PE ARSI A4 =1
ANA AT ol o3l AHEHEZR, o o83t At
QAR flojo] Fel it AAAIYS Askedl &
|8 & ok AlsETH

42 Xz A U B
E Aty 2ojE #HEae] 33 giimAR] 34 4
W& K (fraction of fluid)E ©]-88}] 18 §(apl] ERISH,

(a)=H & Al(fraction of fluid ; o = 15°, H,/ P=045)

pressure and vectors (veawel ITEs00)

A2t e A 2(0f2 AR St

FERPAY el AR BEES vehliy dRde] A4
3] SR uiAlEL Sl ZoE ety 7 (bl
I 8(d)ell AR 150 BmE X floje] 33 RS
Uelion, thgd JEE o8] A 150 S
2 §lo] ST Y e s FelREdde
ol SAE AR YL flole] FAHSIE AR
23 FARste} Blal Bl

& A7elde el FARe] s Bl
at7] flsf ARl et LAp(Error-Barys APl TSl
+5% QAR TAEhAL, AHEE s o] o] WIlkE
T4sk] 9l D/s wsjell dis 13 99} o] EASIIH.
Bk |l ofa FE FAHshe AR At
)Y A} FARHAl B el(steady flowyll =2
T JEF Bl ARhs FE3] A A8k EA 10
ofFeE A8

I3 9l yehd bkl o), gl A Eojd F4do]
AR v 2 depgton, s fARE

=7
BeE ek, SARelE SAEsP} o= A5l

Slo} N AelsR vl A9 5% W9l el
Wshe HoE ekt

AP Bgg 4 09 olslel % we Suzas
8% 5 glome 4 ¥el L AR=E F9NL 5 9
2 Zog PHHI BR, FXnele FelRg Ay Aol
o oAk AR} FelugARe] TR, 2 2
7NE} el Tjg o)z WARE Aow FHEe.
o, FARelmo 2t A sloje] SAuslE AU

(b) X-YZBio| RaEm

o uizia

(d) Y-ZEBHe| REXEZ(B-B)
2/0{2| FLEEZ(HJ/P = 0.45)

113



20

05 4

05 4

15 4

o
= 10
=
00
20
o
= 10
=
0.0
20
2

05 4

0.0

Eosl7)el=

H
L

2=
T

o
ol g

3 3 g
L) Ht/P=0.13{Measured)
[=] Ht/P=0.44{Measured)
— — — HtP=0.13{Numerical)
Ht/P=044Numerical)
1.0 08 06 0.4 0.2 0.0
D/s
(@) o =8°Ql A#AS FAlHS v
z T 2
L L
] HtP=0.15(Measured)
] HtP=0.15(Measured)
— — — HtP=0.45Numerical)
Ht/P=0.45(Numerical)
1.0 0.8 0.6 0.4 0.2 0.0
D/s
(b) o =15°2] Z2 43} b
& + 3
L] Ht/P=0.16(Measured)
o Ht/P=0.16(Measured)
— — —  HtP=042(Numerical)
Ht/P=0.42iNumerical)
1.0 0.8 0.6 0.4 0.2 0.0
D/s

(c) a=35°¢!
J3 9. 2|z @add o

Foln] el
Ry % AR dug a0k o

Tk A0l =

FelmPag As), QA

A +AHs HlD

FX|2o| A3} b1

Ao et

5 4 =

R B ENERIS A 4

Ysjolnry 417t

Y AL o7t AR ) 9t Bl R i
A=l A AL fjoie] s H/P7Y
F7¥ekl wE} o] S7HElem, Qo] FNE A
2 4ol g3 ade AYES veiid £
a®] A HYel] ialA Qo] ARE7A = A9 LAgst
Al FAECH, o] AFANN FHE7A] J3 7
ARR ke AYE W
AF8 Labyrith 91019] 4172 &3 48 29,
1o AR H/P A AA AR &2t
WAEom, 1/P7t el wWEl 027914 431 <ol
Ae o] SHE7A FAlol A= BloR UERE
oh. &g, fjojo] FRFIA ARA Bt e
H/P2] W= o7t 7180 wet 027004 0.0871A]
Aaske AYs JeERith olelgh die AAE
ot FE37EE AAY VIEAEE E80] Ve
Ao},
E AgtellA Aok A AAA R 0.97919]
599 A UeRdlo] A e 9lo]e]
ool wE} o] DAl FAIERE H/Pe WIS Al
3 5 ok E=g olelgt Avke 9t 4 /A
715°] Hast T RE A o8] 7Fsd Aol
EP. Ak ﬁ?ﬂ%ﬂ*ﬁ H/P= GREARQ] A 270004
SATA ol o3l AAEEZR, o5 o83 At
?ﬂ ke ﬂ%OH Fooll tist AAAIYS 2Hgsh=
o &83 5 Ut
A - fjofol] High FE|R AT W pAR
o] AE vt Ay, FAEE S 5%
1] Welld sk Zlog et FXR7E 5
2y @J% 9 )5S -3 vkdstke slos

O

@

~

@3

~—

4

~—

Rasiglon), we $X|we) R BT A, A
ok wa% Aol BEgch AT A
Yog Serase] urh 229 Al Jleld

|

DER RIS
AAlel 2
B 7 TRkl 26k IRAdnEEwH
o STEIsE A IEEARR) 087K EAIF0 P I3t 7
Aol e Take] Q) Aol of] S=a3El%]
=

#nE

AT

HIARE. —Er§°‘ (2007) S8 dAgEe] Al sHI
A3 LR = “‘0101] w3k AT sRURyEtE =23,
%HOXH@‘M A 78, M35, pp. 9-18.

Y (2007) EHHBIA flofe] REAF LHH, BRAISEY] =i
FojujstL.

HellF (1987) ¥ 2R BSUHE 2I8t Labyrinth flolel 2|8
X S4of 2s AEN A7, HARSRel=E, AAtisha.

Aminipouri, B., and Valentine, E.M. (1994) Numerical odeling of
labyrinth spillway. 2nd International Conference on Hydraulic

rﬁ’L‘ mlfﬂ



Modeling, Stratford-upon-Avon, U.K., June.

Bruce S., Kathleen F., and Jimmy C. (2004) Brains versus Brawn:
The Changing World of Hydraulic Model Studies. Hydraulic lab
of Mcnees state university.

Falvey, H., 'T. (2003) Hydraulic Design of Labyrinth Weirs. ASCE
PRESS. pp. 1-45.

Flow Science, Inc. (2003) FLOW-3D User's Manual. Los Alamos,
New Mexico.

Hay, N., and Taylor, G. (1969) A computer model for the determina-
tion of the performance of labyrinth weirs. 13th Congress of the
International Association for Hydraulic Research, Kyoto, Japan,
Sept.

Hay, N., and Taylor, G. (1970) Performance and design of labyrinth
weirs. Journal of Hydraulic Engineering, ASCE, Vol. 96, No.
11, pp. 2337-2357.

Lux, F., and Hinchliff, D.L. (1985) Design and construction of laby-

A2t e A 2(0f2 AR St

rinth spillways. 15th Congress ICOLD, Vol. 1V, pp. 249-274.

Taylor, G. (1968) The performance of labyrinth weirs, Ph.D Disser-
tation, University of Notingham, Notingham, England.

Tullis, J.P. and Amanian, N. and Waldron, D. (1995) Design of lab-
yrinth spillways. Journal of hydraulic engineering, ASCE, Vol.
121, No. 3, pp. 247-255.

Tullis, B.P., Willmore, C.M., and Wolthope, J.S. (2005) Improving
Performance of Low-Head Labyrinth Weirs. World Water Con-
gress 2005.

Tullis, B.P., Young, J.C., and Chandler, M.A. (2007) Head-dis-
charge relationships for submerged labyrinth weirs. Journal of
hydraulic engineering, ASCE, Vol. 133, No. 3, pp. 248-254.

O =F45Y ;08 129 03¢

O AAHIFY ;08 129 04
O AAEY ;093 059 27Y

115



