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The Estimation of Friction Velocity in an Open Channel
by the Entropy Concept
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Abstract In order to demonstrate the flow properties of the river bed and the design of hydraulic structures, the
estimation of friction velocity is essentially required. However, existing friction velocity equations such as Log method
and Power law have trouble to estimate the friction velocity because a boundary condition and various hydraulic
properties are changed constantly in near the wall. In the present study, therefore, a new friction velocity equation
that can minimize the parameters and reduce an error was suggested. To verify accuracy and reliability for the
proposed equation, Clauser method, +/gRI method, reynolds stress method by Dr. Song were compared with the
proposed method by estimated entropy parameter M for each channel. Consequently, the results show that uniform
flow condition as well as non-uniform flow condition with highly accuracy nearly matched in case of accelerating
non-uniform condition of R*=0.9621, Decelerating Non Uniform condition of R’=0.9274, Uniform condition of
R’=0.8865

Key Words : entropy, friction velocity, non-uniform flow, open channel, uniform flow

L
o,

Alell M 2] kel o] 543},

24 T 58 5
WP ERAFE AA 1w IR K5 Y e AgelA wol 29 4 i PolAR, B
o Webe AT FRF ol TR W 2 o) Fulolol A e AL F ATk B0l
AellA Az dires e AR, s 9o ek FunkaA4ok Clauser ST119] B3 the
2 sfore] S 0GBA VIS ASAET AHEE @ sgus Ao ASE T e AP T 1y

"Corresponding Author : Hyun Soo Ko(Pusan National Univ.)
Tel: +82-51-510-7654 email: phoo99@naver.com
Received September 26, 2014 Revised December 23, 2014 Accepted February 12, 2014

1533



<i§}7TA-
€5§kﬂinﬂ

=22 A16HE A235

, 2015

o

k]

By
£43272E]
~ 7‘%EE OE.TZJﬂr
ﬂ%ﬁn%%ﬁremx.wm?ﬂl
) £} :; OE o# I ﬂﬂ e o DT _
R = o) ™ ﬂa o ouq]ﬁa o 3 o
- EA.#EM07LU E1d|1|mHATuvm.u]oiﬁ
RO ﬂ@%ﬂ%ﬂ%%%ﬂ%ﬂ%oo_n
o= <l _ = _
= :ﬂhswai;;;lTA@mef@ﬂ - T B
- < ™ ) H o oF audloﬁa T A= = wr ez
Rl T m K _ﬂoi%o Y ﬁ@%;omdr. Y
@huool,a:_;;;_igzz EqécL — ,ﬂg
,D|. % NEMEO;T:;@O_UO_HMME_WE,WEO UEo_uﬂl.Zc < mﬂZoM
B S QMocoTo_ .ﬂog?ﬂegﬁé%%ﬂﬁm W B o
~ HEBﬂroﬂuko,Dfi‘mﬂ Llﬁﬂio_unurmutu}ﬁl | dﬂﬁoﬂtn
oo o J.Mkﬁ ﬁ it o ﬂ,% N . oD gz ~ w - I
z ~ & uluegﬂ ﬂm.ol,o]ﬁmoﬂdr.clir% oF = i
B &rmmﬂmrm@mﬁ]ﬂﬂ%%iﬁﬂ%i%%ﬁdr - <_¢.mw
= ut%ﬂw ,mebcoue_agmﬂo_uﬂ_.Eiﬁe%ovbc | w X T .
i Gt hffgm%;?zaaf@ = vE T ¢
) 2 LE R uiw%m_:loﬂqw_wg L ek ¢
o giloaﬂmm%aé;;uﬁwnu < W
o o ;Ib,l o) o I o e O_H B io gl :.L + _nﬁ 3 9 =
%mﬂbcE@Jmm%mﬁoa%%ciﬁ%wre_ = B oFE
Ho T ;d;awwﬂ;_ﬂa1wiov1ﬂﬂ = mﬁw&w
ﬁﬂﬁﬁaov]} ugﬂaVﬂwﬂ%oLo_MﬂW,i@ 2 7L_1@17%] 3
@@W&%JQ# ﬂ%ﬂo]ﬁvr.whwﬂmw%u% umM o & 4 & Y E
ﬂr ~H10J|1Z1 Z].l. ﬂAI] o -~ —_ I a \ % =
mmwommﬁﬁoﬂﬁor@ﬁﬂmﬂﬁé ome%mﬂww I Jc,lso#annmh & &
o vumﬂ@xw%m;ﬂﬂa1 —2ZT ° o L=
Eﬁaﬂozﬁr%ﬂ] mﬁ},ﬁ_ﬂonJ Ho MoWL =
o_lw_l,_llﬂ&o ,m.L7oT. ugﬁ,.ro;o.mwﬂ_tuy 7d|1ﬁ,@l
ﬁoEixw ik aqunL A;.l% e R
o L_u o < N o ZT_ <° ol X 0 B = _,ﬁ B B £3 MM u
ﬂ.% e o ],ﬁ.ﬂ,% gjo LR 8 ) ol T E S 0 W
‘Nﬂ_L‘LIwJu‘I ALO_/.I ‘Ll_/]#Eu‘.AI_Z_I\IALf;O O].l _
ﬂoluxAglaﬁo ip < < W E A R 3 ﬂﬂHuE
Eﬁoﬂﬂ@_.Wom%ﬂowLoaefﬂﬁﬁmzomuﬂﬂiﬂmﬂ}%oﬁiﬁ@ﬂo
ﬂ%ﬂmaﬂ% &Qﬂ@ﬂé@ﬂmﬁlfﬁzuyxeﬂﬁovﬂao
ﬂ.}ﬂ:&.ﬁﬂ; @Hﬂ%ﬁ}Mﬁo @%.sarécﬁ”hi%ﬂﬂ do R
Ao .34@0M%0ﬂ1hwpevwﬂo mommov@zuwdﬁiov il Bl
ﬁiﬂdr%ﬂﬁlnoo ,EuoHMCH%&WEEoﬂuﬂﬂlﬂJWxHEmﬂVoTHI o
ﬁoou_ﬁtermcnuu%f%Em)ﬂ@ﬂut% S ﬁoEgo Hﬁmﬂcﬂlwﬂﬂnﬂ%?@ﬂo of w
d..me? T oo — ﬁm;dr]@mw]r@u%wjﬂ7%%?4894%@@4 ﬂﬁaoow%zﬁ T
eeLOEOQMﬂFJ%MEﬂLl07_E7JZ|JLLL,CA&l.m.ooauT_‘iﬂLdnAaﬂimuﬂo,ﬂlﬂTzTeEi,ﬂ!ELoa
ow_l;oe UEA.:.LlA —_— . ,muﬂ_yl,_,z? IHT]JH]ALE_7A iolo ﬂﬁV@Amel
ﬂﬁgooﬁoaﬂovzfu<1ur§memmﬂlovﬁ§%urmz77m ﬂ:[ovmm %Ldbﬁzo
4P}ﬁﬂj1&ﬁ Lur%y%%_,%m o o - = E_Ed.ﬂ)an Mo,._omam.]rseﬁ_s7$
Z]n,.EIAdl,muu7ioﬂu11_ol]<1_olﬂn,o|coo.._ZAzeﬁo],mﬁ,MﬂA EE%&Q%O;TE;OZE,@IE@H
63 dlﬂ_om_mijli\%B 1r‘_U1r,_ @Leﬂlrﬂq},ﬂ_l*l /‘I\A_rn_“.m._mdlﬁuﬁo:ﬂ ﬂndﬂdﬂ
%mﬂ4ca14A}i%%PEV@hW gﬂé%ﬁ%@wﬁlc%, ﬂLlwn o
iﬂ@%¢V}ﬂw_ wﬂqﬁxaxmk%% WHQOH = LT EET
LJLZﬁu_,MOMﬂ%EOAW‘mLﬂ ﬂﬂai&dﬂm mz‘fom@ﬁdlmwnuMHWSMMMLLMMOMMWJMMEMMHQL
s o ™ o o o o kg of < F W o P V7 P = 7
fxﬂi%om?mowwmlurmémmsiﬁﬁweyouo%ﬁ%ﬂMoAJémm
oamﬂqcﬂm;nwam4a;oiiimqggzwq;@;m1
_rEJIOﬁumHﬂW,m_Hn_ﬁH%,oliw%o‘mMi,mMmeludlnﬂdMEoedlq_%o
AG}%AOATmiﬂéOA}_4ﬁ45L7}7}ﬂ1}0A
=R = Foe E,m_ﬂ < ot do o ﬂ_uuﬂmo J < .m wjr
mﬂﬂm%xz%mﬂ%ﬂ1o€ﬂ%% skiogocﬂw
#Sq}ge o! XWX %44%?& =
BT EET RSN Tl
M ok % qr o MG_H H o= | ] Ao W X =K
.Eﬂenﬂ.aazovﬁﬂ;]gﬁEEWU
ﬁoﬂ%ﬁﬁ@wﬂorﬂﬂoﬂﬂmut@u
() %.? E A, %\M
fo W Ar WM pafl wﬂ
il

1] €—

1 Coord

: rdi .
(chiu, 1988 1g§t§)s in_open-ch

, —channel

sections

[Fig.

1534

U= o
b ‘JEEj

u] w74

HEMRES vhgo 2

o wi/h S

Aol @



A=) e BEI ASE BHISE 4

8 sel pwE frEdh
AokE e et 2k

q71A, A 9HA, Qe
2, 91 34L& 7103 A

Sl Gk £4 gk u = GO Lol

AA ket 29t 0%

gt e FRE HoFETh 0:171

< 91th.(Chiu, 1988, 1939)

§—& [
7_&]— /Op(u)du (2)

) 3)

4

Q
y 5)
9 fraolth. 2e4o
A Aol A 555,
A o)

O

sith, 28] u 9F w+ du Akololl =9] &2 p(wdu

el 2ke el 1, 46)

T} Q/ASH EAsof B}
2(4), 5)°l Ak 2(6)

©)

)

1535

4(6)e thest o] vepasalt,

M -1 My M_ \—1_
gt = ) [MeT (e 1) 1]

IS

(D42 )4 Bl gelsta Ok 2t

. a‘li¢(M) M
e = = . 1 )

FE£7127)15 A YalA, (A njEske] 4

Zale (1047 20,
(d_u
dg
A Gz WA £ 50, Gy = 1519]

gmax - fOE 10] %]‘E]—
2] (1002 2 D3 7o) thAl AEE = Uk

[Z_ZL—&) B [elf“} "

Felstola] eutete] WA $8e the A(12)
S} 7o viehIny,

= [(&nax — &)p@)] ! (10)

§=4&

. Ve E(eM—l)

>

ANEA Atsl= 2(13)e] EAL X
FAEN7E o AUABAKL) 7Y R

g gk o 2 Sl T = dE FAD), FHA

1'%‘



A& 8] =2 A A6l A2E, 2015

Fe(u) 2 AEZY setdEl T 9o
Ao uf9- oH Y vpRAEE(y*) S 4

| itk wkebA 2(13)9] 284
g3 o]

oAt

zol-xé )

ate] Songol 1994\de] A=

shol ARG 4 %S Ml B

AlS
=

3. g%l & dlolH

=)

oA Abet vhE-E&E A Y 7849
371 918k Song(1994)¢] PhD.¥=¢
AREBEAEE Aol AMEE R
16.8m, ¥ 60cm, ¥=°] 80cme] 1, AL FaH I}
Higro 2 Aol 9o MFALEE Fig. 2 and 3%
20 287 2we] 7197 + 9% oA -1 %714

> MN

P

L

oY ol
™ O AN oo

<

— =

=z

as

Ao] P, §FE ADVPE 5 ZA39c
60cm 80cm

[Fig. 2] The cross-section of the measurement
channel
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[Fig. 3] The longitudinal section of the measurement
open channel
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[Table 1] hydraulic parameter
Divisi S Q D U T
rvision %) | (em/s) | (em) | (s | (C)
S50-Q50 0.005 50000 11.8 70.6 18.8
S50-Q70 0.005 70000 14.2 82.2 18.8
S50-Q90 0.005 90000 17 88.2 18.9
S50-Q110 0.005 110000 18.9 97 19.1
S50-Q130 0.005 130000 21.3 101.7 19.2
S90-Q60 0.009 60000 11.2 89.3 19.2
S90-Q70 0.009 70000 12.2 95.6 19.2
S90-Q100 0.009 100000 15.6 106.8 19.1
ACS00-Q100 0 100000 16.2 102.9 23.2
AC0-Q145 0 145000 20 120.8 23.2
ACS5-Q60 -0.25 60000 13.1 76.3 234
ACSH-R0 -0.25 80000 15.1 88.3 234
ACS2-Q100 -0.25 100000 16.9 98.6 234
ACS50-Q30 -0.5 80000 15.9 83.8 22.8
ACS50-Q110 -0.5 110000 17.9 102.4 22.8
ACS75-Q30 -0.75 80000 16.5 80.8 234
ACS75-Q100 -0.75 100000 18.2 91.6 234
DCS75-Q60 0.75 60000 17 58.8 234
DCS75-QR0 0.75 80000 20.5 65 234
DCS50-Q5H6 0.5 55000 14.5 63.22 235
DCS50-Q70 0.5 70000 16.5 70.7 235
DCS50-QN 0.5 90000 18.5 81.1 23.4
4, HetE Alo] mEMA
A(13)9] $Hge] de ME sy 8 WA
Choo 9] (2010, 2011, 2013)%5 ©] FE3+ Bir-f-4554
o 2](18)2 M9] 3oz Azsid 4] (19)¢9 2k
— Deg- R, -] M
i
u=——T s (M) 18
» o (M) o (18)
M veu
o(M)——= (19)
eM=1 Dege R, 1
2](19)% o]&-&to] ZICASERE MghS AbA it} ujet
A 213)el AP M7k 7 21(19)9] $-¥dol] A5H 5
g AAES Udshd, 44 vReE5E 78 5 Qs
5 ZAiEAN
21(18)% o]g-3te] Table. 1914 ZHH A8E 7}
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[Table 2] The entropy parameter M and friction

TP w*E B ATl A A 2(13)e] 93l AHg

velocity estimated by Song

* * * *
.. Entropy u U U
Division N c T 0
paraeter M| (o) | (eny/s) | (em/s) | (envs)
S50-Q50 8.66890 6.89 6.9 7.2 6.89
S50-Q70 8.92350 757 7.02 7.78 757
S50-Q90 9.09830 7.74 7.95 8.43 7.74
S50-Q110 9.47920 9.1 9.24 8.78 9.10
S50-Q130 9.63420 94 10 9.27 9.40
S90-Q60 8.92030 8.83 8.67 9.45 8.87
S90-Q70 8.93960 9 9.07 9.81 8.87
S90-Q100 9.56820 10.83 11.21 11.01 1093
AS00-Q100 9.06310 8 8.23 8.05 8.43
AS00-Q145 9.46240 9.3 9.7 9.24 9.80
AS25-Q60 8.76100 6.67 754 712 7.08
AS25-Q80 8.95340 7.28 7.36 7.36 7.71
AS25-Q100 9.13910 791 7.89 8.26 8.36
AS50-Q80 8.92670 6.9 6.85 6.86 7.24
AS50-Q110 9.07830 7.68 8.05 7.68 8.06
AS75-Q80 8.89070 6.46 717 6.54 6.87
AS75-Q100 9.09360 7.2 7.42 7.45 7.60
DS75-Q60 8.64560 491 4.97 4.96 5.19
DS75-Q80 8.76380 4.95 5.07 5.04 5.23
DS50-Q55 8.51430 5.2 5.53 5.68 5.50
DS50-Q70 8.80880 5.86 6.25 6.2 6.20
DS50-Q90 | 915990 691 654 6384 731
* }
u, = Song(1993)°] Clauser'#(1954)& o]g-3ke] 4t
A% hasolt 1 BEe o ANe 2k A
(149258 2155 I+
U 1. yu
— = u (14)
U k
U 1 [¢ yl c 1 /c
= LIt gL 2] a5
v kV2 "y 2 k2
S7lolA Ki B 2 A4 B HEAoln)
wr e dolsx $EYe AR N 1 e
21(16)% 2},
— du .
—=—u'VvH+rv—= f(l—ﬁ) (16)
dy h
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Experimental data

[Fig. 4] The friction velocity distribution
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Accelerating Non Uniform flow
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(c)

[Fig. 5] Comparison of friction velocity flow characteristics
(a) Accelerating Non Uniform flow
(b) Decelerating Non Uniform flow
(¢) Uniform flow
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[Table 3] RMSE Analysis

RMSE
Division Clauser Reynolds$-% gRI,
9 ]:—F- 0.41740 0.31286 0.33435
T
e
ne = 0.32063 0.36444 0.25986
T
LRl 0.05097 0.033220 0.049395
RMSE(Root Mean Square Error)= AR 2] A&
= H7h g o gol 0ol A7He5E A58 gk AR
] gho] & dAgHE et 7 35 RMSEE 4(13)
o2 A npAwste] v2E Fek9lon Table 3
I} o] 744 He R 554 vl RMSE 03128622 ¢
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