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Discharge Estimation Using Non-dimensional Velocity Distribution and
Index-Velocity Method in Natural Rivers
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Abstract

It is essential to obtain accurate and highly reliable streamflow data for water resources planning,
evaluation and management as well as design of hydraulic structures. A new discharge estimation
method, which is named ‘non-dimensional velocity distribution and index-velocity method,” was proposed
in this research. This method showed very close channel discharges which were calculated with the
exiting velocity—area method. When velocity—area method is used to estimate channel discharge, it is
required to observe point velocities at every desired point and vertical using a current meter like
Price-AA. However ‘non-dimensional velocity distribution and index-velocity method’ is used, it become
optional to observe point velocities at every desired point and vertical. But this method can not be
applied for the cases of very complex and strongly asymmetric channel cross—sections because

non-dimensional velocity distribution by entropy concept may be quite biased from that of natural rivers.

Keyword : discharge estimation, velocity—area method, index-velocity method,
non—dimensional velocity distribution, entropy

1. A&

A UM E stH FEFe 283U HFE 98 2AFEAU FEAFES 22 AAT oA
FEFEA IS0l YT QA AY B, 2004; A Y 5, 2006). o)2F WHEL 5F dW HAE F
etz ¥ whde B gdoly A HAN ALXHYA F&5E S ol dY AA U #AE
she] fEe AT, ek &3 oJode f&u A dHe & Atold FEHojm o|EHY AAE F
#ate ol Zasit

Chiu(1987, 1988)= 71&9 A2 &4 38 WF FEEEANY TAE 5T F s ez #ET
AM Al2EE AEZY AEdE o83 vd 234U FHEEXAS AT Chiudl A2 SETH A
o] 293 ASS AAsle T4 F539 111 S AAE ol 83E=R 9 oA HulRHo]
UelhtE A4 842 ojgdog AFYE + k. A o]EAY FEEIAE ALY & UdE A=
o Aekog A& 27} AL FHELAL ol Ao A AXNL Yo AltEjE 5o A¥sR *
= gatont ARz ALy v JrHChiu, 1988; de Araujo®t Chaudhry, 1998). Chiu®} Murray(1992)¢
BEEHQY FESETY B2AS T 23T NFE 9N i g, $EF EAAS, QU BAAF
Lo AAY £ Qe wAZE u ul dEZI FEETAL Chivel 98 Aot oz oz ‘ﬂ“ﬁ"ﬂ’ﬂ
AFe Mol AUt &A%t &t @A) 23 fEHEE B AESAETE AUD #AR AAs e F

* B3 S=HMols 04*7‘°J SRR TR SAM T2 E-mail : cwkim@kict.re.kr
x 3| ST EA 7Y FXYHATE AP E-mail : 518minho@kict.re.kr
*xx MBS HMT|S ._4?9.;1 /| FEEAAIECE CHERE-mail @ swjung@Kkict.re kr

sxxx K3 .olFM sty SAAMREZSHE WE-mail ¢ dhyoo@ajou.ac.kr

- 855 -



A (area-velocity method)S A% 4 ol
£33 9y S 58519 §%E AHdsts W olth

Q:AE:A]U_]+A2’U‘_2+ ° +Au 1Yy — 1+An o EAz:u’_z (1)

i=1

hS
rlr
L
é
fol
e
a!)
3
L
'
rir
B\
2
ghid
o
fol
ot
o5
e
L
e |
rir
)
é

71 Qe WA BEYH NF FHoln
R AEGE, u s FULT 5P FEFHSo|n

T

o
A
fol

A EF4 Y (index velocity method)2 & FRolgdtn &2)7|% 38 HUFEHS FFUAH A E= 5
o FZFE& Aidsts Wit

Q: c ulllﬂ)( A (2)

A 71A e FEA E(velocotly index), u,,, £ #dF5olth

Chiu(1987, 1988)7} A|¢ts &d 219 f&E AL FEEA N AISHE JAEZS Huzty Jd
Talti}aog S43k Aol Chiu(1988)d] o5t AMFE dior 234 FEEX e SHE4 7)we i}ﬁ
=2

A, AEZT ) 7|23 FEEEY, #8448 WS M Fo 37H 242 FAHEY
3.1 TH&5A g {—n FAFEA

AEZY FEHER2IANAE I 1] B nie} Zo] adde 54 §4& /e AEL dZde
SH&Aisovel) €9 ARM 2 FARE -9 AXAE o] &Fth ¢y ABAE ATHIAY KA,
¢—n FEANME THEHAR 5 dEd] AASG 7S Dol 111 BAZ AHIT AN FF
greka AAurge) R oz o]FAZ AnATA= A 3 9 (—np HFAR AFIG HA FEHEE
o] A E p7t Davt flom R ¢vk AAstA Hel

£=201— V) exp(, Y- Z+1) (3

A71M Z=5/(h+o,+ve), Y=lyl/(B,+5) otk y& aBWT RE, 2= NG AES AUKE A
Eobsts AU A¥alo} ok hE 4, B(i=1 EE 2t a5 ol%

Zolt},

i1

& n

S fumm
7 &
P 4 3

/ Rz -l

channel bed {2 )

o o o
e ]

channosbedicm¢)

— & runes

channel bed (= ¢}

{a) (b} © @

J8 1. W2 ot ¢— = EA(Chiu and Murray, 1992)

- 856 -



A (el B €, 5, 5, p;E THEA Dol BAE wAW oItk o] F 2 AAYFoR HH
Zo] HAstE FHoRRE 9 AHuolth =02 AT FHAM, e>09 A$ 2 oA, e<0dd HS
T otefol A Aol B 5, 6, B THELY AL A 24se Wgolrh
3.2 Fa 48X

NEZY FEEEAL 55454 ¢4 §5% wd B FELETFE o8 EEHc) o]F F3l
SH44 A FAY FE oS Uehle A fE5ETAe 4 ()9 go] & 5 At oo F
AN F2 FAHL Chiu(1988)9) & 71&Ho] gk

+__uw 1 ar £—&
u - umax - 1‘/‘[111 1+(e 1) &mux —60 (4)

A e ME& UARFR e ASE adAe 23k SRz B duk Foth
3.3 YA vAUSE M

AERY FHEL2 3¥A 74 24t FE5EZY 2L ZAse ey o mez 4
(5% Zol 5dA

u 1
) MM -1_ 4
¢(]v1)—umax eM(eM—1) 7 (5)
o 71 A ¢(M"%‘ AeaEa FUFE9 v&L veld) 3de EAS UgUe gte=s dA% zke 714
= Aoz od&A ARG 5, 2001; FEHE, 2002; Moramarco %, 2004; o33 S 2007).
4. F4Y FEEX-ABERFEHE o] 8T {34
4.1 739 F&5EX9 vjAqus 23

224 54 ot 4 AAY TN AEW A 4)F ol&sty AT 4 1)E HesedE B
® uAEFEE 94 AAsteek el Chiu and Chiou(1986)E dl/|W 42 A‘_}zg, &7 8 AFGaAA 3
Za F4, ZEAFE BIAMNA 28T 2oJE AAEn, A oidse] dee 247 g #@ol Al
SATh € WAE -0.587~0.045 mE F2 £ ZAHA HolfEol BAGh 5,9 5,5 00 M gk
ojc}. ﬂj9] HoE O~1o/9 2§ 10 B #c} B=23j°]“1 n<& Manning? ZEAFolth B dFd A=
e=0(FHAN HeffEo] sk A2z 7HY), §,=0, §,=0& HE&s}on, M=213& A3t
42 SAFEY FAY 52X AR € AEFSY

AEHE w0 FAY F%5 o), 00 4HEH AYIARY S o2 A5 go] A}

Uj k™ dmaxu_:k (6)
ANM u,. T HAAFE A Agasolt EA(floadE ZHE A2 845 A 2y 20 B uig
Zo] FHoA FFHA FAd EAGEE AL FF @ 2 20 sty A"t o] w g, Ul
A2 @A ARE w,, T ARET FEAE o= Y fE5EEo 9d dFgo] "ok ofgy A
A9 95 % A= e Adstel 3o AR FIRE Addsich

a9 25 43 I AHA 20060 7Y 3Y 12:200] Price-AA A2 A2 §&55 2] (6)o] 9
3 AN FEETZ o8 EXF otk £9E 2.09 mold, FEHAY o3 §ZFE 963 m/s, F-24
FEEI-AZRFEH T HF2 803 m*/s(95 % A= FIH 607 < Q < 999 mP/s)olt}. o] AL
A AdfEe Z2AATE 08100t 29 32 HA A HAA 20063 7€ 169 15:11¢] B2 d=3
F53 A (B g AN FHEEZE d2 TAG 7401@ FHE 10.76 moly, FE£HH Y| oFd &
ZFe 9,489 m'fs, FAY FHEREI-ATHER s FFL 9,849 m¥/s(95 % AT T 8972 < Q

- 857 -



< 10,726 m¥/s)olth. o] A9 %=
S5 ARAFIE FolAm A F

1 oZ‘i
S
i)
o
A
1o
fin
o
é
[‘ F
=
.
o
o
32
Ll
R
-
=2
R
|
1
e
Ho
ol
N
RSy
dl
o
§2

gl BoblE A%E BT,

U P 167

£ o N
uj 18 M%‘tm%wﬂ K7
= SRy

5. Ay R HAHPE

5.1 4358 A=Y FPEA

20054 £ 4 BEAATHBREFE AL, 2006, FEAEFEAL, 2006, FREFF AL, 2006 FABES
BAZ, 2006) T BHAEIL B ARE tdoz B B4 e 187 Aoln QA%
g, 249 &4 WA, BBEY Sl BAZ A ARE AW 51209 AEE BARAE. 4F5H 3

51

U2 F87F 938 A$ols Price-AA §£4, 971 & -%oﬂE A7 ALEE G, B d
(B/hy )= WS 5,58 AAS7] AT £33 oz A7 & ARt F47F E2 g0l 1 ghol
Atk B AT AMRF Azl e £ 5L A4S 10~100(ﬁ§ﬁ 50), 97t ¥ A4 20~280(4
7 116)9] WL E Bolx it}

5.2 59 AM} FAY FARE-AXFEH 9@ #F

HARFS AEE S0 SARDER TRt AU Price-AA FEAE 0BT F
o A% 39 40 Jehd vis 2ok $AE 08T 43S A% 29 59 Uk vhet gk 1
AN FEEe FEEA F 5 9 FERI-AXAEY 4 2
QuOlth EAFF UE ALFIH Bl Q) 05 % AR T L FARFH AL
S AT 7Y 45 B 2EF QuE ALY 0,9 95 % AT T Ul 445
wlRo] BEzele AnE Beln gtk

ot
do A
> of c_n o

rSL
2

_CL
;—A
;_A
»

2,000 10,000 ;
1:1 line | 1:1 line
Qu=1.204Qay 8.000
. 1,000 =
= 2 6,000
E E
N Qn=0.767Q Ay > 4,000
< 0 o
v 2,000
s > 95 % confidence interval z ;
-1,000 k52 ; ; 0 K ; : ; ; ;
-1,000 0 1,000 2,000 0 2,000 4,000 6,000 8,000 10,000
Qav (m¥s) Quv (m%/s)
(=] H (=]
a8 4. A RE(Qp) 7 Price-AA a8 5. MHEFE(QH)T SFA
AlZ o g Al = © g
ElﬂTT (QAV) E!“lﬂ_C)t(QAV)

o2t A7t vetllE ®he

B

2

P2 AZAAG, #32 ART F A AT Y BT o 8F 7S
3 =

t

Q

o] 7y} WQd Ao Wiy

o &R
bl 27N} FHEE ¥ + AL A

ol

- 858 -



2 AT E2E A2e e 2ok $AY AERE-AEAEPE olgsd 71E fLuHU A
o £UT AAFAE AT & oAtk EF Price-AAS o183 §52 ZAR AS S F4lol we
A AR F52 HAseIof s, FAD FERI-AEARENES o EHA Y99 M HHo
A f5E BRSAE AFF FIAN0l Ak o] Ul 42 A3 wE FrEA 550 AW
A Swder $40 ¢a sHFe] an wEYe] BgANE A9t AEAND 2D FERE-A
EHEPOE ANY §7 2ol Aol7k A F 9

A2
AURER FFEFFEAL BHHY FAAANGH 22 2GHA) DTG 2 Am

& = 3 3
T 2E7IEIAE e AT L0611 AIABOD o FAEASFUT. Ado A= FHYoh

|

g}'l_,
ki
o

4%, olUE, A4, DAF (2004). “LAFBAL 01§ AN FARFEA.” 20049 IR
|

o
o
W
nx
FH
o
i
Ao
Hipal
o
Hl
4
>
%
B

RAF, WETF (2006) “HEATHE o BF AFHFFA. 2006 BRS-GBS LES
F5A U3,

GE=RELE A (2006). 2005 HELRUEHE DA,
fr:

fr
Ho

!
%

FA44 (2006). 2005 HAMRUFBEHE A,

F, 499, A, 29 (2007). “DEZT F2R¥o] A5 e B4 §25A088 =T,
TAEEI, A T

FHZ (2002). “GEAeTS HFF AU AAIF-AEZT Mdd oS FEFSAYY HL- UEtE
el =2, WIERSHE, 2227, A4-BI, pp. 485-494.

4 E5FEA 4 (2006). 2005 YR UAFAEHEB DM,

Chiu, C.-L. (1987). “Entropy and probability concepts in hydraulics.” Journal of Hydraulic Engineering,
ASCE, 113(5), pp. 583-600.

Chiu, C.-L. (1988). “Entropy and 2-D velocity distribution in open channels.” Journal of Hydraulic
Engineering, ASCE, 114(7), pp. 738-758.

Chiu, C.~-L. and Chiou, J.-D. (1986). “Structure of 3-D flow in rectangular open channels.” Journal of
Hydraulic Engineering, ASCE, 112(11), pp. 1050-1068.

Chiu, C.-L. and Murray, D. W. (1992). “Variation of velocity distribution along nonuniform open-channel

flow.” Journal of Hydraulic Engineering, ASCE, 118(7), pp. 989-1001.

de Araujo, J. C. and Chaudhry, F. H. (1998). “Experimental evaluation of 2-D entropy model for
open-channel flow.” Journal of Hydraulic Engineering, ASCE, 124(10), pp. 1064-1067.

Moramarco, T., Saltalippi, C., and Singh, V. P. (2004). “Estimation of mean velocity in natural channels
based on Chiu's velocity distribution equation.” Journal of Hydrologic Engineering, ASCE, 9(1), pp.
42-50.

- 859 -



