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Formula on direct calculation of water depth of uniform
flow in rectangular open channel

ZHAO Yan-feng,ZHANG Kuan-di, LU Qin

(College of Water Resources and Architectural Engineering , Northwest A&F University ,Yangling ,Shaanxi 712100, China)

Abstract :[Objective] The study was to seek the essence of calculating water depth and width of chan-

nel's bottom of rectangular open channel a good calculation-method. [Method)] Through proper mathematic-

exchange from the basic equation of rectangular open channel, the iterative formula for quick calculation of

water depth and width of channel's bottom can be induced and used with the reasonable first iterative quan-

tity. [Result] Through error analysis and calculation,in the practical area of engineering,the maximum er-

ror of water depth and width of channel’s bottom of uniform flow in rectangular channel was less than 0. 2

percent respectively. [Conclusion] The formula is short-cut and correct which can satisfy the requirement

of engineering practice.
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Table 1  Optimal calculation of ¢, ,¢, in equation of first parameter about water depth
c1=0.835 c1=0. 840 c1=0. 845 c1=0.850
AH X 15 22 AT 1R 22 A X 15 22 5 KA KT X2
e KA PR 2 s, e FAHXF PR 2 s, e FAH XF P2 s, R e/ % - N
2 MR e/ % Standard W% e /% Standard B2 e/ % Standard The o
; L . L . S . Standard
The maximum  deviation of =~ The maximum  deviation of =~ The maximum  deviation of maximum ..
. . . . . . . deviation of
relative error e, relative relative error e, relative elative error e, relative relative .
relative error s,
error s, error s, error s, error e,
0. 985 —0.709 0.230 —0.614 0.195 —0.521 0.167 —0.430 0.142
0. 990 —0.627 0.212 —0.531 0.177 —0.437 0. 150 —0. 348 0.116
0.995 —0. 544 0.195 —0. 447 0. 160 —0.353 0.129 —0. 263 0.093
1. 000 —0.461 0.172 —0. 363 0.137 —0. 270 0.096 0.267 0.072
1. 005 —0.379 0.135 —0. 281 0.096 0.203 0. 060 0. 336 0.076
1.010 —0.297 0.098 —0.199 0.058 0.272 0.061 0. 405 0.105
1.015 —0. 215 0. 064 0.218 0. 059 0. 342 0. 094 0.474 0.110
1. 020 0. 266 0. 069 0. 288 0.095 0.411 0.101 0. 544 0.117
1.025 0. 336 0.104 0. 360 0.106 0. 480 0. 107 0.613 0.127
1. 030 0. 406 0.122 0.435 0.109 0. 549 0.116 0.682 0. 140
TENERNAREREVNEEH AT —XTEH 1. BRELITE
Table 2 Optimal calculation of ¢, .z, in equation of first parameter about width of channel bottom
t1=0.355 t1 =0. 360 t;=0. 365 t1,=0.370
AR 158 22 A X 15 22 A X 15 22 1 RARXT X 2
i K AR P2 s, I FARXF B 2 sy i KARXF Bl 2 s, B e,/ % FEE 5.
t2 $HR % e/ % Standard R e, /% Standard R e,/ % Standard The » oY
: L . L . S . Standard
The maximum  deviation of =~ The maximum  deviation of =~ The maximum  deviation of maximum [
relative error e, relative relative error e, relative elative error e, relative relative cviation ©
’ ’ ’ relative error s,
error s, error s, error s, error e, :
1. 310 —0.979 0. 339 —0.739 0.244 —0.508 0.153 —0.278 0.077
1. 315 —0.918 0. 324 —0.676 0.229 —0. 446 0.139 0.220 0.067
1. 320 —0. 857 0. 308 —0.614 0.210 —0. 384 0.115 0.273 0.053
1. 325 —0.795 0. 280 —0.552 0.179 —0.322 0. 085 0.325 0. 056
1. 330 —0.735 0.249 —0.491 0.147 —0. 260 0. 060 0.378 0.071
1. 335 —0.675 0.217 —0.430 0.117 —0.198 0.048 0.430 0.082
1. 340 —0.615 0.186 —0. 370 0.091 0.219 0.059 0.483 0.093
1. 345 —0. 556 0.156 —0. 309 0.073 0.272 0.076 0.535 0. 106
1. 350 —0.496 0.128 0.276 0.074 0. 326 0.096 0.588 0.121
1. 355 —0.436 0.105 0. 327 0.083 0. 380 0. 104 0. 640 0.136

F1ME2 P e, e, 530 R (19) L (20) FH AT
N R EAE oy BUER B N, LA 2o 1 ye A RIE TR
oy BERRAMXRZE, R 1 AT LUE o H xR
LR MEZ B /ME N s, = 0. 058, 5 2 XF 1 19 2 %L
= 0.840. ¢, = 1. 010, H & K M ¥} % 2 K
—0.199% ;s N 2 0T LUFE H . v AH X% 25 19 b off 22
Be/ME N s, =0. 048, 5 Z X W i & ¥ ¢, = 0. 365,
£, =1.335, Hfg KA AR 258 —0. 19800, H . oH%

CrConty oL AR A (19) L (200, W] 45 TG H 40 4R

T T T 24 50 G 7K R B U 3 JEE 5 1) 2% AR WD (B B 2 R 3k

25 =0. 840" +1. 010a, @D

yo=0. 3655 +1. 3358, (22)

HRCH . COMRAR A3, D, AR

(7) L C9) v a] 4546 T8 W 187 35 53 Tt 7K IR B 0 38 i 9 1Y)
BT AN



X SIE XS5 - R BB T 1) 5 3% S99 K it B i B B 5 227

h=ba(1. 680a" +2. 020a+1)""*,
b=hp(0. 3658 +1.3353+2)"",

(23)
24)

4 R EDTT
FRPESCHR[15 ], o BUE— M A » € [0.05,5], y
S WEIE )y B — M y e [0.2,20], SEbR

0.3
0.2

0.1 /\
0.0 -

0 0.5 1.0 1.5 2.0

IR ZE/%
Relative error

1
S e
W N =

EEEASH o

Non-dimensional parameter a

11 TG B9 IR W T 34 5 Jat 7K R AH X 15 22 43 BT
Fig. 1 Analysis figure about relative error

of water depth

AR 22 A0 A AL 1L 18 2 W] 0, AR AR VS

P AIF ST 2 2 B30 TR B T 2 0 45 29 3l K TR AR
B 1) Je KA X R 25 ¥/ F 0. 20

5 W ZE

SO/ W T =3 o TE -1 I G e i =B A N T N P
To i AN /K R IR S TG B WIS vE T TR S e b — i
A 2€[0.05,5],y€[0.2,20], P TC &
WESH o p BEW A S o €[0.048,1. 916 ],
BEL0.146,5. 8081, HE o p Al T % T
FEL o 7K TR RS B 1 A X 328 22 /N T 0. 204, T T 52
i 1581

PASCHRLLS ] i), e U2 T8 SR BBOREA7 1)) 3 19 56 02
DR TET o R A D P U T R R R A = 0. 013, i
K Q=31 m’/s, BJK P i=0.001,

(D YRR h=3.5 m. iR B E L 0,

3 10) 3 AT g1 p= e (19

h1‘6<7)°-6:o.620 4,
1

OIS, 6= hp(0. 3658 + 1. 3353+
2)*"=3.355 m,

A 461 S V% 5 BE RS B L R 6= 3. 350 m, A 3¢
T 2SR A5 Sk (15 rh %2 3 S B8 10 A X i 2%
8, =(3.355—3.350)/3.350=0. 149 % ., 4 J& it £ T.

(2) [R1BE ARSI b=3.35 m, AJ SR BB AK IR h.

o LA 1 . nQ
(8 HEE o bﬁ<f
(23 BB h=ba (1. 680a° + 2. 020a +

)% =0.665 4,

TARH 2 M0, 05,5 13 [ iy 18 B AR 2 i 31, TR ot
AT iR 2 B R 2 €[0.05.5], T
xy WU Y AT X B 1) JE i 0 S 8K e B 1 HU(E i R
Ay a € 0. 048,1. 9167, 3€ [0. 146,5. 8087, 1%

22 AT LR 1.8 2,

—_ N W
—T— T

R 2
"3
> 0000 10 2 3.0 40 54 60
®RE 0.1
Be_ g,
—0.3
ERFSHK B

Non-dimensional parameter B

Vel 2 JC o A9 45 8 Wi T 2R 30 JTS 98 AR X % 22 43 A
Fig. 2 Analysis figure about relative error of
width of channel’s bottom
1)""=3.499 m,
FIABIEE 1 H 520 AOR A3 SOk L 15 ] b 2 29
KB M 5 2 6, = (3. 499 — 3. 500)/3. 500 =
—0. 01790 G BE W AL TREEOR

6 45

5 3CHRL11-14 19 ad 22 X e AR BF 5T 48 B 28
FUTE B b P A B T - 2 SO 3R T BE L
HIE Rz W 7 TR . iR 2
Sy BT R o n] LU L AR BT R S U TR
PG BN 24920 3 K T R IR TR BE Y 3R 22 BN T
0. 206 , T ELASM A P81 3 3k B 7 i 2 — b ) 5 14
BT S TR B S8 A TR SEBR R L AT
TR BT 2% N .

[ 5% k]

(1] EEPHE .0 ok, % BRI F KRk sie [T
PHALAR AR R 2425 4l AR 24 iR, 2006, 34 (1) :155-161.
Wang Z Z,Chen T, Wan B, et al. Pandect for the calculating
methods of the critical depth of opening channel in different
typical cross sections [J]. Journal of Northwest Sci-Tech Uni-
versity of Agriculture and Forestry: Natural Science Edition,
2006,34(1):155-161. (in Chinese)

(2] FEiESP.2 30, REZL FesIE BRI Rk wE s [T

K A2, 1999(4) : 14-16.
Wang Z Z,Yuan S, Wu C L. A final inquiry on a formula for
calculating critical depth of open channel with trapezoidal cross
section [J]. Journal of Hydraulic Engineering,1999(4) ; 14-16.
(in Chinese)

[3] Wang Z Z. Formula for calculating critical depth of trapezoidal



228

T AR MR 22 4R CA R O

5 36 &

(4]

(5]

L6]

(7]

(8]

9]

open channel [J].] Hydr Engrg.1998,124(1):90-92.
Prabhata K S, Wu S, Katopodis C. Formula for calculating criti-
cal depth of trapezoidal open channel [J]. ] Hydr Engrg.1999.
125(7) . 785-786.

B 5. BT SR I K TR B T3 BRI [T, Ak R 22 4, 1994
(8):48-52.

Hao S T. Calculation and discussion of critical depth for ladder-
canal [J]. Journal of Hydraulic Engineering, 1994 (8) ; 48-52.
(in Chinese)

FEIE AR BR AR ARANAN  SEL BB TR B IR I R KR B A A
LI KRR 22 B e 4l - 1998, 15(6) - 1-3.

Wang Z Z,Xi G Z,Song S B, et al. A direct calculation formula
for normal depth in open trapezoidal channel [J]. Journal of
Yangtze River Scientific Research Institute, 1998,15(6):1-3.
(in Chinese)

HE, EAE 2R BB D B 45 HE K SR8 K 13 SR
(7. 28k HEk , 1994(6) : 36-40.

Xiao R S,Yan L G,Li X Q. Discussion about hydraulic calculation
of trapezoidal(rectangular) section in water and wastewater channel
[J]. Water& Wastewater Engineering,1994(6) :36-40. (in Chi-
nese)

B . BRI SR O R K IR AU B8 i R AU AR (D], s 58k,
1995,17(4) :63-64.

Hao S T. Iterative calculation of normal depth and width of
channel bottom in trapezoidal open channel [J]. Mechanics and
Practice,1995,17(4) :63-64. (in Chinese)

S ER B MR TR O R K IR BT R AR [T KRR
TR #E,1999(3) :31-33.

Liu Q G. Iteration method for calculation of normal depth in
trapezoidal open channel [ J]. Design of Water Resources &

Hydroelectric Engineering,1999(3) :31-33. (in Chinese)

[10] Srivastava, Rajesh. Exact solutions for normal depth problem

[J]. Journal of Hydraulic Research,2006,44(3) :427-428.

[11]

[12]

[13]

[14]

[15]

[16]

ORI, BRI KR SR H R ARK [T
PR A TR ,1999,24(1) 1 17-19.

Li C,He W L. A direct calculation formula for water depth
and width of channel’'s bottom in rectangular canal [ J]. Cen-
tral South Highway Eneineering,1999,24(1):17-19. (in Chi-
nese)

VEREA: AR 0 0 . HE TR WY 3R 149 5t 7K O K 58 1Y T
oy U [T RICRE B Be 4l - 2000, 17(4) :5-7.

Xu Y S,Fu G T,Hou Z C. Operator splitting method for cal-
culating uniform flow depths and bed widths of rectangular
open channel [ J]. Journal of Yangtze River Scientific Re-
search Institute,2000,17(4) :5-7. (in Chinese)

VFIE A=, F A o B A . T IR 3R X 2 Ui K R R T Y T
M (1] =Wk B RR 2R, 2001, 23(2) : 109-
111.

XuY S, Wang N N, Zhao M Y. Asymptotic coupling algo-
rithm for water depth and bed width of uniform flow in rec-
tangular open channel [J]. Journal of University of Hydraulic
and Electric Engineering: Natural Science Edition, 2001, 23
(2):109-111. (in Chinese)

BT LSO TURR R DD W 2R 3 5 K TR A SR K R 1
B LI AR K FIK fL%4R - 2006, 27(4) £ 33-36.

Ge J Z,Wang C X. On iteration algorithms of uniform flow
depth and critical water depth in open channels [ J . Journal of
North China Institute of Water Conservancy and Hydroelec-
tric Power,2006,27(4) :33-36. (in Chinese)

SIS K1 IMOL st S 50R L 1979,

Wu C G. Hydraulics [ M. Beijing: Higher Education Press,
1979. (in Chinese)

XK YRS BRS R BUETHSE R LML b st i R R AL,
1990.

Guan Z,Chen J L. Value computational method [ M]. Beijing :

Tsinghua University Press,1990. (in Chinese)



