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ABSTRACT. An online calculation of an M4 open-channel flow water-surface profile is shown in

detail. Two examples using the script ONLINE_WSPROFILES_21 demonstrate the utility of using
this online digital tool for the accurate and expedient calculation of an M water-surface profile.

1. INTRODUCTION

https://[ponce.sdsu.edu/m1_water_surface_profile_calculated_online.html

A water-surface profile is a feature of the hydraulics of open channels which describes the variation of
the water-surface elevation in the longitudinal direction (one dimension x in space), under a steady
equilibrium flow condition. There are twelve (12) types of water-surface profiles, depending on the
Froude number F and the ratio S, /S, , in which S, = bottom slope, and S, = critical slope. The critical
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slope S, is equal to 1/8 of the Darcy-Weisbach friction factor f. Table 1 lists the twelve types of profiles

(Ponce, 2014).

Table 1. The twelve (12) types of water-surface profiles.

Family Character Rule So> S So=S¢ Sp< S, Sp=0 Sy<0
Retarded
! (Backwater) 1>F2<(S0/S)) S Cy M4 - .
Accelerated 2
Al (Drawdown) 1<F<(So/Sq) S2 - - - ]
Il
Accelerated
B (Drawdown) 1>F2>(S0/ 59 - - Mo Ho Ao
. (Igl(ztl?vrvi?gr) 1<F?>(5,/50) S3 Cs Ms Hs Ag

In this article, we describe the My water-surface profile, a retarded (backwater) subcritical/subnormal
profile, which may well be the most common profile in practice. The My profile depicts flow in a mild

channel, upstream of a reservoir (Fig. 1). We present two examples and show the respective online
calculations.
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Fig. 1 My water-surface profile.

2. GOVERNING EQUATION

Chow (1959) has presented the classical way of expressing the governing equation of steady,
gradually varied flow. A more cogent, dimensionless presentation, focusing on critical slope, has been
advanced by Ponce (2014) and is presented here.
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In terms of critical slope, the general equation for flow-depth gradient dy/dx is:

dy

S, - (PIT)(T,/P,)S,F?

dx

1- F?

For(P/ T) = (P./ T;), Eq. 1 reduces to:

dy S, - S, F2

dx 1-F?

(2)

For conciseness, the flow-depth gradient may be written as:

3)

Substituting Eq. 3 into Eq. 2, the flow-depth gradient is:

S, (S,/ S, - F?
Se 1-F2

(4)

slope S,, (2) critical slope S, , and (3) Froude number F.
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in which S, = channel (bottom) slope, S, = critical slope, P = wetted perimeter, T = channel top width,
T, = channel top width at critical flow, P, = wetted perimeter at critical flow, and F = Froude number.

The Froude number is defined as follows: F = v/(gD)'2, in which v = mean flow velocity, g =
gravitational acceleration, and D = hydraulic depth, in which D= A/T.

Equation 2, or Equation 4, its reduced form, is the steady gradually varied flow equation (Fig. 2).
The depth gradient S, is shown to be a function only of the following variables: (1) channel (bottom)

17/04/24 18:20
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Open-channel flow

Fig. 2 Definition sketch for energy balance in open-channel flow.

3. ONLINE CALCULATION: EXAMPLE A

We pose an example of the calculation of an My profile in a natural channel using the online calculator
ONLINE_WSPROFILES_21. The following box shows the input data.

Example A: Input Data

= Discharge Q = 100 m%/s

= Bottom width =20 m

= Side slope z=2(zH:1V)

= Bottom slope S, = 0.0005

= Manning's n=0.03

= Normal depth at the downstream boundary y;=5 m
= Number of computation intervals: n= 100

= Number of tabular output intervals: m = 20

lick on top of fi t
[Click on top of figure to expand] [Click on top of figure to expand]
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online_wsprofiles_21: M), water-surface profile OUTPUT:
Computational depth interval &y = 00204 m Tabular output depth interval (Oy) = 0.102m
Normal depthyo = 2.962m Normal-depth Froude number Fn = 0.268
M, PROFILE: y>y,>y. " "
Specific
Velocity | Specific| Wetted |Hydraulic| Friction | Average Length | Total
Depth | Area | Velocity head
$,=0 (=> normal depth)  S,= S, (=> horizontal) K °W| "head | “head | per radius | sl sloy longth
4 ’ : @ | | s | G P T | e | e | aerenee TN G
o 5 | 150 | 067 | 0023 | 5023 | 4236 | 354 |000007411, - - - 0
5 | 4698 | 14504| 069 | 0024 | 4922 | 419 | 348 |000008004]000007942| 002 478 | 2079
10 | 4796 |14193] 07 | 0025 | 4821 | 41.45 | 342 |0.00008656)0.00008569| 0.02 485 | a79.1
15 | 4694 | 13796 | 072 | 0027 | 4721 | 4099 | 337 |000009376]0.00009301| 0.02 93 | 7241
20 | 4592 | 13403| 075 | 0028 | 4621 | 4054 | 831 |0.00010172)0.00010089) 0.02 502 | 9735
RPUTDRR 25 | 449 | 130.14| 077 | 003 | 4521 | 4008 | 325 |0.0001103)0.00010961 0.02 513 | 12278
30 | 4389 | 12629| 079 | 0032 | 4421 | 3963 | 319 |0.00012031) 0.00011629) 0.02 525 | 14879
ot e T 35 | 4267 | 12249| 082 | 0034 | 4321 | 3917 | 513 |0.00013119]0.00013006 0.02 54| 17547
. |us. or s nits)
et 4 | 4185 | 11872 084 | 0036 | 4221 | 3871 | 307 |0.00014333|0.00014206| 0.02 557 | 20296
Enter discharge Q (ms) [cfs): (100 Enter botiom width 8 (m) f: 20 Enter side slope z (H:A V): (2 w 1o 715 1 o5 [ooe | iz | 2 | 501 50001550002 CEE E)
Entor bottom siope So (mvm) (1) (00005 Enter Manning's n: (003 50 | 3981 | 111.32| 00 | 0041 | 4022 | 978 | 294 002 602 | 26008
Enter flow depth at the downstream boundary y (m) (] (a subcritical subnormal flow depth) I left blank, program will use 1.01*normal depth J: S5 _| o679 lior68] 093 | 0.044 | 9923 | 5735 | 268 0.00018730) _0.02 L
G 6 | 3777 | 10408| 096 | 0047 | 3824 | 3689 | 282 |0.00020843)0.00020641) 0.2 672 | 52479
. 65 | 3675 10052| 099 | 005 | 3726 | 3644 | 276 |0.00023020]0.00022791| 0.02 723 | 35988
Enter number of computational intervals n (suggested range 50-200) [ I left blank, a defauit value of 100 willbe used J: (100
70 | 3573 | 97.01 | 103 | 0054 | 3628 | 3598 | 27 0.00025229| 0.02 792 | 3980
Enter number of tabular output intervals m (suggested range 10-50) [ Ifeft bank, a default value of 10 will be used J: (20 75 | 3471 ] 6353 | 107 | 0058 | 358 | 3552 | 263 |0000262%8| 0.00028002| 0.02 8 | 44033
8 | 337 | 901 | 111 | 0063 | 3432 | 3507 | 257 |000031507) 000031169 0019 | 1032 | 48879
ECHOOENPUT 85 3.268 | 86.71 115 0.068 3.335 3461 251 0.00034797 0.019 1272 5470.6
Dischargo Q = 100 m? s°! Bottom width B = 20 m Side slopo 2= 2mim 9 | 3166 | 8336 | 12 | 0073 | 3230 | 34.16 | 244 |0.00039420) 0.00038972| 0019 | 1743 | 6233.1
Manning'sn = 0.03 Botiom siope S, = 0.0005 mim 95 | 3064 | 8005 | 125 | 008 | 3143 | 837 | 238 |0.000443150.00043796| 0019 | 307.7 | 74368
o e 100 | 2962 | 7679 | 13 | 0086 | 3048 | 3325 | 231 |0.000500000.0004396] 0019 | 81367 | 131145

Number of computational intervals n = 100 Number of tabular output intervals m = 20

Fig. 3 (b) Example A: Output.
Fig. 3 (a) Example A: Input. 9-3(b) P P

Output. The results show that the (flow) depth at the downstream boundary (y4 = 5 m) will decrease
gradually to the normal depth in the upstream end y,, = 2.962 m. The total distance, from downstream

boundary to upstream end, is: L = 13,114.5 m.

4. ONLINE CALCULATION: EXAMPLE B

We pose an example of the calculation of an My profile in a lined channel using the online calculator
ONLINE_WSPROFILES_21. The following box shows the input data.

Example B: Input Data

= Discharge Q = 50 m%/s

= Bottom width =6 m

= Side slope z=1(zH:1V)

= Bottom slope S, =0.002

= Manning's n=0.015

= Normal depth at the downstream boundary y;=5 m
= Number of computation intervals: n =100

= Number of tabular output intervals: m=10

[Click on top of figure to expand]
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online_wsprofiles_21: My water-surface profile

M, PROFILE: y>y,>y,

$,=0 (=> normal depth)  S,=S, (=> horizontal)

INPUT DATA:

—
Ty y>y, subnormal
_ y>y. subcitcal
S.<s. Yo> ¥ mid
S1unts et

Select: | US. Customary units | [Choose S.1. Units or U.S. Customary units)

fets): (50 i m: (s Enter side slope z (zHA V): 1

Entor bottom slope So (mm) [ut: (0002 Entor Manning's n: (0015

Enter flow depth at Yo (m) [f) ( depth) [ Iflaht blank, program will use 1.01°normal depth |- (5
Enter number 50-200) [t left blank, k[0
............. 10-50) [ floft blank, 10wilbe used): (10

ECHO OF INPUT:

Discharge Q= 50 m?s™! Bottom width B = 6m Side slope z= 1 m/m

Manning's n = 0015 Bottom slope S, = 0.002 mim

Specified flow depth at the downstream boundary yg= §m

Number of computational intervals n = 100 Number of tabular output intervais m = 10

Fig. 4 (a) Example B: Input.

Output. The results show that the (flow) depth at the downstream boundary (y4 = 5 m) will decrease
gradually to the normal depth in the upstream end y, = 1.821 m. The total distance, from downstream

boundary to upstream end, is: L =1,771.6 m.

17/04/24 18:20

[Click on top of figure to expand]

ouTPUT:

Computational depth interval Ay = 0.0318 m Tabular output depth interval (Ay) = 0.318 m

Normal depth yp = 1.821 m Normal-depth Froude number Fp = 0.922

Velocity |Specitic| Wetted |Hydraulic| Friction | Average | SPESic | Lengtn | Total

CE W | e | | [ i
) 5 55 | 091 | 0042 | 5042 | 2014 | 273 |000004872| - - - o
10 | 4682 | 5002 | 1 | 0051 | 4733 | 19.24 26 |0.00006292| 0.00006211| 0.031 159 | 1589
20 | 4364 | 4523 | 1.11 | 0062 | 4427 | 1834 | 247 |0.00008253]0.00008140] 0031 159 | 3179
30 | 4046 | 4065 | 123 | 0077 | 4123 | 1744 | 23 [ o0s 159 | 4771
40 3729 | 3627 | 138 | 0097 | 3825 | 1655 | 219 003 159 | 6364
50 | 8411 | 821 | 156 | 0.124 | 3534 | 1565 | 205 |0.00020949]0.00020594] 0029 16 | 7961
60 | 3093 | 2812 | 178 | 0.161 | 3254 | 1475 | 191 |0.00030079|0.00029524| 0027 181 | 9565
70 | 2775 | 2435 | 205 | 0215 | 299 | 1385 ED | o025 163 | 11184
80 | 2457 | 20.78 | 241 | 0295 | 2752 | 1295 16 1000069347 ) 0.00067784 | 0.022 168 | 12834
90 | 2139 | 1741 | 287 | 042 | 2559 | 1208 144 0,00113600] 000110709 | 0.016 184 | 14578
100 | 1821 | 1424 | 351 | 0628 | 2449 | 1115 | 128 [000200000/0.00194131] 0006 | 942 |17716

Fig. 4 (b) Example B: Output.

5. SUMMARY

An online calculation of an My open-channel flow water-surface profile is shown in detail.

Two examples using the script ONLINE_WSPROFILES_21 demonstrate the utility of using this online
digital tool for the accurate and expedient calculation of an My water-surface profile.
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