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Este método plantea un procedimiento basado en
estudios de: Bakhmeteff, Mononobe, Lee y Von
Seggern, encaminados a resolver directamente la
Ecuacion de flujo gradualmente variado.

Para determinar el perfil, el canal se divide en un
numero de tramos de tal forma de que en cada
tramo las secciones 1 y 2 consideradas deben
estar a una distancia tal que los exponentes
hidraulicos M y N se mantengan constantes.



Los Exponentes Hidraulicos M y N se pueden
expresar en funcion de la profundidad de flujo en
canales trapezoidales de la siguiente manera:

M. Exponente hidraulico para el flujo critico
N:  Exponente hidraulico para el flujo uniforme

La longitud de cada tramo a partir de los tirantes
conocidos o supuestos en los extremos del tramo,
se calcula con la siguiente expresion:
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L=X2—X1 = Distancia entre las secciones consecutivas 1 y 2 de
caracteristicas conocidas.
u = ylyn = Relacién entre el tirante cualquiera y el normal.
Y = Tirante normal.
Ye = Tirante critico.

Sy = Pendiente del fondo del canal.
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My N = Exponentes hidraulicos, en funcion de la geometria de la
seccion y del tirante del agua.

G [1 +2Z(y! a}}_g W1+ 2Z° (31 8) ' (Abaco 1) ‘
3L 1+Z(pib) | 3| 14+2 1+ Z2 (31 B)
ap 23 +22y) -2+ Zy) ~ (Abaco 2)

(b+270)(b + Zv)
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Figura 6-2. Curvas de valores de N.
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v

5, Yo
v;J = Variables introducidas por Ven Te Chow, siendo:
A
: = >
v=u"" N-—M+1

F(u,N) = Funcion del Flujo Variado, calculado por Bakhmetev, cuyos
valores se muestran en la tabla D1

Bl [

= 1—u

F(v,J) = Funcion del Flujo Variado, se calcula con la misma tabla de
Bakhmetev ingresando con los valores de vy J en lugarde uy N

F{:F=J}=:i; dv
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1.- Calculary, , Y.
2.- ldentificar la seccion de control
3.- Identificar el perfil de flujo

4.- Calcular los exponentes hidraulicos N y M para un tirante
promedio, a partir de los tirantes en los extremos.

vo10|1+2Z(y/B) { 8| 1+Z'(v/b) 3 3b+22y) - 2Zv(b+ 4y
3L 14Z0ib) | 314214 22 (i) 5+ 2Zy)b + Zy)

5.- Calcular J; N/Jy J/IN

T N-MA1
6.- Calcular para la seccion inicial y final del tramo los valores de
«<U» y «&K\/»

U = Yy/yn V=1iu

N/oJ
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/.- Calcular las funciones del flujo variado F(u,N) y F(v,J) con la
ayuda de la tabla D1.

8.- Calcular la longitud del tramo que separa las dos secciones
extremas.

(5.Y 7
sy b il u—F{:uj"_-r}H}—f —*F(v..J)
Lyﬂ N

Sﬂ ¥

1 [y e J
L=x;—x =22 4(uy —uy) ~[F . N) = Fluy. V)] +| _J ﬁ[F{vlJ}—F{vl:J}]

9.- Graficar y vs Xx.
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EJERCICIO: Un canal trapezoidal tiene un ancho
de solera b = 1m, talud z = 1 y con una pendiente
de 0,0005 conduce un caudal de 900 |l/s en flujo
uniforme con un coeficiente de rugosidad n =
0,015. A partir de cierta seccion como se muestra
en la figura es necesario aumentar la pendiente
del canal a 0,20. a) Calcular el perfil del flujo.




1.- Caélculo de los tirantes normal y critico (yn ; Yc)

e Tirante normal e TIlrante critico

v _p. 0 _ A _ |4
Q= 1 s gxp2/3%51/2 g b; A2g T’ Q= T
n
1 2 Vo 4y 2 2/3 1/2 0 9 — \/[yc+yc2)]3*9,8
0,9 =555 On + %) (m) (0,0005) 1+2y.

Yo = 0.68m [ ve=0,38m
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2.- Seccion de control.
La seccion de control en este caso esta ubicada en el punto de cambio de pendiente,

presentandose el tirante critico yc = 0,38 m en dicho punto. (ZONA 2)

i

3.- Perfil de flujo.

yn = 0,68M > y. = 0,38m
l
CURVA TIPO M

!
ZONA 2 (Perfil tipo M2)

4.- Célculo del perfil.

S >S5,

El célculo se efectia desde y. = 0,38 m hacia aguas arriba, hasta un valor del tirante
correspondiente al 98%yn, es decir y = 0,66m.

RANGO: [0,66m — 0,38m]

CURVA M2

Y R NG
So = 0,0005
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5.- Calculo de los exponentes hidraulicos N y M para un tirante promedio, a partir
de los tirantes en los extremos.

El valor del y promedio para el tramo sera:

y1+y2  0,3840,66

y=—T="—"0—= 0,52m

Y =02 _0g52;  z=1

b 1

N = 10 1+ZZ(y/b) V1+Z2(y/b)
3 1+Z(y/b) 1+2\/1+Zz(y/b)

N = 10 '1+2(0.52] _ _[ V2(0.52) ]
3| 14052 3 1142v2(0.52)

N = 3,68 (Igual valor obtenemos en el abaco con y/b=0,52, Z=1)

3(b+2Zy)%—=2Zy (b+Zy)

M = (b+2Zy)(b+Zy)

3(142*1%0,52)%2—2*1%0,52 (1+1*0,52)

M= (142*0,52)(1+0,52)

M = 3,52 (Igual valor obtenemos en el dbaco con y/b=0,52, Z=1)
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N 3,68

I - N—-M+1 ] - 3,68—3,52+1 &’ﬂ
JIN = 3,17/3,68 JIN = 0,861
N/J = 3,68/3,17 N/ = 1,16

7.- Calculo de los valores de u y v para cada seccidn.

e Seccion (1)

_y1_ 038 _

U, = " = 0.68 U1 0,56
CURVA M2
U1 = ulN/] = 0»561'16 v1 =051 Yn(= 0/68m ZONA 2
L et L A A

e Seccion (2)

Y2 _ 0,66 _
U, = " = _0,68 Uo 0197

v, = u,N = 0,97116 V2 = 0,97 @ @



8.- Calculo de las Funciones del Flujo Variado F(u,N) y F(v,J).

Interpolando valores en la tabla D1 se obtiene:

e Seccion (1)

Y -O’ﬁam . :
F(ui,N) =0,575 -L'i'f'%"om i b
F(vi,J) = 0,526 rsaes '

F(u1,N) = F(0,56; 3,68)
F(v1,J) = F(0,51; 3,17)

e Seccion (2)

F(uz,N) = 1,486
F(v2,J) = 1,504

F(u2,N) = F(0,97; 3,68)
F(v2,J) =F(0,97, 3,17)

SECCION y u vV F(u,N) F(v,J)
1 0.38 0.56 0.51 0.575 0.526
2 0.66 0.97 0.97 1.486 1.504
DIFERENCIAS 0.41 0.911 0.978
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Tabla D-1. La funcion de flujo variado para pendientes positivas, F(,N) Tabla D-1. La funcién de flujo variado para pendientes positivas, F(u,N)
N=3,68 J J=3.17
N
x\ 22 | 24 | 26 | 28 | 30 | 32 | 34 [ 36 [38] 40 s ‘ 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40
|
0.00 |0.000]0.000(0.000(0.0000.0000.000|0.000|0.000|0.000 | 0.000
0.02 |0.020|0.020]0.020 0.020]0.020 0.020 | 0.020 | 0.020 | 0.020 |0.020 a.00 1900819000 0-0001 0000 1 9-000 | &-636 0.008 | 0,000 | 0008 1 0000
0.04 |0.040 0.040|0.040 | 0.040 0.040 0.040 | 0.040 | 0.040  0.040 |0.040 o 1004007020 07040 | 0 040 | 0,040 | 0,040 | 0040 | 0040 | 0-040 | 0-040
08 | 0.080|0.0800.080|0.080 0.080 | 0.080 | 0.080 | 0.080 | 0.080 |0.080 ' 6010060 3800 | S nee | 0 050 | 6600 |0 - : :
0.08 |0.08010.080)0 0,08 |0.080|0.080|0.0800.080 0.080 | 0.080 | 0.080|0.080 0.080 | 0.080
S10 |81l i Rl 0008 | 0108 80 el 0.10 [0.1000.1000.100|0.100 0.100 | 0.100 0.100 0.1000.100 0.190
014 |0.1410.140|0 140 |0.140 | 0.140 |0.140 [0.140 | 0.140 | 0.140 | 0.140 Oula 100 Ll Ol el R Gelag |01 i [0l
0.16 |0.161/0.161|0.160|0.160|0.160 |0.160 | 0.160 | 0.160 |0.160 | 0.160 0 10161 l0:161 0 1600160 |0 160 |0.160 |0.160 |0.160 [0.160 | 0.160
0.18 |0.181|0.181|0.181|0.1800.180 | 0.180 | 0.180 | 0.180 ) 0.180  0.180 0.18 |0.181|0.181|0.181|0.180|0.180 | 0.180 | 0.180 | 0.180 [0.180 | 0.180
0.20 |0.202|0.201|0.201|0.201|0.200 [ 0.200 | 0.200 | 0.250 | 0.200 | 0.200 -
0.22 |0.223]0.222|0.221|0.221|0.221 |0.220|0.220 | 0.220 | 0.220 | 0.220 02 9558|002 0591 |0:591 | 0221 0590 | 0.220 0590 | 0220 | 0:220
0.24 |0.2430.242|0.242|0.241|0.241 | 0.241 | 0.240 | 0.240 | 0.240 | 0.240 O o 1023510 245 | 0543 | 0.341 | 0.241 | 0.241 | 0.240 | 0.240 | 0.240 | 0.240
0.26 |0.264|0.263(0.262|0.262|0.261 |0.261|0.261 | 0.260 | 0.260 | 0.260 026 10264 0.263|0.262|0.262|0.261 | 0.261|0.261 | 0.260 | 0.260 |0.260
0.28 |0.286|0.284|0.283|0.282|0.282 | 0.281 | 0.281 | 0.281 | 0.280 | 0.280 ' ' ; ; : kg : e e
0.28 |0.286|0.284|0.283|0.282|0.282 | 0.281 [0.281 | 0.281 | 0.280 | 0.280
0.30 [0.307|0.3050.3040.3030.302 | 0.302 | 0.3010.301  0.30110.300 0.30 |0.307]0.305|0.304|0.3030.302 [0.302|0.301 |0.301 | 0.30L | 0.300
G el e Rebg |02 Al g i 0.32 |0.3290.326|0.325 | 0.324|0.323 | 0.322 | 0.322 | 0.321 | 0.321 ) 0.321
036 |0.373|0.370|0.367 | 0.366|0.364 | 0.363 0.363 |0.362 [0.362 | 0.361 g Qb 0t B e Soliedbs oAby e
0.38 |0.3950.392|0.389 | 0.387|0.385 | 0.384  0.383 | 0.383 | 0.382 | 0.382 28 1039 |0 : : : : 293 16383 |0 ;
: 0.33 |0.395|0.392|0.389 | 0.387|0.385 | 0.384 0.383  0.383 | 0.382 | 0.382
g o s b gl |01 e b e g0 |08 k) 0.1 0.408 | 0.407 | 0.405 | 0.404. 0.40370.408 | 0.402
0.44 |0.465|0.460 | 0.456|0.452 | 0.450 | 0.448 [0.446 | 0.445 | 0.444 | 0.443 Rl e e b 0,428 0400 0.0 | DBt | D000 10
0.46 |0.489 | 0,483 0.478|0.475|0.472 0.470 | 0.468 | 0.466 | 0.465 | 0.464 Af 0455 0,460/ 0436|0452 | D430 0.418 | 0249 | 0008 | B2 | 00
D4R 1045010458 B0 | Ol | O | 0h0 |60 | 0468 | Dase |0ums 0.46 |0.439|0.483 | 0.478|0.475|0.472 [0.470 | 0.468 | 0.466 | 0.465 | 0.464
~ bl | 8. -50210. : : : A8 |9 : 0.48 |0.514|0.507 | 0.502 | 0.497 | 0.494 | 0.492 | 0.489 | 0.483  0.486 | 0.485
0.50 |0. . : : . ; : 509 1 0.! .
0.8 10.539)0.58110.628 0521 0.517 1 0.014 | 000 | 0591 0.300 | 0:828  veosa[T30) |0-589 1 0-551 | 0-025 0. Soa {0 B0 10,036 |0:534 | 0:351 | 0529 | 0:528
0.6 10088 0.0 | 0.ait 0800 | 0-500 | 0o il |0y L6266 0.52] |0.565|0.556|0.550 | 0.544| 0.54010.536 | 0.534 | 0.531 | 0.529 | 0.528
0610 | 0608 | 0.600|0.593 | 0.587 [0.583 | 0.579 [0.576 [0.574 J0.572 D.oe W0.40 | 0582 | 0070 | Qo0 1800000 | 0t |0k 0on L8y
0.58 0.6470.635|0.626 0.618(0.612 0.607 0.6()3‘()‘5991}0.596 0 594 0.58 0 0.635(0.626|0.618 0.61210.607 0'603i0'599 0.596 | 0 594
0.60 |0.676|0.663|0.653|0.644|0.637 |0.631 |0.627 | 0.623|0.620 | 0.617 . ; s |
0.61 |0.691|0.677 |0.666|0.657 0.650|0.644 |0.639 0.635]0.631|0.628 0oy 10:6orN.677 | 0-665 | 0:657 0830 | 064 060 | 0632 | 0631 | 0628
0.62 |0.707 | 0.692|0.680 | 0.671 | 0.663 | 0.657 | 0.651 | 0.647 | 0.643 | 0.640 005 |0 707 [ he92 | 0680 | 0:671 | 0663 | 0657 | 0 651 | 0.647 | 0.643 | 0.640
0.63 |0.72210.707|0.694|0.684 | 0.676 | 0.669 | 0.6640.659§0.655 ) 0.652 063 | 0722 0.7 | 0.694 | 0.684|0.676 0669 | 0.664 |0.659 |0.655 | 0.652
0.65 |0.754]0.737]0.724(0.712]0.703 | 0.696 | 0.689 | 0.684f 0.680 | 0.676 :
0.66 |0.771]0.753|0.739 |0.727 | 0.717 | 0.709 | 0.703 | 0.697[ 0.692 | 0.688 gge |00 e OTZ\0.T03 10000 0050 | 0.0 | D-0e0 B et
0.67 |0.787|0.769 | 0.754 [ 0.742|0.731 |0.723 | 0.716 | 0.710 0.705 | 0.701 008 181L3 0 760 0 Tan | 0751 [0:793 | 0:726 0270 | 0:505 | 0701
0.68 | 0.805|0.785|0.769 | 0.757 | 0.746 | 0.737 | 0.729 | 0.723( 0.718 | 0.713 0.68 |0.805|0.785 0.757 [ 0.746 | 0.737 | 0.729 [ 0.723 | 0.718 | 0.713
Interpolamos para N = 3,68 Interpolamos parav = 0.51y J = 3,17




M
Ye | J
L=x, (u, —u;) ~[F U, N) - F(u,, N>]+[—] S, ) = F v, )
SECCION y u v F(:,N) F(v,J)
1 0.38 0.56 0.51 0.575 0.526
2 0.66 0.97 0.97 1.486 1.504
DIFERENCIAS 0.41 0.911 0.978
y v, )
L =282 (u, —u,) = [F(u,,N) - F(u,, N)]+(—Cj = [F(v,,3) - F (v, )]
SO yn N
0,68 3,52
—10,41 — 11 * 1*
00005 {O 0,911 + (O 68) 0,86 0,978}
|_ — 533,69m y.|= olesm CURVA M2

So =0, 0005

@ ———— L =533,69m
|
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Calculo del perfil M2 en el tramo aguas arriba

Utilizamos la informacidn obtenida en la parte anterior:

Yn =0,68m ye = 0,38m y =0,66m
N = 3,68 M = 3,52 J=3,17
JIN = 0,861 N/J=1,16

Calculamos el perfil desde y. = 0,38m hasta y = 0,66; para lo cual establecemos un rango
de datos de y, luego procedemos a calcular u, v, F(u,N), F(v,N), x, L.

El valor de x calculamos con la expresion:

x:g—” u—F(u, N)+(y0] I‘\]I*F(V,J) + cte. Cte=0

0 n

L = X1 — X;



u=7Y Iy, v = uN/ TABLA D1 L = Xiicial = Xindiv
y u Y F(u,N) F(v,J) X L
0.3800 0.560 0.51 0.575 0.526 59.02
0.4000 0.590 0.54 0.610 0.559 57.20 1.82
0.4500 0.660 0.62 0.695 0.652 50.85 8.18
0.4800 0.710 0.67 0.762 0.724 38.60 20.42
0.5100 0.750 0.72 0.820 0.798 25.29 33.73
0.5400 0.790 0.76 0.885 0.863 1.10 57.92
0.5700 0.840 0.82 0.980 0.977 -42.88 101.90
0.6000 0.880 0.86 1.074 1.072 -101.98 161.00
0.6300 0.930 0.92 1.241 1.271 -231.05 290.07
0.6600 0.970 0.97 1.486 1.504 -474.67 533.69
M
_ Y Y J 4 _
X=="3Uu—F(Uu,N)+|—= N F(v,J);+cte Cte=0
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0

n

u = y/yn =uN/ TABLA D1 L = Xinicial = Xmdiv
y v F(u,N) F(v,J) X L
0.6600 0.970 0.97 1.486 1.504 -474.67
0.6300 0.930 0.92 1.241 1.271 -231.05 243.62
0.6000 0.880 0.86 1.074 1.072 -101.98 372.69
0.5700 0.840 0.82 0.980 0.977 -42.88 431.79
0.5400 0.790 0.76 0.885 0.863 1.10 475.78
0.5100 0.750 0.72 0.820 0.798 25.29 499.96
0.4800 0.710 0.67 0.762 0.724 38.60 513.27
0.4500 0.660 0.62 0.695 0.652 50.85 525.52
0.4000 0.590 0.54 0.610 0.559 57.20 531.87
0.3800 0.560 0.51 0.575 0.526 59.02 533.69

x=n u-F(u,N)+ Yo i"‘F(VJ) + cte Cte=0
= , N , _ =
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@ HCANALES la forma mas facil de disefiar canales y estructuras hidraulicas

Tirante-Normal  Tirante-Critico  Resalto-Hidraulico Remanso Caudales Otros Medicion Estructuras  Ayuda

Integracion Grafica
Bresse

Directo por Tramos

Tramos Fijos

..-1..“).|-.,-|- ® WERARAD | T ) N ENERN =Y - B A D GRS | D | EERRED




w

il R .
P bres! ;%‘gr; TRt T e T
Calculo de la curva de remanso, método de Bakhmeteff
Datos: Rezultados parciales:
Caudal [Q] mas Walor de M: 36800 Yalor de M: 3.5165 Yalor de J: 3.1629
Ancha de salera (b m vy | u=p/yn |[v=u"INM)| FluM) | FlvJ) | deltax | =
Talud [2): |:| 06600 0.9706 0.9659 1.4913 15572 -473.0285 0.00
_ 06460 0.9500 0,941 1.3394 1.3816 -320.9329 152,10
Pendiente [3]: 0.0005 06320 0,9294 09184 12378 1.2646 -228.4703 24456
Tirante namal [yr): 068 m 06180 0.9088 0.8947 1.1603 11756 -164 4599 30857
_ . 06040 0.6482 08712 1.0969 11030 1171285 355,90
Tiante critica w) m 0.5900 08676 08477 1.0427 10413 -80.7408 39229
Tirante inicial (v1]; - 0.5760 0,847 08244 0.9950 09872 -52.0663 42096
n RRMN n 82Rkh nanm nas* na3fn -9 1Nn4n 447 92
Tirante final [w]; 0D3g m
Numero de tramaos (k) ; Resultados hlnales:
X ¥y
0.00 0.6600
15210 0.6460
244 56 0.6320
g—g 30857  0,6180
: - 355.90 0.6040
- . N
= g—; . 392,29  0,5900
D-{.l 420,96 0.5760
0 100 200 300 400 500 H00 443 92 0.5620
Bje X 462,50 0.5480
477 &2 0.5340
489 94 0.5200
Copiar al portapapeles loz rezultados
- & & 4 5 C | G
Ealcular Limpiar Pantalla Irnprirnir Mend Principal Calculadora Parciales Finales
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" Calculo dela curva de remanso, método de Bakhmeteff

D atos: Reszultados parciales:
Caudal [d] : m3dts Walor de M: 3.6800 Walor de M: Walor de J: 3.1629
Ancha de solera [b] m vy | u=piyn |[v=u”(NA)| FluMN) | Fiv.J) | deltax | =«
Talud 2] : 0.4640 0.6824 0.6410 0.7240 0.6851 46,8312 51986

04500 06618 06186 06972 06559 508680 523.90
Pendiente (3] 0.000 04360 06412 05962 06712 06277 539135 52694
0.4220 06206 05740 06460 06005 56,1043 529,13
04080 06000 05519 06214 05741 575556 53058
m 0.3940 05794 05300 05974 05485 583656 531.319
o 0,3200 05588 05081 05739 05235 586188 53165

Tirante normal [ya):

Tirante critico [pe);

Tirante inicial [y1];

Tirante final [v2]:

Resultados finales:

Bl | | o ||,
=) . Qe lan
3

Mimern de tramos [kt] ;

X | [
489,94 0.5200
499,98 0.5060

50812  0,4920
g—g 514.67 04780

. : 519.86 04640
BeY 04 J 523.90  0.4500
0.2 526,94 04360

L 100 200 300 100 500 600 52913 0.4220

. 530,58  0.4080

531.39 0.3340
531.65 0.3800

Copiar al portapapeles los resultados

€| C

i Caleular Limpiar Pantalla Irnprirnir Ment Principal Calculadora Parciales Finales




Tabla D-1. La funcién de flujo variado para pendientes positivas, F(u,N)

.00
.02
.04
.06
.08

.10
.12
.14
.16
.18

.20
.22
.24
.26
.28

.30
.32
.34
.36
.38

.40
.42
.44
.46
.48

.50
.52
.54
.56
.58

.60
.61
.62
.63
.64

.65
.66
.67
0.68

OO0 CO0O0 OOTCOD OO OO0 OO OOoOOOoC ocCoOooO

Sy

2.9 ! 24 | 26 | 28 ! 30 | 32 | 34 | 36 | 38 | 4.0
|
0.000 | 0.000 (0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
0020 | 0,020 |0.020 | 0.020 | 0.020 | 0.020 | 0.020 | 0.020 | 0.020 | 0.020
0.040 | 0040 |0.040 | 0.040 | 0040  0.040 | 0.040 | 0.040 | 0.040 | 0.040
0060 | 0.060 | 0.060|0.060| 0.060 | 0.060 | 0.060 | 0.060 | 0.060 |0.060
0080 | 0080 | 0.080 | 0.080 | 0.080 | 0.080 | 0.080 | 0.080 | 0.080 | 0.080
0.100 | 0.100 | 0.100|0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100
012010120 0,120 0.120 | 0,120 | 0.120 | 0.120 | 0.120 | 0.120 | 0.120
014110 140 | 0.140 | 0.140 | 0. 140 | 0.140 | 0.140 [ 0.140 | 0.140 | 0.140
016110.1610.160|0.160|0.160 | 0.160 [0.160 [ 0-160 | 0.160 | 0.160
0181 10.181| 0181 /0.180 | 0,180 | 0.180 | 0.180 [ 0.180 | 0.180 | 0.180
0.202 | 0.201 | 0.201 | 0.201 | 0.200 | 0.200 | 0.200 | 0.250 | 0.200 | 0.200
029310 222 | 0 221 | 0.221 | 0.221 | 0.220 | 0.220 | 0.220 | 0.220 | 0.220
0243 0242 | 0.242 | 0.241 | 0.241 | 0.241 | 0.240 | 0.240 | 0.240 | 0.240
026402630 262|0.262|0.261 | 0.261 |0.261 | 0.260 | 0.260 | 0.260
02861 0.284 |0 283 | 0,282 | 0.282 | 0.281 | 0.281 | 0.281 | 0.280 | 0.280
0.30710.305|0.304 | 0.303 | 0.302 | 0.302 | 0.301 | 0.301 | 0.301 | 0.300
03291 0.326 | 0325 | 0.324 | 0.323 | 0.322 [ 0.322 | 0.321 | 0.321 | 0.321
03501 0,348 | 0.346 | 0 344 | 0 343 | 0.343 | 0.342 | 0.342 | 0.341 | 0.341
0573103700367 | 0.366| 0.364 | 0.363 | 0.363 | 0.362 | 0.362 | 0.361
0395 10.392 | 0380 | 0,387 | 0.385 | 0.384 | 0.383 | 0.383 | 0.382 | 0.382
0.418 | 0.414 | 0.411 | 0.408 | 0.407 | 0.405 | 0.404 0.40370.403 | 0.402
0 441 |0 437 | 0433 | 0.430 | 0.428 | 0.426 | 0.425 | 0.424 | 0.423 | 0.423
0 465 | 0 460 | 0 456 | 0 452 | 0.450 | 0.448 | 0.446 | 0.445 | 0.444 | 0.443
0,489 | 0 483 | 0.478 | 0.475 | 0.472 | 0.470 | 0.468 | 0.466 | 0.465 | 0.464
0.514 | 0507 | 0.502 | 0.497 [ 0.494 | 0.492 | 0.489 | 0.488 | 0.486 | 0.485
0.539 | 0,531 0.525|0.521 | 0.517 | 0.514 | 0.511 [ 0.509  0.508 | 0.506
0.565 | 0.556 | 0.550 | 0.544 | 0.540 | 0.536 | 0.534 | 0.531 | 0.529 | 0.528
0592105320 574 | 0.568 | 0.563 | 0.559 | 0.556 | 0.554 | 0.551 |0.550
061010608 | 0600|0593 | 0.587 | 0.583 | 0.579 | 0.576 [ 0.574 | 0.572
0647 | 0°635|0.626 | 0.618 | 0.612 | 0.607 0.6l)3}0.599 0.596 | 0 594
0.676 | 0.663 | 0.653 | 0.644 | 0.637 | 0.631 | 0.627 | 0.623 | 0.620 | 0.617
0691106770 666|0.657 | 0.650 | 0 644 | 0.639 | 0.635 | 0.631 | 0.628
0707 1076920 6801|0671 |0.663 | 0657 | 0.651 | 0.647 |0.643 | 0.640
07290707 | 0 694 | 0684 | 0676 | 0.669 | 0.664 | 0.659 | 0.655 | 0.652
0738 10722 | 0709 | 0.698 | 0.690 | 0.683 | 0.677 | 0.672 | 0.667 | 0.664
0754 10.737 | 0.724 | 0.712 | 0.703 | 0.696 | 0.689 | 0.684 | 0.630 | 0.676
0771107530 739 | 0727 | 0.717 | 0.709 | 0.703 | 0.697 | 0.692 | 0.688
0.787 | 0.769 | 0 754 | 0.742 | 0.731 [0.723 | 0.716 | 0.710 | 0.705 | 0.701
0.805 | 0.785 | 0.760 | 0.757 | 0.746 | 0.737 | 0.729 | 0.723 | 0.718 | 0.713
0.8220/802 | 0785 | 0.772 0.761 | 0.751 | 0.743 | 0.737 | 0.731 | 0.726




Tabla D-1. La funcién de flujo variado para pendientes positivas, F(u,N) (continuacion)

U 22| 24| 26| 28 | 30| 32| 34| 36) 38| 40
0.70. |0.841]0.819]0.8020.787|0.776 | 0.766 | 0.757 | 0.750 | 0.744 | 0.739
0.71 |0.859|0.837|0.819|0.804|0.791 | 0.781 | 0.772 | 0.764 | 0.758 | 0.752
0.72 |0.878|0.855|0.836|0.820|0.807 | 0.796 [ 0.786 | 0.779 | 0.772 | 0.766
0.73 |0.898 |0 874|0.853|0.837 | 0.823 | 0811 [ 0.802 | 0.793 | 0.786 | 0.780
0,74 |0.918|0.893|0.871|0.854|0.840 | 0.827 | 0.817 | 0.808 | 0.800 | 0.794
0.75 |0.939]0.912]0.890|0.872 | 0.857 [ 0.844 | 0.833 | 0.823 | 0.815 | 0.808
0.76 |0.961 |0 933|0.909 |0.890|0.874 | 0.861 [0.849 | 0.839 | 0.830 | 0.823
0.77 |0.984|0°954|0.929 | 0.909 | 0.892 | 0.878 | 0.866 | 0.855 | 0.846 | 0.838
0.78 |1.007 |0.976|0.950|0.920|0.911 [0.896 | 0.883 | 0.872 | 0.862 | 0.854
0.79 |1.031|0.998|0.971|0.949|0.930 [ 0.914 | 0.901 | 0.889 | 0.879 | 0.870
0.80 |1.056|1.022|0.994|0.970|0.950 |0.934 | 0.919 | 0.907 | 0.896 | 0.887
081 |1.083|1°047|1.017]0.992|0.971 |0.954 |0.938 |0.925|0.914 | 0.904
082 |1.110|1.072|1.041|1.015|0.993 |0.974 |0.958 | 0.945 |0.932 | 0.922
0.83 |1.139|1.099|1.067|1.039|1.016]0.996 |0.979 | 0.965 [ 0.952 | 0.940
0,84 |1.170|1.128|1.093|1.064|1.040|1.019 [1.001 |0.985 |0.972 | 0.960
0.85 |1.2021.158|1.122|1.091 |1.065 |1.043 |1.024 |1.007 [ 0.993 | 0.980
0.86 |1.236|1.190|1.151|1.119|1.092 [1.068 |1.048 |1 031 |1.015 | 1.002
087 |1.273|1224|1.183|1.149|1.120 |1.095 [1.074 |1.055 | 1.039 | 1.025
0.88 |1312|1.260|1.217[1.181|1.151 |1.124 [1.101 |1.081 [1.064 | 1.049
080 |1.355|1300|1.254|1.216|1.183 |1.155 |1.131 |1.110 |1.091 | 1.075
0.90 |1.401|1.343|1.204|1.253|1.218|1.189 |1.163 |1.140|1.120 | 1.103
0.01 |1.452|1°390|1.338|1.294|1.257 [1.225[1.197 |1.173|1.152 |1.133
0.92 |1.508|1.442|1.386|1.340|1.300|1.266 |1.236 |1.210 |1.187 |1.166
0:93 |1.572|1500|1.441|1.391|1.348 [1.311 [1.279 |1.251 |1.226 | 1.204
0.04 |1.645|1.568|1.503 |1.449|1.403 |1.363 |1.328 [1.297 |1.270 | 1.246
0.950 | 1.730|1.647|1.577 |1.518 | 1.467 | 1.423 |1.385 [ 1.352 [1.322 | 1.296
0.960 |1.834|1.743|1.666 |1.601|1.545 |1.497 [1.454 [1.417 |1.385 |1.355
0,970 | 1.968 | 1.865|1.780 | 1.707 [ 1.644 | 1.590 | 1.543 | 1.501 | 1.464 | 1.431
0,975 | 2,052 [1.943 | 1.851 |1.773|1.707 | 1.649 | 1.598 | 1.553 [1.514 |1.479
0.980 |2.155 | 2.040 | 1.936 | 1.855 |1.783 | 1.720 | 1.666 | 1.617 | 1.575 | 1.536
0.985 | 2.294|2.165 | 2.056 | 1.959 | 1.880 | 1.812 | 1.752 | 1.699 | 1.652 [1.610
0.990 |2 477 |2.333 | 2.212 | 2.106 | 2.017 | 1.940 | 1.873 |1.814 [1.761 |1.714
0.995 | 2792 |2.621 | 2.478 | 2.355 | 2.250 | 2.159 [ 2.079 [ 2.008 | 1.945 | 1.889

3.523 | 3,292 |3.007 | 2.931 | 2.788 | 2.663 | 2.554 | 2.457 | 2.370 | 2.293

oo}
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SECCION DE CONTROL

Algunos ejemplos de
secciones de control son las
presas, vertederos y

compuertas, asi como también
la interseccion bien definida de
la linea del perfil de flujo y la
correspondiente al tirante
critico, esto ocurre en el punto
de cambio de pendiente de
dos tramos el de aguas arriba
de pendiente suave y el de
aguas debajo de pendiente
fuerte.




