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Introduction Verification of
the velocity distribution

where H is the depth of flow and y is the distance measured
from the bed of the channe 1.

A. Zagustin and K. Zagustin [l] had derived the formula

for velocity distribution in pipe flow as

To verify equation (2), some typical data from the ones

reported in the Geological Survey Professional Paper 462-B

[3] for the reaches of the Rio Grande near Bernallilo,

Socorrow and Bernardo are chosen. For a given depth of

flow at a given section the first term on the right side of

equation (2) is a constant and hence, equation (2) will

(1)2 -1 ( r )3/2
= k tanh -;:

U - u

v*

where U is the maximum velocity at the centre line of the

pipe, u the velocity at a distance r from the centre line,

v* is the usual friction velocity and k is a universal

constant. The maximum velocity U may be eliminated from

equation (1) using the condition that at a distance Yo from

the bed, the velocity is zero. It i s usual to assume

Yo = h/30 where h is the roughness height in feet [2].

Using this condition, the velocity distribution formula

given by equation (1) is rewritten for open channel flow as:

The theory of turbulent flow was first proposed by

Osborne Reynolds and was subsequently developed by

Prandtl and Von Karman, introducing certain simplified

assumptions. Prandtl assumed not only a linear relation­

ship between the mixing length and the wall distance in

the boundary layer but also extended it up to the centre

line of the pipe which appears to be somewhat an

unreasonable assumption. Von Karman made the assumption

that the mixing length is a function of the velocity distri­
bution only. This assumption leads to the singularity that

the derivative of the velocity with respect to the wall

distance does not vanish at the centre line where the

velocity is maximum, as in the case of Prandtl's theory.

A. Zagustin and K. Zagustin [1] have recently given an

analytical solution for turbulent f10w in pipes, which is

free from the above mentioned assumptions. Their solution

is based on a new concept of "balance of pulsation energy".

This solution, when compared with some experimental results

in pipes, fits better than Prandtl's and Von Karman's

equations [1]. However, this solution has not been applied

to problems in open channels where the flow situation is

somewhat different from that in pipes. In this note, the

velocity distribution formula for wide rivers obtained by

this new concept is verified with field data. An expression

for determining the Manning's roughness coefficient 'n' is

derived using this new velocity distribution and compared

with the existing expressions and the values of 'n' computed
from field data.
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-1 (H _ )3/2
plot as a straight line between u and tanh ~

The field data plotted in Fig. 1 verifies the new velocity

distribution. From the intercepts and the slopes of the

1ines, it is pos sible to find the values of k, h and v*. It

may be noted from the figure that for higher values of y/H,

the devi ations of the observed poi nts from the theoreti cal

1ine are pronounced as seen for Bernall i 10 reach; this may

be attributed to the following reasons: Ail the velocity

distribution equations for open channel flow were derived

under the assumption that they follow the same law of

distribution as in pipe flow in one half of its depth. Accor­

ding to this assumption, the maximum velocity for open

channel flow should occur at the free surface, which

corresponds to the centre 1ine of the pipe. However, in

practice, the position of the maximum velocity is lowered

from the free surface diJe to cross currents. Hence, a dis­

crepancy between the actual 9bserved velocity and its

theoretical value occurs in the neighbourhood of the free

surface. Thi s kind of di screpancy occurs 01 so for the
proposed vel oci ty di str ibution equation.

Determination of Manning's Inl

T a use the Manni ng' s formul a for findi ng the mean

velocity of flow, the predetermined value of 'n' is necessary.

The value of 'n' con be estimated from the velocity distri­

bution as follows. Previously Langbein [4], Boyer [5] and

Ven Te Chow [2] have analytically determined the value of
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D. CHANDRA8EKARAN and Dr. R. 8AKTHIVADIVEL

'ni based on Prandtl's and Von Karman's laws of velocity
distributiorl (6]. The same procedure will be used in this
case also. Assuming the mean velocity V to be the average
of the velocities at heights of y = 0.8 H and y = 0.2 H which

. gives a fairly correct value (7] and us ing equation (2), we
get

0.07,-- .--_.__.,- --, --, --,

0.05

~ 3/2 l
V =;:~2 tanh-1ef~~h) - tanh-

1
(0.8) 3/2_ tanli 1 (0.2) 3/ 2 ~

(3)

From the Chezy's formula, V-= é VRS and from the
defiMitiori of the friction velocity, v* = vgRS, one gets

0.05

,~o...'è:;\

~

i 0.04

0.03

V/v*= C/v'9 (4) 0.02
Eq. 8; AUTHOA'S
Eq. 9: CHOW'S
Eq. 10 : LANGBE1N'S

1,351.301.251.20

0.01 -L' L- -"--- -'- -'

\'10 1.15

where C is the Ch~zy's constant, R is the hydraulic radius
of the section, Sis the friction slope and 9 isthe accelera­
fion due togravity. Comparin·g Manning's formula

2/ Comparison of the vaiues of Manning's 'n'.

v =~ R2/3 S1/2
n

and the Chezy's formula, the value of·C is obtained in terms
of n, and taking R '" H for a wide channe l, equation (4) can
be rewrittenas

The corresponding expressions for n which are ·obtained
from Ven Te Chow's result (2] based on Prandtl's velocity
distribution and from Langbein's result (4] based on Von
Karman's velocity distribution are giVen in equations (9)
and (10) respecti vel y, as

V 1.486 H1/6
0'= nyg (5)

n- x-1
3.09(x+ 1)

(8)

Combining equations (3) and (5) leads fo

1/ 6 ~ ( 3/21.486 H = ~ 2 t h- 1 30H-h\ h- 1(0 8)3/2
n Vil 2k an 30H J - tan ,

_ tanh- 1 (0.2) 3/2 ~ (6)

n lG-1

KH 1/6 2.7l(x+0.95)

n x-1

KH 1/6 2.30(x+1l

(9)

( 10)

. . u 0.8
Denotln9 the ratio _.- by x where u'0.8 is the vel oci ty

u 0.2

at y = O.aH and u ,the velocity at y = 0.2H, equation
0.2

(2) is rewritten ès

(6) and (7),

( )

3/2
tanh-

1 3~0~h. .- tanh- \0.2)3/2
x = --.........-...;;..;.,;,.;.....<....,......--------

-1(30H_h)3/2 - 1 3/2
tanh 3Q'R"'" - tanh (0.8)

3/2
El '" h- 1(30H-h). f .Imlnatlng tan 30H rom equotlons

the value of n is obtained as

(7)

The curves of equations (aL (9) and (JO) are plotted
together with the poinls computed from the field data

reported in references (3, 5]. The points are based on the

average value of x computed from the velocity profiles

taken at a section. K is assumed to be 0.4 and n was
computed from the Manning's formula. It may .he seen from

Fig. 2 that equation (8) based an the new velocity di stribu­

tion fits better than the other two equations based on the

conventional laws of velocity distribution. It may be

mentioned that. a narrow range of values of x has been

considered in Fig. 2 to be in compliance with the values
which are actually obtained in practice. It may be further

stated that the Boyer's equation (5] for the value of n based

on Prandtl's velocity distribution law plots practically over

the curve given by equation (9) and as such, it is not shown

in Fig. 2.
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Conclusions

1. The new velocity distribution law for pipes proposed by
A. Zagustin and K. Zagustin based on the concept of
"balance of pulsation energy" holds good even for flows
in wide rivers.

2. The new velocity distribution yields a better value for

the Manning's roughness coefficient n than the Prandtl's
and Von Karmah's laws of velocity distributions.

Notations
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