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ABSTRACT

In this paper, a new exponential formed vertical distribution of nearshore flow velocity is constructed, which is simpler
in form and more suitable for engineering application. The physical meaning of the new formula is more specific than
that of Soulsby. Compared with those logarithmic formed ones, the new one does not need the maximum velocity and
only needs the mean velocity in vertical, which gives it better engineering practicability. Apply the new formula to
Jiangsu coastal area and compare the results with that of Soulsby whose results show the new formula agrees better
with the measured flow velocity, which reasonably reflects the basic principles of vertical distribution of flow velocity.
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INTRODUCTION

The vertical distribution of nearshore flow velocity is an
important issue, which is meaningful to oceanography and
ocean engineering. Many scholars have been studying on
vertical distribution of flow velocity and a variety of formulae
are brought forward, such as Prandtl who put forward a
logarithmic one by establishing the theory of mixing length
[6], Monin [5], Taylor [13], Schauer [8], Soulsby [11] ,
Mattheus[10] and Song Zhiyao [9] who improved Prandtl
formula and Karman and Prandtl[13] who proposed an
exponential one by dimensional analysis. And Kumbhakar
M[3], Xiao Qianlu[16], Jakubowski[15] and He Bingqu[2]
also did several studies on it. Most of these formulae are
complex in forms and not convenient for application. In 1990,
Soulsby[12] brought forward an empirical formula which
has been widely used. However it is not distinct enough in
physical meaning and it is a piecewise function, which makes
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it inconvenient to use. So it is necessary to put forward a
new formula for vertical distribution of flow velocity which
is simpler, relatively more accurate with definite physical
meaning and easier in application.

DERIVATION OF VERTICAL
DISTRIBUTION OF FLOW VELOCITY

Ni Jinren et al. [6] found a basic formula after summarizing
a variety of velocity profile formulae:

F[“ ,1nﬁ]:f(x,,x2...) 1)
U,z
Where, f(x,X,"-")is an undetermined function; % is flow
velocity; U.is friction velocity; /1 is water depth; Z is the height
above seabed.
A new formula is given through referring to a formula put



forward by Li Ruijie (2012)[4] and the corrective methods for
Prandtl formula:

lni=A] ln(ﬁj+A2 Inz+ 4, (2)
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Where, 4,4, , 4;are undetermined parameters, and
formula (2) could be written as:
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According to Prandt] mixing length theory, the friction
velocity U, could be written as (Fang Guo-hong)[1]:
kU
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Where, U is mean velocity in vertical. Formula (3) could

be written as:
-4
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Parameters in formula (5) are determined by using
nearshore measured data and the formula works best and the
coefficient of correlation reaches 0.985 when 2, 4, A, and
A; equal 0.0025,-0.02457,0.159018 and 2.65953 respectively.
Then formula (5) could be written as:
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Where, K= (1600%)—8/3

VALIDATION AND COMPARISON OF
VELOCITY PROFILE FORMULAE

Apply formula (6) in Jiangsu Sea and compare the results
with Soulsby formula (formula 7) which is widely used:
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Measured data from 22 stations are used to verify formula
(6) and Souslby formula. Figure 1 shows the comparison
between calculation values of formula (6) and measured data,
and figure 2 shows the comparison between Souslby formula
and measured data. The figures show that the new formula is
better than Soulsby formula in coefficient of correlation, and
its distribution is more centralized.

For further comparison and analysis, data of 6 moments
of 7 stations are chosen. In the figure, “—” is tide level
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hydrograph, and “,” is tide level.
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Fig.1 Comparison of formula (6) with measured data
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Fig.2 Comparison of Soulsby formula with measured data
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Figure 3 chosen moments for velocity profile verification

Figure 4-10 show comparison between formula (6), Soulsby

formula and measured data. The chosen moments are arranged

« »

in time order from left to right. “” stands for measured data

3 »

of velocity, “—” for calculation value of formula (6) and “- - -
for that of Soulsby formula. Horizontal ordinate stands for %

and vertical coordinate for %
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These figures show in different flow regime formula (6) The comparison shows that formula (6) is a continuous
can always reflect the characteristics of velocity profile of  function which is similar to Soulsby formula in form but
different stations. Compared with Soulsby formula, formula  simpler and easier to engineering use. In formula (6) friction
(6), a continuous function, works better, and it revises the = velocity in form of Prandtl is introduced to reflect the impact
situation where velocity is fixed when water depth is larger ~ of turbulence caused by bottom shear stress to the whole flow
than 0.5h. field. Formula (6) which does not need the maximum velocity

and only needs the mean velocity in vertical, with more definite
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Fig.4 Comparison between formula (6), Soulsby formula and measured data of No.1 station
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Fig.5 Comparison between formula (6), Soulsby formula and measured data of No.2 station
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Fig.6 Comparison between formula (6), Soulsby formula and measured data of No.3 station
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Fig.7 Comparison between formula (6), Soulsby formula and measured data of No.4 station
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Fig.8 Comparison between formula (6), Soulsby formula and measured data of No.5 station
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Fig.9 Comparison between formula (6), Soulsby formula and measured data of No.6 station
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Fig.10 Comparison between formula (6), Soulsby formula and measured data of No.7 station

physical meanings, could show the influences of different flow
properties on velocity profile by adjusting Karman constant.
In field measurement, it is very difficult to get the maximum
velocity within reasonable error control, but getting the mean
velocity in vertical is much easier, which gives formula (6)
higher applicability. The comparison between formula (6) and
Soulsby formula is given in figure 2.

CONCLUSION

In this paper, a new formula of velocity profile which is
similar to that of Soulsby but simpler in form and easier to
use is constructed. The new formula is a continuous function
with specific physical meanings and verified with measured
data, which shows the new formula has a high accuracy and
can reflect the vertical distribution of flow velocity objectively.
As to the estuary region with velocity profile in S form, this
formula has some certain errors, which needs further study
as well as the applicability of new formula in other sea areas.

Its advantages are as follows:

a. The new formula is a continuous function,

convenient for engineering application and could
be used for further study of vertical distribution of
suspended sediment;

b.  Friction velocity in form of Prandtl is introduced to
the new formula to reflect the influences of bottom
shear stress to the whole flow field, and Karman
constant is used to reflect the influence of different
flow regime to velocity profile with specific physical
meaning.

c. Compared with logarithmic form, the new
formula does only needs the mean velocity in
vertical instead of both maximum velocity and
mean velocity in vertical, which gives it better
engineering practicability.

Apple the new formula in Jiangsu Sea and compare the
results with that of Soulsby whose results show the new one
has higher accuracy and can reflect the vertical distribution
of flow velocity objectively.

As to the estuary region with velocity profile in S form, this
formula has some certain errors, which needs further study.
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