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Characteristics of boundary layer parameters
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ABSTRACT. The dependence of frictional velocity 4, within the planetary boundary layer (PBL)
with reference to height, time and actual velocity has been obtained by using the logarithmic wind
profile and surface stress 73, The wind speed at any level has been expressed in forms of the lowest
level wind speed and the level height in the form of exponential function and the results obtained
according to the model have been compared with the actual wind at any instant., The results are in
good agreement. It has been also shown here that the momentum drag coefficient C; is not
absolutcly constant but possesses a height variation. The wind speed can be continued analytically
to a greater height according to the model and the value of (; obtained by this continued value
is well in agreement with the existing range of Cj,

1. Introduction

Different types of numerical values for frictional
velocity and drag coefficient for momentum, heat and
moisture processes have been proposed in the past.
The derivation of frictional velocity profile and drag
coefficients have involved different considerations.
Pannel and LeMone (1974) have related the virtual
potential temperature, mixing ratio, wind components
and turbulence statistics to vertical transport of kinetic
energy. Zilitenkevich and Deardorff (1974) related the
vertical wind profile to suitable dimensionless para-
meters, Blackader and Panofsky (1969) devcloped a
relationship between surface Rossby number and
buoyancy functions developed by Clarke (1970).
Fielder and Panofsky (1972) evolved a logarithmic
wind profile relationship within planetary boundary
layer, Such logarithmic relation is valid only under
neutral condition and implies constant stress with refe-
rence to height and a linear increase of mixing length.

Difficulties encountered for obtaining the characteris-
tics of boundary layer parameters are :

(i) determination of drag coefficient Cp as it is
a function of height and

(i) nature of distribution of wind profiles in a
condition other than neutral. Under neutral
stratification, the logarithmic profile can be
assumed with a fair accuracy.

In this discussion an attempt has been made to
obtain the wind profiles as a function of lowest level
wind velocity and height. The wind velocity obtained
according to the model has been also compared with
the upto-date data and found in good agreement. The
drag coefficients have been also computed by using
wind speeds at different levels and the nature of varia-
tion with reference to height has also been shown. It
has been frequently discussed that the frictional velo-
City #, cannot be independent of the actual wind
velocity and here it has been reported that the fric-
tional velocity decreases nearly exponentially with the
increase of wind speed and practically becomes steady
at a wind speed ¥ = 11 km ph. The frictional velocity
iy has been determined by using wind profiles and
stress profiles for comparison.
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2. Method

Fundamental equations are the equations of momen-
tum, continuity, energy, state and thermal expansion,
viz., In tenser notation.
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where p is the mean kinematic pressure, gj=(0, 0-g)—
the gravity vector, f;=(0, f,, f2) the coriolis parameter
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the coefficient of thermal expansion, v is the coefficient

of eddy viscosity.
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Our interest is to obtain the vertical distribution of
wind profiles within the PBL under the following assump -
tion of PBL flow, i.e.,

(i) turbulency of PBL-flow exists, (ii) turbulence
and mean flows are stationary, (iif) turbulance and
mean flows are horizontally homogeneous, i.e.. Vi = 0

2 . . ke
except Vip, for geostropic wind existence and Vi T,
with this the momentum equations can be written
in the form :
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Therefore, [f—- = v—. (8)
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showing the relationship between the vertical compo-

nent of vorticity and vertical velocity in p-coordinate.

Assuming further no turning of the wind we can write :

L (9)

ar (10)

TABLE 1
Actual wind Computed wind Level
(km ph) (km ph) (m)
23.1 23.616 1.8
20.1 20.418 1.8
20.8 21.156 24
20.4 21.149 2.1
21.2 21.91 2.1
15.8 15.99 1.8
21.6 23.601 1.8
One of the approximate solutions is given by :
u = uy ek, (11)
which is distinct from Ekman’s solution. The value

of the constant K has been determined from a set
{ observation obtained at Pune observatory and is
givenby :

K=0.115

Table 1 gives the comparison of wind obtained accor-
ding to the above model and actual wind. The solution
of Egn. (9) is furnished below :

We have the equations, fv = v —f-'l,_. (12)
¢
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Differentiating Eqn. (12) twice w.r.t. Z, and inserting
a%v/gz? from Eqn. (13) we get :
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Consequently, roots for the complementary function
of the differential equations are :
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Therefore, the solution of the type furnished in the
Eqn. (11).
However, the Eqn. (9) can be directly solved as

follows:

d* u 5 (F v

u H;I = — dz= =g (Say)

where g 1s an absolute constant.
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Fig. 2. Frictional velocity and height
TABLE 2
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, we have

: du
Multiplying both sides by 2 >
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as the solution of Eqn. (9) (¢f. Snedon et al. 1965)

The relation between the surface stress 7, and the
frictional velocity is defined by, 7, = pCp u® = p u,?

Therefore, Cp = [uy [ u]* (18)

Again , if we assume the log-wind profile, then we

have :
Uy z "|'* Z0
He )
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where k is Von-Karman constant and is equal to 0.41
while z, is the roughness length which has been taken
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Fig. 2. Frictional velocity and actual velocity
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Fig. 3. Wind profile

here 5 cm according to the usual norm of classifi-
cation of roughness. Table 2 gives the experimental
values for the drag coefficients in relation to different
heights, frictional velocity and actual velocity for the
average wind distribution from July to August.

Fig. 1 is the variation of frictional velocity with height
of measurement. The actual velocities are measured
at different levels and thence u, determined by using
Eqn. (18).

It is to be noted that the height variation of the fric-
tional velocities for different months can be described
by the exponential decaying function. The trend
shows that the frictional velocity decreases with the
height of actual wind measurement. It is perfectly
clear from Eqn. (18) that the frictional velocity is a
function of actual wind speed and Fig. 2 shows the
variation of frictional velocity with the actual wind
speed and it shows the variation of frictional velocity.
It shows the frictional velocity decreases with the in-
crease of actual wind speed. The continuous line re-
presents the variation according to the model analysis
while the dotted line is the coumputed one according
to Eqn. (18). Fig. 3 is the wind profile according to the
model and computed for 7 July of 1981 for Pune,
where the experiment is being carried on. It is only

for verification of the model results with the actual
observations.

3. Conclusion

The evaluation of drag coefficient Cj, for the determi-
nation of frictional velocity and subsequently describing
the wind profile within the PBL is an important prob-
lem of atmospheric boundary layer meteorology.
In this analysis we have attempted to describe the highest
variation of Cp, the momentum drag coefficient and
thence obtained the frictional velocity at various levels
by using a mathematical relation. The computed wind
according to the model has been compared with the
actual wind for verification only. Itis to be noted that (i)
frictional velocity decreases with height and approaches
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a definite value & (if) the frictional velocity decreases
with the increase of actual wind speed and has a ten-
dency of approaching a constant value.
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