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Wind profiles analysis near the ground
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ABSTRACT. The present study describes the measurement of wind profile parameters in a winter
month at Pune. The power index ‘5"" has been calculated for different hours of the day in the lowest 3
metres. The average value of power index is found to be equal to 0.12, The values of frictional
velocity ;,, and shear stress 7 are calculated from neutral wind profile.

The horizontal mean wind speed shows increase in 7

at a reference height near the ground.

In the evening (1900 - 2020 hr) the atmospheric layers are found to be stably stratified.

1. Infroduction

A number of studies have been made on shear stress
and parameters of wind profiles for places other than
those in Indian region. For this region not much
attention appears to have been paid in this field,
presumably because of lack of proper instrumentation
support. The anemometer system of Thornthwaite
Associates (1965) was mounted at Central Agro. Met.
Observatory, Pune.

The wind observations were utilized to compute
the power index @, frictional velocity u, and shearing
stress r. The wind observations were taken at SsiX
different heights in the month of February 1977.

2. Data collection and wutilization

The wind profile observations were taken at Central
Agromet Obpservatory (18°32'N, 73°51'E), Pune from
11 to 18 February 1977. The anemometers height-
interval on the mast were at doubling level to one
another, starting from 10, 20, 40, 80 (check level)
and 160 cm. The first cup sensor height is at 10 cm
from the ground when the mast is fixed in the ground.
The reason is that the vertical differences of wind
speed AV, tend to be same within lowest atmospheric
levels if height difference Az increases upwards in

" the manner of a geometric series according to Lettau
(Lettau 1966). The dates of data collection pertain
to the period when the weather in and around Pune
was clear.

Air temperatures were measured at standard heights
of0.0(sur?aece),O.Bm(l ft), .6m(2 f1),2.4m (8 ft)and
3.6m (12 ft) by using psychrometer at 0735 IST
(7 LMT). The same method is adopted for routine
microclimatic observations in the open at C.A.M.O. as
per instructions in India Met.Dep. Agric. Tech. Circular
No. 3. The psychrometer can record the difference
of temp. up to 0.1°C, so the variation of temp. recorded

in the observations come under the sensitivity limit
of the psychrometer.

The soil temperature observations were also taken
for the same hours with the help of soil thermometers
installed up to a depth of 50 cm.

The obset:v.atjons were taken to see only the atmos-
pheric condition during that time near the ground.

3. Instrumentation

The anemometers are designed for sensitive operation.
The asemometer cups are of light weight plastics
re-enforced with aluminium rings. The entire cup
assembly weighs less than 7 gm. The shutter mounted
on the other end of shaft of the anemometer makes
and breaks a beam of light focussed on the photo
cell mounted in the horizontal support of the anemo-
meter one for every rotation of cup assembly. The
photo cell current is transmitted by means of an ampli-
fier. Inmput current to the amplifier varies below 30
microamps when dark condition and 150 microamps
or more-for light condition of photo cell.
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The output of the amplifier is connected to electro-
mechanical counter.

One count is registered for every rotation of cup
assembly. From theNo. of counts/minute, wind speed
in m/s were computed from tables provided for this
purpose by the manufacturer. The accuracy of (Thorn-
thwaite associate 1965) wind speed measurement
is &= 0.55 m/s. This system works on a power supply
of 12 V and draws a current of about 1 amp.

4. Theory

The simplest relation between wind speed u and
height z can be expressed by a power law:

u = uy z° or log u—log u; = alog z ()
in which wuy is the wind speed at a reference height
arbitrarily taken as 0. 1 m and exponent a is the constant.

For neutral or adiabatic equilibrium we have Prandtl
(1957) law :
8= ”Kt In ( z—i ) (2)

where u, is the velocity of shear, an indicative of the
amount of turbulence and is independent of height
for a given wind profile. K is the Von Karman constant
and z, is the roughness parameter.! The constant
K has been evaluated in various ways and was found
to be approximately equal to 0.4 (a dimensionless
number for the layer of air close to the ground).

The relation (2) can be expressed as [ollows :
u = ¢ log (z/zy) (3)

where, ¢ = 1. /K
According to Deacon (1953), the simplest relation
between wind speed and height is :

du

== OF B (4)

where the factor g is called stability factor, depends on
the temperature structure. In the neutral stability
conditions # = 1 and the Eqn. (4) reduces to the Prandtl’s
equation as given in Eqn. (3). When the atmosphere is
stable, wind strength increases with height, ie., the

TABLE 1

Average values of power index “a”

Time of the day Average value of

(lST) (TPAT)

— —— il =
0800 0.0879
1000 0.1197
1200 0.122
1400 0.1454 -
1600 0.1722
1800 0.1587
2000 0.129

shear is greater than of neutral stablility condition.
In such case B is less than I.

The shearing stress 7 is found to be proportional to
the square of the wind velocity at some arbitrary reference
height,

Thus, with the introduction of u, for which the
square law holds exactly, we get

u? = t/p ®)

where p is the density of air. Evaluating u, from the
slope of the st. line of Eqn. (3) above. Then Egn. (5)
can be used to compute T .

5. Analysis
(i) Computation of power index

The day of 13 February is arbitrarily chosen because
there is good separation between hourly wind profiles
gu:'mg the day time (Fig. 1) in comparison to other

ates.

 Fig. 1 suggests that profiles obey power law as given
in Egn. (1) above. The data for the period from 11to 18
February have been used in calculating the power
index a and its values are shown in Table 1 for different
hours of a day.

To determine « the wind profiles were plotted on
a double logarithmic graph, and are shown in Fig. 2.
The angle of inclination of the line with log z axis was
determined. The tangent of this angle gave a value of
@ on account of Egn. (1).

The average derived value of the constant a is 0.12
while the earlier reported value 0.28 is based on the
measurement made in linder by Hening (1957). It
1s seen that the value of « increases with the time
of the day reaching a peak at 1600 hr and falling sub-
sequently. Similar variations of a have been reported
by Rudolf Geiger (1975).

(i) Shape of the profiles

Wind variation with height under neutral stability
condition has been found to be accurately described
by Eqn. (3). The wind observations are plotted on the
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Fig. 2. Wind profiles on double logarithmic graph of 13 Feb-
ruary 1977
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Fig. 3. Wind profiles (e.g., Ln z vs. wind sFocd)
according to logarithmic law of 13
February 1977

graph, with natural logarithmic of the height (In z) as
the ordinate and wind speed as the abscissae. The
Fig, 3 shows one such wind profiles plot of 13 Feb
at an interval of every 2 hr from 8 to 18 IST. It is seen
in Fig. 4 that the wind profiles are concave towards
u axis.

According to Rudolf (1975) the curvature in wind
profiles is due to the temperature structure and is
lowest in the 2 metres layer from the ground but in
our studies (Fig. 3) the wind profiles start curving
at height 0.7 m instead of 2 m from the ground.
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Fig. 4. Neutral stability wind profles of 16 IST

(iii) Computation of u, and r

_ It is seen from Fig, 4 that the wind profile of

15 st. line'in nature, which is due to pncutral st?bilhstg
condition of the atmosphere as per Eqn. (3). To ascertain
the st, line nature of wind profiles of 10 IST of other
days, the 10 IST profiles of the period from 11 to

18 Feburary are given in Fig. 4.

The frictional velocity u, was computed from the
slope of these st. lines, taking value of constant K
tqual to 0.4. Using u, values in Eqn. (5), the term
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TABLE 2
Values of u, and v from neutral wind profiles

Uy T -
(m sec™?) (kg/ms?* x 107%)

0.019 0.4
0.03 1.0
0.043 2.1
0.05 2.1
0.08 8.1
0.1 12.9

TABLE 3
Wind speed & vs. shear stress = at the reference helght of 0.1 m
. from the ground

% (m/s) + (kg/mst x 1079)
0.68 : 1.1
0.8 2.0
0.82 232
1.06 3.0
1.31 7.0
1.61 12.9
TABLE 4

Neutral and stabily layered wind profile of 13 February 1977
Stabily layered

z height from Neutral wind pro-

file of 10 IST wind profile of
i 1(;1;11)::&1 u(cm/sec) 18 IST u(cm/sec)
- 80.09 266
30 92.19 (&) in
70 101.52 (uy) 357
150 107.52 412
23 k level) 113,47 452
313 g 116.25 474

i i lue
shearing stress was computed by taking constant va
of air gcnsity p and equal to 1.183 kg/m®. Table 2
shows values of the u, and 7 for the period.

(iv) Relationship @ and =
Shearing stress = was also calculated from the

As \?
equation r=K? 2% ( Az )

id for neutral wind profile (Oke 1978), where @
i‘g:& g.v::rage wind speed at some reference height
above the ground. Table 3 shows computed values
of = and @ at reference height of 0.1 m from the ground.

This equation is

The graph of r vs. @ is shown in Fig. 5.

It is seen from Fig. 5 that relationship between
these two is exponential in nature.

(v) The temperature effect

dition pre-supposed in formulating the
w;ﬁe laf\(rm in Eqn.p 3) pmust be of neutral copdmon
of the atmosphere. The pattern cc_)rgespondmg to
neutral condition or more plosely prevail in the morning
hours, when the night inversion I)as broken down
nd before diurnal heating has set in.
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Fig. 5. Shear r versus average velocity

To observe neutral wind profile near the ground,
the temperature profiles of 0735 IST were examined
in the light of above condition. Fig. 6(a) gives a graph
of such temperature profiles for the observed period.
The profiles of 11, 12, 16, 17 and 18 February show
increase of air temperature with the height. While
the graph of 13th, 14th and 15th show decrease of
air temperature with height. Arbitrarily, the tempera-
tures of 13 February were chosen for the above stated
conditions. The plot is shown separately in Fig. 6(b)
for further discussion.

In Fig. 6(b) temperatures below the ground surface
are also shown. The dotted portion is simulated one
and it has been simulated on the basis of Fig. 6(a).

The beginning of diurnal heating is clearly seen in
the soil by flow of heat downward as far as 2 cm depth
and weak indication of it,is in air as indicated by the
temperature decrease with height (solid line) from
the dotted line.

Hence, this state of atmosphere represents the neutral
stability condition as described above. Therefore, the
straight line wind plot of 10 IST of Fig. 4 is further
ascertained for neutral wind profile.

The factor B of Eqn. (4) depends on the temperature
structure. ~ For neutral condition of atmosphere
B=1 and the Ist and 2nd columns of Table 4 show
such a plot of wind profile for the above example.

(vi) Stable case of wind profiles

In the case of stable atmosphere the increase of
wind strength with height is greater than of neutral
stability and so B becomes less than 1. A comparison
has been made of neutral wind profile (of 10 IST) and
to that of stable condition (at 18 IST). This is given
at 2nd and 3rd columnsof Table 4 for 13 February
1977. It is evident from the table that wind under
stable conditions far exceeds those under neutral
stability conditions.

Wind profiles at 1800 IST for a period from 11 to
17 February 1977 have been shown in Fig. 7.
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Fig. 6(a). Temperature profiles from 11 to 16 February 1977

Under the stable conditions the wind law u =
¢ log z develops a concave-curvature toward u axis.

(vii) Computation of neutral wind profile

The value of g is computed for the height of 0.5 m.
Computation of B from Eqn. (4)is:
u, 0.0445

€5 i I e e 0.1125

L 9'_3w_gv;_'7wy= 05 m

dz = 0.7(!(2) —_— 0.3(111)

du = 9.33 m/s

du #

M 0.23325

Putting the value of ¢, z and du/dz in the equation
duldz = cz—P, we get ;
B = 1.06807

Thus, the neutral stability conditions (ie., 8 = 1)
is apparently borne out from the above calculations
as is the case in the above equation where Bovl,

6. Conclusion

In this study, it is found that the average power
index, @ = 0.12, while Henning (1957) cites average
value of 2 = 0.28. It reaches peak value equal to
0.1722 at 16 1ST.

The dependence of wind increase on the temperature
is loweit up 100.7 m level from the ground but other
researchers cite the lowest limit of 2 m from the ground.




Fig. 6(b). Tempzrature profiles of 13 February 1977 at
1735 IST (7 LMT)

The wind speeds under stable conditions are more
than those of under neutral stability conditions. Wind
speeds in stable case are 3 to 4 times more than of
neutral stability conditions.
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