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ABSTRACT. Characteristics of turbulence have been studiedgutsie observations of wind componenis\y
andw) and temperatureT] collected by fast response sensor the sonic ameteo (8.33 Hz) during the Monsoon
Trough Boundary Layer Experiment in 1990. The asialghowed that the spectra of wind and temperatoeged the
Monin-Obukhov scaling. The spectral curve showeslape of —2/3 in high frequency portion which iratied the
existence of inertial subrange. The diurnal vasiaih the eddy sizes were brought out.
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1. Introduction the assumption that the properly scaled logarithmic
spectrafS(f) should be function of the reduced frequency

Turbulence plays an important role in the transport or wave numbern=f z/u) and the stability parametefL

of heat, momentum and moisture from the surfacerlay only. Analysis based on experimental data from1863

the atmospheric boundary layer above. In the baynda Kansas experiment (Kaimat al., 1972) showed that the

layer, diffusion of atmospheric properties occuyseoldy Monin-Obukhov  similarity hypotheses are indeed

diffusion. The idea about the sizes of eddies cambre applicable to spectra of velocities and temperatwer a

realistically formulated in terms of the differescén wide wave number region, if the terrain is suffitlg

velocity existing instantaneously between one paind homogeneous. In India, very few studies have been

another in the fluid. Spectra of turbulence proviceful reported on the sizes of turbulent eddies (Vernekat.,

information on the scales of motion that contribigtehe 1993). The purpose of the investigation reportedhis

production and dissipation of energy and are ingydrfor paper is to examine the spectra of wind and tentperén

understanding the dynamical characteristics of thethe surface layer and study the eddy sizes duriifeyeint

atmosphere. It is known that spectra of wind and stability conditions. For this study, the observas

temperature obey the —5/3 power law in inertialraoge obtained from an experiment specially designed for

(Kolmogorov, 1941). There are three major spectral monsoon trough boundary layer studies in Indi&. (

regions relevant to boundary layer flowz. the energy = MONTBLEX) are utilized.

containing range, the inertial sub-range and tlggoreof

dissipation. The energy containing range, has thk of

turbulent energy produced by wind shear and buoyanc 2. Experiment and observations

In the inertial subrange, the energy is neithedpoed nor

dissipated but transferred to smaller scales. le th Monsoon Trough extends from north-westidntd

dissipation range, the kinetic energy is converted the Gangetic West Bengal. At the western end of the

internal energy. The power spectra, in general, aremonsoon trough, dry convection conditions prevdiilev

dependent on height, surface roughness, mean teloci at the eastern end deep moist condition existsstlidy

and thermal stability. Extension of the Monin-Obakh the dynamics of monsoon trough in the atmospheric

scaling to the spectra of velocity and temperalea€els to boundary layer, Monsoon Trough Bounddrgyer
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Experiment (MONTBLEX) (Goel and Srivastava, 1990)
was conducted in the summer monsoon of 1990.

As a part of MONTBLEX, the data set was recorded
at the campus of Central Arid Zone Researchitirnst
Jodhpur (26.2° N, 73.1° E) over a flat and homogese
terrain. Jodhpur represented conditions of dry ectign.
The surface roughness parametéh) (over Jodhpur
estimated in previous work (Kusuma, 1996) is 1.28 ¢
which is in good agreement with the type of terréiairly
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TABLE 1

6,/us, 6 /u. and ©,,/Us under different stabilities

z/L range o u.  oJu.  o,lu.
-0.09 to 5,7 3.59 2.77 1.68
—0.08 to 0.08 3.85 2.23 1.83
0.09t00.70 6.89 3.59 3.09

level grass terrain). The main tower was 30 m ragh
there were six levels of measurements at 1, 2, 45&nd

30 m. High accuracy sonic anemometer was deploydd a
m. The measurements were sampled at 8.33 Hz. Tthe da
was collected for about 15 minutes duration dumagh

hr for a selected period. The observations werssidlad
into unstable and stable cases using the stapditgmeter
(zL), z being the height of the measurement and L the
Monin-Obukhov length. Details of the tower locatiand
other characteristics of the instruments can bendoin
Rudra Kumaget al. (1995).

3. Analysisof spectraof wind and temperature

By resolving a series of measurements into
frequency or wave number components, it is posdible
see how eddies of different time and space scales
contribute to the overall turbulence. The fast oese data

of wind components and temperature from sonic
anemometer have been subjected to spectrum analysis
using Fast Fourier Technique (FFT) following the
methodology adapted by Kaimetlal. (1972) and Kaimal
(1988).

The following relations were used to estimate ¢he
and ¢y, (Hogstorm, 1988). The quantity, anddy, are the
relevant shape functions (nondimensional forms)thar
dissipation of turbulent kinetic energy and thermal
stratification respectively for the surface layer.

2/3

92*=1+0.82L|"", forzL <0 (1a)
2/3 2/3

@° =1+5/zL|™, forZL>0 (1b)
-1/2

@, =1+16zL["", forzL <0 (2a)

@, =(1+52L), forzIL >0 (2b)

@,=(1-162L) V4 forzIL <0 (3a)

@,=(1+527L),forzZL >0 (3b)
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Figs. 3(a-c). Normalized (ar,

(b)u and (c)w surface layer spectra over Jodhpur

where L is the Monin-Obukhov lengtt, is the
height where the observations were mafeis given by

- (o) wo),

Z_
L ud/kz

where g is the acceleration due to gravity (9.8)ms
is the sensible heat flux,

T is the temperature(w'e')S

(4)

u- is the frictional velocity and k is the von karman
constant (0.4). The eddy siz&)(for u, v, w and T
component have been obtained using following r@fati

A=—2

nPeak

(%)

where z is the observational height amgey is the
peak frequencyf(z / @) in the spectra ofl, v, w and T

components.

Spectra of wind component and temperature were
obtained using FFT. The data were processed byiagpl
cosine window tapering, mean trend removal and co-
ordination rotation before being subjected to FFWo
segments each of 4096 points were taken for FFlysiaa
and the spectra were averaged. In the computatjanw
components of wind and@ were used to obtain spectral
densities foru [S(f)], v [S()], w [S(F)] and T [Si(D];
wheref is the frequencyS(f) is the spectral density at
frequencyf for the respective components ¥, w andT).

4. Characteristicsof turbulence
4.1. Turbulence statistics
Standard deviations of velocity components

normalized by friction velocity plotted againgt_ are
shown in Figs. 1(a-c). The variation of,/u. with Z/L has

received considerable attention over thersybacause
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Jodhpur (June 27, 1990)
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Figs. 4(a-d). Diurnal variation of eddy sizes (&) (b)u, (c)v and (d)w over Jodhpur

of the relative ease with which shear stress can bevertical flux of TKE is given by we= 1/2w (U+v*+w?)
obtained from vertical velocity measurementssif, / u. whereu, v andw are longitudinal, transverse and vertical
is a well established function of stability. Accorg to ~ components of fluctuating wind velocities respeeiyv

_ 2 : :
Monin-Obukhov similarity theory, the standard deisias ~ @nd € = (U +V7+w)/2 is TKE per unit mass. In unstable
of velocity components, when normalized by their pond|t!(_)ns, we is positive and increased with increasing
appropriate scaling parameters, should be universafnstability. Wyngaard and Cote (1971) reported pward
functions ofzL. In near neutral conditions, as there was | KE flux over a stubby field and Maitani and Mitaut
wide scatter in the values of /u.. o. /u. and (1967) also reported an upward flux over bare soder
u * g V *

) unstable conditions.
6, /U« the turbulence production was due to the both

dynamical as well as thermal instability. The meatues 4.2. Spectra of wind and temperature
of 6, /u., o,/u. and o, /u.under different stability
conditions are given in Table 1. The power spectra of wind velocity componenis (

and w) and temperatureT] are plotted as a function of
These values are nearly in agreement with the salue dimensionless frequencyn=f z/u in Fig. 3. The
given by Panofsky and Dutton (1984) which are an gpectral densities are normalized by the respective
average of many observations both over land andlsea \5riances. According to Kolmogorov theory, the miéjo
unstable conditions, /u., o,/u. and o, /u. are  of mechanical and thermal production of turbulence
functions ofz/L and increased with increase in instability. occurs at low frequencies in the region of speqiesks.
The energy contained in low frequency eddies (bigge
In Fig. 2, the dependence of the vertical flux of eddies) is transferred to higher frequency eddsesall
turbulent kinetic energy (TKE), wenormalized by cube eddies) until it is finally dissipated. There is mrertial
of friction velocity, on stability #L) is shown. The subrange in the high frequency part where energy is
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transferred successively without any dissipativesés.
The relationship between spectral density S(f) and
natural frequency (f) follows —5/3 laviie. S(f) o f > or
() a n 2>,

Fig. 3 show the scaled logarithmic spectra of wind
components [fSU(f)/u*chgm, fSW(f)/u*chSZ/sJ
—1/3]

and

temperature[fST(f)/TDZ(ph(p8 plotted against the

normalized frequencyn( = fz/iz) for different stability
conditions over Jodhpur. The observations werdifatigh
into unstable and stable cases using the stapsitgmeter
(z/L). It is seen that, the spectra of wind andgderature
followed —2/3 power lawin-high frequency portionhé
magnitude of the peak in the spectma\, w andT) for
unstable conditions is more than that of stableditmms.
This peak is shifted towards higher frequenciessfable
conditions. All spectra exhibit a tendency to aotothe
“-2/3 power law” at frequencies greater than 0.1
depending on the stability conditions. Temperatanel
velocity spectra at higher frequencies showing lsimi
behaviour have been reported elsewhere (Kaimal3)198
Under stable conditions, in some cases, the spedtra
temperature and wind show the slope greater thdd. —2
This may be due to the existence of buoyant suleramg
stable conditions. Existence of this range demdniglser
slope than —2/3 as quoted by Lumley (1964).

4.3. Szesof eddies
It is interesting to study the temporal evolutioh o

eddy sizes for whole day (24 hr). The general
characteristics of the eddy sizes of wind comporsert

temperature over Jodhpur (dry convection zone) are

presented in Fig. 4, where the time is IST. Thegwsh
nearly cyclic behaviour with small values at nigrid
dawn. The eddy sizes increased from sunrise archeea
maximum at mid-day (11-15 hr). It showed decredse a
sunset and during night. Eddy sizes were compaigtiv
higher during daytime. This could be due to strentar
heating which enhances the transfer
momentum generating well developed convective
instabilities. Thus, the strong transfers of heaid a
momentum are associated with larger eddies. Oottier
hand, at night, without the solar input, there isharp
decline of convective situations, and this

variation of normalized peak frequency of vertical
component of wind with respect to stability is givan
Fig. 5. It showed lower peak frequency (high edides
in unstable cases where as higher peak frequenwllés
eddy sizes) in stable conditions. The eddiesuf@nd v
components of wind and temperature showed deciaase
size with increase in stability on an average. By krge,
the eddy sizes were within a range of 18-28foru

of heat and

reduces
considerably the transfer of heat and momentum. The
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5. Summary of theresults

The analysis of wind and temperature observations
using sonic anemometer over dry convection zonthef

monsoon trough showed the following characteristits
turbulence in the atmospheric surface layer.

(i) The spectra of wind and temperature obeyed the
Monin-Obukhov scaling. The spectral curve showed a
slope of -2/3 in high frequency portion which iratied
existence of inertial subrange.

(ii) The eddy sizes of wind and temperature showed
diurnal variation. Eddies attained higher sizethim noon

hrs and their size decreases with the decreasgdnsity

of solar radiation.

(iif) The vertical flux of turbulent kinetic energycheased
with increasing instability and was some times tiggao
near zero during convective conditions indicatirge t
influence of monsoon on the flow.

(iv) The mixing due to the temperature inhomogenisity
most important during the daytime afternoon to st
deeply mixing of the boundary layer. During nigimhé

the thermal as well as dynamical importance areosim
similar. These mixing are greatly dependent on the
stability of the atmospheric flow. The atmospheravell
mixed for thez/L < -0.10. In stable conditions, the mixing
will be suppressed. During night-time, the increase
wind shear is enhancing both the heat and mometdum
increase the rate of mixing in the boundary layer.
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