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Daring the last three decades, various attempts haw 
been made to understsad the phenomenon of turbulence, The 
fundamental difficul ty of catting end solving a dosed sat of 
partial differential e<7uatlona, representing tha physical phe~ 
noaenon of tufta&eaea ia still a challenge to tha research 
norkara in tha field* tha present thesis contains aoaa pro* 
blame of tha atatiatiaal theory of turbulence* It consists 
of seven eh altars based on eight research papers, out of uhlsti 
fire have already been published or accepted for publication 
ia different technical Jottmala*

In 1963* Kolmogorov Modified his previous results by 
taking Into account a circumstance, hitherto neglected, vhiOh 
arises diractly from tha aamaiptlen of tha efsentially acci­
dental and pandora character of the mechanism of anargy trana- 
far froa tha larger addles to tha smaller one* Recently, 
Yagloa haa considered the influence of fluctuations la energy 
dissipation on the shape of turbulence Characteristics ia tha 
Inertial Interval and suggested some modifications la tha 
fasous *Tuo**thirda laV* and tha *ftvo*thlrds Ian®* WO ham 
used these nodi fled results in the first four chapters uhara 
vo havo discussed tha ptoblens of Radio wres sad sound waves 
and have also obtained the relative decay rates of concentre* 
tion sad velocity fluctuations*



In i960, ha proposed « staple eontlntuma ipwltA 
easoadlng proeeea fbr tha tneifftr of ttutalant lelnetle 
«MrcT| host and ness at ltrge w iMirtmt &  the fifth 
and elxth ahapters va hare extended Pao'a analysis to obtain 
tha spectra ftnetlons of concentration flalda of tha reactant 
and product of reaction and turbulent matleoaponont nixture 
vith first order reactions* In the laat ahapter, va hare 
dlaeuased tho problen of deoay of «agneto~flttld dynwlo toy* 
bt&snce tfcero va hnva obtained noraal nodes of decay.

tihlle writing on problene Ineluded in thla thesis t va 
hare retained the m m isynbola as haw* bean used by other 
aathors •» that cm? results nay readily be understood In tho 
lltfit of the results obtained in the papers referred to in 
the tost* Conn«mMmtlyf eone of the symbols used by ns stand 
fey different nooning* in different chapters* In order to 
svold any confusion* vo here giran the noantngs of such 
sywbola sherarer necessary In the text*
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Out of the »oat accepted theories of turbu­
lence is due to Kolmogorov (C.H* Acad# Sol* 383* 3ft, 1941)* 
In this theory, ho has sug?e§ted two similiarity hypotheses 
eoneenning the local structure of turbulent* «t high 
Reynolds nnnber* These hypotheses ere baaed on the 
Hichardaon’t ides of the existence of vertices in ell 
possible scales Unc l  between the * external scale' L 
and the ’internal scale* I in the turbulent flow and it 
is assumed that there exists a certain uniform *ioch*nijps 
of energy transfer fro* the larger eddies to the mailer 
ones. Landau (Fluid Mechanics, Addiaon-̂ etlcy, 1969) 
hat shown that the mechanism of transfer of energy from 
the larger eddiss to the smaller one** is accidental and 
random in Character̂  On the basis of this property 
Kolmogorov (J* Fluid MeCh* X&* 1968) following the method 
of normal distribution discovered by Obukhov (J» Fluid 
MoCh* XSU 1963) hat recently modified hit previous 
theory of turbulence developed In 1940-41, Using the 
ideas of Kolmogorov*t modified theory, Pram Komar 
(Ph.D. thesis Delhi University 1969) found the longitudinal 
and transverse structure functions for the velocity field 
and the struoture functions fbr the temperature field in
the range L M|



(O'*
where cd?,±) depends on the nacro-stroeture of the 
turbulence, Recently, Tuloa (Soviet Physles-Mlady 
fit 1986) haa considered tho influence of fluctuations 
In energy dissipation on the shape of turbulence character* 
lstles in the inertial interval and has obtained the 
expressions for tha longitudinal and transverse structural 
functions fbr the veloelty field slnillar to these obtained 
by Sonar (1968)* Be has also obtained veloelty spectra 
8(k) at«

Farther, he has predieted an approximate value for k* 
visi

k* • 0.04.

Otar thesis consists of seven Chapters. In 
the first Chapter* we have applied Kolnogorov's eodlfied 
hypotheses te obtain double and triple correlation func­
tions of the velocity. In the second chapter* ve have



need Yaglom's velocity spectrum Amotion to obtain tho 
corresponding »eslar spectrum functions to different 
ranges* By Including tho inertial •diffusive ranget va 
have estimated the relative decay rates of the concen­
tration and velocity fluctuation* in decaying turbulenoe 
at 8«hmldt number lesa then 1 and for k1 * o*04«

In tho third chapter we apply Kolmogorov's 
nodi fled theory to tho problem of scattering of Radio* 
nave* in a locally Isotropic turbulent medium* Va obtain 
an expression for the spectral density of the structure 
function of refractive index which is further used to 
obtain the cross-section fbr t*e scattering of radio* 
eaves* We have* also,dedueed results for the Ionospheric

U L'and Tropospheric scattering* Onr approach give* A3 
lev for the frequency dependence of scattered powerv 
where - <  & c V3 * Obukhov's (1940) and Tillers and 
Weiskopf (1906} lave are particular cases of this general
lav* Further* It is shown that fbr - &'co , our
model produces more redlo scattering than Obukhov's model 
Pereas fbr c < k'< \  % radio scattering is decreased in 
our ease*

In the fburth chapter, assuelng that (1) the
mean flow velocity is sere and (11) velocity of cound 1*
o function of temperature* we have used the functions 
(A) to obtain the three-dimensional spectral density of

*3*



tfee structure function of the ratractive Index of sound 
waves propagating la e locally Isotropic turbulent sodium 
act

-1 ■£}’ - (ft + — )
- Ĉ T\X) C^L ^  (&-v LL x &

vhere -V 3 ^^^3 •
ITfurther choosing the direction of propation of the were 

as x-axls and using spectrsl expansions, vc obtain the 
expressions fbr the two-dimensional spectral densities of 
mplltude phase fluctuations of the wave In the plane 
x * Lq, these expressions are also obtained on solving 
the equations by the method of "Smooth" perturbations*
The results are compared with thosa obtained by Tatarski 
(1901)* Also wo obtain an expression fbr Hie effective 
cross-section of scattering of sound waves,

K01megorev*s second hypothesis has been 
extended to ease of the fluctuating scalar field by 
Obukhov (1949) and Oorrsln (J* Appl, Phys* ££, 1901)* 
Following the technique of Onsager (1949) and mixing 
theories of Batahdor and Batchelor, Rowells sad Townsend 
(J. Fluid Mesh* 1, 1969), Oorrsln <1901, 1968) estimated 
the fbm of first-order reactant an* product concentration 
spectrum functions for various sehmldt numbers and spectral 
ranges* Pso (1964) aodlfled these eoncepte to predict 
the spectra fbr a turbulent multicomponent mixture with
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l*othermal first-order reaction, Reoently fbr tom- 
presslble turbulant flow with l t m  Reynolds and Peelet 
nuabers, Pao (Phys* fluids, £, 1908) has proposed a simple 
continuous spectral cascading prooeaa fbr tho transfer 
of turtmlent klnetlo anargy, boat and mass at large wave* 
numbers, Under tho restrictions (1) that the flow field 
and tho aoalar flold are stationary, (1 1) tho Kslaogorov'i 
hypothesis that tho small-scale structure of tofcttlonee 
Is statistically steady «id isotropic, (ill) that tho 
small-scale structure of scalar field Is statistically 
steady and Isotropic (extension of Kolmogorov's hypothesis 
to the scalar field) 9 wo apply Pao's process, In the fifth 
chapter, to find the spectrm functions of tho reactant 
and the prodaet of reaction field concentration fbr tho 
following spectral rangesI
(I) Universal Equilibrium range,
(II) Inertial-convective range,
(ill) Viseous-eonveetive and vlscoua-dlffuslve range*

In the sixth chapter, we have extended the 
above analysis to the ease of turbulent multicomponent 
mixture with isothermal first-order reactions at large 
wave-numbers* Under the same restrictions as in chapter 
fifth, wo have obtained spectrum functions fbr all tho 
three above-mentioned spectral ranges la the following 
oases9

e§»
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(I) Reversible first-order reaction whoss stoichiometric 
•motion la Sx

(II) Parallel Irreversible first-order reaotlon vho*o 
stoichiometric equation it s, %  sx s s, s3 ;

(ill) Conaecutive Irreversible flrst-ordor roaotlon tfttose 
stolchlonetrlo option is S', ̂  s* i* s3 j

where a and b are the reaotlen-rete coefficients. In thla 
chapter* va have also considered tha inertial diffusive 
speotral range i ,

(€/^)^ ^  C€li>1)1'

with snail 'Schmidt number* ( %  ) ̂  1, and obtained the 
oerreapondlnc spectrum functions.

In the last chapter* tha problem of homoge­
neous* Isotropic aagnoto-turbulence is studied* This type 
of turbulence is of great importance In certain aatrophyslcal 
and geophysical applications. Here we discuss how the law 
of decay of homogeneous sagneto-turtalence is modified by 
the introduction of an external magnetic field* A two- 
point wialysis of the turbulent field 1c carried out In 
the manner of Delssler (Phys. Fluids* £« IMS)* Triple 
correlations are neglected In order to make the problem 
determinate* Our basic equations Include the Hall-currant 
end we retain them till the end and solve the problem 
obtaining normal modes of decay*

e*s
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