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RRELZALE

During the last three decades, various attempts have
been made to understend the phenomenon of turbtulence, The
fundamental difficul ty of getting and solving & closed set of
partisl differentisl equations, representing the physical phe-
nongnon of turbdulence is still a challange to the research
workers in the field, The present thesis ocontains some proe-
blems of the statistical theory of turbulence, It consists
of seven chapters Dased on eight research papers, out of which
five have already been pudblished or sccepted for pudlieation
in different techniesl joumals,

In 1962, Eolmogorov modified his previous results by
taking into account a cirewmstance, hitherto negleoted, which
arises directly from the assumption of the ersentially scei~
dental md random character of the mechmism of energy trans-
for from the larger eddles to the smaller one, Recently,
Yaglom has considered the influence of fluetuations in energy
ddssipation on the shape of turbulence charscteristics in the
inortial interval and sugrested some modifications in the
femous "Twoethirds lov" and the "fivesthirds Yew®, Ve have
used these modifiod yesults in the first four chapters vhere
wo have disouszed the prodlems of Radio waves and sound waves
and heve s120 cbtained the relative decay rates of concentras
tion end velcoity fluetuations,



In 1965, Pap proposed s simple continmuous speetral
cascading process for the tramsfer of turdulent kinetie
energy, heat and mass at lavge vave.mmbders, In the fifth
and sixth chapters wo have extended Pac's snalysis to odtain
the spectron Cunctions of concentration fields of the resctant
snd produet of reaction end turdulent multicomponent mixture
vith first order reastions, In the last chapter, ve have
disoussed the prodlem of decey of magnetosfiuid dynmmic tuve
blenco vhere we hove obtained norme) modes of deeay,

While working on problems included in this thesis, we
have retained the sume symbols s have been used by other
mthors so that our results may readily de understood in the
light of tho »esults obtained in the papers referred %o in
the text, Conseruently, some of the symbols used by us stand
for different wemnings in different chepters. In ordar %
avoid sny confusion, we have given the meanings of such
synbols vherever necessary in the text,
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On logally dsotropic turbulencs, (to be communicated)
I8 includes the econtents of chapter I,

Relative decsy rates of econcentration snd veloeity
fluotuations in decsying turbhulence at small Sehmidt
numberse (to be comemunieated)

It includes the eontents of Chapter IX,

Seattering of Radiowveves in a looally isotreric Supe
bulent medium, Tensor, New Series, }Z7 (1968), 165,
It inoludes the contents of chepter 1II,

On Soundewwaves propagating in a locally isctropie
turbulent medim, Tensor, New Series, J§ (10685), 243,
It includes the contents of chapter 1V,

Strusture of the resotent and product of a turbulent
firsteordor resotion at large vave-mumbers,

Proge Nat, Inst, Se, India, 1967 (in press),

It includes the contents of chapter V,

Renctont and product eenoentration speatrum functions
in turbulent mixing vith a firateorder reastion,
Tensor, Wev Series 17 (1068), 208,

Strusture of a turbulent multicomponent mixture wvith
firsteorder rerctions at large vave-mmbers,

(mbdaitted for pudlication in J.Phys, Soclety of Japan)
The paper;6 mnd 7 inolude the contents of chapter VI,



8, The decay of magneto-fluid dynamic turbulence in the
presence of a uniform imposed magnetie field,
Tensor, Nev Series J8 (1067),212.

It includes the contents of chapter VII,



ARSIRAGZ

One of the most accepted theories of turbu.
lence is due to Kolmogorov (C,R, Aead, Sei, USSR 30, 1041),
In this theory, he has sugrested two similisrity hypotheses
eoncenreing the loeal strusture of turdulenee at high
Reynolds number, These hypotheses are dased on the
Richardson's 1dea of the existence of vortices in all
possible senles (<. L Yetween the 'external seale' L
and the ‘internal seale' | in the turbtulent flov and it
is assumed that there exists a eertain wniform mechaniem
of energy transfey from the larger eddies to the smaller
ones, Landsu (Fluid Mechanies, AddisonVesley, 1989)
has shown that the mechanism of transfer of energy from
the larger eddies to the smaller ones is noeidental end
random in charaster, On the basis of this property
¥oilmogorov (7, Fiuid Mech, 13, 1962) following the method
of normal distridution discovered by Obukhov (7, Fluid
Mech, 13, 1962) has recontly modified his previous
theory of turdulence developed in 1940441, Using the
1dess of Kolmogorov's modified theory, Prem Kumar
(Ph,D, thesis NDelhi University 1962) found the longitudinal
end trensverse structure funotions for the velocity field
and the structure funotions for the temperature field in

the renge (1| ast
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vhere ( (¥ ) depends on the macro-structure of the
turdulencs, Reeently, Yaglom (Soviet Physies<Dellady

1%y 1968) has considered the influence of fluctuations

in enorgy dissipation on the shape of turdulence charactere
istios in the inertial interval and has odtained the
expressions for the longitudinal snd treonsverse structural
functions for the veloeity field similiar to those obtained
by Kumer (1962), He has also edtained velosity speetrum
B(k) ast

— -S/l /

Purther, he has predicted an approximate value for k'
vist

k¥ = 0,04,

Cur thesis consists of seven chapters, In
the first chapter, ve have applied Kolmogorov's modified
hypotheses %o odtain doudle snd triple correlation fung-
tions of the velosity, In the second chapter, we have

e
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used Yaglom's wvelocity spectrum fimotion to obtain the
sorresponding sealar spectrum fumetions in different
ranges, By including the inertiale.diffusive range, we
have estimated the relative decay rates of the soncene
tration and velooity fluctuations in deesying turbulence
at Schnidt number Jess than 1 and for k' = 0,04,

| In the third chapter we apply Kolmogorov's
modified theory to the problem of seattering of Radioe
waves in a loeally isotropie turtulent medium, We odtain
en expression for the spectrsl density of the strueture
funstion of refragctive index vhich is further used to
obtain the erosse.section for the seattering of radice
wvaves, We have, also,deduced results for the Ionospherie
and Tropospherie seatering, Our approach gives 7\%* R
law for the frequensy dependence of seatiered power,
vhere -2, (' < Y; o Obukhov's (1949) and Villars end
Weiskopf (10858) laws are particular osses of this genersl
law, Further, 1t is shown that for -2, ('<o 4 our
model produces more radio seat'ering than Otukhov's model
vhereas for o< 'c ', ¢ Paéio seatiering is decreased in
our cane,

In the fourth chapter, assuming that (1) the
mesn flov veloeity is sero and (i1) veloeity of sound is
a function of temperature, ve have used the funeticns
(1) to obtain the three-dimensional spectral density of

3
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the structure function of the refractive index of sound
waves propagating in a loeslly isotropic turdulent medium
ast
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Further choosing the direction of mp&;m of the wave
as xeaxis and using spectral expansions, we obtain the
expressions for the twedimensional spectral densities of
smplitude and phase fluctuations of the wave in the plane
x = L. These expressions sre also obtained on solving
the equations by the method of "Smooth” perturbations,
The results are compared with those obtained by Tatarski
(1961), Also we obtain an expression for the effective
oross-section of scattering of sound waves,

Kolmogorov's second hypothesis has been
extended to eaze of the fluetuating sealar field by
Obtukhov (19049) mnd Corrsin (J, Appl, Phys, 33, 1981),
Folloving the technique of Onsager (1940) end mixing
theories of Batshelor and Batchelor, Howells and Townsend
(5. Fluid Mech, §, 1089), Corrsin (1061, 1962) estimated
the forn of firsteorder resctant and product coneentration
spectrun funetions for various Sohmidt numbers and spectral
panges. Pao (1064) modified these concepts to prediet
the spectra for a turbulent wulticomponent mixzture with
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fsothermal firsteorder reaction, Recently for income
pressible turbulent flow vith large Reynolds and Peclet
nunbers, Pao (Phys, Fluids, 8, 1968) has proposed a simple
continuous spectral casaading process for the transiop

of turdulent kinetie energy, heat and mass at large wave-
mumbers, Under the restrictions (1) that the flow field
and the sealar field sre stationary, (1i) the Xelmogovov's
hypothesis that the smallesesle structure of turbulence

is statisticslly steady mnd isotropie, (111) that the
snallesgale structure of sealar field is statistically
stesly and isotrorie (extension of Kolmogorov's hypothesis
to the sealar fleld), we apply Peo's process, in the fifth
chapter, to find the speetrum fumations of the reastant
and the produet of resstion field aoncentration for the
folloving spectral rangest

(1) Universal Equilidrium range,

(11) Inertisleconvective range,

(111) Viscous-convestive and viscous<diffusive range,

In the sixth chapter, we have extended the
sbove analysis to the case of turbulent sulticomponent
nixture vith fsothermal firsteorder resctions at large
vave-mmbers, Under the same restrictions as in chapter
£4fth, ve have odtained spectrum fimotions for all the
three above.mentioned spectral ranges in the following
casss?
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(1) Reversidle first.order renation vhose stoichiometric
squation 48 S . S,
ot

(11) Parallel Irreversidle firsf.order renction vhose
stolchiometrie equation 48 S o5, ¢ ¢,

(111) Consecutive Irreversidle firsteorder reaction vhose
stolchiometris emation 48 S %o ., .

vhere a and d are the resctionpate coefficients, In this
~ chapter, e have alsc considered the inertisl diffusive
spectral ranges

‘/L’ R o 'S‘/‘I
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vith small 'Sehmidt mmber' (/D ) < 1, and obtained the
corresponding spestrm funotions,

In the lest chapter, the probdlem of homoge-
neous, isotropie magnetoeturbulence is studied, This type
of turbulence is of great importance in certain asstrophysieal
and geophysical applications, Here we discuss hov the lav
of decay Sf homogeneous magneto-turbulence is modified dy
the introduction of an external magnetie field, A two-
point snalysis of the turbulent field is carried out in
the manner of Deissler (Phys, Fluids, §, 1963), Triple
gorrelations are neglected in order to make the prodlem
doterninate, Our basic equations ineclude the Hallegurrent
and vo retain them til1 the end and solve the problem
obtaining normel modes of decay,

.ge
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