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Thesis Abstract (Ph.D.)

Boundary restraint effects and correction rules for two-dimemsional separated flow
past bodies by J. Deenadhayalan.

Rescarch supervisor: G. N. V. Rao.

Department: Aerospace Engineering

i. Introduction

It 18 now recognized'™ that comsiderable uncertamnties and madequacies exist m methods for effecting
blockage or boundary-restramnt corrections m wind and water tunnels These factors have led to search for
other approaches such as Adaptve wall method®, Boundary measurement methods' and Momentum ba-
lanee method?

In this work, studies of the effect of solid and free-jet boundarnies in two-dimensional separated flows
have been mude using free-streamline theory, modelled to yield flows closer to reality than those mn the
pioneering work of Kirchboff and Helmholtz The models employed are Momentum surface model* and
Displacement surface model® Solid, free-jet and partially open solid boundaries have been considered.

2. Results and discussion

Studies have shown that modelling plays a vital role 1n predicung blockage effects, even when both the
models are quite reabistic. In the Dispiacement surface model, at large blockages, the forces and moment
cocfficicnts acting on a body mcrease with increase of blockage, at the same back-pressure co-
efficient, whereas i the Momentum surface model, just the opposite trend has been observed in the
aerodynamic coefficients, m a closed jel tunnel. Also, the separated flows past bodies in the case of 2
free jet 1ssuing from a sohid nozzle and as a free jet which ss doubly infinite wn Jength have been studied
ustng Displacement surface model.

These studies confirm that even n separated flows past bodies i completely closed and completely
open-jet tunnels, opposite trends of blockage arc observed as in the case of attached flows.

Following these analyses, 1t was conjectured that a suitable combination of ngid and open-jet boundarnes
1 a tunnel wall can yield a blockage-free separated flow. The suppression of boundary-restramt effects 15
shown to be feasible for a particular value of the partial opening of the solid wall and the pressure at the
opening. t 15 observed that n ali cases, the back pressure in the near-wake separation bubble occurs as
an unknown parameter, winch can, 1 principle, have any value m the tunnel model and in unbounded
fluid flow, unless addivonal Testraints are 1mposed to enable a unique relatton between the two to exist
One such 1s obviously to require that the flow separation m both the conditions be a boundary-layer
separation. In the mvisaad domain, other restraints are suggested to obtam a unique relation between the
back pressures on the model in a tunnel and m unbounded fluid when back pressures are arbitrary, the
correction procedure has to be semu-empirical, m which case, two such methods are proposed, somewhat
similar to those upon which Reynolds number corrections for drag and hft are made in airfoil experrments
Apart from these, bnef reviews of the development of free streamline theory for separated flows and the
development of the existng boundary correction methods have been presented
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Thesis Abstract (Ph.D.)

Studies on hypergolic ignition of solid fuel-liquid oxidizer systems by K. N. Murthy.
Research supervisor: S. R. Jain.
Department: Aerospace Engineering.

1. Iatroduction

The exciting achievements of space science and technology owe much to the development of sutable
propellants as source of propulsion energy in rocket engines. Of the various types of propellants, the
technology of the composite solid propellants, and also of the bibqud propellants, has been more or less
well established over the vears There 1s still another class of propellants, known as hybnid propeliants,
comprising a combmarion of a soltd fuel and a hqud oxidizer, that has not made the same progress in
rocketry, although 1t offers many distinct advantages The full advantage of a hybnd propeliant system,
however, 1s realized by making use of a hypergolic combmation of fue! and oxidizer In such a combina-
non, self-igninon of the propeilant results when the two components are stmply brought mn contact with
each other One of the prime considerations n these systems s the evolution of fuel-oxidizer systems
having shortest possible ignition delays (IDs) to avoid devastating pressure spikes which are generated on
delayed 1gmtion leading to ‘hard start’ or even destruction of the rocket motor

By using exouc fuel-oxidizer systems hke hqmd, fluorine and metal hydnde, very low ID can be
achieved, but the practucal problems associated with stabihity, handhing and toxic nature of these materals
prohubst their use 1 real applications Commonly used fuel and oxidizer combinations, on the other hand,
gwe longer 1gmtion delays It 1s apparent, therefore, that the low profile of hybrid systems in rocket
technology s mamnly due to lack of smitable highly hypergolic fuel-oxidizer combinauons In recent years,
several attempts have been made'™ to evolve hypergolic systems for hybrid rockets. However, in most of
the studees, ignition delays reported have been determmed by taking the fuel mm powder form Since, in
actual applications, the fuel 1s usually taken 1n a ‘gram’ form the igmtion delay data on the cast fuel gramns
are more relevant Usually, sgnition delay increases on casting the fuel, hence, it 1s essential that the
binder chosen umparts the required mechanical strength to the gram wathout significantly increasing the
ignition deiay The present research 1s ammed at understanding the phenomena relating to the onset of
sgninon m bypergolic systems, and makes an attempt to develop novel metallized hypergolic systems having
short ignition detays and hugh theoreucal rocket performance

2. Experimental

A large number of sohd fuels, ke Schiff bases, azines, hydrazones, throsemicarbazones, mono- and bis-
throcarbonohydrazones, hydroxy compounds, aromatic hydrocarbons, etc., have been nvestigated for thewr
hypergolicity with white or red fummg nitric acd (WENA or RFNA) as oxidizer. The igniuon delays of
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these systems have been determined using a droptester-type device at room temperature. The etfect of
addition of metal powders to the fuels on the ID has been determined Differential thermal analysts of
the various compounds prepared during the course of the present study has been carried out to characterize
and ascertain their thermal stability The preignibon-quenched products 1n a few cases have been idennfied
by chenucal analysis Special binders have been synthesized for casting the promusing fuels mto gramns

The heat of combustion of various hypergolic systems with HNO; as oxidizer has been measured 1n a
modified combustion calonmeter described earlier A novel expenmental set-up has been devised for
recording the transient temperature of the hypergolic systems It mvolves measunng the resistance of a
micron-thin platinum film deposited m a glass crucible, captuning the data on a digital oscilloscope and
processing them on a computer Necessary hardware and software for these measurements have been
developed The theoretical performance rocket parameters of the various propellant systems have been
obtamed on a DEC-1090 computer using the NASA-SP 273 program

3. Resuits and conclusions

A vanety of solid organic compounds, such as Schiff bases, azines, hydrazones, thiocarbonohydrazones,
thiosemicarbazones, hydroxy compounds and certain ¢lements ke carbon and phosphorus, on mixing with
metal powders, specially with magnesium, become synergistically hypergolic with WFNA In the absence
of magnesium powder, these compounds are erther nonhypergolic or have longer igmtion delays. The
synergistic 1igmtion behavior has been explamned 1n terms of increased exothermicity of the system, primarily
due to the heat-evolving chemical reactions occurning between the fuel and the oxidizer, m the preigniton
stage Nitration has been established as one of the mmportant preignetion reactions by the identification of
3-mtrocatechol 1 catechol-Mg-WEFNA system

The igmuion delay of several solid hypergolic fuel compositions, cast using various polymernic binders,
or as melts, has been deterruned with WENA as oxidizer The igmition delay mncreases drastically on
casting with binders Iike carboxyl or hydroxyl-termimated polybutadienes Fuel gramns cast using some
newly synthesized epoxy resins are found to have short ignition delays, of the order of 200 ms, and also
good mechanical strength Increasing the amount of binder in the composition retards the hypergohcity of
the gramn Low-melting hypergolic compounds have been used for melt-casting fuel powders. The ignition
delays of the melt-cast grams are longer than those determned by taking the composition i powder form.
The effect of lghly hypergolic addrtives and metal powders on the ignition delay of the cast compositions
has been determined. Grains having good mechanical strength and short 1igmition delays have been obtained
by optimuzing the fuel gramn composition

The heat of combustion with WFNA as oxidizer of vanous hypergolic systems has been measured. An
evaluation of the performance parameters teveals that these systems have specific impulse {vacuum} of
the order of 280 s at chamber pressure, 30 atm, with expansion ratio, 60. The maxumum specific impulse
1s obtained at the same fuel composition at which the minimum ignition delay is observed. Of the various
systems studied, the Schuff base-Mg-WFNA systems appear to be most promsmg. The results have been
explamed m terms of the physico-chemical processes occurring 1n these systems.

A novel experimental set-up has been developed for recording the temperature history of hypergohc
propellant systems which igmte m mulli-seconds time mtervals Biliqud propellant systems are found to
give better profile reproducibility than hybrd systems In furfurylalcohol~anihine-WEFNA systems, the slope
of the profile and the surface temperature recorded at ignition pomt are found to be related to the 1gnition
delays of the system, the steeper the slope and lower the surface temperature, shorter are the ignition
delays.
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Thesis Abstract (Ph.D.)

The infinitely strong shock: towards an exact solution by Padarbinda Das.
Research supervisors: R. Narasimha and M. R. Ananthasayanam.
Department: Aercspace Engineering.

1. Imtreduction

Many problems in rarefied gas dynamics are governed by the nonhnear Boltzmann equation The
Boltzmann collision integrals, which are nonhnear and tighly complex, present considerable difficulties i
the solution of these problems. Few exact solutions exist, though the neighbouring field of linear transport
theory s well studied

The structure of a strong shock has a significance in kineuc theory simular to that of a flat-plate boundary
layer i viscous flow theory—it shares many important features with a wide class of flows In addition, 1t
provides a simple test case for solving the nonlmear Boltzmann equation In the present work, the structure
of an mfnitely strong (an mfinite upstream Mach number) shock in gas of rigid spheres has been studied
serm-analytically,

2. Main contributions

(i) Traditional polynomual expansions have falled to provide solutions for strong shocks. The Mott-Smith
ansetz! provides solutions which are qualitatively acceptable, but are sensiuve to the error (residual)
critena vsed along with the ansatz. There i1s no obvious way of improving the Mott-Smuth solutions.
Here, a novel rational approximanon scheme to compute an exact solution to the infinitely strong
shock has been presented.

(1) Three successive approxmmate solutions have been computed wn the above-mentioned scheme to obtamn
a density profile which 1s exact over most parts of the shock, and an exact value for the shock
ithickness at 6-7 times the downstream mean free path

(in) The scheme iavolves an expansion on the basis of ‘Burnett functions’, which consists of Somne polyno-
mials® and spherical harmonics’. Expressions, some of which are new, have been derived for the
Boluzmann collision operators on this basis, and have been shown to possess tugh symmeiry

{iv} Computation of collinon mainx elements has remained a difficult problem Here the most efficient
and rehable algorithms for computing these have been described at one place, and complete computer
programs have been developed and hsted This technology overcomes a major obstacle to using
pelypomial expansions 1 kinetic theory

{v) The relevant algebraic work has been carned out mn the framework of a powerful irreducible tensor
formalism® and Dirac notation’ The formalism had been employed earher n kinetic theory, but its
use in 2 ghly nonhinear problem hke the present one demonstrates for the fust ume its power in
bandhng flows 1nvolviag large departments from equilibrium

(v1} The wreducible tensor formaksm 3 a compact operational method of handling tensors of arbitrary
ranks Hence, it has great potential for application 1n conunuum mechanics

3. Forpmiation and solution
The Boltzmana equation® for the plane shock problem 1s an obvious notation as

of
Bx

ofl = J11F]= GLAf] - f Lif]. )

Upstream and downstream, f approaches the respective Maxwellians F; (=1 8 (v — »,) ) and F,
The upstream molecular beam gradually attenuates across the shock, 5o f 1s given within the shock by

fhx) = = v} Fi + h(vix) @)
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The form (2) of f unplies that both sides of (1) have smgular terms Equating the smgular and non-singular
parts separately, eqn (1) breaks down to

wh = — volLlk] (1), 3)

8h
ve e = Wo{GIFs, A} + 1l Fil) + I KL @

The crucial step is to expand 4 m a senes of polynomials, the Burnett functions {c) (where ¢ = v — u,)
have been chosen for their great ment®, around the fixed Maxwellian F,

h(v,x) = v(x) Fyle) W(c) = vix) ¢ (0) (8)
A Galerkin-type procedure requires the expansions
wo' = Af ¢F, )
T, ¢ = Jge* = [GY ~ L] ¢, 7
and
Fi(c) = 84" @
Using (5-8) mn (3, 4) results 0
v6 = C, )
Afvi = Bivgv + J¢ vy, L k=12, ) (10)

All the coefficients 1 (9, 10) are expressible i terms of the matrix elements Af, L[¢'], G¥ and LY
Expressions have been derived for these matrix elements.

The solution orbits for (9, 10) must connect upstream and downstream equilibrium conditions. Such
solutions are extremely difficult to compute. Successive approximate solutions to (9, 10) have been com-
puted truncating the expansion (5) after one, four, and six terms
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The success of this work mndicates that simular approaches might work for other ponhinear problems u
rarefied gas dynamics

References

1 Morr-Smrma, H M. Phys Rev , 1954, 82, 885-892

2 CHarman, § anp Cowning, T G The F theory of gases. 1939, Cambndge Umveras
Press

3 Ebmonps, A R Angular n quantum h 1957, Princeton Umversity Press

4 Kumar, K Ann Phys , 1966, 37, 113-141

5 MERZBACHER, E Quantum mechanics, 1961, Wiley

6 NaRasMHA, R AND J Flud Mech , 1969, 36, 535-570

DesHPaNDE, S M

Thesis Abstract (Ph.D.)

Some studies on structural dynamics of spacecraft systems by M. Sambasiva Rao.
Research supervisors: S. Durvasula and P. S. Nair.
Department: Aerospace Engineering.

1. Introduction

This work 1s concerned with some mmportant aspects of structural dynamics of spacecraft and its subsystens
These are broadly classified as free vibration data reduction, generation of dynamic models, free vibrauon
studies on structural panels and equipment platforms and displacement excitation analysis.

It 1s shown that by the introduction of three modal parameters, namely, energy distribution, eftective
mertance and effective mass, the task of data reduction and interpretation of massive free vibration data
output of typical finite element analysis of a large degree of freedom spacecraft structure 1$ rendered very
convement and effecnve' The second paramcter, namely, ‘effective mertance’, 18 a concept mtroduced
perhaps for the first tume mn the present work m the context of matrix methods of structural analysss to
derive significant advantages The ‘energy distnibution’ mdicates, withun a mode, the relative contnbution
of various areas to the overall kimetic and strain energles Effective 1nertance gives information on 1adi-
vidual modal contnbutions to the overall acceleration responses at different points 1n a structure subjected
to a force excitation Effective mass represents the modal contributions to the total reaction force of a
structure when excited by an acceleration mput Apphcation of these parameters 1n a spacecraft situation
1s iltustrated with examples.

2. Equivalent dynamic models

The concept of effective mass 15 applhed mn obtaming ‘equivalent dynamc models’ of spacecraft strucrural
systems/subsystems These models consist of simple physical elemenis like springs and beams and accurately
represent the wnterface forces Their advantages over conventional mathematical models 1n analysis and
testing are highighted and their vahdity is tlustrated through the example of a spacecraft Some of the
practical problems associated with the physical simulation of these models in an actual dynamic test set-up
are also addressed. Further, a systemauc approach 1s outlmed for developmg ‘low-order dynamic models’
of spacecraft for use mn coupled analysis with Jaunch vehicle to obtamn accurate loads at the wmterface and
In ymportant subsystems. A substructure method i which tmportant subsystems are represented by cquiva-
lent dynamic models is suggested for this purpose during the development phase of a spacecraft project.
The construction of such models and their usage 1 design parametric studies is also demonstrated through
the example of Indian Remote Sensmg satellite (Fig. 1)
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3. Free vibration of paneis

A spacecraft conssts of structural panels which provide shielding for sensitve electrome packages and
equipment decks which carry electrome boxes, and both are designed to meet specific frequency con-
stramnts. The steuctural panels are generally stiffened using stiffeners to raise their frequencies The effect
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of small gaps usually left between the stiffener end and boundary due to fabricational reasons in such
panels is investigated with respect to their design efficiency and analysis problems for free vibration charac-
tenstics. It is found that in the case of clamped panels avoidance of this gap results m a significant jump
o certain frequencies (Fig. 2)°. Through the example of a spacecraft equipment deck of honeycomb
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sandwich construction, 1t 18 shown that the modal energy distribution can be used as effective guidelne
m improving 1ts frequencies Kmetic energy distribution 1s employed as a basis for redistributing various
packages on the deck and stramn energy distribution 1s used to identify areas which can be stiffened by

bonding doublers (Fig. 3)°.
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4. Displacement excitation analysis

The displacement exataton response analysis procedures, as mplemented m SAP 1V, ASKA and
NASTRAN, are compared. This 1s done as no such mnformation 1s avatlable 1n literature on ther rf;l:mvc
efficiencres and because of the importance of displacement excitation analysis i a spacecraft case It s
found that ASKA results are m considerable error compared to other programs for the same number of
modes meluded in the computations It 1s shown that if mode acceleration, mstead of the presently avail-
able mode displacement approach, 1s followed in ASKA, the resuits get significantly inproved’
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Thesis Abstract (Ph.D.)

Development and critical assessment of a new FLIC method for base flows by Sushil
K. Saxena.

Research supervisors: R. Narasimha, S. M. Deshpande and T. S Prahlad (ISRO).
Department: Aerospace Engineering.

1. Introduction

The motivation for the present work stems from two complex base flow problems of relevance to satclhie
launch vehicles, namely, the flow about the base of a rocket body contamnmng an exhaust jet and the
aerodynamics of stage separation during the flight of a multistage rocket The conventional FLIC (fluid
1n cell) has certain favourable features with regard to computation ume, memory requrement and applica-
tion of boundary condinons It 18 however first-order accurate 1 space and tme and thercfore when
applied to base flow problems produces results which though quahtatively correct are not quantitauvely
sufficiently accurate Further, there is unacceptable smearing of shocks. The major contribution of the
present work has been the development of a new FLIC (NFLIC) method which s second-order accurate
in space but first-order accurate m time and still retaims the favourable features of the conventional FLIC
method. The new method s tested on a lammar base flow problem of a backward-facing step and com-
pared with computations done by other lugher order schemes.

2. Analysis

Complete details of analysis are available elsewhere'? Here only the essential details are presented The
present work has resulted in the finding that eigenvalues of the Jacobian matrices for the FLIC convection
terms are of the same sign, they are etther all postuve or all negative dependimg upon the sign of the
veloctty components The flux sphtting of convection-phase equations, which are Euler equations without
pressure terms, therefore, tutn out to be very simple compared to the flux sphitting n the case of full
Euler equations where the etgenvalues of the Jacobians of flux vector can be of mixed sign. These split
fluxes are then used in a second-order aceiracy in space 1n the convection phase. Phase 1 difference
operator and the sequence of operators remams the same as 1n the case of conventional FLIC.
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where Oy 1 the difference operator 1n the case of Phase I and Oy the difference operator for Phase IT
Tn the case of NFLIC, the operators O; and Oy are both second-order accurate i space but first-order
accurate 1n ume The above sequence ot operators provides overall second-order accuracy 1n space but
first-order accuracy 1n time tor the new method

The efficiency of FLIC has been improved by employing convergence acceleration devices which mclude
gnd sequencing and local time stepping A box-type grid distribuuion has been employed to discretize the
solution domain in the case of low Reynolds number flows, while an exponenually stretched gnd 15 recom-
mended for high Reynolds number cases to keep the grid point requirements low. Finer gnd has been
used 1 the boundary layer and at viscous region near the base corner

3. Results and discussion

Detailed results from FLIC and NFLIC obtained on various base flow problems are presented m the
thesis Here only some representative results from NFLIC on 2 lamunar base flow probiem of a backward-
facing step are presented and compared with the results from other higher order schemes which include
MacCormack’s exphcit scheme employing operator spliting with and without flux vector splitung and an

Table I

Comparison between different numerical methods in terms of operation count and memory
requirement

Method Operation coun: Core memory for
(Million instrucnions 1130 gred ponts
per tyme step per
gnd pontj

MacCormack’s explicit scheme 00081 43 K (60-bit word)

MacCormack’s explicit scheme 0017 455K

with flux vector splitung

Classical FLIC 0 0050 39K
New FLIC 00075 39K
Unfactored impheit upwind 00730 61K

scheme
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unfactored upwind tmplicit scheme Figure 1 presents the axial pressure distribution and ndicates favour-
able comparison of NFLIC with other second-order accurate methods i terms of uccuracy Although not
presented here, sumilar good companson s obtamed for cross total pressure varianon and contour plots
of Mach number, streamiine and velocity vector Table I presents the comparison of NFLIC with other
second-order accurate methods mentioned above in terms of operation count and memory requirement
It 1s clear from the table that the new method has certamn edge 1n this regard compared to the explicit
methods based on the flux vector spitting of the full Euler equations

4. Conclusion

A new FLIC method (NFLIC) within the framework of finite volume approach has been successtully
developed which 1s upwind and second-order accurate in space and sull retans various favourable features
of the conventional FLIC method It has been critically assessed with regard to accuracy, operation count
and memory requirement by testing 1t on a lamunar base flow problem of a backward-facing step and
comparmg with the results from other higher order accurate schemes It 15 shown to have certayn edge i
terms of operation count and memory requirement over other expheit methods based on the flux vector
splitting of the full Euler equations The efficiency of FLIC has been mproved by employmg grid sequenc-
mg and Jocal time stepping by a factor of six
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Thesis Abstract (Ph.D.)

Steady compressible plane flow of cohesiomless granular materials in heppers and
bunkers by J. Ravi Prakash.

Research supervisor: K. Kesava Rao.

Department: Chemical Engineering.

1. Infroduction

The slow flow of granular materials 1s commonly described by frictional theories which are simular to those
used in plasueity and soil mechanics*? These theories have been applied to mcompressible flow through
hoppers™* However, observations of density profiles indicate that there are sigmificant changes m certain
parts of the flow field® Therefore, 1t 15 desirable to examune the compressible flow of granular matenals
from a theoretical viewpomt The present work examunes the steady, plane, compressible flow of coheston-
less granular materals through a hopper and a bunker with a view to predict the siress, velocity and
density fields, and to compute discharge rates A continuum model based on the critical state theory of
soil mechames® 15 used for this purpose

2. Results

The one-dimensional situation of a hopper with smooth walls and gravity directed radially towards 1ts apex
1s first considered. Results are found to be relatively insensitive to the shape of the yield locus, the
location of the upper twaction-free surface, and the density specified on this surface. This mnsensttivity
anses from the exstence of asymptotic stress and density fields to which the soluton tends to converge
on moving down the hopper Approximate expressions are derived for the asymptotic fields, and discharge
rates estimated usmg these expressions are within 13% of the exact (numencal) values Finally, 1t 1s shown
that the assumption of mcompressibility leads to discharge rates which are significantly higher than those
obtamned by the mcorporation of density varnation,
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The two-dimenstonal sitvation of a mass-flow bunker 35 the second problem considered here The bin-
hopper transiion region 15 1dealized as a shock across which all the vanables change discontmuously
Companson with the work of Michalowsky’ shows that s expenmemally determined rupture layer lies
between the prediction of the present theory and that of Michalowski’ However, it resembles the latter
more closely The conventional condition mvolving a traction-free surface at the hopper exit 1s abandoned
m favour of an exit shock below which the matenial falls vertically with zero frictional stress The basic
equations, which are not classifiable under any of the standard types, require excessive computational
time This problem 1s alleviated by the mntroduction of the Mohr-Coulomb approximation (MCA). The
stress, density, and veloaity profiles obtaned by itegration of the MCA converge to asymptotic fields on
moving down the hopper Expressions for the fields are dernived by a perturbation method Computational
difficulties are encountered for bunkers with wall angles fy 2 15°, these are overcome by alterng the
mutial conditions. Predicted discharge rates he significantly below the measured values of Nguyen er alf,
ranging from 38% at 8w = 15° to 59% at 8y = 32° This poor prediction appears to be largely due to the
ex:t condition used here. Paradoxically, mcompressible discharge rates lie closer to the measured values
An approximate sernl-analytical expression for the discharge rate is obtamed, which predicts values withmn
9% of the exact (numerical} ones in the compressible case, and 1% 1n the mcompressible case. The
approximate analysis also suggests that inclusion of density vamation decreases the discharge rate This 1s
borne out by the numerical results
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Studies en two-dimensional separation bubbles and associated unsteady pressure fields
by H. S. Govinda Ram.

Research supervisor: V. H. Arakeri.
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1. Introduction

Pressure fluctuations are of common occurrence in unsteady flud flows A need to measure these has
been a long-felt need with reference to aerodynamuc applications like jet nosse, awcraft cabm noise, ete.
Similarly, knowledge of the pressure fluctuation characteristics 1s an essential mgredient of predicting and
understanding of ‘sonar’ self-noise 1 underwater applications*. The possible role of pressure fluctuations
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1 the problem of cavitation inception has been realized for some time, but, perhaps the tirst systematic
study m this direction has been due to Arndt and Ippen® These studies were hmited o wall-bounded
turbulent flows. Subscquent studies by Arakeri® and Huang and Hannan® have shown that the role of
turbulent pressure fluctuations can be even more dramatic for certain class of flows like separating shear
layers. Substantally stronger-magmtude pressure fluctuation levels have been measured 1 certam regions
of such flows than those exisung 1n attached fully developed turbulent boundary layers Recently, Kats’
has carried out extensive pressure fluctuation measurements m flows with laminar separation and sub-
sequent turbulent reattachment However, one of the questions which remained unanswered was whether
the fluctuation levels could be even higher in the developing shear layer away from the suiface than those
measured at the surface tself 1o 1s of interest to note that Katz® measured surface rms pressure fluctuation
levels as high as 19 per cent of the dynamic head on a blunt cylmdrical nose model A natural question
which arises 15 whether there (s an upper hmu for the rms pressure fluctuation levels erther in the flow
or at the surface Thus 18 relevant from the pomnt of view that cavitation inception mndex for flow past a
sharp-edged disk does not seem to show an upper bound with mcrease m Reynolds number®

In the past, basically, two types of pressure fluctuation measurements in turbulent flows have been
attempted, namely, surface and wathin the flow The former are much more numerous than the latter, the
majonty of the former and to the best of our knowledge all the latter have been carned out using wind
tunnel facility rather than water tunnels. Some specific references directly relevant to the present studies
are available 1 two review articles by Willmarth’ and George et al® The present study 15 aimed at
fulfilling certain gaps n the measurement of pressure fluctuations 1 one class of flows where the boundary
layer at separation from a forebody 1s laminar and the flow reatraches on a splitter plate turbulently In
particular, attempts for the first time have been made to measure both the surface-pressure fluctuations
and pressure fluctuations within the flow mn the region of separation and reattachment For pressure
fluctuation measurements within the flow, a ‘probe microphone’ was constructed along sumilar hines of a
probe used by Arndt and Nilsen® )

2. Experimental methods

The facility used for the present experimental study is a suction-type low-speed wind tunnel The cross-sec-
tional area of the test section 15 610 X 610 mm and the total length 18 2100 mm The turne! Lontraction
ratio 15 9 : 1. To provide as quiet an environment as possible for pressure fluctuation medsuieae e i
trapsmussion of the diffuser vibration was minimized by providing a flexible attachment between the diffuser
and the test secton. Different nose model shapes were used i the present study The first set of models
selected were 1sosceles two-dimensional triangular cylinders The second set of models, also two-dimen-
sional, consisted of 1.2 ratio elliptical nose, semcireular nose and night-angle comer blunt edge plate.
The two-dimensional models were mounted with perspex spiitter plate, spanmng the test section In addi-
tion to the two-dimensional models menuoned, two axisymmetric blunt cylindrical models were also used
in the present study The surface stanic pressure fluctuations were measured with B & K condenser mic-
rophone mounted close to the surface of the sphuter plate The output of the microphone was fed mto a
B & K cathode follower budt-m preamplifier, and finally to a measuring amplifier/frequency analyzer
Measurement of pressure fluctuations withm the flow was made with a probe very similar to the one used
by Amdt and Nilsen® The resonance peak was reduced by placing glass wool as damping material

3. Resuits and discussion

Extensive mvestigative runs were made to assess the background nowse levels of the facility, frequency
contents of the unsteady pressure and velocity fields and the two dimensionality of the flow field in the
central region of the splitter plate In addition to the measurements to be presented, the, reattachment
distance for the various models was quantitatively estmated using several technigues, The distance x along
the plate 1s non-dimensionahized with respect to the mean reattachment length Xg. In all the cases, the
mean pressure coefficient remams neatly constant up to about ¥/Xg = 0-4. The base pressure coefhicient
Cpy varies sigmficantly with 20 values of a triangular nose A reasonably good collapse 15 found with

modified pressure coefficient Cj defined as Cf = (C, — Cpp)/(1 - Cyb), where C, 15 the pressure coeffi-
clent along the plate
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The maxmmum normalized levels of surface pressure fluctuanons depend strongly on 26 values, and
ocour at x/X = 0-9 But for the shear layer pressure fluctuations (it occurs at ¥ Xg = 0-75

4. Conclusions

The primary conclusions from the present expenmental stedy are

Fhe maxumunt normalized rms surface pressure fluctuation levels showed a dependence on the 28 value
of the triangular-shaped forebodics which vaned from about 10 per cent of the dynamic head for
20 = 30 degrec model to 15 per cent for 26 = 180 degree model For the other 28 angle geometnes
the maximum levels were between the two extremes noted

INY

There appears to be a correlation between the maximum normairzed vaiue of the rms surface pressure
fluctuation levels and the base pressure coefficient For the two-dimensional forebodies used presently,
the ratio Cpma/(— Cpn) has a value of about 0 23.

w

Except for the 20 = 180 degree model, for all the other tnangular nose models, the maximum rms pressure
fluctuanon levels w the shear layer are almost equal to the maximum surface rms pressure fluctuation
levels This finding bas come as somewhat of a surprise For the blunt 26 = 180 degree model, the
maxunum pressure fAuciuanon fevel m the shear layer 15 larger by about 4 per cent of the dynamuc head.

4 1In the overall context, the probe microphone response has been found to be quite satisfactory and could
be developed wito a rchable instrument for measurement of pressure fluctuation levels withm the flow.
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Sub-optimal control viz lower order gemeralised aggregated models by P. S Satya-
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1. Introduction
One of the most widely studied problems in the field of modern contro! theory 1s the ‘optimal fmear
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regulator problem’ The ‘curse of dimensions’, computational complexity, memory requirements of the
available digital computer and the need of an observer to make ail the state variables avallabie for feedback
pose problems in derrving and impiementing an optimal control law In such circumstances, the design
engineer 15 forced to seek easily implementable sub-optumal solunons. One way of getung such solutions
1s by the use of 2 reduced order model This work provides a novel method of achieving the goal.

2. Contribution of the thesis

Mayonty of the available model reduction techniques deal with open-toop behaviour of the model and the
ongmal system Even when they can be used for sub-optimal control, problem of tmplementation remains
unsoived Further, an error between the output responses of the original system and the modei always
does exist due to the absence of certam modes {equal to the difference between the orders) of the ongmnal
system An improvement in the situation can be obtamed by using the 1dea of Chidambara and Schainker'
to exate the model by an additional mput proportional to the output response errer thereby foremg the
model to contan all the modes of the ongmal system Because of 1ts smilarity with the aggregated model
of Acki® and the observer of Luenberger® the resultant model 15 called a ‘generahsed aggregated model’
(GAM). The work reported s a refinement of thuis novel 1dea and makes the framework of ‘generalised
aggregation’ more meanmgiul and powerful m the control of large-scale systems.

In this work, GAM 15 made directly compatble for sub-optimal design for multi mput—multi output
(MIMO) systems by forcing the weighting matrix of the output response error to be the produet of the
control distribution matrix of the GAM and o, a matnx of feedback gams for the origmal system. GAM
is comstructed by using dominant eigenvalues of the ‘closed loop ongnal system with output feedback, ~
o, thus not requiring a knowledge of the onginal system (open loop) eigenvalues The power of the
approach lies i the proper choiwce of o, which ts dependent on the subjective judgement of the designer.
The aggregation matrx 15 umque for a chosen error-weighting matnx and is obtaned as the unique sojution
to a hnear matrix equanon The output matnx of the GAM 1s chosen to given mimmum “mntegral squared-
mmpuise tesponse error’ (IS-IRE) subject to the conditon of zero ‘steady-state step-respomse error’ (88-
SRE,

When GAM 1s used for sub-optimal design, 1t 1s found that the choice of o that gives an absolute
minimum IS-IRE does not necessanly result 1o absolute mimmum performance degradation (PD), and vice
versa. Thus, there exsts a trade-off between IS-IRE and PD which requires the subjective judgement of
the designer

Whereas GAM can be directly used to solve an output regulator problem, the state regulator problem
is solved using a ‘dis-aggregation’ procedure Usnbke m other sub-optimal controis, for the sub-optimal
control presented n thus work, it 15 shown that the closed-foop stabulity of the onginal system 1s always
guaranteed. It 1s established that the poles of the closed-loop orignal system when GAM-based control
law 15 used are those eigenvalues of the closed-loop system with output feedback matrix ~ «, not used in
constructing GAM and (opumal) closed-loop poles of GAM This unique feature of the proposed GAM
provides considerable flexibility i deciding the order of the GAM depending on the allowable tolerance
on PD Numencal examples are given to illustrate the utility and supenonty of the proposed technigue.

Another mteresting use of GAM framework 15 1n detiving stabilismg control policies (pole placement).
Solution for this problem 15 strayghtforward when using GAM and an tterative procedure for the same 1s
outlmed in the work In general, the MIMO pole placement problem can be converted into a problem of
solving a set of underdetermined eguations by using the GAM techmque When GAM is wmtended for
solving the pole-placement problem, the o-matnx and the output matrix of GAM can be chosen at will,
without bothering about IS-IRE and optimisation procedurs

One of the most mportant applhications of the GAM proposed m this work is 1 the design of systems
for a desired transient response (problem of partial pole placement). Solution for such a problem, using
conventional pole-placement methods requires, for feedback, a linear combination of exther all the state
variables or a subset of the state variables. In the latter case, a transformation of the system to its
decoupled form s required In either case, 1t 1s necessary to bwild an observer to make all the state
variables indvidually available for implementmg the control law It has been shown i thus work that it



[ISc THESES ABSTRACTS 51

w possible to shuitt only a subset of the poles of the system (say m poles of the nth order system) by the
construction of an mih order GAM and the sofution of an mth order pole-placcment problem GAM,
viewed as an observer, then chiniuates the need of a full-order observer 1n the conventional sense requifing
only an observer of order equal to the number of eigenvalues of the ongmal system to be changed to be
constructed.

Figally, the wtility of GAM 1 sensitivity-reduced design of linear reguiators has been brought out The
procecure does not require the generation and feedback of either the state variables or the trajectory
sensstivity vector of the ongmal system The design depends on the choice of a solar parameter B which
m tern depends on the allowable performance degradation

In all cases, wnpicmentaizon of the control law s done using ‘measurement vanables’ of GAM alone
and thus no observer 1 required
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Development of quaternary civeuits using CMOS quaternary muultiplexers as building
blocks by G. Krishnan.

Research supervisor: A. P. Shivaprasad.
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1. Intreductiom

The reduction m the size of an mtegrated crcurt has been one of the important hardware requirements
m LSUVLSI design This can be actieved by (1) the reducuon m the size of components using sophisticated
technology which has an ultimate hout due to the problems associated with control, handling, etc , and
(1) the reduction 10 the number of node points, nterconnections on chip winng and mterchip winng (2 e.,
number of pus), which requires that the mformation carried by each connection ot line be mereased But
so long as the logic used for the digital circutt design 15 binary, therc 1s an ultimate lmit with regard to
mmasurization due to the hmmted functional density of the bmary logic. Thersfore, there is a necessity to
bring up a new logic famuly which can provide lugher functional density and this has led to the development
of multple-valued logic as an alternatve to binary

2. Multivalued logic (MVL)

Any radix more than two 15 called multiple-valued rachx and the assocrated togic as the multiple-valved
logic or sumply maltivalued logic (MVL). Ag MVL can carry more mformaton on cach line, 1t provides
more functional density (2 e, elementary functions/mm”) and less number of pins 1 a chip Hence, a
systematic development of MVL is required As on today, no MVL has reached a stage of perfection to
compete with binary logic n digital design and replace st. But, quaternary appears to be the best choice
for ymmediate acceptance since radix four is the next higher radux to biary with a power of two Hence,
this work deals mainly with the quaternary logic curcuits and systems.

3. Quaternary logic circuits and systems

The problems attempted m this direction are (a) development of quaternary algebra, (b) formulanion ot
quaternary functions and simplification techmques, (¢) design and development of umversal logic modules
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(ULM) and their standardization, and (d) design and development of elementary blocks such as adders,
multiphers, analog-io-quaternary converters (AQCS) and quaternary-to-analog converters (QACS), etc.,
using quaternary universal logic modules.

3 1. The gate-level design

Quaternary algebra, function formulation, simphfications and realizations relating to the gate level of
design complexity have been studied. Various CMOS logic gates suitable for the development of quaternary
logic have been identified and performances of the gates assessed.

3 2. MSklevel design

As the gate level of design requires wvolved methodology and results in complicated circmtry, a quaternary
multiplexer as an MSI building block has been exammed to assess 1ts switability in designing the quaternary
logic. Three different configurations of quaternary multiplexers have been proposed for developing quater-
nary cizenits under the MSI level of design complexity. Hardware configurations and simulation models
have been developed and methodologies proposed for function formulation, simplification and realization
usmg quaternary multrplexers as the basic building modules A new mapping techmque has been explicitly
Brought out for quaternary function simplification Using this methodology important quaternary combina-
tional circuits such as adders, subtractors, multiphers, etc , have been designed and developed Algorithms
are proposed for quaternary-coded addition and subtraction. Also, some useful configurations for anatog-
to-quaternary interface and nstrumentation purposes have been proposed. It has been shown that the
quaternary CMOS multiplexers developed serve as efficient building blocks in the realization of quaternary
dugital circuits/systems.

4, Conclusions

In all these investigations, the performance of quaternary systems has been compared with the equvalent
binary systems, and both ments and dements have been brought out highlighung the use of quaternary
logis as an alternative to binary and the ymportance of quaternary MUX 23 a umversal logic module in
the design and development of quaternary systems™>.
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Study of power system response to cyclic loads. Modelling—simulation-controller
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Research supervisor: Lawrence Jenkins.
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1. Introduction

In addition to random vanations m load (termed as disturbance) to wiuch a power system is normally
subjected, there are cyclic loads which have a penodic variation. Typrcal examples are the loads of nuclear
reactors and steel plants where both the actuve and reactive power demands vary periodically. The presence
of such large cyclic loads may result m undesirable power oscillations over the transmission lines supplying
them and also result in large voltage dips, causing problems to consumers in the vicimity of such loads!.
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Further, large harmome oscdlations may be set up 1 the system aself as a result of some resonant modes
1m the system bemng close in [requency to cither the Tundamental or one of the harmonics of the cyclic load

2. System vestigated

The proposed Viyayanagar Steel Plant (near Hospet in South India) 15 considered for the purpose of the
study. To reduce the mpact of the cychic load on the power system and also to meet the essential loads
when the external supply system fails, an mplant gencration is necessary. The power system supplying
such a load can be approxumated by a two-machme system (Fig 1). Figures 2 and 3 show the variation
of the active and reactive power demands of the cyclic load Both linear (suitable for small disturbances)
and nonlinear models (suitable for large disturbances) ate developed for the purposes of mvestiganon.

3. A new technigue for steady-state response of a power systemn due to cyclic load

The technique uses the method of harmomic analyus for determiming the steady-state response to cyclic
load. The load cycle 1s resolved into harmonic components and the system response to each one of the
harmonic componeats 15 obtained by solving a set of linear algebraic matnx equanions The total system
response 1s obtamed by applymg the principle of superpositon This method of analysis gives results of
acceptable accuracy However, this technique s suttable for only linear systems

4. Multi time scale analysis

Classical methods of long time-simulanon studies on a digital computer (as i the case of power system
response to cyche load) is prohibitvely costly, as the period of simulation extends over a few mmutes A
two-time scale-simulation technique 15 developed and apphed for such studies* Techniques surtable for
both linear and nonhnear syste/ms are presented. In the case of linear systems, the system model m the
state space form 1s decoupled mito two lower order subsystems, one group consistmg of fast vaniables and
the other of slow variables. These groups of state variables are simulated with different time steps. The
subsystem responses are combined to get the total system response’ This technique when applied for the
stmulation of cyclic load results in a 50 per cent reduction in computer time

The ahove decoupling technique cannot be apphed for nonlinear systems But, if the coupling between
the slow and fast subsystems 15 weak, such a property can be explowted for two-time scale simulanon.
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Using this techmque, the power system response to large cyche load (nonlinear model) 15 smulated and
the saving 1n computer time by this approach 15 about 63 per cent.

5. Design of controller

Even though considerable research work has been done 1 the area of system optumization over the past
two decades, most of the applications are linuted to tower order systems In the case of higher order
ill-condrtioned systems the design of an optimal controller requires large computer tme, 1 view of the
slow convergence that anses due to the presence of both slow and fast modes The singular pertuzbation
technique, when apphed for the design of the controller, permuts the regulator design to be decomposed
imto the design of two lower order subsystems, each being designed independently*® This techmque has
been applied for the design of controller for a power plant supplymng the cyclic load of a steel plan® The
performance of such a regulator 1s compared with other types of regulators both i cost (computer time)
and performance This techmique of controller design 1s found to be more sumple m design, requires less
computer tme and has almost the same performance index as that obtamed by the classical methods

6. Conclusions

The response of a power system 1s basically characterized by the response charactenistics of prime movers
m the power plant when the period of study extends over a few munutes as mn the case ot cyclic load of
a steel plant, the slow subsystems of the power plant such as boiler in a thermal power plant and surge
tank m a hydro plant As they play a significant role, thewr dynamics should be incorporated in the power
system model® For small disturbances created by the cyche load the nplant generation follows more
closely the change m demand But for large disturbances the mayor portwon of the changmg demand
supplied by the external supply system Inm both the cases, the deviation in frequency and voltage at the
load bus are well withun the permussible hmuts Singular perturbation technique provides simple and effi-
cient methods for mult: time scale simulation and controller design for ugher order ill-conditioned systems
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Lightning impulse breakdown behaviour of non-uniform field gaps in binary and ter-
nary gas mixtures containing SFy at elevated pressures by D. Raghavender.
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1. Introduction

With mereasing number of applications of sulphur hexafluonde (SFs) gas in compact substations, switching
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equpment, cables and other high-voltage apparatus, a complete knowledge of all aspects of its elecincal
breakdown behaviour has become essertial SF, gas 15 still expenssve compared to other commorly used
gaseous dieluetrics ard 1 very seasinve 10 local ficld enhancements which are inevitable in cngineering
apphc s because of the electrode surtace protrusions and the presence of free- -conductmg particles I
the most commonly used szssule range, SEy gas resams only one half of 1ts potential diciectric strength
for praciical electrode finshes'”

in view of these problems w SF, gas-nsulated equipment, wvestigations were carned out to oblam
information on- (a) the physical processes that can mfluence the breakdown mechamsms, and (b) to
develop an alternative gas/gas mixture w SF, which would meet all the requirements of a practical system
(gas-msulated system) at moderate cost

Gases and gas mixtures studied snclude No, SF,, SF/Np, SF/CO;, SE/CCLE/N; and SFs/CC1F,/
CO, wath therr pressures varymg from 1 to 5 bars,

2. Experimental apparatus and procedure

Lightning 1mpulse (£-2/50Ms) breakdown tests (up o 300 kV) have been carried oul using a Marx-type,
10-stage impulse voltage gencrator of S00kV ratmg. A cylmdrical hugh-pressure chamber made of mid
steel having a volume of 0 12m* and fitted with a high-voltage bushing was used. The electrode arrange-
ment comprises vanous bemuspherical-capped staioless steel rods of 0-1 (sharp needle), 0-8, 1-5, 30, 50
and 10-0 mm and 2 230-mm dre plane electrode of Rogowskiprofile. The gap distances between electrodes
vayied from 5 to 80 mm (im some cases up to 100 mm) and were measured to an accuracy of better than
+ 0-1%. Gases (SFy, CClaFy, Ny and CQ;) of cylmder-grade punty (99-3%) were used and theur mixtures
prepared using the method of partial pressares to an accuracy of + 0-2% The 50% flashover voltages
(Vso) have been measured using statistical methods such as step-by-step method and Bakken’s method®
The valves obtained by both the methods were in very good agreement (£ 3%) Thesc variatons, however,
do not mdicate any uncertanty 1 Vs, and dunng the swmdy, Vy could always be reproduced to
within * 2% From the known gas content in the muxtures and from the measured breakdown voltages
(Vo) & cost/benefic analysis has been carried out for the vanous binary and ternary gas nuxtures mvesti-
gated.

3. Results and discussion
3.1 Breakdown in Ny and 1% SFg/99%Ny muxtures under varying field non-uniformuty

A strikmg feature of the results obtamed under hghtnng mmpulse (1-2/50 Ms) voltage conditions, 1 Ny
and 1% SF,/99%N; muxtures using different rod-plane geometnes (red dia 0-1, 0-8, 1-5, 30, 5-0 and
10-0 mm) is that the Vse-rod diameter charactenstics show minima i therr Vo values at all gap spacings
(5 10 80 mm) and gas pressures (1 to 5 bar). These minma (Vo min) do not appear o occur at any fixed
value of rod diameter, but vary depending on the gas pressurc and the gap spacuig The significance of
Vs munmmuna 1 breakdown characteristics implies that for a given gap length a safe voltage level exists
below which no breakdown can occur irrespective of the rod diameter and the gas pressure.

32 Breakdown i binary (5Fs/ N2 and ternary mussures (SF/CCLFY/IN; and SF] CCHbF/CO,)

The present results tndicate that m non-uniform field gaps pure Ny 1s extremely sensitive to the presence
of small quantitics of SF,. An increase in the positive breakdown voltage by as much as 70 to 100% was
abserved for $Fs/N; mixtures (0-1 10 20% SFs 0 Ny} at low pressures of about 0-1 MPa (1 bar) when
the gap is 40 mm. Tlis increase 1s more pronounced at gaps (740 mm) when the apphed voltage 1 of
negative polanity

3.3 Cost/ benefit analysts

A comprehensive study of the dielectric strength and costs of SFy/CCLEF/N; mixtures in companison with
expensive perfluorocarbons (2-Cefy, n~CiFy and C-CiFy)-based muxtures (SFe/N2/PFC), and pure SF(4)
is shown in Fig. 1. From thus it 1s scen that 1% SF/39% CCLE/60% N, and 20% SFq/20% CCli,/60%N,
muxtures contribute to the cost ratio by only about 012 and 0-27, respectively, at the same time
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givng a dictectne strength of about 0 83 to 0 86 relative to pure SFy (1-0) However, 1t 15 also seen from
the figure that the use of perfluorocarbon compounds in place of CC1,F; n ternary mixture will give the
highest cost ratio between 5 0 and 20 § compared to SF, (cost of ratio = cost of thé muxture/cost of SFg)
The analysts clearly shows that a 30% SF/10% CC1,Fy/60% CO, mxture costs only 33% of the cost of
the pure Sty but gives typically 110 to 170% posiive breakdown strength, and 90 to 110% negative
breakdown strength as compared to that of pure $F, depending on the mixture pressure over the range
of pressures investigated (1 to 5 bat) Also, these SFJCCLFYCO, mixtures are very effective m suppres-
sing carbon formation after the breakdown Some important correlations between critical electric fields,
EC and non-umform field behaviour of the gases and gas mixtures (binary and ternary) studied under
impulse voltage stresses have been deduced These relations are useful for a proper interpretation of the
breakdown stzength of gas muxtures and for Wdenutying the most sutable gas mixture for a given applica-
tion

Most of the data presented 1n the work have been obtamed for the first tume and appear to be of great
practical significance
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Thesis Abstract (Ph.D.)

Laser Raman studies of an adiabatic expansion by T. G. Nagaraju.
Research supervisor: C. R. Prasad.
Department: Mechanical Engineering.

1. Introduction

Identfication and measurement of concentrations of constituent species and temperature fields are essential
for momtonng the performance of practical devices and also for formulanon and assessment of analytical
models 1n many situations such as 1 high-speed gas flows, combustion, aerodynamucs, etc. Conventional
diagnostic techniques lke microprobe analysis for concentrations or thermometnic probes for temperature
cause aerodynamic and thermal distortions and also mnfluence the sample by quenchmg, catalysis and
radical recombination Optical methods like spectroscopy and pyrometry, although non-perturbing, suffer
from poor spatial resolution and give only averages along optical path On the other hand, optical
techruques based on Rayleigh or Raman' (spontaneous and coherent) scattering and fluorescence do not
have these drawbacks and hence scattering has become a very powerful diagnostic tool with the availability
of high-powered lasers, and has been demounstrated to be very effectzve 1n mvestigations of flud flows?,
combustion analysis, both wmn the lab and in engmes™, meteorology, atmospheric pollution momitorng®,
humidity and temperature measurement’ and even surface temperature of oceans and 5o on

In this work, the development of a laser Raman scattening system for laboratory measurement of species
concentrations and temperatures 1n an expansion chamber 15 described.

2. Experimental set-up and procedure
Schematic of the experimental set up 15 shown m Fig. 1. The dye laser 1s flash lamp pumped enutting
pulses of 10-50us with powers up to 10 kW at 595 am, wath thodamne 590 as the dye. A 0-5-m Czerny-
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Fic 1. Schematic layout for detection of laser Raman scattered light by photon counting
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Turner monochromator with n-ine optics was built for dispersing the Raman scattered hght. A stepper
motor actuates the sine bar dnve of the grating and also provides a direct wavelength readout The signal
intensity 1s extremely low since the spontaneous Raman scattering cross-section 1s very small. Hence, an
efficient optical system for collecting scattered light has been employed and a photon counter comprising
a cooled photomultipher (RCA C31034) followed by a fast pulse amplifier, discimimator and counter was
utilized for measuring 1ts intensity An expansion chamber consisting of two cylindrical vessels with a latex
rubber diaphragm in between was built for carrying out rapid adiabatic expansions The bottom vessel
equipped with quartz windows for optical probing holds the gas to be expanded, while the other vessel is
suddenly communicated with a vacuum reservoir to perform rapid expansions

The mtensity of light scattered at the Raman-shifted wavelength w, by a species 7 having number density
N is
Kw;) = I(wy) NQK (do/dQ))
where I(wo) 15 ntensity of exciting laser and Q the solid angle of collection Species concentrations N, are

obtamed by taking ratios of the photon counts 7, (given by n, = A (wy) - I(wy), where A(wy,) 1s a system
constant), with that for nitrogen n, whose concentration 1s known and remams unchanged. Temperature

z

§ 3 < o

3 <« > - — a)

g = 8 8 = g & 8 8
o S g o 9 M £ Q b
‘é Z] Q o z Z &) = oo}
-

1000 2000 3000 4000
Frequency shift cm-!

FiG 2. Frequency shifts of Q-branch of vibrational rotational Raman spectra of typical molecules present in ordmary and
polluted atmosphere relative to the exciting laser frequency.
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£i6 3 Expansion of dry air, Values of P shown are the pressure measured with pressure ransducer T, 1 the average
wmperature caleulated from £ values. Points are the Raman temperainre denved from ratios of the measured Raman
scattered intensitics

15 found by takuy intensity rauos of two rotational lines in the pure rotational Raman spectzum of nitro-
gen. A computer program for computing the Raman spectrum has been developed and with its help the
optimum wavelengths, A; and A are chosen so that the temperature 15 mferred fiom the satioc of two
mtensities.

Bo= 1 ()

(where {(\,) and /(A;} are the photon counts at jocations hy and Ap) so that the error is mmimum 1t bas
been shown that the relauonship between the 1aiic of intensines and temperature is

B
lee B = A + -~~~ , where A and B are constants.

By measuring the ratio of miensities, the temperature can be determined.

3. Results

Figures 3 and 4 show the cxperimental results of adizbatic expansion of dry air and ar satorated with
watey, respectively. The temperature measured by the totational Raman scattening has an errot bar of
% 2°C; the expected exror from the analysis in locating Ay and X; 15 about 0-16% s AT/T, ie, about
+ 0-5°C. Thus the total error jn the Trymm measured 1s about £ 2-5°C which 15 acceptable

In the same figures, T caleulated and temperature indicated by the thermocouple are shown for comparison
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Thesis Abstract (Ph.?)

Basic studies on electrochemical power sources: voltage tramsients, alternating carren
jmpedance and sieady-state discharge characteristics of magnesium-manganese dioxide
dry cells (with supplementary investigations on titanium-substrate cobalt oxide anc
magnetite anode development for electrosynthesis) by S. R. Narayanan.

Rescarch supervisor: 8. Sathyanarayana.

Department: Inorganic and Physical Chemistry.

1. Introduetion

Primary batteries based on reactive metal anodes such as magnesium and hthum are becommg increasmgly
important. Such batteries have relatively a high energy density and a long shelf-life compared to conven
tonal zinc-manganese dioxide (Leclanche) dry cells. The long shelf-ife 15 mainly due to the presence o
a proteciive passive film, on the surface of the anode, produced durmg the fabrication of the cells or by
the reaction of the anode with the cell electrolyte. While madequate passivation of the anode leads tc
premature failure of the cells by corrosion of the anode, an excessive passvation of the anode results it
a long delay tunc for the attainment of steady-state cell voltage after the miiation of discharge, due tc
the difficulty of anode film breakdown. An optimal passivation treatment is therefore that which produces
a protective film with a mimmal voltage delay durmg discharge

The shelf-bfe and voltage-delay of magnestam-manganese dioxide dry cells are mamly governed by
phystcal and electrical properties of the [m-covered anode/solution nterface'?. It 15 therefore of greal
practical importance 1o evolve techniques which will determine the properties of the film-covered anode.

A galvanostatic pulse method has been proposed by Moshtev ef al, to determme film resistance and
capacttance of lithium anodes m Li-SO, and Li-SOCI, primary cells™ This work, however, has several
limitations. The film capacitance is calculated from the tmtial siope of a galvanostatic high current, short
discharge pulse, and film resistance 1s obtamned from the steady-state over-voltage observed durmg a gal-
vanostatic smaller current, longer discharge pulse Such a sharp division of the cell response to pulse
excitation 1s arbitrary since it amounts to a purely non-faradaic current flow at the anode during the short
pulse (few ps), and depending on both the nature of the anode metal and the state of passivation, the
parameters and tume constants governig the faradaic and non-faradzic processes will be different. Further,
pulse exatation involves a fairly high current density (1-100 mA cm™ for D-size cells) which may lead to
dielectric breakdown of the film, especially 1n the short-pulse experiments.

Povarov et al’ have studied the lithinm/solution interface by mmpedance method. However, no special
precautions have been taken n thewr experiments to elimumate the possibility of the breakdown of anode
flm. Further, the interpretation of data does not consider all plausible equivalent circuit representations
for the hthsum anode/solution interface.

In the light of these observations, we felt it desirable to carxy out measurements at currents sufficiently
small to elmnate any dielectric damage to the passive film on the anode, compare the experimental
results with the theoretical behaviour of several plausible electrical equivalent circuits and thereby identify
the description that fits the physical situation best. This would also lead to the evaluation of electrochemical
parameters which govern the physicochemical processes at the anode/solution mterface. Such studies were
not found in literature.

2. Present investigation

In the present mvestigation, a techmique has been developed to evaluate the fundamental electrochentical

properties of the anode solution interface 1 magnesium-manganese dioxide (Mg-MnO,) dry cells. The

method is based on the measurement and mterpretation of:

(i) voltage transients observed when the cells are discharged galvanostatically at current densities so small
as to cause no anode film breakdown®.
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{u) impedance parameters obtamed under low-amphtude sinusodal excitation, the perturbation of cell
voltage being kept so low as to make the measurements non-destructive as m case (1) above

(1i1) steady-state discharge characterstics under galvanostatic conditions after film breakdown.

Based on the physiochemical processes which prevail during the above experiments, four plausible elec-
trical equivalent cirenit models for the anode/solution interface have been proposed, theoretically analysed
and criterra evolved to compare the experimental data with theory. It has been shown that the treatment
of the data by the theoretical approach developed permits the determunation of the most plausible equiva-
lent circuit Tepresentation for the physical siutatron under study, and allows complete evaluation of the
electrochemical parameters for the film-covered anode.

In the course of investigations on the discharge characteristics of Mg-MnO, dry cells at the usual rates
of discharge, it was found that the voltage delay, when the cell is discharged at ambient temperature and
at a comstant current, is three to four times less than that when discharged across an equivalent constant

While the tant current mode of discharge 1s the one usually employed for laboratory tests,
the comstant resistance mode 1s the more commonly used mode m cell applications Therefore, a theoretical
and experimental nvestigation has been carried out to inter-relate voltage transients exhibited durmg the
two modes of discharge.

3. Supplementary investigations on titanlum-substrate cobalt oxide and ite anode d for
electrosynthesis

In the choice of anodes for electrochemical processes the phenomenon of anodic dissolution rules out all
but a very few materials The ‘msoluble anodes’ which are mn vogue are largely based on utanmm metal
coated with Pt, RuQ,, PbO, and so on. There 1s a continuous effort to replace the precious metals by
base-metal oxide coatings. Cobalt oxide-coated titamurn anodes are electrocatalysts for the oxidation of
chioride to chlorate, and the reported metheds of preparation involve the pyrolysts of cobalt nitrate at
300°-400°C". 1t is known that if the temperature of preparation 1s lowered the number of defect states 1s
larger and thus the electrocatalytic activity is gher®. Therefore, 1t was considered desirable to investigate
preparation techmiques which employ lower temperatures. In the course of the present investigation an
electrochemical technique has been developed to produce an adherent and conducting coat of cobalt oxide
on titanmum. The method involves anodic oxidation of cobalt ions on titamwura from cobalt mitrate at
~ 90°C. The conditions for obtaming deposits with good adhesion and desirable morphology have been
identified. Preliminary investigation of the electrochemrcal polansation characteristics prove 1t attractive
for the oxidation of chloride to chlorate. It has also been found effective 1 the electrochemical destruction
of cyamdes. Preluninary studies using x-ray powder diffraction and thermal decomposition methods indicate
the deposits to be composed largely of CoOOH

It 1s known that failure of anodes based on titanwum substrate is usually due to the build-up of a
barrier-type TiO; film at the substrate/coating interface. Thus is generally mitigated duning preparation by
rendering the insulating oxide conducting with dopants such as Pt, RuQ,, etc. Here again, to substitute
the precious metal by base-metal oxides, the apphcability of conducting SnO,~SbO, coatmgs has been
investigated. Preliminary studies with these interfacial coatings have shown satisfactory results Thus the
SnO--8bO, under-coat combined with an exterior coat of base metal oxides such as cobalt oxide 1s pro-
jected as a viable alternative to anodes based on precious metal and precious metal oxides

?ince magnetite, FesO4, 15 mexpensive, non-toxic and has proven electro-chermical properties, the feasi-
bility of coating magnetite on titantum has been investigated. Methods of coating which have been studied
in this work are the followmg:

1. Direct methods of coating based on
(a) electrochemical cathodic deposition of FesO, from aqueous solutions containing Fe’*,
(b) electrophoretic application of colloidal FesO,.

2 @dkect methods involving plating of iron on titanium and subsequent oxidation of Fe;O4 by the follow-
ing methods:

(a) anodic polarsation in alkalme bath contaimng chlondes;



HSc THESES ABSTRACTS 63

(b) oxadation in alkaline nitrate melt,
(c) sieam oxidation,
(d) hydrothermal oxidation.

Although all the above methods yiclded a coating of FeyOy, none of them was satistactory, generally
due to the poor adhesion {0 the substrate. Excessive oxidation of the substrate was encountered when the
coatings were adhersnt

Cons:dermg the vanety of methods mvestigated, the coating Fe;Oy sull poses a challenge. A method
usmng plasma spraying has however beea reported in literature®, but it is not clear as to whether it mutigates
the problems faced in the methods examimed m the present study
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Thesis Abstract (Ph.D.)

Norrish type I a-cleavage reaction of cyclobutanethiones and selectivity in photochem-
ical reactions using cyclodextrin by B. Nageshwar Rao.

Research supervisors: V. Ramamurthy and S. N. Balasubramanyam.

Department: Organic Chemistry.

1. Introduction

The results obtamed during photochemical studies on cyclobutancthiones and cyclodextrin complexes of
various substrates have been divided into two parts. Part [ deals with the photochemical a-cleavage reac-
tions of stramed 1,3-bichromophoric cyclobutanethiones and theoretical mvestigations (MINDO/3 method)
on the mechanism of the a-cleavage reaction of cyclobutanethnones. Part IT deals with the modification of
photoreactivity of dibenzyl ketones, benzyl phenyl esters, a-alkyl dibenzyl ketones and phenyl esters
cyclodextrin vz nclusion complex formation.

2. Discussion

The photochemical a-cleavage reaction of 1,3-bichromophoric cyclobutanetones -7 (Scheme 1) has been
established. The reactve state 15 deduced to be n, 7**. The formation of rearrangement products and
solvent adducts suggests the intermediacy of 1,4-diradicals (8-9) and thiacarbenes (16-11) in this reaction’?.
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Two pathways tor the formation of thiacarbene intermediate are considered (1) the two canonicai forms
of the first-formed trplet dlmshcle undergo ring expansion to give thiacarbeue, (u) concerted formation
of thiacarbene trom the n, 7 ' excited state of thiones, at least m part, for the formation of one of the
throacetals  Characierization of products and the mechamsm of their formation are discussed

A theoretical study of the mechanism of a-cleavage reaction of cyclobutanethiones (312-15) has been
conducted using the UHF MINDO/3 tormalism’ Thermodynamic feasibility of mterconversion of n, a3
and two porential primaty products, 1wz, the 14-diradical and the cyclic thiscarbene was exammed based
on the computed cnergies lor these structures. Electrome feasimlity of the reaction pathways was also
considered with the help ot Salem's state correlauon approach m conjuction with MINDO/3 energies
Finally, the kmetie feasibihity was investigated by approxmmately locating the transiuon states for different
modes of reaction

The n, =" (nplet of unsubstituted cyclobutancthuone 1s indicated not to undergo a-cleavage to the
1,4-ciradical on energetic grounds However, the process should be possible 1n 13 since the introduction
of gem-duncthyl group at C; stabilizes both the diradical and the transition state leading to 1t For both
12 and 13, dircct rearrangement of triplet thione to the twacarbene 15 thermodynamically favourable, but
mvolves a prolibstively large barner

The wa-cleavage process for irplet cyclobutancdithuone 14 ss facilitated by a greater niag strain relicf as
well as by thiaallyhe stabihization on gowng to the diradical. Gem-dimethyl substitution favours the process
further. Rearrangement of the trplet to the thiacarbenc s calculated to be feasible for the dimethyl
dithuone 15, but not for unsubstututed drihione 14 The calculated results are consistent with experimental
observations on related thiones, The study prowides an understanding of the role of alkyl substituents m
modifying the mtrnsic reactuvity preferences of small ring thiones

The photochemucal behaviour of dibenzyl ketonmes (16-18) and benzyl phenyl esters (19-21) i hosts
deoxychohe acd (DCA), Dianin’s compound and cyclodextrin (CD)* i the solid state has been investi-
gated. These guest molecules undergo a-cleavage reaction and give coupling products AA, AB and BB®
Excitaton ol the ubove guest molecules in the sohd inclusion complexes produces cage product AB 1n
quantitative yields These results suggest that the translational motion of the benzyl radical paus is re-
stracted in afl the three media. Rearrangement products were formed upon photolysis of 16-18 in IDhanin’s
compound and CD and were absent in DCA The absence of rearrangement product in DCA and s
presence to varied extents m Diammn’s compound and CD 15 suggested to be an ndication of the restriction
mposed by the host on the reonentational process of gemmate radical pairs

The photoreactivity of a-alkyl dibenzyl ketones (22-24) in CD has been mvestigated The existence of
various conformations of these guest molecules 1 organic solvents leads to the occurrence of both type I
and type II reactions In solid CD complexes, the excited guest motecule selects only the type I reaction
pathway. The total absence of type II reaction m sohd CD complexes 1s attributed to the bieding of an
unfavourable conformanon for the type 11 reaction in CD cavity In aqueous CD solution, the cage product
AB is accompanied by another product, resulting from the rearrangement of gemmate radical pair The
melusion complex formation between guests (22-24) and aqueous CD was 1dentified by spectroscopic
technmiques ("H-nmr and fluorescence emission spectroscopy) [luorcscence emussion spectra were used to
calculate the dissocration constants of thesc complexes m aqueous medium. Based on the differences in
chemucal shifts of CD protons after complexation and product distribution m CD complexes, the probable
conformation of the molecule mside the cyclodextrin cavity is discussed

The effect of CD cacapsulation on the photo-Fries rearrangement of pheny! esters®”’ (25-31) has been
studied. Photochemycal studies of phenyl esters m homogeneous solution are briefly reviewed. In organic
solvents, direct excaitation of phenyl esters (25-28) results in the formation of ortho and para-acylated
phenols and m-methylphenyl esters (29-31) produce two ortho- and one para-acyiated phenols. High ortho
selectivity 15 observed for phenyl esters 25-31 in both aqueous and solid CD complexes m-Methylphenyl
esters further showed regioselectivity by giving 2-acyl, 5-methyl phenols as major products Regioselectvity
1s found to be dependent upon the size of the acyl group mn agueous CID solution. Observed ortho
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selectivity and regroselectvity are eaplained based on the geometry of the complex  Exastence of complex
10 agueous solutions is mterred from "Honmr and 1n the sold state trom a-1ay powder photographs.
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Thesis Abstract (Ph.D.)

Novel layered and network metal oxides: synthesis and characterization by Vasudeva
Bhat.

Research supervisor: J. Gopalakrishnan.

Department: Solid State and Structural Chemistry Unit.

1. Introduction

Transition metal oxides play a vital role m varous fields of science and matenals technology owing to a
varjety of properties exhibited by them Among these, oxides with lamellar structures, such as clay muner-
als, were known for a long time showing interlayer properties which are being exploited n their use as
jon-exchangers and catalysts Besides their techmcal applications, layered materials are also umportant
from basic scientific point of view, because they provide jow-dimensional model sohds to investigate inter-
calztion and magnetic and electrical properties in low dimensions A part of the present research work
has been devoted to preparation of layered oxides and mvesugation of their intercalation behaviour.

It 18 not always possible to synthesize new materials by conventional methods owing to the izherent
bmitations ansing from thermodynamucs and kinetics at high temperatures. One then looks for alternative
preparative strategies Low-temperature preparative methods have become popular in recent years which
enable synthesis of many new sohds. We have employed some low-temperature methods to prepare several
new oxides.

2. Experimental and discussion

New series of layered perovskite oxides of the general formulae 1) ALaNbyO, and 1) ALay NbTh, Oy
(A =Li, Na, K, Rb, Cs, NHy), constituting, respectively, n =2 and n =3 members of the famly
AJA;-1B,Oy. « |} have been 1dentified Oxides with A = K, Rb and Cs were synthesized by the ceramic
method Other members with A = H, L1, Na and NH, were prepared by topotactic ion exchange starting
from the K-analogue Thew structure consists of » perovskite slabs interleaved by the A 10ns. The stacking
of the perovskite slabs n the e-direction depends on the nature of A cauon The stackmg sequences are
analogous to those found in the corresponding ACa, Nb; Oy compounds!

Several members of a new senes of Ruddiesden—Popper phases of the general formula AyLn,T1;04
(A =KorRb, Ln = La, Nd, 8m, Gd or Dy) which are related to SrqTiz0:> were synthesized employing
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ceramic method  Cotresponding hydrates were formed on exposing these oxides to hunud atmosphere.
Exchange of K KoLayTiGw by L ot Na' i molten mitrates vields anhydrous Lt and Na snalogucs
Proton exclunge of K' m KLn P00 yields layered Fuln, T30 Anhydrous AsLnyTiOyy consists of
Seoclabedia-thick, {008)-cut peravskite slabs, LnyTuOy, stacked along ¢-direction with alternate slabs being
shefted by (a-+5)20 i monohydrates {ALnThOyy Ha0), adjacent slabs are not shifted m ab-plane The
defect perovskiie, Lay O as obtined by the decomposition of HaLa,Ti:0 )

Another new iype ol rutile-related fayered oxde bas been dentified  Layered HMWO,-1-5H,0 (M = Nb
or Ta) were synthesized from LIMWO, by topotactic proton exchange of thum A stractural model 1s
proposed for the parent LIMWO, and the protonated dervatives, The structure consists of MWO, sheets
inade up of M/W-oxypen octahedra with rutile-like edge and corner sharing. In LIMWOy,, such sheets are
stacked exactly one above the other m the c-direciion, whereas in AMWO; 1-:5H,0, alternate MWO,
cred ANDWOH:O (A = L1, Na, K, and Tl) are also prepared by 10n
exchange stertng from FAINDWO, 1-5H,0  Anhydrous ANDWO; (A = Li, Na, K or T1) obtamcd by dehyd-
ration of the hydrates als that three different structures, viz, ruule-like, TTB-like and pyrochlorc, are
competitive for the ANDWO, composition depending on the radws of the A cation.

sheets are displaced laterally Li

Interealation behuviour of the layered protonated oxides, HNbWOg,, HLaNb;O7 and HLa,NbTLO g were
studsed. FINDWO,, for example, mtercalates several p-alkylmonoamines, n-alkyl diamines, pynidine and
amhne Monoamines seem to lorm bilayers, whereas diamunes form monolayers in the interlayer region.
Pyrdine molecales form monolayers with the ring plancs onented parallel to the surface of NbWO, sheets,
whereas aniline molecules form briayers

Oxidative extraction and proton exchange of Jithium in B-LiMoO; vield metastable oxides. A new solid
solution sernes, Lip. MoOy () < x < 1-5), possessing a B-LiyMoQOylike ‘layered’ structure has been 1den-
tified. Complete dehthiation of LiMoO; results 1 the formation of a poorly crystalline MoQs. Topotactic
exchange of L1 in Li;MoOy by protons usmg dilute H,SO, yrelds H,MoO;.

Reducuve msertion of electroposttive metals, such as Na, K, Ba mto oxide hosts such as WO3;, MoOy
or V»0; provides a new method for the synthests of oxide bronzes. The msertions are carried out by the
reaction of the host oxide with the iodides of the electropositive metals. This method enables the synthesis
of not only the known bronzes but also new ones that cannot be made by conventional methods

ReOylike LIMWO, (M = Nb or Ta) were formed on treating LiMWO, with hot aqueons H,S0; The
reactton 15 accompanicd by a structural transfopmation from the rutile to the ReO; structure which seers
to oceur through a dissolution-recrystallization mechamsm HMWOq phases yield H,, MWO;s hydrogen
bronzes on exposure 10 hydrogen in the presence of platinum catalyst. We bave also carned out topotactic
hydrogen msertion in perovskite oxides, LaNiO; and LaCoOs
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Thesis Abstract (Ph.D.)

Investigations of high—T, oxide superconductors and related oxide systems by electron
microscopy and cognate techniques by L. Ganapathi.

Research supervisor: C. N. R. Rao.

Department: Solid State Structural Chemistry Unit.

1. Introduction
Characterization forms an essentral aspect of all investigations dealing with solids. The important aspects
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of charactenization are chemical composition and compositional homogenesty, structure and lastly wentfi-
canon and analysis of defects and impunties influencing the properties of the matertal’ Nonstochiometry
and extended defects are becomng well known in sohd-state chemustry The conventional rdea of pont
defects no more explawns the diverse class of compounds exhibiting apparent nonstoichiometry The forma-
ton of crystallographic shear planes and disordered intergrowth are known to t:e two major types of
extended defects ansing in the case of nonstoichiometry mn transiton metal oxides” Ordered mtergrowth
between different structures offers ymmense scope for manipulating new class of compounds with desired
properties

Although of recent ongin, high-temperature superconductivity has gained independent status as a branch
of science’ The structural chemustry assocrated with these high-Te oxides 1s rather traditional n sohd-state
chenustry, espectally their storchiometry playing a pivotal role i determining their properties Three major
classes of these high-T, superconductors are investigated n the hight of their structure and stowchiometry.

This work comprises preparation and characterization of the new lgh-T_ materials and some other novel
metal oxides. X-ray diffraction, electron microscopy and thermogravimetry have been extensively used in
the characterization of these oxide materials. In particular, electron microscopy has been employed to
examine not only the crystal structure but also the local structure of many of the oxide materals

2. Experimental

High-T, oxide superconductors were prepared by the ceramic route imvolving high-temperature
reactions of the component oxides and/or carbonates. Repeated grinding and heating were followed uli
the desired products were obtained Compounds with various oxygen stoichiometnies were obtained by
heating 1 vaned oxygen partial pressures. B-aluminas and related oxides were prepared by conventional
solid-state reaction The La,;N1,0s,4; members were prepared by a precursor route’. The n = 4 and §
members of the (NaCa),Nb,Os,.; system were prepared starting from the respective metal oxides or
carbonates The intermediate members (4 <n < 4-5) were prepared by the reaction of appropriate mixture
of the n =4 and » = 5 members. The sobd-solution hydrates, W, ,Mo,05-H;O, were precipitated by
adding an ammoniacal solution of appropriate amounts of WO; and MoO, into concentrated mitric acid
On dehydratton they gave homogeneous sohd-solution oxides Wi .Mo,0; The reduced solid-solution
oxides of the type Wy_,, Mo, Os_; were prepared by reducing the solid-sofution oxrdes m a ditute hydrogen
atmosphere (1:20 muxture of Hy and Ny}, K,W,_,M0,0, bronzes were prepared by the reaction of potas-
sium 1odide with sold-solution oxides in dynamic pumpmg conditions’.

X-ray diffraction patterns were recorded with a Jeol JDX-8P diffractometer. Thermogravimetry was
carried out usmg a Sartorious microbalance Elecirical resistivity measurements were carried out by four-
probe de method Electron microscopy was carried out usmg a Jeol JEM-200 CX electron mucroscope in
top-entry configuration The details of sample preparation and operating condstions are given elsewhere®

3. Results and discussion

A number of compositions in YBa;CusQr.5 system were studied by thermogravimetry to understand the
nature of oxygen discharge and mtercalation The vanation of stoichiometry m YBa;Cuy0Or.3 with structure
bas been mnvestigated in detail It 1s shown that the orthorhombic structure of YBa;CuzOy.g changes over
to the tetragonal structure around & = 0 6. The superconducting transition temperature, T,, 1s shown to
be 90 + 5K when § = 0-1 Variation of T. with & shows a plateau (T, = 50 % 10K) when 0-2 < § = -4,
Tt s suggested that this behaviour of superconductivity with 3 may be due to a changeover {rom cham-
superconductivity to sheet-superconductivity Electron microscopy has been employed to investigate
YB2,Cu;0,4 with special emphasis on the twins observed m them High-resolution 1mage of twins suggests

an oxygen-rich interface across which the [CuG,] planes change their onentation accompanied by an mter-
change of @ and b axes

Lay. Bas, CusOy44s compositions are found to generally possess a tetragonal structure with excess oxy-
zen; the tetragonal cell is based on a cubic perovskite subcell and triple penodicity. LaBa;CusOy..5 compo-
sitions have a tetragonal structure when 5 dewiates from zero and the tetragonal structure is simiar to
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that of Las.,Bay, CuOuy’  Electron mucrographs of these tetragonal oxides show 90° microdomarns.
Orthorhombic LaBayCusOy » with hugh T, (77K) is found only when § = 0-0 and this sample shows
wins

Oxdes of the general formula (BR0:)* (AuB,Oseer)®, where A = Bt or Ba, B = Ti, Fe, W and
7 = number of perovskite luyers, have been investigated by high-resolution electron microscopy Lattice
images obtamed for the n=1 to 6 members show stacking of # ~ 1 perovskute layers sandwiched between
dark bands due to the (BuO:)*' layers It has been possible to resolve the perovskite layer structures in
some of the oxides. A ighly ordered structure 15 observed up to 2 = 3 member, whereas higher members
show superstructures, dislocations and stacking faults ansing from the side-stepping of (BuOy)™* layers

Structure, stoichwmetty and superconductivity of oxides of the Bi-Ca-Sr-Cu-O system have been
mvestigated employmg a variety of techmques These rare-earth-free cuprates show onset of superconduc-
tivity around 100K, Thewr structure bears simlanites with those of the Aunvillius family of oxides. Two
phases with ¢ 24 A and ¢ 31 A have been wdentified based on diffraction studies Electron mucroscopy
shows an mcommensurate superdattice along the b-axis mn all these oxides B1CaSryCu,0, shows a distine-
tive resistivity anomaly around 200K suggesung the presence of a small fraction of a very high-T, material.
This composttion showed the presence of different ¢ parameters m a few crystals suggesting a possible
correfation between mgh-T, and mtergrowth structures

High-resolution electron microscopic (HREM) mvestigations of potassum $-alumina and related gaflate
and ferite have been carned out. Whereas the alummate and gallate are highly disordered consisting of
random sequences of 8 and B units, the ferrite 18 more ordered The alupunate and gallate are susceptible
to electron beam damage just as sodwm B-alumina The ferrite 1s however beam-stable. Difference 1n
behaviour of these related oxides probably arises from the different mechanisms by which alkali metal
nonstoichiometry is accommodated. Barium hexaalumunate and hexaferrite are both highly ordered
Specimens prepared by the borate flux method exhibit a new V3a xV/3a superstructure of the hexagonal
magnetoplumbite cell.

HREM images of LaNiOqs do not show evidence for the existence of higher homologues of the
La,,Ni,Os.+) famly, Images of the n =2 (LasN1,O7) and n = 3 (LasN1:0gp) members of the famaly
occasionally show the presence of higher members, Images of ordered » = 2 and 3 members of this fammly
have also been obtamed.

In the (NaCa)Nb, O,z system (4 < n < 4-5), ordered intergrowth structures are observed i samples
prepared from Ca;Nb,O; and NaCa, NbsQy; or NaNbQ;, whereas random mtergrowths are observed in
samples prepared from NaCO;, CaCQ; and Nb,Os. Different ordered intergrowths are energetically
similar as evidenced by the occurrence of different structures in a single preparation of n = 4:33 or m the
formaton of polytypes of a gven compasition.

Monophassc solid solutions of the type W;-,Mo,O; have been prapared by the topotactic dehydration
of the mopohydrate, W;.,M0,0; H;O. A new form of MoOs, in ReOg-like structure, prepared by the
in-situ dehydration of MoO3-H,O has been characterized An HREM investigation of the reduced oxides
of the type W;_,Mo,05.5 (5 = 0-05 - 0-15} has helped us in identifymg three composition regions,
03 <x <06 060<x<070 and 0-05<x<03 with distinct structural charactenstics. For
03 <x <06, the system shows randomly omented {102} crystallographic shear (cs) planes.
For 005 < x < (-3, the cs planes did not precipitate, formation of a domain structure seems to accommo-
date oxygen deficiency in this range The varied behaviour in the different comp0§xtlon ranges
of W;.,M0,0,., has been attributed to the preferential reduction of molybdenum in the sold

solutions.
Potassium bronzes of the type K W;_.Mo,0; formed by the W;_,Mo,0; solid solutions have been

prepared for the first tme Mo-rich compositions (x = 0:7) form HTB-like phases for 0-10 <y < 0-15,
and a blue-bronze phase for y = 0-4. W-rich compositions form only HTB-like bronzes for 0-2 <y < 0-33
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A stady of the effect of strakes on the vortical flow past an upswept aftbody by Munshi
Sandeep Ranjankumar.

Research supervisor: S. P. Govinda Raju.

Department: Aerospace Engineering.

1. Introduction

Modern milstary transport awrcraft employ aft loading of cargo and thus need a fuselage with a hughly
upswept aftbody (as in the case C-130, Hercules and C-5A, Galaxy aircraft) The resulting shape of the
aftbody deviates considerably from an ideal streamhined body As a result, the forebody boundary layer
approachmg the aftbody is thick and turbulent and separates with a shedded vortex pair, similar 1n many
respects 10 that on a delta wing at large wadence. This vortex pawr located below the bottom of the
upswept aftbody induces suction which causes an inclined load to act on the aftbody There 1s thus a
contribution to drag from this inclmed load which adds to the cruise drag of the fuselage considerably
Further, the negauve hft on the aftbody produces an undesirable nose-up pitching moment

The mmportance of reducing crwise drag of an awcraft can be appreciated from the estimates of payload
gam due to drag reduchion. Estmates show that & decrease of 0-4% of cruise drag coefficient increases
the payioad of a long-range transport asrcraft by about 1% Typically, the fuselage contribution to arreraft
drag 15 about 25% Thus a 5% decrease 1 fuselage drag results in a payload gam of about 3% It appears
possible to reduce the fuselage drag by about 5% by controliing the aftbody flow and the poteatial gamn
in payload is thus very significant

Analytical and computational methods are still not powerful enough to study the above problem because
of the complexity of the three-dimensional separated flow. As a result, only experrmental studics are feasible
and there have been a few earlier such studies™ Flow visualisation studies by Wickens' and Peake® clearly
show the existence of a vortex pair below the aftbody bottom surface. Same flow-control devices like
strakes and flow deflectors appear to have been tried with some success, but detals of these are not
available in published literature This work 15 an attempt to fill this gap by a systematic experimental study.

A typical upswept aftbody model has been designed and fabricated for this study. To measure the
refatively small aerodynamic forces on the model (of the order of 2N), a special-purpose threc-component
balance has been designed and fabricated Strakes of vamous wizes attached to the aftbody have been
tested for their effectiveness i controlling the vortical flow. Effect of strake parameters like chord, span,
location and onentation have been systematically studied and an optumal strake configuration resulung in
about 6% reduction of drag has been obtamed.
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Fig 1 Model of fuselage with upswept aftbody (dimensions in mm)

2. Experimental set-up and instrumentation

A low-speed wind tunael, 05 x (0 5m test section, dvailable at the Indian Institute of Science, has been
used for the present study The manimum wmd speed m the test section is about 25 m/s resuitmg m a
test Reynolds number for the model of about one mullion based on 1ts length. The model 15 about 110 mm
in diameter resulling i a blockage ratio of about 4% of test section area which 1s adequately small.

The model geometty & based on a typical upswept fuselage of a mibtary transport arrcraft (Fig 1) It
has a semi ellipsoudal nose, o cylindrical forehody and an aftbody with s centre line upswept by 18
degrees [t is fabricated by attaching wooden nose and aft sections to the cyhndrical centre section cut
from a plastic tube. The hottom portion of the aftbody 1s flat all the way to the end A 10-mm wide strip
of semirough emery paper has been glued around the base of the wooden nose to obtam 2 turbuient
boundary-layer downstream. The model is suspended nto the test section from a platform balance located
on top of the test section by two rods. Strakes of various sizes are glued to the aftbody as required.

The aerodynamic forces on the model dunng the tests are small, typically 1 N. To measure the small
forces accurately so that one can resolve the small mfuence of the strakes, 1t was necessary to develop a
new balance system. The balance can measure hft, drag and pitching moment on the model located in
the test section The outputs from the balance are electrical signals of the order of a few millivolts and

are measured using digital voltmeters

The balance (Fig 2) consists of a light rectangular platform measuring 300 x 330 mm suspended from
a horizontal suppartmg plate by three steel wires of about 035 mm i dizmeter The model located m
the middle of the test section with its symmetry plane horizontal 1s connected to the platform by two
suspension rods, Thus, the aecrodynamic forces to be measured all lie 1 horizontal plane and are transfer-
red to the platform, which 1s constrained by three stramn-gauged cantlever beams attached to the platform
by means of long horizontal connecting rods. The electrical outputs from the stramn-gauge beams are
Iinearly related to the aerodynamic forces, the relation bemng obtamed by an in-sifu calibration using dead

weights.

The rods attaching the model to the platform can be fixed at various positions wm slots m the form of
circular arcs cut in the platform so that the model can be rotated within hmts about a vertical axis thus
varying 1ts angle of attack over range of % 15 degrees The whole arrangement, consisting of the balance
and s support structure, is enclosed by a pressure-tight cover to prevent any airflow into the test section

which 15 at less than atmospheric pressure during operation

The balance is designed and fabncated such that of the three links constramning the platform, one 1s
parallel to the tunnel axis while the other two are at nght angles to it. thus ensuring negligible interaction
between axial and lift force measurements However, the interactions are accounted for during calibration
and use of the balance. Actual dead-weight calibrdtion m siw has shown that the calibration matnx is

W
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Fio 4. Comparison of force coefficients with and without serakes

3. Results and discussion

A systematc parametric study mvolving various parameters like strake chord. span, axial position on the
fuselage aftbody, orientation relanve te fuselage axis and angle of attack of the model has been carried
out to assess the effectiveness of strakes i controlling the vortical separated flow The strakes were made
of 0-8-mm aluminium plate ot rectangular shape and were glued 1o the aftbody using mtegral tabs. Strake
chords of 35, 50 and 65 mmu were considered, and strake spans of 9, 12 and 15 mm were used. The
mud-pomt of the strake was located at 50, 60 and 70% of the distance from the aftbody Figure 3 shows
a typical strake configuration.

The model was first tested without any strakes over an angle of attack range of about * [0 degrees to
determine the aerodynamic torce coefficients for the clean configuration. All other configurations were
tested over the same angle of attack range and the results compared with the results of the clean config-
uration (Fig. 4) The results indicate that there are several strake configurations yielding a reducnon in
drag coefficient and simultaneous reducuon 1n the magnitude of the hft coefficient This clearly indicates
that strakes are effective 1n controlling the vortical flow. Within the limits of this study, the optimal strake
span was 12 mm and the chord 65 mm. Location of the strakes with centre at 50% of the length along
the aftbody resulted in maximum reduction m CD of around 6% compared 10 the clean configuratuon
Further, the reduction in drag s sustained over a fair range of angle of attack around 0 degrees and thus
implies a worthwhile drag reduction for a reabstic fuselage in the cruise configuration

4. Conclusions

The possibility of reducing drag of an upswept aftbody by the use of strakes has been considered. A
balance which can accurately measure small changes mn force due to strakes on the aftbody has been
successfully designed and used in the study. It has been shown that 2 mgnificant reduction 1 the drag of
the aftbody can be achieved by the use of strakes.

Notation

CD : Drag coefficient based on forebody cross-section area
CL :  Luft coefficient

CM :  Moment coefficient

C ¢ Strake chord, mm

B : Strake span, mm

A 1 Axal force on the balance, N
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N1 Normal force on the balance, N, at the first beam
N2 : Normal force on the balance, N, at the second beam
Rl . Output of axal force bridge, mV/V

R2 : Output of N1 bndge, mV/V
R3 - Output of N2 bridge, mV/V
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Studies on the kinetics of catalytic methanation of carbon dioxide by G. M.
Shashidhara.

Research supervisor: M. Ravindram.

Department: Chemical Engineering.

1. Introduction

Hydrogenation of carbon dioxide and carbon monoxide, when present together, 1s of much practical n-
terest because of s application in catalytic gas purification’, especially in synthetic ammoma production.
Considerable amount of work has been reported on catalytic hydrogenation of carbon monoxide comparcd
to that of carbon dioxide Also, most of the reported work on CO, hydrogenation is restnicted to the
temperature range of 200-400°C. On the other hand, mcreased demand for energy has resulted m an
nterest m catalytic conversion of CO to CH, and higher hydrocarbons, and also 1 a search for new
carbon sources which could be converted mto hydrocarbon fuels As many coustries have large fields of
natural carbonic acid®, CO; can be regarded as a potenuaily cheap source of carbon.

2. Present investigation

Heterogenous catalytic methanation of CO; has been mvestigated with a view to study the kinetics of this
reaction at aunosphenc pressure over relatively higher temperature range of 320-516°C. Nicket-alumina
and ruthenium-silica catalysts employed 1 this study were found to yield selectively CH, but nesther CO
nor CH,OH as noticed by some previous workers™ The stoichiometric equation which represents this
Teaction 15

CO, + 48, — CHy + 2H,0.

A getailed thermodynamic analysis of this reaction revealed large negative values of free cnergy change
(MG = —27-15 keal/mol) and ugh-value equilibrium constant {K = 0-8187 x 10% at 298K) thereby indi-
cating the feasibility and irreversible nature of this reaction. The reaction was found to be fairly exothermic
(AHSs = ~39-43 keal/mol) and the variation of the heat of reaction with terperature in the range 593-
789 K was negligible. Maximum possible conversions at 789 K for nme different feed ratios of CO, and
H, varying between 1:4 and 1.11 were calculated. A derable m converston with mole ratios
was noticed up to a mole ratio of 1:8 and the effect was negligible for larger ratios.

The nickel catalyst supported on alumma was prepared by conventional impregration technique. The
catalyst which was m oxide form was reduced i situ m the reactor with a slow stream of Hj at the Jughest
reacton temperature Surface area of the support and the catalyst were determined by both BET and hquid
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adsorption (EGMY) methods Specific surface area of the Nio-ALOs catalyst was found to be 74-09 m¥g.
Analysts of the catalyst has shown that it contaned 7-77% nickel. Ru-8i0; catalyst was obtamed from the
Indian fasticste of Technology, Bombay

3. Experimental

The expenments were conducted 1 a arculating flow apparatus at atmospheric pressure which mainly
conswted o a feed umit, @ stainless steel micro reactor and a product collection unit Reactant gases drawn
tfrom high-pressure eylinders were punfied, metered and preheated betore they were fed to the reactor.
The reactor was heated externally by Kanthal heating wire and the desired temperature was housed inside
the 1eactor between two plags of glass wool Products leaving the reactor were cooled, condensed and the
mowsture-tree product sticam was collected over saturated brine i a gas sampler for analysis purposes
Gas chiomatographie acalysts of this sample ermploying a Porapak-Q column and thermal conductivity
detector system operated al room temperature showed that it contained only CH, and unreacted CO; and
H,. CO; content was crosschecked by Orsat analysis The feed mixture was analysed before each run In
a typreal anelyss, Hy and CQO; contents m the teed, estimated by gas chromatograph/Orsat apparatus and
also caleulated based on flow meters, were found to be m good agreement Before starting the kinefic
experiments, the followng prelimimary expenments were conducted.

Material balance 1 the absence of catalyst,

. Muaterml balance m the presence of catalyst,

[ S

. Activity of the catalyst,
Effect of external diffusion,

[LIES

. Etfect of temperature on conversion, and

. Effect of ume tactor on conversion.

o=

From these experiments, it was found that there was no leakage in the apparatus and CO, was frans-
formed only to CHy The mickel-alumna catalyst showed a constant actsvity after three hours when
contacted with the reaction mixture at 658K and remained constant up to 10-12 hours. External diffusional
resistance was found to be negligible for total flow rates in excess of 15.4 Vh. The extent of mternal
diffusional resistance was calculated for the catalyst of particle size ~ 150 + 170 Tylor series, by Weisz-Pra-
ter criterion, and was found to be neghgible. Absence of mter- and intraparticle temperature gradients
over the conditions employed n our expenments was further supported by calculating the necessary
parameters, given 1n any standard textbooks on heterogenous catalytic reaction Based on the prelumnary
expeniments, reacuon conditions for the actual kinetic runs were selected With 0-5696 g of nickel-alumina
catalyst, kunetic data were collected m the form of conversion as a function of tume factor at five different
temperatures, viz, 593, 649, 705, 761 and 789K. Time factors were vaned between 0-96 and 3-87
ghgmol™! A constant feed mole ratio of 1-11 {CO,:H,) was maintained in all the experiments A feed
mole ratio of 1:7'15 way employed with ruthemum-silica catalyst Employing 0-1301 g of ruthenium-silica
catalyst, expeniments were conducted at five temperatures, viz., 593, 623, 649, 705 and 733K while the
ume factor was varied between 0-15 and O 82 g.h g mol™". The maximum conversions observed were 98-59
and 26-3% with nickel-alumine and ruthenum-silica catalysts, respectvely

4. Discussion

For a quantitative description of these results, a power law type rate expression was derived n the present
case by the order of reaction approach. Since the feed contamed a large excess of hydrogen, 1t was
reasonable to assume that the reaction rate depends only on the limiting reactant, re., CO,. It was proved
in the present case that the reaction was first order with respect to CO,. Plots of I8 ati—x vs W/Fc02
yielded linear plots with zero intercept Reaction velocity constant at different temperatures was evaluated
from the slopes of these linear plots. The temperature dependence of reaction rate was assessed by apply-
g Arrhemus equation. Values of activation energy calculated by the method of least squares were found
to be 8503 keal/mol and 8-859 kcal/mol for nickel-alumina and ruthemum-silica catalysts, respectively.
The validity of the rate expressions was checked by evaluating the values of conversion at known time
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factors and temperatures. These values were found to be m good agreement with an average ueviation of
_4.82 and —4 71% for mekel-alumina and ruthenum-silica catalysts, respectively
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Thesis Abstract (M.Sc. (Engng))

Studies en the extraction of cobalt and nickel by di (2-ethyl hexyl) phosphoric acid by
K. Ramesh Gupta.

Research supervisor: A. K. Mukherjee.

Department. Chernical Engineering.

1. Introduction

Organo-phosphorus acids form major section of extractants used for commercial extraction and sepuzation
of metals from dilute aqueous solutrons Di(2-ethyl hexyl) phosphoric acid {abbreviated as DIEHPA in
text and HA in formulae) 1s one of the outstanding members of this family of extractants,

Even though D2EHPA 1s a popularly used reagent for the exiraction of cobali and nickei, literarure
review shows that very little attention 1s paid to the understanding of mechamsm and kincties of extraction.
The present study was made to understand the fundamentals of extraction of these metals by considering
simple systems, obtaiming equilibrium and kinetic data and evaluatng the data to find the nature of the
metal-extractant species, etc

2. Reagents, apparatus and procedure

DZEHPA, an AR-grade reagent of Fluka Chemicals, was used as received. All other salis and solvents
were also of AR grade.

Orgamic phase was made of D2EHPA of appropnate concentration with toluene as diluent and 12%
acetone as phase modifier. Aqueous phase with required metal concentration was prepared by dissolving
appropraate amounts of sulfate salts of those metals m distilled water. pH was adjusted by adding concen-
trated sulfunc acid or hquor ammoma. Phase ratio in all the experiments was 1:1.

Equibbrium studies were conducted n separatmg funnels and kinetic expermments m the simplest form
of the Lewss celf with single paddle-type sturer The stirrer contamed two sets of paddles, one dpped m
the orgame phase while the other 1 the aqueous phase, so that each phase can be stirred without disturb-
ing the interface. Other types of sturers with single set of paddles were also used to stir either of the
phases as and when desired.

A uv-wsible spectrophotometer was used for the analysis of cobalt and nickel. Cobalt was estimated by
ammomum thiocyanate method and mckel by dimethyl glyoxime method.

3. Results and discussion

Equilibrum and kinetic studies were conducted m a wide range of experimental conditions.
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31 Equilibiium studes
The suopiity of the system studied allowed w make some reasonable assumptions for the mterpretanon
of the equiibinim datis to tind the extraction reaction The assumptions are
(i) All the metal present in agueous phase 5s present as M 1ons
(1) Concentration ol the metal on i the aqueous phase can be taken as a measure of actvity of that
1on 10 that phase
() All D2BHPA m the organic phase will be 1 dumer form.,
(v} Change i extractant concentration due to extraction s negligible
With these assumptions the extraction reacton for o divalent metal 1on can be represented by the
foliowing relation
MY (14 X) (HA), = CoAyX(HA) + 2H* (1)
where X 15 the number of HA molecules complexed to Coa,
Equation {1) can be, after some shmphtications, reduced to the form,
log D + 2 log[H'] = log K + (1 + X) {log (HA)} )
where D 15 the cquilibrium distubution cocfficient and K the apparent equitbriurm constant Now the plot
of log I + 2 logfH "] s {log(HA),) should give a straight e with siope equal to (1 + X).

It was ubserved that the vatue of log D + 2 log{H"] remamed practically constant for partcular (HA),
concenwation, nrespective of the mal metal concentration in the agueous phase. Averages of these
values were taken and plotted agamnst imtial (HA), concentration which gave a straight line with slope 2 5
m the case of cobalt and 30 for meckel, This indicated that the final metal-extractant complex and thus
the overall extraction reaction for cobalt and nickel are different

Based on thesc results the overall extraction reaction for cobalt and nickel can be wrtten as
Co¥' + 25(HA), = Co(HA)HA + 2H; £
Ni2* + 3(HA), = Ni (HAz);2HA + 260" )

Based on these overall extraction reactions and on the earher works of Madigan' and Hughes and Zhu?
separate schemes of reaction mechamsms were proposed for the extraction of cobalt and nickel.

32. Kinenc stuches

Before gomg to actual kinetics studies, the regime of extraction was recognised by selective strrng of the
phases and nterpreting the results thereof. The conclusion was that the regime of extraction 1s situated
at the organic side of the interface m both the cases of cobalt and nickel.

It was found by experments that the effect of initial hydrogen 1on concentration, in the range studied,
is neghgible on the kinetics of extraction. Subsequently, in all further experrments, imnitial pH of the
aqueous phase was kept at 5:0 and the effect of pH was not considered in the discussion of results

Extraction, in general, was very fast and the extraction vs tme curves were very steep imtially and
flattened rapidly More than 70% of the equilibrum extraction took place m about 4 minutes in xost of
the cases Initial rates of extraction were obtained by curve fitung the data and differentiating it with
respect to time ¢ = 0 The mutial rates thus obtamed were used to calculate the apparent orders for metal
100 concentration in the aqueous phase and DZEHPA concentration in the organic phase.

Following assumptions were made in addtion to the ones made for equilibrium studies.
(i) Initial rate obtained by experiments are forward rates at that pownt of ume
(1i) Imtial rate is zero order with respect to hydrogen ion concentration under present experimental con-

ditions.
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With these assumptions the rate equation can be wrstles as,

n=kCq C?HAJ, (5)
where
r = imval rate of extracuon of metal wto the orgame phase,
Cyu = mnal cobalt/mckel copcentration i the agueous phase,

Cainy, = nitial D2EHPA concentration,
k = forward rate constant, and
a, b= orders with respect to metal concentration and D2EHPA concentiation, respee-
uvely
At constant D2EHPA. concentration in the orgamc phase, cquation (5) reduces t
n, = kg Cf {0
so that
log r, = log k¢ + a log Cy. (7)

Thus the plot of log 1, vs log Cy should give a straght line with slope equal ta « which s the order
with respect to metal 10n concentranon.

Similarly, for constant metal 1on concentration 1w the aqueous phase, log 5, vs fog Cugar, will give a
straight line with slope equal to b which 15 the order with respect to DZEHPA concentiation i the organic
phase.

The values of a and b obtamed by experiments are as follows
a = (:5695 and b = 0-8711 for cobalt, and
a = (-6169 and b = 1-0490 for nickel

The forward rate constant may be found by substitutimg these values in eyn (5).
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Thesis Abstract (M.Sc. (Engng))

Studies on the diffusion coefficients of orgamic Yiguids by G. Ramprasad.
Research supervisors: T. R. Das and A. K. Mukberjee.
Department: Chemical Enginecring.

1. introduction

We report here the expenmentally determincd diffusion coefficients for the biary systems of benzene-,
Loh_xenc- and xylene-aleobols. The alcohol seties comprises the first esght members of the homologous
series of paraffinic alcohols A correfation with simple physical properties of the diffusing species 18 ob-
tained to caleulate integral diffusion coefficients at any composition

. Experimental

Ihe diaphragm cell method! was used to measure the ntegral diffusion coetficents A G-d-grade
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diaphragm was used in the present work (Fig. 1). The stirrers m the cells, made of on wites embeddod
m glass, were rotated by the revolving bar magnets outside the cell

The diaphragm celi was calibrated at 298 15K by ditfusmg 0 1 moleT potasstum chlonde solution into
double-distilled water, From the known values of diffusion coefficients” tor a range of concentrations of
KCI-H;O systems at 298-15K, the cell constant B was catculated With the cell constant thus known, the
integral diffusion coefficient for any experimental system was caleulated as

1 Cs Cor
Dag = — b el 20 3
Bt Cin - Crr

where, C, 5 and Cyp are the mitial and final concentrations of the diffusing species m the bottom compart-
ment and C,r and Cyr the imtial and final concentrations in the top compartment, and t the ume of
diffusion m seconds

The cell constant B remained almost unchanged after a period of 240 hours of usage, however, over a
pertod of 960 hours of usage there was a 2:3% change m the value of the cell constant. daphragm
cell was mantamed at 2 temperature of 301 15 + 0 5K with a thermostat bath an all the expeniments

Each experiment was repeated twice and the agreement between the diffusion cocfhicients thus deter
mined was within 5% Error analysis indicated that the maximum possible error in the diffusion coefficient
could be + 14%

All the chemicals used were either spectro or guaranteed reagent grade

3. Results and discussion

For any system, a refanon between the experimental ntegral diffusion coefficient and the composition of
the muxture s obtamed m the form of a trd-order Chebyshev polynomial of the first kind. In this
refatton, four constants arc obtawed, The procedure is repeated for each of the other binary systems.
Each of the four comstants 1s related to a particular property m the form of a thud-order Chebyshev
polynomial of the first kind The four properties (denoted by Py to P,) used in these relations are given
below

Pr=[ML% + (ma/ma)'®]/ [ ma + (Vo/Va)'¥] )
Py= [Ma + (np1a)* )ima 1))
Py= MR + (np/ma)’ “na @
Py= [Ma + (npma) %ina )

where M, 1 and V are the molecular weight, viscosity and molar volume, tespectively

Figures 2-4 give the expermmental and calculated diffusion coefficients for benzene-, toluene- and xylene-
alcohols, respectively, for various compositions of the mixtures. In each diagram, experimental data are
gven by discrete points whereas continuous curves give the calculated values.

. It 15 seen that as the viscosity increases from methanol to n-octanol there is a corresponding decrease
in the value of the mtegral diffusion coefficient. The diffusion coefficient for any system first decreases
with the molefraction, reaches a minmmum and then attans a value which is constant for all the binaries
of aleohol homologous series with an aromatic second component. This constant value is nothing but the
self-diffusivity of the aromatic second component.
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Thesis Abstract (M.Se. (Eugng))

Thermal decomposition of solids for energy storage by B. Venkata Ramana Murty.
Research supervisor: M. S, Murthy.
Department: Chemical fngineering

1. Introduction

Thermal energy stosage n packed beds i one of the methods for solar energy utilisation, for space heating
and fon {ow-temperature applications. Fhe present mnvestigation s an attempt to analyse the packed bed
reactor Heat-tramler characteristics of thermul cnergy storage system decomposttion of caleium hydroxide
15 presenied. Anadysis of the packed bed reactor consistmg of spherical pellets of caloum hydroxide and
hot awr at a temperature of S20°C was attempted.

The formulation of the problem consists of three stages In the first stage, no chemucal reaction takes
place and the bed s heated by air, free of cubon dioxide and water vapor, till the solid reaches 400°C
In the second stage (- 400°C), thermal decomposition of caleium hydroxide takes place and heat of reac-
uon is teken it wecount. In the third stage, ¢e., when the reaction 18 complete, the heat given by the
flud weteases the temperature of the bed.

Equations describiog the energy balance for flud and solid mass m one dimension along the Z-axis have
been presented for all three stages Partial differential equations of the model have been solved for temp-
erature profiles by finite difference technique i 2 stepwise manner starting from Z = 0-0 and marching

upward till Z = M,

2. Experimental

The model was tested by carrying out the expermments m a cylindrical colemn packed with calcum hyd-
roxide pellets. Temperature profiles were measured at three different heights m the reactor for three flow
rates of air. The influence of chemieal reaction rate hag been studied 1n the second stage

Volumetrie heat-transfer coefficients have been evaluated from the experimental data and the effect of
fluid velocity and infet temperatare on heat-transfer coefficients has been studied Experimental values
have been compared with the general correlations reported n uerature

An attempt has been made to analyse the decomposttion of calaum hydroxide when chemacal reaction
controls the overall rate, taking density vanafions mto account, It was found that the data for chemical
reaction-controlled mechanism fis very well than the data excluding density vanatons.

Studies were also camed out on barium peroxide decomposition on thermogravimetnc analyser A non-
isothermal model has been developed from the fundamental equations for the evafuation of kimetic
parameters, and the effect of addiives on the decomposition of barum peroxide studied

The expertments were cartied out m a Univac Siku Riko thermomicrobalance. The samples used for

analysis were made by physical muang.

3. Results and conclusions

Theoretical time-temperature data compare satisfactonly with experimental data From the results it s
observed thatl temperature jpcreases with increase m velocity of air and reduces the time required for the
solid to reach the mlet temperature of the flud The rate expression required for the model was denved
from the best fit equation obtained from the data of decomposition of calowm hydroxide pellets
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It 15 observed that alumnum 1s more effective than copper and zinc metal powders used as additives
It was also observed that there 1s a significant change 10 decomposttion as the percentage of additive s
increased A two-step mechamsm is proposed for the decomposition Though copper ts a better conducto
then other metals, 1is presence was not found to be effective m lowerng the decomposiion tempetature
This ndicates that the decomposition may not be entirely heat transfer-contiolied phenomena
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Thesis Abstract (M.Sc. (Engng))

Performance analysis and improvement of submersible pumps by P. Thanapand;.
Research supervisor: Ram Prasad.
Department: Civil Engineering.

1. Introduction

Dunng the reeent past, a number of methods have been introduced for analysing tlow dynamics in tur-
bomachmes One- and multi-dimensional flow analysis methods coupled with loss models bave been used
by many authors (for example, Colwill') to predict the performance of ugal machines of varying speafic
speeds The prediction procedures proposed so far successfully reproduce the test results mostly m a
narrow region 1 the neighbourhood of the best efficiency pomt and the accuracy of the procedures for
the low-flow region and the pumps of low-specific speeds 1s not lugh This work descubes a performance-
prediction procedure, modelling all major losses likely to occur in the submersible pumps Henee. 1t s
applicable to the entire operatng range

2. Losses

2.1, Impeller parasiuc losses

These losses occur outside the mmpeller and diffuser, and consist of (1) leakage loss due to flow through
the clearance between impeller and casing, (u) disk friction loss, and (1if) mechanical losses at the beanng
and packing

22 Hydrauhc losses
These consist of losses due to skin friction, secondary flow and diffusion 1 the impeller and dufuser
passages. wake mixng loss at vane outlet, shock loss at vane mlet and bend losses in diffuser passages.

All the above losses were estimated using loss models developed by various authois™™,

3. Performance prediction model

A predicion model meorporating the aforesaid loss models was developed for performance prediction ot
centrifugal pumps of low-specific speed operating at constant and variable speed The mam model 15 based
on one-dimensional flow theory, and mcludes the caleulation of boundary-layer thickness and 1ty develop-
ment through flow-passage blockage factor, jet-wake pattern analysis with estabhshment of separation
critena, etc., to make 1t apphcable for low-specific speed machimes.

The model performs three separate sets of computations at a sertes of discharges and speeds of rotation
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which may be choven fo vover the whole e of probable operation of the punp In the first st of
caloulations veloeny frauple datis are etenoed  Fre diselinge s vorrected for leakage and blackage is
caleufated tiking mta secount the tow freld dererion due o Boanda Lo o development. separation and
blade thickaess, The thearetical bowd s valendated by Peck™ mcthud’. fo the second set of calculations,
fosses 1 difterent components ae anned ab The tined set of caleulations makes the performance predie-
tion. There s alwn prosiston &3 seleetian of optunum Joss models among several alteroatives based on

test data This, however, 1 mor disenssed further heie,

The inpug to the nreiel comaty of thad poperues, speed of rotation and geometrical parameters of the
components, ve, mlet and outlet diwmcter, passage width, blade thickness, blade angles, bearmg clear-
ung detals, shrowd tickness, e, and the values for the empirical quantitics
The modet sutputs the efficiency and total head tor the given discharge values

ances and leagth, weariog
in component foss muxdels.
and the magadudes of e component losses in the operating range.

4, Experiments and measurements

Experinents for performanee testing were conducted on o fivestage submersible pump of speafic speed
3249, The geometrical pupameters of the mpeller wnd casg for input into the model were measured with
verpier calipers, e blade-angle profile of the shronded impefier vane was obtained with radiograph
technigues “The accurivy 0 measwrement of all geomettical purameters 1 crucial, as error 1n measurements
of sensitive parameters like mpelier injet-outlet dinmeter, width and vane angle have a great influence on

the results,

5. Results and discussion

The performance prediction motel was nun with the geometrical data of the test pump The predicted and
expenmental performance of the tested pump are shown mn Fig. 1. The model results show good agreement
with experzmental data almost in the entire range of operation There exists a difference between the
predicted and test charactersstivs by nearly 2 per cent m low-flow range, ie,0-:0<Q/Qp< (3, where
Qp 1 the best etficiency discharge and ©Q any other discharge This shows that the actual head 15 somewhat
underestimated and the efficiency values are overestimated by the model in this flow range. The underpre-
diction of head and overprediction of efficiency values at low discharges may be ateributed to erxors in
caleulating citeglation head and slip factor and themr effect on the discharge flow angle At low flows,
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there 15 separation of flow from the suction sueface, On the pressure sile of the vanes, the flow will
deviatc much from the vane surface. thereby resuiting i reduction o the vahue of ship factor. Cote
force and viscous effects on fiow vortex, due to re-arculaung flow, abo cause weduction g shp fick
There 1s no provision n the present model 10 consider these effects The onc-dimensional boundary lay
and blockage models have proved inadequate o the tow-tlow regon and three-dimernsonat bowvndary lay
technique can be expected 1o model th flow more satstactotdy

Even with the discrepancies discussed above, the overall predictive capabulity of the model ws general
excetlent and the accaracy of prediction provides an ndirect conhirmation of avcwiacy of the detaded o
calcutations.

The mode! can also be used to analyse the causes of poor performance of an cxisung pump Tl
behavior of the component losses at different flows often gives the required clue. For exaraple, Fig,
shows the varranon of shock loss with discharge for the pump whose charactenstics are shown m Fiyg
The pummum shock foss occurs at 1-3Qp,, while one expects i fo ocowr around Q. Ths pomty o
possible mismatch between the vane angles at impelier cutlet and diffuses infet. If the latter (§3:) i change
by 3% the resulung shock loss and efficiency characteristics as predicted by the mudel (broken hnes i
Fig 2) show that the effiency increases by 4% and the rmnimum shock Joss » not only lower than th

earher case, but 15 also closer to the best efficiency pomnt
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Sensitivity and round-off neise studies on signal processor-based second-order digital

filters by B. S. Prasanna.

Research supervisors: S. N. Rao and P. V. Ananda Mohan (ITD)
Department: Computer Science and Automation.

1. Introduction

Digital filters are mvaluable tools for real-time signal processing because of their significant advantages
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like accuraey, teproduciulity and Henbibity Higher order digital tdters are usually reabzed by cascadmng
sever) second-/nst-order structiizgs, (e geoeral second-order digital filter transter function contams two
coctficients o, F which e realred by txed or tnte length binary words due to practical lumtations, This
leads 1o inacearate tepresentation of the coctiierents and results 1 errors m ghe realized transfer tunction.
Several authors have evaluated the vrrors due o such maceurate representation by studying the movement
of poles of the realized second-otder digital tunster function’ * But such evaluation does not represent
duectly the senstwvity of the overa! mugnitude of the transfer function due to errots i representing the

coefficient values.

2. Analysis and results "
I this work, the fractional deviation i the overall magpitude of the transfer function A [H |/ H] 1s
used as figure ol mert for evatuation und comparson of various second-order digital filter structures

AH) /(8] 5. (Aamy + S M (Ab)
The evaluation 1s restricted to those structures which realise the cocfficients using only two multipliers ¢, d

Thus, we have
(Aada) -~ 8 (Ac/e) + 83 (Adid);
(Abh) = 8" (Acke) + S5 (Ad/d).

The evaluation of & | H}/[H] involves computation of several sensitwities S,/ !, 8 ™! which are struc-
ture independent and §¢ , and $% 4 which are strocture multipher dependent.

A computer-uded sensitivity analysis procedure has been developed and used to evaluate and compare
various structuges. Some of the structures considered are systematically derived by replacing the delay
blocks  dircet form structure with first-order lossy and lossless integrators of various types, all pass
networks and structures based on forward or backward Eule:r integrator types Some among these have
been described m lteratuie previously by Yan and Mitra’, Szozupak and Mitra®’, Gray and Markel’,
Flerscher and Laker® (switched capacitor) and Agarwal and Burrus® Further, alternate realizations for
direct form structures such as Agarwal-Burrus are also available. All these have been considered m the
analysis usimy a FORTRAN computer program. The analysis described above can be applied to choose
the ‘best’ structure for realizing & given transfer function.

Another important aspect in digital filter implementation 15 the evaluation of the effect of round-off
mvariably present during signal processing. The earlier methods of digital filter 1iplementation uvsed
hardware multipliers and accumulators which provide the flexibility for selecting a suitable word length to
meet the sensitivity specifications. However, the current technique of implementation of digital filter struc-
tures uses digital signal processor chips. This imposes a restriction of fixed word length for realizing the
coefficients. Hence, the round-off noise is dependent on the digital signal processor architecture Thus,
the systematic evaluation of round-off noise involves idenufication of noise sources m each structure and
evaluation of therr transfer functions to the output Since the nowse-transfer function can be of a general
biquadratic type, a formula for round-off noise variance amenable to computer-aided evaluation has been
derived. Semsitivity and round-off nojse bebaviour of various structures have been studied for a represen-
tative set of pole positions, five close to the unit circle and five well withn the umit circle. Computer
results for these cases have been indicated m the work to highhght the differences m the behaviour of
vartous structures.

The procedures and techniques developed help the designer to choose an appropriate structure for the

mtended application.
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Application of exponential power estimator for speech coding by George Mathew.
Rescarch supervisor: A. P. Shivaprasad.
Department: Electrical Communication Engineering.

1. Introduction

The transmission, storage and processing requirements of any signal, i general, and of specch, n particular,
15 largely dependent on 1ts representation  Digital representation of coding of speech has become very
popular due to its advantages such as ruggedness to nose, efficient signal regeneration, ease of encryption,
storage and retricval, use of digital compuiers for processing, etc , over analog represcntation  However,
m digital coding. the price paid for these benefits 15 the mcreased bandwidth Hence, the main objective
of digital coding of speech 15 to represent (encode) it in such a way that the encode speech bandwidth
(bit rare) s mammum for a specified quality of reproduction In speech coding, 1t s known that the
cifferential pulse code modulation {(DPCM) schemes lead to a reduction of bandwidth requirement (by
removing the redundancy) as compared to pulse code modulation (PCM) schemes, for a specified speech
quality To achieve adequate dynamic range and good subjective speech quality, however, it is necessary
1o adapt the parameters of the quantizer and predictor to the mput signal charactenistics Several algorithms
have been developed for adapting the quantizer and predictor, most of which suffer from high computa-
tional complexity and are not easily plementable

However, two pomts are notewosthy fustly, vanance estmation of the quantizer mput forms the basts
ol adaptive quantization and secondly, 1n predictor adaptation using the least mean square gradient (LMS)
algonithm it 15 the estimation of the reconstructed signal power which 15 important'? Hence, 1t 15 possible
to reduce the computational complexity of the APCM and ADPCM systems by resorting to computation-
ally simple power estimation schemes The study reported here is concerned with the development of
adapuve PCM and DPCM (APCM and ADPCM) systemms which are based on computationally simple
adapuve quantzation and prediction algonthms.

The above-mentioned computational simphcity s achicved here by implementing the adaptation al-
gonthms for the quantizer and predictor using the exponential power estimation technique (EPE) which
1s a modified form of an exisung power estimation method®. The three important features of the EPE
techmgue are: (a) the process of esumatjon does not involve any muluplication or division, (b) use of this
powcer estunate leads to further reduction in the computational complexity since the estimate 1s expressed
as 4 power of 2 (2, 1 being an integer), (c) sufficiently fast response rate due to its exponential nature,
and (d) very casily controlizble response rate. Hence, the use of EPE leads to a sigmficant reduction m
computattonal complexity.
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2. Results and discussion

Comparative studies of EPE with two conventional power estumation schemes (block and recursive power
csumators BPE and RPLE) have been done 1o the context of step response, spectral parameter entifica-
non (of a sccond-vrder stationary stochastic signal) and adaptive prediction of speech {usmg differcnt
prediction orders) The results idicate that EPE 15 much supenior to RPE and idenucal to BPE i perfor-
mance However, the performance of EPEE s hmited by the fimte number of distinct power estimate values
which the EPE estimate 1s allowed to take It 15 sigmficant to note that n spite of this hmitauon, EPE
gwes a performance which 15 computatsonally advantageous and on par with the computatonally complex

power cstimation schemes

The adaptive quannzer used m the APCM and APCM systems 15 of the hybrid iype! The reason tor
choostng the hybnd scheme instead of the mstantancous or syllabic scheme 1s to make the best use of the
avadable finitc number ol quantizer step wzes, as the hybrid approach makes the mstantancous step size
to vary in an optimum range as deaded by the syllabic mformation of the sput signal EPE 1y used to
estumate the mstantancous and syilabie standard deviations of the quantzer mput signal, for the puipose
of adaptation To make the quantizer robust to transmssion errors, o leakage mechaneor has been intro-
duced in the BEPE algomthm Performance evaluation study ot these systems has been done under nowe-free
and nony channel condstions wsyg umform and nonumform guantizung characteristies at different bit rates
{16, 24 and 32 klobus per second) The mput signals used are sinusoidal, correlated Gaussian sequence
and digntized speech seatences Segmented signal-to-nowe ratio s the performance measure used

The APCM systems simulated at bit rates 24 and 32 kbps vsing the EPE-guantizer (EPEQ) provide
almost 1dentical performance as that of robust adaptive quantizer (RAQY for speech input while the
performance degrades for smusodal mput (due to the speech-specific design of EPEQ). Nowsy channel
performance study has been done at the bit enor rates of 107°, 107 107% and 1072 for speech and
correlated Gaussian 1opuis. The EPE-based APCM s found to give almost simular performance as the
RAQ-based APCM.

A detaled performance cvaluation of the ADPCM system 15 done by mtroducing EPE nto the quantizer
and predictor adaptation algonthms, stage by stage Having recogmzed the hmitatton m the quanuzer
performance, mposed by the frmte dictionary of step sizes, the gquantizer algonthm 1s modified o ncrease
the number of distinet step sizes. Further modifications are done to miprove the dynamic range and nosy
channel petformances of the quantizer This study fed to the conclusion that the EPLE-based ADPCM s
best suited for low bit rate applications At 16 kbps, thes system outperformed the two conventional
ADPCM systems considered {one using the RAQ and the block power estimator-based LMS algouthm)
for comparson purpose, with the computational advantage of having (3N + B + 1) multiphcagons and
one division compared to the furst system and (B -+ 1) muluphcations compared to the second system,
where N 1 the predictor order and B the number of bus/sample However, EPE requies one extra

exponential operation

References
L Coux, D L axp MeLsa,J L The relationsbip between an adapuve quantizer and a vanance esbmator,
IEEFE Trans , 1975, IT-21, 669-671
2 Wirow, B, McCooL, J M, Stationary and ponstanonary learmag chatacteosucs of the LMS adaptive
LARIMORE, M G AND filter, Proc IEEE, 1976, 64, 1151--1162

Jounson, C R, Jr
An efficient step-size adaptavon techmque for LMS adaptive hilters. froc

3 BELLANGER, M anp BEvar, € C.
IEEE Int Conf Acoustics, Speech and Sigral Processing, 1983, pp 1153
1156
4 Nase, M E M anp Hybrid adaptive quantezation, JEEE Trans , 1984, COM-32. 1358~1361
CrakravarTiy, C V
5 Goooman, D J anp A robust adaptive quantizer, /EEE Trans . 1975, COM-23, 1362-1363

WiLkinson, R M



88 1ISc THESES ABSTRACTS

Thesis Abstract (M.Sc (Engng))

Studies on metallic (Cu, Au and Mn) thin-film strain gauges by K. Rajanna
Research supervisor- S. Mohan.
Department: Instrumentation and Services Unit.

1. Intreduction

The estimation of stramn 1s a basic measurement in many branches of engmeerning and science Strain
gauges are the common devices used for this purpose In addition fo therr fundamental use for measuring
strain as such, stram gauges can be used for measunng other physical quantities such as loads, torques,
pressures, vibration, etc They are used routinely especially in the quality control of varous designs and
expenmenta) stress analysis work

The conventional types of stramn gauges developed over the years are metallic wire, metallic foil and
semiconductor stram gauges An important development 1 the field of stram-gauge technology’ s the
mtroduction of thin-film strain gauges Thin-film stram gauges offer a number of advantages over the
conventional-type stram gauges The present work reports an attempt made n the direction of forming
and study of thin-film stramn gauges made of vacuum-deposited metal films It 1s aimed not only at studying
the stram-sensitive behaviour of thin films, but alse to make them as useful devices

2. Preparation of thinfibm strain gauges

The various steps foliowed to prepare the thin-film strain gauges i the present work are a) Selection of
surtable substrate, b) Thin-film deposition, ¢) Pattern formation, d) Deposition of the bondmg pads and
the protective overlayer, and e) Post-deposition heat-treatment for stabilization.

Mylar has been used as the substrate because of its atiractive properties and ease of operation Films
of copper, gold and manganese were prepared using resistive evaporation from a molybdenum boat The
meandering path pattern’ was adopted for the sensing film m the case of copper and gold. The required
pattern formation was done usmg photolithography techmque® However, for the less criical stage of
depositing bondmg pads, a mechanical mask was used 810, protective overlayer was deposited using
electron beam evaporation The thin-film strain gauges prepared were subjected to vacuum heat-treatment
usmg the buiit-in radiant heating arrangement. Figure 1 shows the schematic of the thin-film strain gauge.

3. Results and conclusion
The resistance-stram charactenstics of the gauges were studied using cantilever techmque® The response

Sensing fitm

. Si0, protective overlayer

* Mylar substrate

Ll’fh\ck Al contact pad

films for electrical contact

Fic 1 Schematic of the thin-film strain gauge
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of the gauge with copper film as the senstng film to longitudinal and transverse strains 1 both tenstle and
compressive modes 15 discussed  Simular behaviour was observed for the gauge with gold film® having
meandering path pattern It is evident that the gauge response 15 linear 1n both the cases i tensile and
compressive modes It 15 important to note that m tensie mode, AR/R is positive for longitudinal strawns,
whereas 1t 15 negative m the case of transverse strans This 1s attributed to the Poisson effect of sensing
film grid ines Therefore, the gauge factor ¥, for transverse strains turns out to be negative (— 0-60), and
1s much smailer compared to the gauge factor F (2-20) for longitudinal strains. A negative gauge factor
for transverse strams was reported for silver film by Verma and Jan®

In addition to copper and gold film, the stramn sensitivity of vacuum-deposited manganese films 15 also
studied It 15 found that they extibit hnear response to stram. Compared to all other metals, manganese
has the foliowing advantages with respect to strain-gauge application.

(1) It has tugher resistivity [185u0-cm| Therefore, the gauge can have relatively higher resistance (without
the meandering path pattern).

(u) Its lower temperature coefficient resistance (TCR) makes 1t less sensitive to ambient temperature
varaton.

A study of the variation of gauge factor and TCR with thickness for manganese films shows that thicker
manganese films possess gauge factor ~ 3 and TCR value around 3 35 x 107¢/°C

The thin-film stram gauges prepared are fauly smaller i size so that a better spanal resolution of the
strain value can be obtamed using these gauges They exhibit good lnearnty, stability and no noticeable
hysteresis effect 1n their resistance-strain characteristics
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Development and application of a new method for detection of structural equivalence
in graphs/kinematic chains by K. Vijayananda.

Research supervisor: T. S. Mruthyunjaya.

Department: Mechanical Engineering.

1. Introduction

The kinematic structure of a mechanism s basic to 2n understanding of its funchon. The creative design
of mechanmisms involves the generation of kmematic chains having specified characteristics, Linear graphs
have furnished a powerful tool for the analysis of kinematic chams In the graph representation of
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kmematic chams, the links are represented by vertices, jomnts by edges, and the edge connection of vertices
corresponds to the jont connection of links

To synthesize kinematic chams of a given class, 2 reliable and computationally efficient 1somorphism
test 15 needed Charactenstic polynomal of the adjacency matnx of the chan s one index uscd extensively,
and 1t has been found to fall m a number of cases'™ The existing somorphism tests do not seem to meet
the order of efficiency that the structural synthesis of kinematic chams demands. In this work, 1t 18 aimed
1o develop a new 1somorphism test for smple and multiple jointed kinematic chams Representation set
of the cham constitutes 2 new 1somorphism index. The proposed test has been so talored that it gves
valuable nformation about the possible distinct mechamsms denvable from the cham. The effectiveness
of the new test developed has been studied by mcorporating 1t 1n an existing structural synthesis program

2. Representation set for chains/graphs

The index for 1semorphism developed 1n the present work utib:zes a graph-theoretic model of visual mspec-
tion The model bas its basis in how one would visually comprehend the topology of a given graph n
terms of the disposition of vertices and therr interconuection by means of edges The sysiematic description
of the given graph with reference to each of its vertices 15 expressed m the form of a sct of rooted tree
patterns By adhermg to certain prescribed set of rules, each rooted tiec pattern is eventually reduced to
2 number called the representation number. A set of such numbers, called the representation set. consti-
tutes the isomorphsm index for simple jomted chans/graphs The notion of u dummy link 15 mntroduced
in the method while forming rooted tree patterns.

Multiple-jomted kinematic chams are umquely converted mto simple-jointed kematic chains by ntro-
ducng mto the former a fictitious link at the location of joint multiphaity A surtuble valency number is
assigned to each fictiious link Representation set of the resuling sumple-jointed chan constitutes the
isomorpsm index for multiple-jointed kinematic cham,

3. Derivation of distinct mechanisms

By using the representation set of the given kmematic chain, and the representation sets of the ink-deleted
subchains, 1t is conclusively shown that all possible structurally distinct mechanisms resuling from the
chain can be derived.

4. Synthesis of 11-link, 2-d.o.f. kinematic chains

A computer program for structurai synthesis and analysis of kinematic chains was developed by combinag
the new tests developed 1n the present work with an existing synthesis method based on the transformation
of binary chams® Synthesis bf 11-imk, 2-d.0.f. chains showed that there ate 839 structurally distiact simple-
jomted chains of which 66, have total freedom, 86 possess fracttonated freedom and the remarning 687
chains have partial freedom. A total of 7898 distinct mechanisms resulted from 839 chams. All the simple-
Jomnted chains are displayed 1 the present work.

5. Results and conclusions

The somorphism test based on representation set was successful 1 distingwishing all known kimematic
chains and most of the counter examples which come under the general category of linear graphs How-
ever, the new test was unsuccessful to distmgush one pair of 15-vertex, 27-edge cospectral graphs. The
CPU time taken to compute representatton set of the chain varied from one-fifth to onc-tenth the time
required to calculate the charactenstic coefficients of the adiacency matnix of the chamn. The difference 1n
the CPU tme has been found to increase with the icreasing number of vertices in the cham/graph. The
new isomorphism test has been found to be flexible due to which some variations 1n the chamn/graph can
be conveniently handled Coding multiple-jomnted kinematic chain is one such vanation possible. Further
study on the results of the synthesis of 11-link, 2-d o.f. chams revealed that there are 17 paus and 1 triplet
of kinematic chams which are non-isomorphic but have the same charactenstic polynomial All these
counter examples are preseoted in the work.
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