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Thesis Abstract (Ph.D.) 

Numerical analysis of dissociation nonequiEbriw of gas phase in gas-pasbicle nozzle 
flows by C. K. Baruah. 
Research supervisor: N. M. Reddy. 
Department: Aerospace Engineering. 

Many efforts have been made in the past to obtain salutions for the one-dimensional expansion of 
high-temperature gas-panicle mixtures through convergent-divergent nozzle, which include both approxi- 
mate analytical and exact numerical solutions. The techniques adopted in there studies are adequate to 
predict the temperature and velocity slips between the phases which exist due to the phase nonequilibrium 
prevailing in the gas-particle nozzle flows. However, in addition to the phase nonequilibrium, the gas-par- 
tide nozzle flow is often accompanied by relaxation phenomena, such as vibrational, dissociation, and 
ionization of gas molecules at high temperatures. The problem of such a complex flow has not been 
analysed. 

This work deals with the analysis of one-dimensional gas-particle nozzle flow with dissociation 
nonequilibrium prevailing within the gas phase. The effect of the size of the panicles and the loading ratio 
on the flow properties in the contour nozzle are discussed in detail. 

2. Governing equations 

The flow of dissociated oxygen gas seeded with dust particles expanding through a contour n o d e  is 
considered. The dissonation and recombination processes in the oxygen gas are represented by, 

where M, is a collision pamer (MI = 0 and M2 = 0 2  in the present case), KF and K, are the forward 
and backward reaction rates. 

The vibrational energy is assumed to be in equihbrium with the translational and rotational energies at 
the local gas temperature. The governing equations for one-dimensional unsteady gas flow through nozzles 
with dissociation nonequilibrium are given by ~nderson ' .  The inclusion of solid particles in the flow will 
modify the set of governing equations with added interaction terms and additional conservation equations 
for the particle phase. The drag, and heat-transfer coefficients and the gas-particle mixture viscosity are 
considered in the form given by Gottlieb and ~ i t z e P  and Gottlieb and Coskunses3. The set of equations 
governing the flow are described in a recent paper by Reddy er a1 4. 

The wupled nonlinear panial differential equations, goveming the unsteady gas-particle nozzle flaw with 
dissociation nonequilibrium of the gas phase are solved numerically using a time-marching technique which 
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entails the finite-difference solution of the unsteady equations In steps of time, starting from assumed 
initial distributions of the flow-field variables throughout the nonle.  The steady-state nonequilibrium nozzle 
flow ~ o l u ~ o n s  are approached at large times. The effects of panicle diameter (dp) and the loading ratio 
(q) on the flow parameten are studied in a contour noale. 
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Typical steady-state d~stribution of flow-field parameters obtamed by solving unsteady governing 
equations numerically are presented In graphical form in Figs 1-4. The distributions of atom mass 
fraction, velocities, temperature and pressure of the gas-particle mixture along the length of the con- 
tour nozzle at loading ratio g = 0.5 and different particle diameters are shown in Figs 1-4. It is 
observed, in Fig. 1, that the atom mass fraction decreases suddenly at the nozzle throat and remains 
frozen downstream. This is due to sudden expansion of the flow downstream of the nozzle throat 
resulting in fast cooling of the gas phase In the contour nozzle. This leads to freezing of molecular 
collisions which results in freezing of atom mass fraction. 

The velocity distributions given in Fig. 2 show that a significant velocity slip between particle and 
gas phases develops even in the subsonic region of the nozzle and the slip in this region increases with 
the increase of particle size. The velocity slip reaches a max~mum value immediately downstream of 
the throat and reduces towards the exit of the nozzle for 2-pm-size particles. However, for large-size 
particles the decrease of the slip towards the nozzle exit is negligible. 

Steady-state distributions of temperature of the gas and particle phases along the axis of the nozzle 
for different particle diameters at loading ratio g = 0.5 are shown in Fig. 3. The temperature (T) of 
the gas phase in gas-particle nozzle flow is higher than the corresponding temperature of the pure gas 
flow for smaller particle diameters. This is due to the fact that in the former case the expansion is 
slower than in the latter. It is also evident From this figure that a large temperature slip exists between 
the gas and particle phases. The large slip noticed near the throat is due to the sudden flow expansion 
with flow characteristic time smaller than the characteristic time of particle relaxation. 
The slip increases with the increase of particle diameter due to frozen flow conditions. This implies 
that the heat transfer from the particle phase to the gas phase is negligible at large particle 
diameters. 

The steady-state pressure distributions of the gas-particle flow along the axis of contour nozzle 
are shown in Fig. 4 for different particle diameters at 11 = 0.5. These results show that the pressure 
distribution tends towards that of pure gas nozzle flow for large particle diameters. The effect of 
loading ratio g at a fixed particle diameter 04 the atom mass fraction is also studied and detailed 
results are presented in the thesis. It is observed that as the loading ratio is increased the gas-particle 
mixture becomes heavy and less compressible as a result of which the flow moves towards that of 
isothermal and subsonic states. 

4. Conclusions 

The gas-particle nozzle flow with dissociational nonequilibrium of gas phase has been analysed. The 
steady-state distributions for the atom mass fraction, velocities, temperatures and pressure of the gas 
and particle phases along the axis of a conical nozzle are computed. The analysis shows that the atom 
mass fraction of the gas phase in gasparticle nozzle flows is unaffected by the presence of particles, 
irrespective of their size at low loading ratio (1 5 0.5). The atom mass fraction variation along the 
nozzle tends towards the frozen limit as the loading ratio increases. 
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Thesis Abstract (Ph.D.) 

Fatigue crack closure under controlled stress intensity and temperature exposure by 
K. K. Brahma. 
Research supervisor: B. Dattaguru. 
Department: Aerospace Engineering. 

1. Introduction 

With the increased emphasis on 'fail-safe' or 'damage tolerant' design of high-performance aerospace struc- 
tures, the ability to accurately predict fatigue crack growth life in structural components has acquired 
importance. Attempts to predict variable amplitude crack p w t h  from constant amplitude m c k  growth 
rate data wihout consideration of load interaction effects generally fail. A review of various methods 
available to model fatigue crack growth reveals that the method based on the well-known crack-closure 
phenomenon appears to be the best as it can lead to prediction of a large number of observed phenomena. 
This work provides a detailed study of crack-closure phenomenon and load interaction effects under various 
types of stress intensity-controlled fatigue testing with and without a single overload cycle. 

2. Experimental programme 

Automated fatigue testing facility was used for K-controlled-K-constant, K-increasing (constant stress 
amplitude) and K-decreasing - nack-growth tests. A crack mouth-opening displacement (CMOD) ga&e 
was designed, fabricated and calibrated for crack length measurement. Crack length measurements were 
validated by using rpeciaily designed marker loading which leaves markings on the fracture surface. The 
marker spacings were measured using an optical microscope. 

An improved technique for processing of load vs CMOD measurement data was developed for estimation 
of crack-closurelopening stress level. Crack-closure stress values thus ohtamed were validated by using an 
accurate fraaographic technique'. 

3. Results and dueusston 
Typical variation of crack growth rate and So&, with respect to crack length for the case of constant 
K test with a single 1M) per cent overload cycle is shown in Fig. 1. The crack-opening stress level has not 
mme back to normal (expected value without overload) at 17 mm whereas the experimental growth rate 
shows that it has returned to normal. It means that at 17 mm the crack tip must have been fully open at 
37 per cent of maximum load even though CMOD gauge estimates crack opening value of 64 per cent of 
maximum load. This apparent inconsistency can be resolved if it can be imagined that crack tip opens at 
37 per cent of maximum load, but some other location in the wake still remains closed even up to 64 per 
cent of maximum load. One can expect that if the wedge action by the overload plastic zone in the wake 
is removed then the CMOD gauge will pick up the crack-tip-opening stress level. This fact was verified 
by drilling out the overload plastic zone in the wake when the growth rate came hack to normal. Figure 
1 also shows that the nackapening stress level has dropped from 64 to 37 per cent of maximum load 
immediately after removal of the overload plastic zone. This confirmed that the CMOD gauge was indeed 
picking up the stress level at which the overload plastic zone in the wake was open rather than the 
crack-tip opening level. So it was successfully analysed that CMOD gauge measurements of crack closure 
muld be erroneous after overload cycle, though the measurements were reliable for smoothly varying K tests. 
This observation explains the problems faced by some of the earlier workers2 in interpreting fatigue 
growth and crack-opening mess level variations obtained with CMOD measurements. 

Newman's crack closure modeP was used with some modifications to study load-interaction effects. The 
rigid-perfectly plastic deformation along the crack line used by Newman was modified to elastic-perfectly 
plastic deformation. Using a similitude approach that the fatigue crack propagation would he similar for 
identical stressintensity range, the fatigue crack growth in a single edge notched tension (SENT) specimen 
was simulated analydcally in a center cracked tension (CCT) specimen. Predictions of crack opening stress 
levels and fatigue crack growth under K-controlled conditions made using the model were compared with 
test results obtained in the experimental programme. 
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Effect of temperature exposure on fatlgue crack growth retardation due to the applicat~on of an overload 
cycie was analysed. Temperature effects at zero applied stress were analytically modeled based on stress 
relaxation due to creep. During cvposure to elevated temperature, the rlastic strain due to residual stresses 
is converted to creep strains thereby decreasing the crack-opening stress Levels. Acceleration of crack 
growth rate 1s explained by this model. Qualitative comparisons between experimental data and analytical 
model are found to be good. 

4. Conelusionr 

The follow~ng conclusions have heen drawn from this investigation: 
a. A crack mouth-opening displacement (CMOD) gauge can be used to measure crack tip closurelopening 

stress level under smoothly varying load sequences, such as K-increasing, K-constant or K-decreasing 
tests. However, for a large (100 per cent in these experimcnts) overload cycle superimposed on smoothly 
varying K function. CMOD gauge-measurements do no1 necessarily provide the crack tip-opening stress 
level. In such cases, one should be careful in using CMOD gauge-measured crnck closure in correlating 
fatigue crack growth. 

b. The reduction in residual compressive stresses and hence crack closure due to temperature exposure 
could explam the efftfect of decrease in the retardation produced py overload cycle. 
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Thesis Abstract (Ph.D.) 

A study on hygrothermal effects on advanced composites and adhesively bonded joints 
by R. Gopalan. 
Research supervisors: B. Dattagum, T. S. Rarnamurthy and Gangan Pradhap (NAL). 
Department: Aerospace Engineering. 

1. Introduction 

Composite materials are being increasingly used for structural applications in aerospace vehicles. These 
materials have numerous advantages such as high specific strength and stifmess, ability to tailor to desired 
strength and stiffness in different directions and improved fatigue resistance. In spite of these advantages, 
one could identify several gray areas before these materials could be used confidently in the primary 
structural components. One such area relates to the effect of exposure to hot, humid working environment, 
which could result in degradation of strength and stiffness of these materials. Therefore, the effect of 
moisture and temperature exposure on various advanced composites and their hybrids is studied. Extensive 
experimental programme was conducted to study the diffusion characteristics, degradation in mechanical 
properties of permeable and impermeable fibie composites and epoxy resin in thin film and bulk form 
and the failure processes with acoustic emission and scanning electron microscopic methods. Besides work 
on the basic materials, analytical and experimental studies on the effect of exposure to environmental 
conditions of composite-composite adhesively bonded joints is carried out. Significant aspect of this study 
is the development of methods to predict the strength of adhesively bonded joints using an average stress 
aiterion on the stress distribution near the ends of the lap length. 

2. NIateriah 

The materials used in the present study are GFRP, CFRP, KFRP, CIGFRP and W R P  composites and 
epoxy resin (LY556 + Hl972) as matrix material and adhesive in bonded joints. Out of these, the Kevlar 
fibre is a permeable fibre which absorbs moisture, whereas CFRP and GFRP are impermeable fibres. 
Based on the nurent-day acceptance standards, it was decided to study the maximum degradation of 
composites in fully saturated moisture conditions. The temperatures used for the study are fixed at room 
temperature and 70°C. 

3. Experimental 

The experimental work was initiated with studies on the diffusion characteristics of various composite 
materials to estimate the maximum moisture content and the time to reach moisture saturation (Fig. 1). 
Experiments were conducted on all the composites and their hybrids to check the adesuacy of Fick's law 
of diffusion. Within the range of the tempdrature considered,. Fick's law was found io  he adequate for 
both permeable and impermeable fibre composites and the time taken for saturation could be estimated 
on the basis of this anGytical model'. 

- 

The next important aspect dealt with is the degradation of mechanical properties of the composite 
materials and the resin system due to environmental exposure. The same epoxy resin system is used as 
matrix in composites as well as adhesive in bonded joints in the present work. So, it has become important 
to study the properties of the resin and their degradation due to environmental effects in both thin film 
and bulk form. A special torsional test rig was developed and used to determine hygrothermal effects on 
the shear strength and shear modulus of neat resin in thin form ranging between 0.1 and 0.5 mm thickness. 
The neat resin along with its mould could be exposed to environmental conditions and tested for degrada- 
tion of the properties2. For the composite plates and resin in bulk form standard tests such as tensile test, 
short beam shear test and plate twist test were conducted with and without exposure to hot humid condi- 
tions3. The degradation in mechanical properties 1s found to be larger for Kevlar fibre composites. A 
typical range of loss in stiffness in KFRP is about 30 per cent and the loss in tensile strength in all 
compMites is about 1@15 per cent. Further, acoustic emission (AE) monitoring during the tensile test 
and scanning electron microscopic (SEMI studies on the fracture surfaces of various composites were 
conducted to understand the failure mechanisms before and after exposure to environmental  condition^'.^. 
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These studies have confirmed that exposure to envvonmental conditions results in change m the failure 
mechanisms from brittle to ductile. The studies also revealed excessive fibre pull out and fibre slipping in 
the exposed specimen showing considerable loss of the fibre matrix mterfacia! strength due to environmen- 
tal exposure. 

Adhesive bond~ng is preferred to mechan~cal fastening for joining composxe structural components. 
Experiments were conducted to study the degradation of joint strength and change in the failure 
mechanisms in single iap-bonded joint with varlous composite adherends. Expenmental studies were re- 
ported on drydry ,  wet-wet conditions of adherends and adheswe. The wet conditions correspond to full 
moisture saturation in both adheslve and adherends. The joints were tested to failure in tension and the 
failure mechanisms aere  studied by using AE and SEM techniques. Tensile tests have revealed degradation 
of about 13-20 per cent joint strength due to environmental exposure. The failure mechanisms in the jomt 
showed predominant cohesive failure in the adhesive with certain regions near the ends of lap length 
showing interlaminar failure in the adherends in both exposed and unexposed joints. Acoustic emission 
results of cumulative counts 18s load level was easily explamed on the bass that failure mechanisms change 
from brittle to ductile due to environmental exposure. 

4. FEM analysis 

The final part of the work presented is on the finite-element analysis of adhesively bonded joints and 
method for prediction of joint strength. Smgle-lap adhesively bonded joints are known to undergo excessive 
rotation in the lap region due to eccentricity in the load-transfer path. A geometrical nonlinear analysis 
based on available software GAMNAS was used for this study. The shear stress and peel stress distribution 
along the lap length of the joint was determined for varied enwronmental conditiomng of the adherends 
and adhesive6. Typical shear stress ratio vs lap lengths for CFRP-CFRP single-lap joint is shown in Fig. 
2. The software was enhanced with pre- and post processors and modules for predicting the joint strength. 
The original and degraded properties of the composites and the neat resin in thin film form are used for 
the analysis. During the fabrication of joints a small spew was also noticed at the ends of the lap length, 
hence the spew was also modelled in the finite-element analys~s. Since the dominant failure mode observed 
in the joints was cohesive adhesive failure, it was proposed to predict failure of the joints using the 
maximum shear stress criterion. 
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two-dimenaonal plane-strain analysis of these jomts, this criterion required a modification. The 
maximum shear stress value at the ends of the lap length obtained from the finite-element analyis was not 
reliable and in the absence of the spew, it could result in an unrealistic stress singularity. In order to 
overcome this, an average stress criterion was used. The stress distribution in the vicinity of the ends of 
the lap length was averaged over a characteristic length (a.) and the average stress was compared with 
the shear strength to predict failure. The value of a was esttmated such that the analytically predicted 
strength is equal to the experimental value. This characteristic length is nondimensionalised (ZJ with the 
lap length of the joint. The value of estimated in all the jo~nts had shown consistency. The value of 
a estimated is nearly equal to 3 per cent of the lap length and varies between 2.9 and 3.2 per cent for 
all the joints. 
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Thesis Abstract (Ph.D.) 

Studies on reliability of reinforced concrete beams in cracking and ferrocement ele- 
ments in tension and flexure by K. Balaji Rao. 
Research supervisor: Prakash Desayi. 
Department: Civil Engineering. 

Robabllistic analysis and development of reliability-based design formats is an active area of contemporary 
research. However, we have not mme across in literature investigations dealing with probabilistic analysis 
of cracking in rc beams and strength and deformation of ferrocement elements. In the present study, 
Monte Carlo simulation technique is used to determine the statistical properties of vanables considered. 
The ~10ssseCti0nal dimensions, strengths of materials and prestressing force (in case of pretensioned fer- 
rocement elements) are treated as random variables. The mean and nominal load and resistance factors 
ate determined for a load and resistance factor design (LRFD) i n m a t  using an advanced first-order 
sewnd moment method. The form of the LRFD format chosen is, 

where R, D and L are resistance, dead load (effect) and live load (effect), respectively; +, ID and r~ are 



IlSc THESES ABSTRACTS ' 323 

resistance, dead load and live load factnrs. The parameters considered in developtng LRFD format are: 
(i) nature of live load distribution, (ii) coefficient of variation of hve load, (iii) ratio of meall l!ve load to 
mean dead load, and (iv) target reliah~lity indcx. 

2. h h b i l i s t i c  analysis of cracking moment and rchbility-bmd dwign of re beams at limit state d cracking 

2.1. From probabilistic analysis of cracking moment (M,,) of 22 reinforced concretc beams. M,, is found 
to follow normal distributmn a t  95 per cent confidence level. Thc dcgree of uncertainty associated with 
M ,  is  noted to be significant compared to that of ulrimate moment of ic flexural members. The proposed 
characteristic cracking moment (M&) equation is 

where is the mean cracking moment. 

2.2. From reliabihty-based dcsign, it 1s concluded that both the nature and coefficient of variatmn of live 
load distribution do not have significant effect on resistance and load factors proposed. 

3. ProhabilisLic analysis and stochastic modelling d cracking of rc beams 

3.1. Three singly reinforced concrete beams of rectangular croaasection are tested under symmetrical third 
point loading. Strarns, spacings and widths of cracks are measured at different stages of loadmg. F ~ o m  
the prababilistlc analysis of strams, crack spacmgs and crackwldths of three beams, it is found that: (a) 
the nature of probability distribution of strain at thc level of steel depznds on the magrntude of applied 
load, (h) nature of distribution of crack spacing and crackwidth depend not only on the magnitude of 
applied load but also on the way in which the steel is distributed in the tensron zone. 

3.2. Based on the results of probabil~st~c analysis of maxmwm crackwidths of 24 rc beams, a failure rate 
analysis method, wbch is consistent with the Monte Carla and that takas into account the fact that 
cracking is a wear-out phenomenon, is proposed. Uaing this method, reliability of rc beams against limit stare 
of crackwidth at various stages ot loading is computed. The mean moment to failure determined using the 
proposed method are compared with the enperimental values and satisfactory agreement obtained. 

3.3. A nonhomogeneous Markov chain model is proposed to model the maximum crackwidth process m rc 
beams. The relevance of the model is justified and general equations tor transition probabilities are derived. 
Assuming that maximum crackwidth a t  two succesbivc stages of loading follows a joint Gaussian distribution, 
cxprersions for iransitlon probabilities are derived. As an immediate application of the model, the maxmum 
crackwidth states of three beams testcd arc predicted and satisfactory agreement is obraincd with the test data. 
The model facilitates in thc prediction of future rtatc of cracking of the beam given its present stale. 

4. Probabilistic analysis of strength of ferrocement in tension 

4.1. A total of 435 mesh wires have been tested m tension and from the statistical analysis of the test 
data it is noted that ultimate strength of mesh wircs follows a two-parameter Weibull distribution. 

4.2. The results of probabillstx analys~s of cracking stress and ultlmate load of 36 ordinary and 180 light- 
weight ferrocement specimens tested in tension' arc compared with experimental values to propose equa- 
tions for characteristic cracking stress and characteristic ultimate moment. The characteristic cracking stress 
equarlons for ordinary and hghtweight ferrocement elements are obtained separately. The characteristic 
ultimatc load (P:) of ferroccment is given by, 

P: = 0.764 & a,, (3) 

=here A, is the arca of mesh wires running in the direction of applied load, and a,, the ultimate strength 
of mesh wire. 
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4.3. Theoretical model to determine the upper and lower bounds for ultimate load are developed using 
dassicaI chain-of-bundles concept. To determine the reliability of ferrocement, near ultimate expressions 
that take into account the number of bundles and the number of mesh wires in a bundle are derived. 

5. ProbabiUstir analysis of ferrocement flexural elements 

5.1. Deterministic methods are proposed to determine cracking moment (M,.), ultimate moment (M,), 
and Load-deflecuon (P-8) behaviour of ferrocement flexural elements using the test data of 37 specimens 
of shape and size normally encountered in practice. Out of 37 specimens, six are trapezoidal crossseetion 
roofing elements2, nine are channel crosssection floor elements3, 16 are built-up I-joists', and six are 
monolithic I-joists (tested in the present investigation). Two methods are proposed to predict each of M, 
and Mu. A bilinear equation is proposed to compute short-term deflection. The computed M,, Mu and 
deflections under working loads are compared with their respective experimental values and satisfactory 
ageement is obtained. 

5.2. Based on the observed strains and maximum crackwidth data of six monolithic I-joists tested in the 
present investigation, equations are proposed to determine strains, crack spacings and crackwidths in such 
sections. 

5.3. From probabilistic analysa of M, and Mu (using both the methods) it is found that they follow 
normal distnbutions at 95 per cent confidence level. Equations for characteristic cracking moment (M:,) 
and characteristic ultimate moment (M:) are proposed. They are, 

cracking moment: 

M:, = 0.74 ?&, (Method I) 
M:, = 0.75 Mu (Method II) 

ultimate moment: 

M: = 0.82 (Method I) 
M: = 0.83 (Method 11) 

where a, and Gu are mean cracking and ultimate moments, respectively. 

5.4. From probabilistic analysis of short-term deflection (S), it is observed that S at working loads follows 
log normal distribution at 95 per cent confidence level. The proposed characteristic short-term deflection 
(S*) equation is 

where 8 is mean deflection. 

5.5. Probabilistic analysis of crack spacings and crackwidths of ferrocement elements of different shapes 
considered is canied out. It is found that the nature of probability distribution of crackwidth is influenced 
by the presence of tension flange. 

5.6. The redstance and load factors derived for LRFD format are presented in the form of tables and 
graphs. These o n  be used in the design of ferrwment flexural elements against Limit state of collapse 
in flexure. It is noted that the values of resistance and load factors depend on nature and coefficient of 
variation of live load distribution. 

6. P m W i  aoalyds of pmtensioned ferroecment elements 

6.1. Probabilistic analysis of M, and M. of six pretensioned and two non-prestressed trapezoidal mafing 
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elementss; six pretensioned and two non-prestressed channei-type floor elements6 is carried out. The effects 
of coefficient of variation of compressive strength of mortar (4) and coefficient of variation of prestressing 
force ( 0 , )  on statistical properties of M, and Mu are studied. From this, it is found that: (i) the variations 
in 4 and 0, affect the nature of distribution of M,, and M., (ii) Me, of roofing and floor elements follows 
normal distribution at 95 per cent confidence level for various combinations of 0, and a,, and (iii) for 
a, = 0.20, and 01 = 0.15, Mu of roofing elements follows normal dis:nbution a: 99.9 per cent confidence 
level, while Mu of floor elements follows log normal distribution at 95 per cent confidence ievel. 

6.2. The proposed equation for charactenstic cracking moment (M.3 of roofing and floor elements is 

where a, is mean cracking moment. The characteristic ultimate moments (ME) of roofing and floor 
elements are given respectively by 

M; = 0.90 ?ifu (floor elements) (7) 

where Mu is the ultimate moment. 

6.3. Mean and nominal resistance and load factors are derived for LRFD format, for roofing and floor 
elements separately. The results are presented in the form of tables and figures. One of the conclusions 
drawn from this study is that the nature and coefficient of variation of live load distribution have significant 
effect on partial safety factors. 

6.4. From the results of probabilistic analysis of short-term deflection (6) of pretensioned roofing and floor 
elements, it is found that S follows log normal distribution at 95 per cent confidence level. The characteris- 
tic deflection (d*) is obtained as, 

where 6 is mean deflection. 

7. Conclusions 

7.1. The above studies are expected to be useful in a better understanding of: (a) first crack strength and 
making of rc beams, (b) first crack and ultimate strengths of ordinary and lightweight ferrocement in 
tension, and (c) strength and behaviour of non-prestressed ferrocement elements. 

7.2. The characteristic strength equations proposed will be useful in the analysis and design of members 
on a probabilistic basis. 

7.3. The resistance and load facton obtained for LRFD format can be used in the design of elements, 
and can provide the information required in the formulation of Codes of Practice. 
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Thesis Abstract (Ph.D.) 

Behaviour of electrically stressed thin silicon dioxide ((SO2) films by K. S .  Guru- 
murthy. 
Research supervisor: M. Satyam. 
Department: Electncal Communication Engineering. 

1. fnlrodoction 

The importance of thin BO, films is felt in many fields of semiconductor industry. The three major fields 
are: i) Short channel and sub-micron dcvices, ii) Large scale dynamic random access memones (DRAMS), 
and i i )  Nan-volatile electrically erasable programmable read only memories (EEPROMs). In all thc above 
applications, reduction of gate oxde thickness a a must to improve the performance in metal oxide 
semiconductor (MOS) integrated cucuits (ICs). Electncal breakdown of thin SiOz films is a major cause 
of circuit failure in largescale DRAMc. In EEPROMs the nrpture of the very thin tunnel oxides is the 
principle cause of writelerase (endurance) cycling failures. So a good understanding of the physical effects, 
resulting from the zpplication of Large electric ficlds applied to thln oxrdes is needed. Keeping this object 
in mind, three important investigations have been carried out in this work: i) Effect of electrical s t res  on 
t& I-V characteristics of MOS diode, ii) Time-dependent oxide breakdown (TDOB), and iii) Post-break- 
down choracteristin af the MOS diode. 

2. Rehew and experimental work 

A good curvey of research efforts in the thin Si02 films could be found in Beadle el nl'. There are three 
well-known models explaining the breakdown mechanism in thin SiO, films". Cnjstalloera~hic distortion . - . - .  
of the broken down oxide was studied through erosssection transmissron electron microscop- CXTEM) by 
Chou ei el6. In this work, an effort is made to explain the TDOB characteristics and the post-breakdown 
characteristics by suitable theoretical and qualitative models, respectively. 

The samples used were MOS diodes. They were fabricated by Semiconductor Complcx Ltd (SCL), 
Chandigarh, India. using state of art of 3pm technology. n e  thermally grown oxide was 300W in thick. 
HCL gas was used during the growth of owde to reduce the mobdc sodium Lon concentration in the oxide. 
Aluminum was sputtered on both sides (after etching the oxide from the bottom side of the wafer) of the 
l0-m dia wafer lo take contacts. In the case of n-type wafer the bottom side of the wafer was implanted 
to get ni layer which facilitated to provide ohmic contacts with aluminum. Square gate electrodes were 
delineated using standard phatolithography. The different square doh were i) 100 x 100pm2, il) 
WO X 2Wpm2, iii) 5M) x 5 ~ p m ' .  iv) 1WO X lWOpmZ, v) 2000 x 2000pm2. 

3. Discussion aod ","elusion 

V-I characteristics and TDOB characteristics of the sample were obtained using HP4145A (semiconductor 
parameter aoalyler), high-hquency C-V characteristics were measured using HP 4061A (semiconductor1 
complnent test system). 

V-I characteristics of the stressed samples were shifted to right. These are explained by the heip of 
elecuons and hales which were trapped in the oxide during electrical stressing. TDOB characteristics have 
been quantitatively explained. Change m potential profile of the oxide due to electron and hole trapping 
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explains the decrease in current with time. Multiplication of carriers and subsequent charging of these 
carriers would enhance the internal fields. This charges the value of a (rnult~plication coefficient) which 
in turn increases the number of generated carriers. This 1s a cyclic process and when the internal fields 
reach a critical value, an avalanche of carriers is produccd resulting in o n d e  breakdown. Ihus ,  our model 
shows that both electrons and holes are responsibie for the ox& breakdown. Mathematically computcd 
characteristics match the experimental curves closely. 

The post-breakdown characteristics obtained (i.r., the V-1 characteristics of tbe MOS sample after the 
oxide brcakdawn) were similar to a semiconductor rectifier in nature. The oxide undergoes a crystallog- 
raphic distortion due to nucleation"uring breakdown. The grown crystalhne slllcon due to nucleation was 
either smgle crystal or polycrystalline. This will lead to the formation of a junction at the interface of the 
grown crystal and the substrate. Since the grown crystal was like polycrystalime in nature, &n (or kp) 
junction was formed due to trapping of carriers in the polysilicon. 

In summary, MOS samples with thermally grown 300A-thick SO2 were subjected to electrical stressing 
and their V-I characteristics were studied. Experiments and the models revealed that the oxide contain, 
both electron and hole traps. These traps are responsible for the breakdown of the oxide films. The 
post-breakdown characteristics show a p-n lunctlon formation after the oxlde hreakdown which has been 
precisely attributed to nucleation and growth of silimn layers in SiOl layers. 
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Thesis Abstract (Ph.D.) 

Hybrid technique for adaptive delta modulators by V. D. Mvtri 
~ e s e a r c h  supekisor: A. P. Shivaprasad. 
Department: Electrical Communication Engineering 

1. lnhoduction 

To exploit the simplicity and excellent noise immunity characterist~a of delta modulation (DM), several 
adaptive schemes have been proposed and applied to the basic invention? Whde these coders (adaptive 
delta modulators) maintain simplicity, prowde the best performance in the presence of random and inde- 
pendent channel errors and are less prone to quantivng noisc, they have limited dynamic range due to 
slow attackldecay times. 

2. HCFIDM and MCVSDM 

The investigations carried out to develop new adaptadon algorithms which edhance the dynamic range of 
these coders without affecung the other performance factors. have resulted in some versatile ADM systems, 
v i z ,  hybrid constant factor incremental delta modulators (HCFIDM) and modified mntinuously variable 
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slope delta modulators (MCVSDM). The HCFIDM system combines the incremental type of instantaneous 
adaptation and the envelope type of syllabic adaptation. In the MCVSDM system, the syllabic filter excit. 
ing signal is made to vary as a function of the input signal level to provide slow changes in step size for 
small input levels and fast changes for large input levels. 

The HCFIDM and MCVSDM systems have been studied on a digital computer with Gaussian signal, 
sine wave and digitized speech as the coder inputs, and also their performances wmpared to simdar 
systems. The figure of merit used is the signal-to-noise ratio (SNR). With realistic values of the upper 
and lower limits of step sizes, a 55 dB dynamic range has been obtained as against 45 and 40 dB in the 
case of SVADM and CVSD coders, respectively. Effect! of channel erron and tendem encoding are also 
studied. The performance in each case has been found to be equal to that of the CVSD system. 

3. Resulb 

Simulation results have been verified by building necessary laboratory models. Both objective and subjec- 
tive testings have been carried out. Subjectively ~t has been observed that the HCFIDM and MCVSDM 
systems yield about 50 dB dynamic range at 32 kbls as against 40 dB in the case of SVADM and the 
CVDM systems. At the same bit rate, the mean opinion score of HCFIDM and MCVSDM systems is 
approximately four on a five-point rating scale. 
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Studies on dc reactive magnetron sputtering-l'reparation and characterization of Cu- 
CnzO cermet films by G .  Mohan Rao. 
Research supervisor: S.  Mohan. 
Department: Instrumentation and Services Unit. 

1. Introduction 

Cermeu are metal-insulator composites' whose properties can be tailored by controUing the metal- 
insulator ratio. They are prepared in thin film f o m  either by co-deposition of metal and insulator or by 
physical deposition of the metal in the presence of a ~eactive gas. Glow discharge sputtering is one such 
physical deposition technique. Problems of low deposition rate, rise in substrate temperature that are 
associated with nomal dc sputtering can be solved by adopting magnetron sputtering techniquei, apart 
from target poisoning which is common during dc-reactive sputtering. 

The present investigation is broadly divided into three distinct studies. Firstly, a magnetron cathode with 
high target u0lization, high deposition rates, lower operating pressure and low substrate heating has been 
designed and it! performance evaluated. The process of reactive sputtering of copper in oxygen and argon 
atmasphere has been studied at different oxygen partial pressures. This study gave an insight into the 
inteniepadence of the p r o m  parameters. Sewndly, using the reactive sputtering process, cermet films 
Of CIt€u?O have been prepared and characterized for electrical and optical characteristics. Thirdly, cermet 
films have been studied for spectral-seledive behaviour by measuring their solar absoptance and thermal 
emidance as a function of the composition. To measure thermal emittance accurately, a vacuum emissivity 
meter based on steady-state calorimetric technique has been designed and developed. 

2. E x p b e a t s l  trehniqoa 

Magnetron sputtering has been carried out in a home-made vacuum system capable of reaching an ultimate 
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FIG. 1 tiosmn zone of the magnetron rargct 

vacuum of 10.'' ton. and sputterme in the ilownward sputterine mode Iilrh-puntv areon (5N) and oxveen . - . - - .  . - .- 
(4N) have heen used as rputtcrmg and reactive gas, rcspectively. Pressure monitoring has been done urmg 
a Puani-Pcnmns muse combination cabhrated usme McLeod gauge aqatmt argon eaa Sheet rcslstnnce of .- - - - -  - -  
the films has been measured usmg an i n h e  iour-probe technique. Optical characteristics of thr deposited 
film, have been measured usmg a double-beam spccirophotometzr (Hitachi 330). 

Structure and componnon of the cermet films have been studied by x-ray diffraction and electron m l r  
roscopy. The volume fraction of copper In the films has been drtermlned by shldylng thc electron microg- 
rapha in an image analyser system. Thla study can bc crroncuua, il the films are homogencaus. To study 
the homogeneity at the film composition, Auger electron spectroscopy has bee* carried out for some 
typical wmples Depth analysis across the film thxkness showed thrm to be homogeneous 

3. Results 

To study the effcct of the magnetic field geometry on the performance ot the magnetron, four different 
magnet geomctrm have heen studied. Bared on this study, n was found that a nng magnet with an 
ehtcnded pole piece gcarnetly is more effective in achlev~ng reasonably good characteristics. It alsu bhowed 
that the magnetlc field strcngth dec~dea the lowest operating pressure and the uniforrnlty of field decides 
the uniformity ot erosmn. With the magnetnm developed during thls study3. a deposition rate uf 2 0 0 ~ h n i n  
with a current denaity of 5 m ~ / c m '  has bccn ohtamed at a pressure of 8x10-%torr. The substrate temp- 
erature nse under this conditmn is only 40°C as compared to 450°C at a lower current density and h~gher 
operatmg pressure in nolmal dc aputtering. Maxrnurn uniformity In deposited films has been achieved at 
an intereleclrode distance of 60 rnm and above. The crus~on zone constituted morc than 7 per cent of 
the tagc t  area (Rg. 1). Reactwe sputtering m argon and oxygen mirturca resulted in mterestlng changes 
m the glow-discharge charactcrist~cs. As the oxygen parlxal pressure is increased, the cathode potenl~al 
required to achlcve a particular current density increased, up to a critical oxygen partial prewre ,  beyond 
which ~t decreased. This is contrary to the results generally reported. It is normally observed that 
addition of even a small quantity of oxygen in thz system resulted in reducuon of cathode potentials at 
any current'. The anomalous hehaviour of cathode potent~als has been ~xplained on the basis of negativc 
ion furmalion and cathode poisomng effects. Due to negatwr ion formation depletion of electron5 takes 
place and this causes an Increase m cathode patenlials initially. After a critical oxygen presaure 1s reached. 
target po~soning starts and rmce the oxide has higher electron emission, the cathode potentials reduce; 
Once the target poisonmg 1s c&nplctc, the cathode potentials again mcrease. This 1s explicable because 
higher voltages arc rcquired to hreak the insulating layer and sustain the discharge (Fig. 2) .  
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Homogeneous cermet films of Cu-CuzO have been prepared5 with good control over composition. ~t 
an oxygen partial pressure of t o n  and a total sputtering pressure of 10.' torr, the volume fraction 
of copper reduced from 88 to 27 per cent, when the depos~tion was varied from 1200 Aimin to S25 hmin.  
This resulted in good control on the electrical and optical characteristics of the deposited films. The sheet 
resistance vaned from 10 ohmslsq to a few kilo ohmslsq, optical transmittance varied from 1 to 70 per 
cent. Cemets exhibited spectral selectivity and have good absorption in the solar spectral region. Selec- 
tivity was found to be dependent on the volume fraction of the metal present in the film. Good absorbing 
films are found to have a metal volume fraction of about 20 per cent and are stable up to 150°C in air. 

Modifications made on steady-state calorimetric technque6 resulted in measurement of emittance to an 
accuracy of 2 0.02 and the experimental time is about one hour, as compared to several hours reported 
earlier. 

4. Conclusions 

This investigation resulted m an understanding of the requirements for the des~gning of planar magnetrons. 
The Importance of magnetic field strength and unifom~ty in reduong substrate heating and achieving high 
deposition rates has been established. Homogeneous cermets have been prepared with good control over 
the composition. It has been shown that magnetron sputtering minimises the target poisoning effect. The 
glowdischarge characteristics in reactive sputtering resulted in a new explanation for the process. By 
considerine simde emenmental facts. the measurement of emlttance using a vacuum emissivity meter has - .  . 
been made rapid and accurate. 
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Vocuum, 1993, 40, 313-314. 

In Hondbook of rhm film rechnology (eds, L.. Mamel and R. Glang), 1970, 
pp 4-28, McGraw-Hill. 

Appl. Phys. A, 1990, 51, 423-426. 
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Thesis Abstract (Ph.D.) 

Interorganisational technology transfer from research to manufacture: A field study of 
adoption in India by G. Balaji. 
Research supervisor: K. N. Krishnaswamy. 
Department: Management Studies. 

1. Introduction 

It is generally accepted that the application of scientific knowledge 1s the most effective path for the 
chronically underdeveloped countries to achieve rocio-economic development. This a the basic premise for 
technology development programmes the world over. However, over the last few decades, these program- 
mes in most countries have hardly been successtul. Both the production of scientific knowledge and its 
diffusion into the economy have not reached levels wherefrom material progress of the people of the 
country could be accomplished. Despite huge investments in national R&D in India, 11s effect on Indian 
industry has not been very significant'. This state of affairs has led to a decadence of the institution Of 
indigenous research and to consequent questions about its very necessity. Investigation into the reasons 
for the ineffectiveness of indigenous research and halting this erosion of credibility in it, thus, assumes 
paramount importance. 
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While problems of technological choice, project selection and R&D management are encountered in the 
production of scientific knowledge, socio-economic, technical and behavioural barriers have to be con- 
tended with in its application to all forms of human activity. The latter have been referred to as the 
problems of technology transfer (TT). This work undertakes :o investigate some of these problems. 

2. Perspectives of the study 

The study envisages three basic entities of the process of TT-the donor system, the receiver system and 
a mode of interaction between them. These entities have been used to develop an exhaustive taxonomy 
of TTs. Based on a few case histories of TT in India, interorganisational TT is postulated as a subprocess 
in the process of technological innovation. Further, the TT process is considered as the process of effecting 
a shift in the managerial control over the innovation process during some point in the time period spanned 
by the innovation process. As a consequence of this, it is useful to consider the process of TT, not in 
isolation, but as a part of an overall non-integrated innovation proccss. 

Therefore, in order to understand the process of TT from government-aided laboratories to indusuy in 
India, considering it as a part of the non-integrated innovation process, it is necessary (a) to identify those 
variables and factors that significantly differentiate between successful and failed TI'S; (b) to test various 
hypotheses available in the literature on innovation and TT in the Indian environment: and (c) to suggest 
procedural and palicy changes based on the results. These are the objectives of this work. 

An adopter-oriented model of the process of TT is proposed. Three groups of variables, totaling 40, 
are identified as potentially important ones affecting this process; of these, 16 are firm-related variables, 
one is a technology-related variable and W are contextual variables. 

3. Fiesearch design 

A field of 100 cases of TT in India was conducted and information on these variables was obtained 
through a questionnaire. Method of data collection was both through mailed questionnaires and personal 
interviews. In order to meet the objectives of the study the data were subjected to three Independent 
analysis; a pair-wise comparison analysis', a factor analysis and discriminant analysis of 86 cases of 'IT3 
and a coirelational analysis of 86 cases of w. For the pair-wise comparison 30 success-failure pairs of 
instances of technology transfer (for the same technology) were identified. Pairing of TT cases enabled 
the control of technology-related variables. 

4. Results 

The pair-wise comparison analysis identified 24 variables that significantly differentiated successful and 
failure cases. Differences in the set of significant variables for product and process innovations were also 
observed. These differences arising out of the size of the recipient firms, the market structure under which 
they operate and the extent of technolorn and market determinateness of product and process technologies, . . 
imply the need for a differential treatment of product and process TTs by managers. This result was 
reiterated by the correlational analysis working under a different set of statistical assumptions. 

The success of the delicate operation of transferring a partially developed technology from one organi- 
sation to another is based on a good 'fit' between the donor and the recipient organisation in terms of 
project objectives, personnel, and technical skills. These contextual variables are major factors that 
affect the process of technology transfer. The results of the analyses clearly bring out the predominance 
of contextual variables. The perceived stage of development of the technology is an imponant variable in 
both product as well as process technologies. Firm-related variables like technical progressiveness, manage- 
ment strength, and innovative marketing, were found to be good predictors of success in technology 
transfer. The results of factor analysis resulted in the definition of nine 'real' factors that significantly affected 
the process of technology transfer. A multiple disrriminant analysis using these factors correctly classified over 
75 per cent of the cases. ?he implications of these results for the donor of the technology (like the funding 
procedure for R&D projects in laboratories) are discussed. For the redpiem of the technology, the implications 
Of these results are the need for efficient coordination between the different elements and organisations in- 
volved in each of the TI process. 



332 TISc THESES ABSTRACTS 

References 
I DEW, A The migin and dmctmn of industnd research m India, Rcr. Poirc~. 1980, 9, 

71-96. 

2. SAPPHO Success and f o i l m  in rndurriol mnovolion: Repoit on Project SAPPHO, 
Centre for the Srudy of Iadustnal Innovatton. 

3. B ~ n Z m r ,  S N. Technology transfer from defence to civdian sector in Israel. Meth~dole~  
and findmgs, ia Industrial fchnolog rnn~fer, Cmon, M. J and Damdsor,, 
H F. (edsi.1977, pp 217-244, Noordhoff. 

4 C H A K R A B . ~ ~ I ,  A K. AND Intciorganmtt~nal technolugy transfer. A study of adoption of NASA 
RUBENSIEIN. A H. innuvationa, IEEE T r m  . 1976, EM.23, 2C-34 

Thesis Abstract (Ph.D.) 

Transonic flow in a rotating turbine cascade of large pitch to chord ratio by - - 

M. V. A. Murthy. 
Research supervisors: S. Soundranayagarn and Pramod A. Paranjpe (NAL) 
Department: Mechanical Engineering. 

1. Infrodudion 

Thc rlmulation of high-stagger iow-turning turbine cascades with supersonic exit Mach numbers in a statlo- 
n q  plane cascade tunnel poses prob$ms like achieving periodicity of exit flow and measurement in a 
r u p e ~ n i c  flow field. Such turbine cascades can be conveniently simulated m a rotating rig and the mea- 
surements made in the absolutc frame of reference by stationary probes in the subsonic flow field. How- 
ever, in rotatmg cascade tests, there are a large number of problems that have ta he considered m the 
evaluation and analysis of the results. 

Radial traverse measurements downstream of rotating turbine cascades at high Mach number' show a 
very narrow region of flow free from annulus boundary layer. Even in the flow q i o n  away from the 
annulus boundary layer, the axial velocity density ratio (AVDR) across the cascade could be different 
from 1.0 showing that the flow e not two dimensional. In the high Mach numbcr range the variation of 
AVDR and its associated effects could be large. Such effects have been noticed during the past in statio- 
nary cascade tunneld,', but no results are avallahle on the magnitude of AVDR variation in rotating 
turhime cascades to assess its effects with reference to 2D flows. A high-speed rotating turbine cascade 
was built and detailed measurements made to investigate the effects of nun-two dimensionality. 

The measurement of internal flows in a rotating cascade will be affected by wall proxrmity effects on 
the probe readings. Such wall proldmity effects have been noticed by some worken',' in probe calibration 
rigs, but Little if any lnfomatlon is available on their effect in an actual turbomachine Special attention 
was paid in thrs study to evaluate the effects of wall proximity on the results. 

2. Pmgrpm or mrk 

Experimental investigatmns were camcd out in a high-speed rotating turbine cascade of high-stagger 
low-turning blades designed to simulate nearly two-dimensional flow, over a range of test conditions 
corresponding to blade incidence varying from O to 6 degrees and the relative outlet flow Mach number 
varying from 0-75 to 1.25. The setting of the incidence angle and the relative outlet flow Mach number 
during the tests was achieved by a proper combination of the flow rate through the cascade and the 
rotating speed. 

The meamring probes were calibrated in a Epecially built calibration rig over a range of flow Mach numben 
with the probe head at different distances fmm a wall. The resulh of these calib~ations were incorporated in 
he data reduuion pmgram to take wall proximity e f f m  into account in the casede evaluation. 
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For all the tested conditions of the rotating cascade, the local flow parameters along the blade height 
were initially eva!uated by the method of Lawaueck' which neglects the non-two-dmensional flow effects 
by assuming AVDR = 1. The data evaluation method of Lawaueck' was extended to include the effects 
of the measured AVDR across the cascade and these results were compared with detailed measurements 
of the variation of flow angle and Mach numbers, etc., along blade height. 

The pressure field at the tip relative to the blade was evaluated from traverse measurements of unsteady 
wall static pressure by a rapid response transducer. These results were compared with theoretical predic- 
tions based on the solution of the stream function equation by a finite difference technique. 

3. R d t s  and discussion 

The studies have shown that wall proximity has strong effects on the probe constants as seen in Fig. 1. 
The calibration data presented in Fig. 1 show that the presence of the probe stem also has a strong effect 
resulting in the variation of the probe constant along the height of the channel being unsymmetric with 
respect to the channel mid-height. 

Analysis of the rotating cascade measurements shows that wall proximity corrections have little effect 
on parameters like flow Mach number which depend on the ratio of pressures, while the neglect of wall 
efiects in the evaluation of parameters like loss coefficients which depend on the difference of presswes 
resulted in errors to the extent of 12 per cent near the wall. 

One of the most important results expected in a cascade test is the value of the outlet flow angle. Figure 
2 shows a typical variation of the measured exit-relative flow angle along the blade height. Under all the 
tested conditions, similar trends of variation were observed where the exit angle reduced considerably 
towards the tio. The exit-relative flow aneles were also evaluated bv the method of Lawaczeck' and bv 
the expression ws-' 01s for gauging angle. As seen in Fig. 2 these methods fail to describe the experimental 
variation oarticularh near the tio where the AVDR increased steeolv. These methods were then extended 
to include the eff& of the lo&lly measured AVDR. The result; of the modified method showed good 
agreement with the measured angle at all blade heights (Fig. 2) and at aU test conditions. The inclusion 
of AVDR effects in the expression for gauging angle improved the prediction, but is still inadequate to 
reproduce the measured values. 

The measurements showed that the exit-relative angle decreased quite rapidly with AVDR. At locations 
near blade mid-height where AVDR was 1.0, the variation of exit-relative flow angle with eixt-relative 
Mach number conformed to the known correlations of 2D stationary cascade results. This suggests that 
when comparison of the results in rotating cascades is made with those in stationary cascades and 2D 
computations, it should be with measurements around the blade mid-height region of the rotating cascade 
at the radius which gives the same AVDR. 

Figure 3 shows a typical pressure field relative to the blade at the casing wall obtained from traverse 
measurements of unsteady wall static pressure using a rapid-response transducer. This pressure field wrres- 
ponds to an incidence angle of 6 degrees. T'he isobar contours plotted in Fig. 3 indicate a local shock on 
the suction surface smeared due to tip clearance flows. At higher flow Mach numbers the local shocks 
were found to be further smeared and swept downstream. Reduced incidence angles resulted in weaker 
shocks. l 3 e  sobar cantour in Fig 3 shows a sontc line whxh Is h~ghl) cuned and crosec the flow paudge 
behmd the trailtng edgr S~milar m n a  lmes hate been observed in a 2D statmnan cascade tunnel at small 
supercritical pressure ratios a m s s  a high-pitch-to-chord-ratio turbine cascade6. 

The pressure field at the tip relative to the blade was also computed theoretically by solving the stream 
function equation. The wmputation was carried out for a stream thickness variation corresoondine to tbe . - 
measured AVDR at the t i p  The wmputed isobar contours were nearly normal to the blade surface. In 
comparison to this, the isobar contours obtained through measurements were distorted due to tin clearance 
flows and the contoun of equal strength on either sideof the blade surface joined together in tbk clearance 
gap running parallel to the blade chord (Fig. 3). Computations were also carried out on other profile 
sections for which experimental data were already available. The computation of the flow field past a VKI 
profile (fig. 44) PrediUed shock loeations is in good agreement with experiment with reference to the 
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FIG. 4.  Calcuiaced Mach number contours for errt Mach number of 1.05. 
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schlieren photograph avaibble in S~everdrng cr a17 The computed blade surface Mach number also was 
In agrecrnrnt with experimsnta in the suhsontc range of local Mach numbers, hut showed over expansion 
in :he transonic flow range. In the trsnsomc flow range, since the flow is sensitive to the area changes, 
the inclusion of boundary-Payer effects is expected to improve the pred~ctionr. 

4. Conclusions 

~t has been clearly established in the present study that !he effect of AVDR murl be inciudcd in any data 
evaluahon method that does not depend on a d~rect measurement of angle and stdtlc prcssure and that 
measurement at the mid-span does not ensure that AVDR etfects could be neglccted. The mclusinn of 
AVDR has given very good agreement with the measnrcd angles at all points along the bladc h e i ~ h t  and 
has also improved the svaluatiun ol loss coefficient. 

The study on the wall effects has shown that they have an important mfluence on the probe constant 
and that they should be taken into account in all internal flow measurements. The compuldtional results 
point to the importance of including boundarydayer effects in thc lransonlc Mach numher range where 
the flow 1s very sensitive to area cbangcs. 
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Thesis Abstract (Ph.D.) 

Electrochemical aspects of interactions among ball materials and minerals with refer- 
ence to grinding and flotation of complex copper-lead-zinc sulphides by M. K. Yelloji 
Rao. 
Research supervisor: K. A. Natarajan. 
Department: Metallurgy. 

Steel balls are being used for long as gnnding media in mineral processmg operations. During grinding. 
wear takes place due to abrasion, corrosion, impact and erosion. Several complex parameters tnvolvrng 
wmposition, hardness and microstructure of thc grinding media, hardness ratio of the ball to the mineral, 
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Frc 1 Roriltmn recovery of chalcopyrite afrer contoclmg 
wtth dtferent metallic matcnal\ undcr dbffercnt aeratton 
eondstiani (Pt' platinum. SS sta~nlrss steel. HS' hyper 
steel grinding rncdlum. MS: mild sied .md CI. crsl iron) 

o NO PRIOR CONTACT 
A Cp-HS (Ox-NolX) 

CP-HS 102- NO Nalx) 

I I I I 

" lo-' 1 0 - ~  102 
C~LLECTW CONCENTRATION. M 

Fro. 2 Floratmn recovery of chalcopynte as a function of 
:ollector concentration added either dumg guivanx in- 
reracrron with hyper rtecl or whzle condamning after sever- 
~ n g  the contacl (11,) xn Ihr presence and ahrence of gal- 
m n ~  mterdction. 

and mineral slyrry pH, pulp den?ily, conductivity and viscosity of the slurry are knuwn to influence the 
media wear significantlyP'. Apart from the environment in a mill, electrochemical and magnztic interac- 
tions could also mflueoce ball wear". Besides contributing towards hall wear, possible interactions between 
bails and minerals on the one hand and between mineral and mineral on the other could also affect the 
electrochemical and surface chzmical properties of individual sulphides, thus lntluenclng their subsequent 
response to flotation"'. The present atudy has therefore bzen addressed to electrochemical aspects of 
grinding and flotation of complex sulphides smcc a bait understanding of the electrochemtcal behaviour 
of sulphides such aa chalcopyrite. sphalerite and galena when present either mdividually or In various 
possible combinations would have practical implications in the processing of complex copper-lead-zinc 
sulphides. 

Major objectives of the present study therefore include 

1. hvcstigahons on the effect of single mineratgrinding media galvanic interaction on the flotation of 
chalcopynte, sphsler~te and galena. 

2. Studies on the role of mineral-mineral interaction as dlst~nct from that o i  glinding media-mineral 
interaction on sulphide flotation with respect to chalcopyrite, bphalrrite and galena in different possible 
combinations. 

3. Examination of the influence of the presence of a grinding medium on different bi- and trlmineral 
interactions, and 

4. Assessmenr of the relative significance of grinding media wear during chalcopyn'te ore grinding under 
different experimental mndit~ons and its effect on flotation. 
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RG 3 Wear of hyper sror: bd 1, durmy, vhclcupynre ore 
wet grindme as a hinction of time and difiercnr veiatlon 
conanions in ihe presence and absence of sod~um ~ropropyl 
xanihare (NaX) collecror 

2. Experimrntai programme 

Initial elzctrochem~cal studies were confined to the measurement of steady-state rest potentlais for different 
iulphide minerals and ball materials both in the presence and absence of floration reagents. Besides rest 
potentials, the combination potentials and galvanic currents under different mineral-mmeral and mineral- 
grinding media couples were also measured. Marked ball grinding tests were carried out by using hyper 
steel balls and chalcopyrite ore. 

Flotation tests after vsnous types of galvanic interactions u,ere carried out by using a Hallimond flotation 
CeU. Bench-scale flotation tests were also carried out for chalcopyrite ore after grinding with hyper steel 
balls using a Denver flotation cell. 

Suriace analysis studies were carried out by using a) AES and ESCA, b) scanning electron microscopy, 
and c) cyclic voltammetry. 

3. Main results and conclusions 

The results indicate that prior galvanic interaction with the grinding media affects deleteriously the flota- 
bility Of chalcopyrite mineral (Fig. 1). Similar observations were also made with other sulphide minerals 
such as sphalerite and galena. Surface anaiysis studies through ESCA and wdic  voltammetry indicated 
the presence of oxy-hydroxide species of iron on the interacted sulphides which'alters the surface chemistrv 
of the mineral. The decrease in Uoatab~lity of the suiphide mineral after contacting with the ball material 
could therefore be expla~ned on the basis of iron dissolution from the grinding media and its subsequent 
adsorptioddeposition on the sulphide mineral The influence of such galvanic effect on the 
floatability of a sulphide mineral is dependent on the duration of contact, as well as the presence or 
absence of oxygen and of flotation reagents. The adverse effect on sulphide mineral floatability also ap- 
Pears to be directly related to the erient of anodic r o n  dmolution from rhe grlnding media. The presence 
of a collector at the time of galvanic contact helps in minimizing such a deleterious effect on chalcopyrite 
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T&le I 
motation recovery of chakopyrite after wet grinding in the pseSMce of added 
coueetar to the mill (hyper steel ball grinding) 
- 
Coliecior Per cenr recovery 
concenrrmon 
added ro rhe mrN Nz Closed mrli 0 2  

34.1 18.8 13.1 

TO-~M 38.0 22.9 18.3 

~ o - ~ M  53.4 45.1 35.6 

(Fig. 2) and galena flotat~on, though not for sphalerite. In the case of sphalerite, the presence of a 
suEcient concentration of the activator alone during contact helps in minimizing such a deletenous effect. 

Due to galvamc interactions among sulphide minerals, the floatabibty of a relatively actne mineral in 
the combination was found to be only marginally affected, whereas that of the nobler mineral was found 
to be significantly lowered. The additional presence of a grinding medium during the above mineral-min- 
era1 contacts significantly lowered the flotation response of all the minersls. The formation of oxy- 
hydroxide species of iron on the sulphide minerals due to prior multirnineral-grinding media electrochem- 
ical interaction was found to be dependent on the relative electrochemical activities of the minerals; more 
favoured on the noble mnerals than on active minerals. However, accidental act~vation due to copper ions 
released from chalcopyrite and hence improved flotation recovery of sphalerite could be seen in bi- 
and trimineral combinations mvolving chalcopynte, sphalerite, both in the presence and absence of grinding 
medium. 

Grinding media-mineral interactions dunng chalcopyrite ore grinding contribute not only towards en- 
hanced ball wear but also affect deleteriously the flotation response of the ground mineral. The simultane- 
ous addition of collector during grinding, although increases the media wear (Fig. 3), was found to be 
beneficial from a flotation view point (Table I). Addition of chalcopyrite to quartzite in a wet-gnnding 
mill leads to an increase in the corrosive wear of balls, especially in the presence of oxygen. 

Electrochemcal mechanisms and models are proposed to explain the effect of different types of binary 
and ternary mineral interactions on the bulk and differential flotation of multisulphides containing chal- 
copyrite, sphalerite and galena. The effect of the simultaneous presence of a steel ball material in the 
above mineral combinations is also examined from an electrochemical view point. 
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Thesis Abstract (Ph.D.) 

Studies on 3-hydroxybenzoate-6-Rydroxylase in Micrococcus 
Rajasekharan. 
Research supervisor: C. S. Vaidyanathan. 
Department: Biochemistry. 

Sumathi 

1. Introduction 

Microorganisms play a pivotal role in the biodegradation of many toxic and recalcitrant aromatic com- 
pounds, the accumulation of which in the soil would lead to ecological imbalance. Two major problems 
that render these compounds resistant to natural detoxification are their hydrophobic nature and toxicity. 
Minoorgsnism remarkably adapt themselves on these compounds and degrade them by enzymatic hydroxyla- 
tion, thus making these compounds more soluble and less toxic. This aids in their further degradation. 

The ability to hydroxylate aromatic rings is mostly confined to a group of enzymes which activate and 
reduce molecular oxygen with the help of prosthetic groups such as FAD, pteridine or metal ions'. 

A class of hydroxybenzoates, namely, 2-, 3- and 4-hydroxybenzoates are monohydroxylated mostly at 
position ortho to the existing hydroxyl group by flavin-containmg external monooxygenases. Most of the 
studies on these flavoenzymes have been confined to gram-negative bacteria, namely, pseudomonads. How- 
ever, much remains to be explored concerning the reaction mechanism of these enzymes in gram-positive 
bacteria. 

A grampositive bacterium, identified as Micrococcus sp., was isolated by soil-enrichment techniques. 
The organism was found to be degrading 3-hydroxybenzoate through hydroxylation at 6th position to yield 
gentisate; this pathway is uncommon among bacteria. The flavoenzyme, 3-HBAd-hydroxylase catalysing 
this reaction is unique, that is, it introduces the incoming hydroxyl group at a position para to the exlsting 
group unlike other flann monoxygenases. The flavenzyme has been reported only in Pseudomonax sp. and 
very little is known about its reaction mechanism. These considerations prompted the present investigation 
which war aimed at studying the chemistry of action of 3-HBA-6-hydroxylase in Micrococcus sp. 

2. Results and conclusions 

The enzyme was purified to homogeneity by employing Blue Sepharose affinity chromatography. The 
purification procedure revealed the formation of a ternary complex from the enzyme, 3-HBA and Blue 
Sepharose. The steady-state kinetics and physico-chemical properties of the purified enzyme were 
examined. The enzyme had an M, of 70,000 without subunit StNctureS and was distinctly different from 
the isafunctional enzymes isolated from P. aeruginoso and P. cepacia2. The prosthetic group of the enzyme 
was idenuiied as FAD from the absorption and fluorescence spectra. The purified flavoenzyme catalysed 
a typical monooxygenation reaction which probably involved the sequential addition of 3-HBA, NADH 
and molecular oxygen in that order, to yield the product, gentisate. The uv-absorption and fluorescence 
spectra of the enzyme were typical of a protein containing urptophan residues. The far-uv CD spectrum 
of the e w e  showed that the enzyme had a-helical s e c o ~ d a q  structure. 

Fluorescence of tryptophan in a protein is highly sensitive to changes in the microenvironment'. A 
combination of results obtained from the studies on activity, fluorescence and circular dichroic properties 
Of the enzyme in the presence of denaturants such as urea, guanidinium hydrochloride or  SDS pointed 
out that the effect of these denaturants is localised and very subtle conformational changes in the environ- 
ment of Wtophan residue@), which is located at or near the active site of the enzyme, is responsible 
for the inactivation of the enzyme. 

Chemical modification studied suggested the probable involvement of arginine, histidine, cysteine and 
tryptophan residues in the activity of the enzyme. Physico-chemical studies on the modified enzyme indi- 
cated that the above-mentioned amino-acid residues are in close vicinity to each other and act in a a n -  
certed manner in the binding of ZHBA. 
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A detailed physico-chemical investigation on the formation of a reversible complex between the ox~dised 
flavoenzyrne and substrate under varying cond~tions was undertaken. A wide variety of kinetic and physical 
probes are available to monitor the conformational changes and ~nciude various types of spectroscopy5. 
Fluorescence and CD spectroscopic studies indicated the participation of various "on-covalent interactions 
such as electrostatic, hydrogen bonding and charge transfer in the stabilisatian of ES-complex. 

m e  mode of interaction of the enzyme with Cibacron Blue was studied since the dye specifically interacts 
at nucleotide-binding sites of enzymes such as dehydroaenases and kinases6 and as it was used as an . . 
affinity ligand for purification of the flavoprotein. The catalytic activity of the enzyme is sign~ficantly 
inhibited by Cibacron Blue. Kinetic studies showed that the dye competes with NADH probably for the 
same site on the enzyme. At concentrations below 0.5 ILM, the dye behaved as an uncompetitive inhibitor 
with respect to 3-HBA. A noncompetitive inhibition is observed at excess concentrations of dye wh~ch 1s 

due to the simultaneous formation of EI and ESI complexes. Equilibrium srudies, e.8.. quenching of 
intrinsic fluorescence and penurbation of the nea-uv CD spectrum of the enzyme by the dye indicate a 
change in the environment of tryptophan residue(s) of the enzyme which is either due to stacking of the 
indole ring of tryptophan upon Cibacron Blue or subtle conformational changes in the enzyme. The reduc- 
tion in the association constant for the binding of dye to partially denatured (1M urea) enzyme emphasised 
the role of hydrogen bonds in the formation of enzyme-dye complex. All these studies Indicate that 
Cibacron Blue is a valuable probe for examining the structure-funct~on relat~onship in thls enzyme. 

References 
1. HAYAIEHI, 0.. KATAGIRI, M. 

AND ROTXBERG, S. 

2. Warn, L-H., HAMUB, R. Y , 
Yu, Y. ANDTV, S. G. 

3. IIEas~ovm, T T. 

4. MEANS, 6.  E. nm FEMEI, R. E 
5. Cmu, N. 

6. THOMRDN, S. T.. CMS. K. H. 
AND STELLWAGEN, E. 

Mechanism of the pyrocnrechare reactson, J Anr Cltem Soc.. 1955. 77,  
545~L5451. 
Pser'domonas eepocin 3-Hydroxybenroate 6-hydmrylase: inductron, punfica- 
r m  and characterization, Btochemsrry, 1987, 26, 1099-llM. 

Difference spectroscopy, Methodr Enrymol., 1967, 11. 74&775 
Chemical modzjbiion of proreim, 1971, Hoiden-Day. 

Conformational adaptability in enzymes, Adv. Enrymoi., 1973, 37, 397448. 

Blue dextran-SepharaseAn affinrty column fur the dinucleoride fold in 
protem, Pmc. N I I ~ .  Acad. Sci., 1975, 72, 669-672. 

Thesis Abstract (Ph.D.) 

Synthesis, spectra and structure of hydraziniurn metal chloride and thiocyanate corn- 
plexes by N. R. Sreenivasa Kumar. 
Research supervisor: K. C. Patil. 
Department: Inorganic and Physical Chemistry. 

1. Introduction 

Coordination compounds containing positively charged ligands are rare, in marked contrast to neutral and 
negatively charged ligands, and are of interest. The presence of positive charge in the vicinity of a potential 
donor atom in a cationic ligand does not prevent coordination to appropriate metal ion, even though 
the basicity is markedly lowered. In general, the effect of posiuve charge on the basicity of a donor 
atom depends upon their electronic interaction and their bonded distance within the ligand. Mono- 
protonated hydrazine, the hydrazinium cation (N2H:) stands unique among the known cationic polyamine 
ligands as the sire of positive charge is immediately adjacent to the N-donor atom. Although the hyd- 
Iazinium cation is a potential monodentate ligandI4, in some of the compounds it occurs as an uncoordi- 
nated catione6. From the literature survey, it is seen that although exhaustive amount of work has been 
done on hydrazinium metal sulphates, oxalates and hydrazinecarboxylates, very little is known about 
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hydruinmm metal halides (wtth an exceptmn of hydraziniunl metal fiour~dcs) and prcudohaiidcs. The 
prercnr work aims at \ynthzsii, characleiiration and lhcrmal propcrtles of hydraziniurn metal chloridr and 
thio~yanate complexes and also a study of the nature of coordination of N2H: ion to various metal ions 
using spectroscopic and x-ray crystallographic studies. 

2. Expcrimenta 
~ h t :  canip~eres were prepared by the.following methods: 

(*) From the aqueous saturated solutions of the metal chluiidcs and NIHI HCVN2Hr-2HCI. 

eg. ,  (N2H& MC16ZH20, M = Fe, Co, NI, Cu, Pd and PI; (N2Hc) ZnCI* and (N2H3), MnC15. 

(b) By decomposing the respective solid metal hydrazrnecarboxylate complexes in the corresponding dilute 
acids. 

e g., (N2HJ2M-2H20, M = Co and NI, X = CI and SCN; (N:Hr)2ZnClr ;(N2A5)MBr,.4H20, 
M = Co and NI; (N1H5) MnX+ X = CI and Br. 

(c) By refluxmg iron (Ill) chlonde and N2HcHCI in ethanol 

e.g., (N2Hi)$ FeC16. 

A11 the complexes were charactzrizcd by conventional chemical analysis, spectral and other teuhn~ques 
which include thermal analysis (TG and DTA), infrared, electronic and Mosabauer spectra, magnetic sus- 
cepubility measurements and s~ngie-crystal n-lay difkaciton studlcs. 

3. Main results 

Hgdrarinium metal chloride hydrates, (N,H,)MCI,.ZH,O where M = Fe, Co, Ni. Cu. Pd and Pt exhibit a 
sharp Lr absorption band in the region 995-1020 cm-' corresponding to the N-N stretching frequency of 
N2H;. Thrs is a clear indication of coardinauon of ions to the metal'. The coord~natio~~ of N2H: ion lu 
metal has been confirmed by single-crystal x-ray diffracimn studies. 

The crystal structurc of iron complex, (N2HJ2 FcCl<2H2O clcarly showed the cooidinatlon of N2H; 
ions to metal. In the crystal the iron atom has octahedral coordmation and a banded hy two hydramiurn 
cations, two water molecules and hvo chlorines through rrans pos~tions. Prehminary studies on the single 
crystals of cobalt complex showed that the molecule has an mversmn centre, ~mplymg that the bonded 
groups are wnr to each other. From spectral data, s~milar structure has been asscgned to the n~ckel 
campln. 

Structure of the platinum wmpler (N&),PtC4-2H20 shows that thr metal has square planar configurd- 
tion, coordmated by two hydrazinium cations and two chloride ions through tram positions. The ubservcd 
ham stmnure is contradictory to the expected cis structure and from spectral studies, the formation of 
trans complex has been ascnbed to reduced repulsion between the two N2H: ions in tram structure com- 
pared to the crs onc. Palladium complex 1s expected to haw the samc structure. Infrared spectral data 
indicated that the bromide complexes, (NH&MBr,.4H20 (M = Co and Ni) have coordmated N2H: ions. 

In NJ%CuCI> and (NzH&ZnC14, all the NIH: ions present in the complexes are coord~nvted to the 
metals whereas in manganese complex, (NIH,)~M~CII, only one of the three NIH: ion? is coordinated to 
the metal. Crystal stmcmre af this complex shows octahedral geometry around manganese atom. The 
bromide mmpler, (N2Hd3MnBr5, shows s~milar characteristics in spectral properties as that of chloride 
and hence similar structure has been asslgned to it. 

Hydrazinium metal thiocymate complexes of cobalt and nickel have bcen prcpared for the first time. 
Structure of (N~H~)zCO(NCS)~.ZIID shows that the metal is six coordinated by two NzH: ions in cis 
P s i t i o ~  and by four -NCS goups. Two of the -NCS groups have linear metal-NCS linkages and the 
other two have angular metal-NCS linkages. Preliminary data obtained fmm the single crystals of 
( N z H ~ z N ~ ( N C S ) ~ ~ W J  show that the complex 1s isastructural with the cobalt complex. 

* n'ckel thlmemicarbazide wmplex, NI(NIH,.CS.NH~),(NCS), has been ~solated during the preparation 



of (N~H~) ,N:(NCS)~-~I~:O.  Thl, is due to the rcarrnngcmcnt of hydrsrinium thiucyandte to thmemrcar. 
haztde. Thc structure of the thiosenlcarbaz~de complex hra been detertnincd and shown that the nickel 
atom e coordinated by two bid~ntatc thtmem~carhazide :aolecule~ and by iwo N-bonded thiocyanarcs. 

4. Conclusions 

(I) All the complexes have coordinated N2H; ion(s) and In all the comp!cxes, the hydrazlniurn cation 
forms weak metal-nitrogen hond. platinum being an exccptian 

(;I) The N-N bond lengths !n all the compiexes are near 1-??A, in between the values of NIH, and N&? 

(irr) There is no significant change in the N-N hond length of N.H: upon coordmatron. 

(I") It appears that the maximum number of N2EI: loos a metal can accommodate m Ita coordination 
sphere may not exceed two. 

(9) Hydra~imum cations are in wens positions in all chlonde and bromidc complsxcs whereas they are 
in crs positmns In rhmcyanate complexes. 

(vi) Thermal anaiysls of all the compicxes show\ loss of hydnazlnc at reiatwely hlgher temperatures in 
accordance with the s l r ~ ~ t u r e .  

Proc hdii i i  Acad. Scl. (Chrm Sci.), 1987, 99, 311-315 
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Thesis Abstract (PhD.) 

Synthesis and reaction of oxygen and nitrogen heterocycles by Lata Mathew. 
Research supervisor: T. R. Kasturi. 
Department. Organic Chemistry. 

Synthesis of heterocycl~c compounds w h ~ h  are of biological importanm like Olivacine and water-soluble 
1.2-dihydroisoquinotines was enwsaged. Working in this field led ua to a novel heterocyclx ring system. 
namely, benzo [de] [2,7] naphthyridine via Vilsmeier-Haack reaction of 5.6.73-tenahydroisoqulnollnes 
and also m-sim alkylations of 5.6-dihydro~soquinolines via porassamide in liquid ammonia reaction. We 
also investigated the njechanisn~ of the reaction leading to these products. 

2. Results and discussion 

Synthesis of ~plronaphthalenones (Ib) and (lc) was achieved starting from m-creaol methyl ether hy 
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c. RI = R y O H  j R3= H 

d. R 1 =  R2=0CH3 j R3 = H 

e. R1 = R2 =OCH3 j R3 = CHO & p / t .  Rt =C( j R 2 =  OCH3 j R3 =CHO HO 
CN R2 H CN 

9. R1=OCH3j  R 2 = c i j  R ~ = C H O  

12a. R1 =Ct+ j R2 H 
13 
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succinoylation, Clemmcnsen rcduction, cyclisation, borohydride reduction, dehydration and aromatisatlon 
foilowed by demethylation to obtain 4-methyl-2-naphthol. Thss was condensed w~th  the sodium salt of 
2.nrphthol-1-methyl sulphon~c acid to give (2). Pottassium fcrricyanide oxidation of (2) gave the required 
spironaphthalenonc (lb) and (Ic). Sodium borohydride redaction of the splronaphthalenone ( l a )  gave the 
allyiic alcohol (Fa). DDQ oxidat~on of (3a) In benzene resulted in transformation to a mixture of cis- and 
rrons-a, p-onsaturated aldehyde (4a). Grignard reaction of ( l a )  with methyimagncsum iadlde and phenyl- 
msgnevum bromlde gave the allyllc alcohols (3h) and (3c), respectively, the unsaturated kctones (4b) and 
(Jc) aa as- and irans-isomcrs. 

Synthesis of (somen (5) and (6)  of Olivacine was attempted by the method of Murakaml ef a1 '. The 
starting aldehyde (7) was prepared from N-benzyl tetrahydrocarbazole by Vilsmeier reaction. Reaction of 
this aldehyde (7) with aminoacetone dimethyl ketal followed by borohydride reduction gave the amine 
(Sa). Tosylatmn with p-toluenesuiphonyl chloride in triethylamme resulted in the formation of the corres- 
pondmg tosylate (8b) Mlld acid hydrolysis of (fib) gave the tosyl ketone (8c) However, treatment of the 
ketone (Sc) with HCI-dioxan or PzOcbenzene did not result in cyclisation but gave the cleaved N-tosyi 
aminodcetona. 

Vilsmcicr reaction of 5,6,7.S-tetrahydroisoquinoline (Ya) gave three compounds ideniicd as (9d), (Ye), and 
(10) based on rpectrrrl data'. Plausible mechanisms foi the formation uf these compounds hwe heen sugesred. 
Vllsrneier reaction of the correspondin.q dihydroxy compound (9b). followed by methylation, however, resulted 
in the formatton of two dlatinct compounds for which atrucrures (90 and (11) have been proposed. based on 
a detalied study of their qeara l  characteristics. Vllsmeier reacuon ot (9c) followed by methylation was found 
to give (9g). Nuclenr Ovcrhaucr studics rulcd out alternatwe suuctures for thcse compounds. 

Potassamide in liquid ammoma reaction of 5,6-d~hydrolsoquinoliner was reported to give 1,2-dihyd- 
roisnquinohes and isoquinoimes' The reaction of (12a) and (12b) followed by in-siru alkylation with akyl 
halides was rtudled. Thur, reaction of (124 with KNH2 in liquid ammonia followed by addition of methyl 
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Thesis Abstract (Ph.D.) 

Cosmological singularity, torsion and creation field by Ramanand Jha. 
Research supervisor: K. P. Sinha. 
Department: Physics. 

1. Introduction 

The hot big-bang cosmology (BBC) baaed on Emstein's general theory of relativity (GTR) nicely accounts 
for the universal Hubble expanslo", the T=2.7K cosm~c mcrowave background radiation, and, through 
Primordial nucleosynthesis, the ahundances of 'IIe, 'H, and perhaps also 'He and 'Li. However, the hot 
BBC by itself fail, to accnunt for a nurnher of fundamenla1 cosmologicai facts. They include: the large-scale 
homogeneity and isotropy of thc univene, the origin of small-scale inhomogeneity, the flatness of the 
universe toddy. the predominance of matter over antimatter, the absence of topological dcfects (e.g., 
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magnetic monopoles. domain walls, etc.), and the extreme smallness of the present value of the cosmologcd 
constant. There have been many modificarions to Einstein's equations but none of them is capable of solving 
all the difficuities encountered in GTR. 

2. Fornulation of the problem 

Of the numerous theories of gravity that have been proposed as modifications to Emstem's theory of gravita- 
tion, one of the most long-lwed has been the ECSK theory (a U4-theory of gravitation) wh~ch allows for a 
non-zero tomon tensor. 

The various aspects of the work have been the exploration of the poss~hle role of scalar fields in grav~tational 
theories in Riemannian and "on-Remannlan man~folds There are two dlstinct ways in which a scalar field 
can have a non-trivial effect when ~ntroduced into a gravitational theory: 

1. By being coupled nonlmear to the gravitational field as in the Brans-Dicke theory or the conformal-rype 
coupling. 

2. By appealing as a negative energy field, e.g., creation field 

One can also consider a scalar field that satisfies both these conditions. 

3. Resub and conclusions 

Many interesflng and surprising results have been obtained in this work. It indudes generation of torsion in 
space-time from a scalar field, in contrast to standard ECSK theory where torsion is generated through the 
spin of the elementry particle'; the consequence of the Bran-Dicke (BD) theory in the U4-manifold is indls- 
tinguishable from the BD theory m Riemannian manifold in the solar system experiments2: a conformal scalar 
field along with gramtation in U4-manifold leads to a singularity-bee cosmological model (it is the singularity 
of cosmological models which a responsible for many cosmological problems). It has also been shown that a 
negative energy massive scalar field nummally coupled to gravlty naturally leads to a potential which is capable 
of explaining the small anomalous effect in the EWos experiment3 (which led to the hypothesis of a mntrov- 
ersiai 61% force). Finally, the famous Hoyle-Narlikar creation theoty" has been modified in such a way that 
the new theory is complete, in contrast to the former theory where the rate of creation has to be specified 
in an arbitrary manner. 
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Thesis Abstract (Ph.D.) 

NMR spectroscopy of oriented systems: studies at and near magic angle sample spinning 
by B. S. Arun Kumar. 
Research S U ~ ~ M S O ~ ~ :  K. V. Ramanathan and Anil Kumar. 
Department: Physics. 

In Cmtsast to molecules dissolved in isotropic liquids in which many of the inter- and inm-molecular interac- 
tions get averaged to their isotropic value, molecules oriented in liquid crystals retain partially the anisotropy 
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of the interactions due to restricted motions. In the study of oriented molecules by nuclear magnetic 
resonance (nmr), this property is taken advantage of. For molecules oriented m nematic liquid crystals, 
inter-molecular interactions of relevance to nmr are averaged to zero, but the intra-molecular interactjons 
are only partially averaged. This apparent advantage also increases the complexity of the nmr spectrum. 
Hence in practice only systems with a limited number of interacting nuclei could be studied. It was shown 
that by spinning the sample close to 'magic angle' all anisotropic lnteractlons are scaled down by a factor 
(3cos28 - 1)/2 where 9 is the angle between the magnetic field and the spinning axis, thereby amplifymg 
the spectrum'. Iu this work, the effect of magic angle and near-magic angle spinning on the director is 
studied in such systems as single liquid crystals, mixed liquid crystals of opposite diamagnetic susceptibil~ty 
anisotropy and lyotroplc liquid crystals. A new method of setting the magx angle from the spectra of 
onented molecules is proposed. The effect of the sign of the order parameter on the spinning side band 
intensities is discussed. Finally, I3C chemical shft  anisotropy of the liquid crystal carbons is determined 
from the 'coe~istence'~ spectra of two liquid crystals of opposite diamagnetic susceptib~lity anisotrop~es (AX). 

2. Director dynamics at 'near-magic angle sample spinning' 

Complicated spectra of molecules oriented In l~quid crystals can be simplified by spinning at or near-magic 
angle. For this purpose it is essential to understand the dynamics of the director and the result~ng spectra 
under near-maglc angle spinning conditions. It is found that when a mlxture of liquid crystals of opposite 
diamagnetic susceptrbility anisotropy with macroscopic AX is slightly positive spun at angles less than magic 
angle (54.77, the director onentation switches at mcreasing spinning speeds from one that is parallel to 
the spinning axis to the one that is orthogonal to it. Similar results are obtained for systems with macro- 
scopic AX slightly negative except that it is for angles greatzr than magic angle. This has been explained 
1n terms of the interplay of the two torques, viz , viscous and magnetic. 

In the case of single liquid crystals under spinrung con&tions, it has been shown prewously' that for a 
positive AX system the director orients parallel to the spinning axis for angles less than the magic angle, while 
for angles greater than magic angle it is distributed in a plane perpendicular to ~t and vrce versa for a negative 
AX system. However, it is found that for angles other than magic angle, the director onentation deviates from 
the plane that is perpendicular to the spinning a*s for lower spmuing speeds. From the Intensity of the 
spinning side bands, the distribut~on ha! been estimated. All of the above results have been obtained from 
2H nmr spectra of CDCI, oriented in Liquid crystals ZLI-1167 ((a ternary eutecric muture of propyl, pentyl 
and heptyl bicyclohexyl carbonitrile) and S-1114 (trans p pentyl-4 cyanophenyl>cyclohexane). 

3. Setting the magic angle from the spectra of oriented molecules 

AU anisotropic interactions m the case of oriented molecules are scaled by a factor (3co$0 - 1)12 on spbnhg. 
For magic-angle spinning all amsotropic interacuons are reduced to zero. The "C spedlum of CHC4 oriented 
in a liquid crystal at maac angle consists of a doublet with the doublet separation equal to the scalar coupling 
between "C and 'H. For other angles the doublet separation is different due to "G'H dipolar mteraction. 
The magic angles can thus be accurately set using the specm of oriented molecules. 

4. Determination of the sign of the order parameter 

In oriented systems the sign of the order parameter cannot be straightaway determined from the normal 
spectrum. Theoretical calculations are carried out to show that from the side band intensities of spinning 
oriented samples, the sign of the order parameter can be found under certain conditions. Thls is de- 
monstrated using compounds such as CHCIl and C6H, oriented in liquid crystals. 

5. Determination of the chemical s h i i  anisotropy of individual carbons of liquid crystals 

The Proton-decoupled '% nmr spectra of mixtures of liquid crystals with opposite diamagnetic anisotropies 
have been studled in the natural abundance of 13C. A new method to assipn the s~ectral lines to spenfic - .  
carbons in the liquid crystalline phase is given which requires the assignments of lines in the isotropic 
phase. These assignments are obtained from two-dimensional hetero COSY experiments. From the spectra 
in 'critical' mixtures where both the orientations of the liquid crystal directon, with the alignments along 
and perpendicular to the direction of the magnetic field, 'coexist', the "C chemical shift anlsotropies have 
been determined assuming uniaxial symmetry. 



350 lISc THESES ABSTRACTS 

References 
I. O,z,mii~. I.. AIDEXMAN, D. W . ,  i Chmi Phw , 1982, 77, 723-730. 

G R A ~ I .  D M m n  Ba~res, I. P. 

2 .  KRF~RAPAL. C. L AND Chem Piiys. I b r . .  1981. 82. 171b171 
Kc N w a .  A C. 

Thesis Abstract (Ph.D.) 

The fluorescence of manganese in mixed sulphate glasses and crystalline medium by 
N. Manickam. 
Research supervisors: C .  K. Subramanian and P. S. Narayanan. 
Department: Physics. 

1. Introduction 

When the ions of a transition metal element are introduced ~ n t o  glasscs. they exhibit optical properties which 
are modified by the strunme of glss matrix These changes therefore can be used for probing the local 
coordination in the glasses. 7he spectral and temporal characterisria: of a laser radiation enable a selective 
excitation of ions m the glasses. An inveu~gatlon waq therefarc undertaken to study the local coordinalion of 
manganmz ions in KSOrZnSOd glass and measure the fluorescence decay tune of the rl, stale of the 
masganese ion. i n  part~cular an Attempt was made to see thr effect of glass composlhon and concentration 
of manganese an the fluorescence spectmm and decay time measurement in K,SO,ZnSO, glass. 

A study was also made to see Ule effect of phase transition on the fluorescence decay time of the manganese 
ions ahove and below the phrase-transition temperature m thc K>Mn>(SO& crystal of the langbeinite family 

2. Experimental techniques 

The pumping source used for the fluore%ence decay time measurement was a n~trogeii layer and Ntrogen 
laser pumped dye l m r  fabricated in the laboratory for this purpoae. The nitrogen laser was fabricated using 
a uandard Blumlein voltage doubling circuit with a spark gap firing'. The plasma tube has an aluminium 
reflector at the back and a quam output w~ndow in the front and was 100 cm long Breakdown ocnmed 
between electrodes of circular cmasection separated by I cm. Peak power was obtained when the windows 
were aligned and the pressure inside the plasma tube wa5 maintamed at WJ Tom with a controlled flow of 
rutnrgen gas. The taral storage capacitance of the energy storage capacitor was 25.3 nF, and the spark gap 
was tired at 12 kV The output ulbaviolet (337.1 nm) laser puke was 8 ns long with a peak power of about 
2Ml kW at 10 Hz. The laser beam spot sire at the output was rectangular measuring 10 x 5 mm2. 

This nitrogen laser was used to pump a dye laser. Grazing incidence pratinp-mirror combination was 
used to tune the dye laser output2. The optical cavity was defmed by two fully reflccting aluminium 
mirrors and a Baurch and Lomb holographic grating l2OO liner per mrn blazed at an angle of 17" 27". 
Various organic dyes like Rhodamine 6G. Rhodamine B were made to lase The dye laser pulsc width 
was about 5 ns. The fluorescence from the glass sample, wewed at 90" relative to the incoming laser beam 
was collimated and focucd with lenses on to the slit of a monochromatol. The light reaching the exit slit 
of the monochromator was momtored with an EM1 9558 5 photomultiplier tube which has an extended 
S-20 response. The output of the photomultiplier was fed to a digital storage (Iwatsu, DMS 6430) and 
the o~dloscope output was recorded by recorder (Phillips PM 8120). The oscilloscope war triggered by a 
photodiode (HP 4207) which sensed a fraction of dye laser beam. 

Glass ~ m p l t ~  were prepared following the procedure of Narasimhan er at'. Analar-grade manganesc 
sulphate was used in different concentrations for all the glass compositions prepared (3 to 12 nrole per 
cent). Absorption and fluorescence spectra were recorded with Hitachi 557 model spectrophatometer and 
7TO model Epectrofluorimeter. respectively. To record the fluorescence signal from the crystal at low temp- 
erature an optical cryostat was fabricated. 
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3. Results 

The absorpt~on spcctrum revealed that manganese has an octahcdral coordination in K2S04-ZnS04 glass. 
When the ghss aanlplc was ehclted with 8 wavelcn$h corrcspunding to the peak of the absorption 
wavelength (407 nm). fluorescence w a s  observed at hl-inm for 3 moic per cent of manganese sulphate in 
K,S0,ZnS04 glass which 1s charactcnstic of Mn2- ion in octahedral coordinati~n. 

Fluorescence decay times of the radiation originating from *I,, \tate and terminating in state in the 
wavelength nngc 61MZC nm have heen maasured at room tempemlure. For each demy curve the function 
In(1) has been plotted against tme.  A typical In@) vs time(T) plot corresponding to the decay curve shown 
in Rg. 1. is given in Fig. 2. The slope of the straight line is a measure of the fluorescence decay time. 
The plots were found to be in straight line in all cases showing that the fluorescence decay limes were a 
single exponential. The decay times became shorter as the concentration of manganese is increased for a 
given composition of KdOcZnS04 glas?. This decrease is attributed to the concentration quenching by 

FIG. 3. Fluorescence decry of Mn(l1) ?on in K.Mn:lS04): 
crystal (RT: r w m  temperature: and LT: low rernperrtorc 

K)). 
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manganese ion-ion interaction. The decay times also decreased as monovalent Ions like lithium and sodium 
were substituted for potassium for a given concentration of manganese. Thls dependence of decay time is 
due to an Increase in the radius of monovalent ions. 

Ruorescence decay time of manganese ~n potassium manganese sulphate crystal [KzMn2(S04),] showed 
a marked change from 0.8 ms at room temperature to 30 ms at low temperature (100 K). The decay m e  
of the red fluorescence recorded at room temperature and at low temperatures (100 K) is shown in Fig. 3. 
The increase in decay time is due to decrease in vibrational energy at lower temperature. This can there. 
fore be a useful technique whlch could be used to investigate structural phase transitions. 
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Thesis Abstract (Ph.D.) 

Studies on cryogenic multilayer insulations and the development of cryogenic containers 
by Subhash Jacob. 
Research supervisors: E. S. Raja Gopal and P. S. Narayanan. 
Department: Physics. 

1. Introduction 

Muitilayer insulation (MLI) is the most efficient cryogenic insulation available currently. In general, a 
large number of highly reflecting shields interposed by thermal spacers are placed in a high vacuum 
environment to form multilayer insulation. This work deals with the heat transfer and allied studies of 
MLI (300-77K) and the design and development of multilayer-insulated cryogenic containers. 

2. Experimental programme and results 

2.1. Calorimem'c studies 

Calorimetric investigations have been carried out on MLI unng three specially designed calorimeters: (a) a 
double-guarded cylindrical calorimeter, (b) a tank calorimeter, and (c) a flat-plate calorimeter. The first 
two have been designed for heat-transfer studies whereas the flat-plate calorimeter is for interlayer gas 
pressure measurements in MLI. Indigenous double-sided aluminized Mylar (DAM) and thin nylon net 
have been used as radiation shields and thermal spacers, respectively. 

Heat-transfer measurements have established that the optmum number of layers of the indigenous mate- 
rials in the MLI is W 5 0  layers, at a layer density of 25 layers per cm, to obtain minimum heat flux and 
effective thermal wnductivity. The optimum effective thermal conductivity (Kc$ values of the MLI samples 
have been about 0.9 pW1m K. Critical dependence of the heat flu,  steady-state temperature profile of 
the MLI and moldown time on the insulation chamber pressure have been studied. The temperature 
profile Of the insulation provides an indication as to the predominance of the radiative or conductive 
heat-transfer compaaent for the MLI system under specific experimental conditions. For the same number 
of layers. the temperature of any specific layer within the boundaries decreases with the increase in the 
chamber pressure. At the same time, the heat flux through MLI increases and is mare critical for MLI 
with fewer number of layers. The degradation factor in the &a of the MLI for actual application as 
compared to idealued conditions has been estimated as 1.68. 
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Interlayer gas pressures in MLI have been measured at ambient and low temperature conmtions of the 
sample using a flat-plate calorimeter. Studies establish higher interiayer gas pressure at the middle zones 
of the sample (Fig. 1). The pressure distribution appears to be highly influenced by the pressure of mobile 
water molecules withm the insulation. 

2.2 .  Heat-transfer models and unalyszs 

Heat-transfer analysis of calorimetlic investigations has been carried out using different analytical models',2. 
Ida components of diferent sections of the insuaitfon have been computed. A typical ILR sect~onal analpis 
e shown in Rg. 2. Sectional analysts shows a peak for hn m betwe& the middle and the warm boundary 
region which is primarily due to higher residua gas conductton at this section. Theoretical estunation of heat 
flux for dierent number of MLI layers at high and low vacuum conditions has been obtained using a 
heat-transfer model accounting for nonlinear temperature p f i l e  in MLI. A comparison of the theoretical a d  
experimental heat fluxes shows that, in general, the theoreticai model predicts a lower heat flux. This can be 
attributed to the assumption of negligible residual gas conduction in model analysis. A new model has been 
suggested which accounts for the temperature and spatial dependence of the interlayer g3.s pressure. Transient 
heat-tmnsfer analysis has been camed out using a ondimensional model for t y p a l  experimental cases. 
Thermal diffuwities of MLI samples have been estimated from the above analysis as about 10-' m' s-' 

, 

2.3. Material characterisahon studies 

Some characterisation studies o f  insulation and other materials used in cryogenic containers have been 
carried out as part of the work Outgassing rates of samples have been estimated and residual gas studies 
have been carried out ustng a quadrupole mass ipectrometer. The studies have established that water is 
the main species of outgassing from the samples and specific ~recondltioning with vacuum-desorption 
under heating is needed to qualify them for cryogenic applications. 

2.4. Studies and development of liquid nrrrogen containers 

Studies have been carried out reiared to the development of 30 1 capacity liquid nitrogen containers. A 
modified low-temperahlre adhesive has been developed" and its low-temperature shear strength is deter- 
mined to be about 6.27 MNlm2. Free atmospheric adsorption studies have been camed out on activated 
charcnal and zeohte SA. Zeolite SA showed a 20 per cent increase in weight when it got saturated while 
the saturatmn percentage was between 11 and 6.5 per cent in the case of activated charcoal. A heat-transfer 
separation into radiative and conductive components has been obtained for the liquid nitrogen container 
by varying its outer boundary temperatured. 
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2.5 Studies and developmenr of mobile hqurd oxygen rank 

A 220 1 capacity liquid oxygen tank has been developed. It has been built for charging liquid oxygen to 
breather converters of fighter aircrafi. A unique support mechanism has been developed to take care of 
high acceleration loads and thermal contraction effects. A novel method of using the non-evaporable getter 
Zr-VeFe as an in-srru appendage pump has shown that the insulation vacuum level can be maintained 
by the getter. Cryogen transfer studies have shown that the transfer efficiencies decrease with decrease 
in the liquid level for the horizontal tank. This has been attributed to a complex interaction of the 
effects due to stratification, dissipation energy due to flow losses and external heat leak to transfer 
pipeline. 
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Thesis Abstract (Ph.D.) 

Experimental studies on sound propagation in shallow waters off the west coast of 
India by 0. Vijayakumar. 
Research supervisors: E. S. R. Gopal and V. K .  Aatre (NPOL, Cochin). 
Department: Physics. 

1. Introduction 

Underwater acoustics has acquired a degree of importance in applied physics. The present work is devoted 
to an experimental study on sound propagation in the shallow water region off the west coast of India. 
This study may be considered as the first of its kind carr~ed out In the Ind~an coastal waters. In the present 
shldy, transmission loss (TL) is measured and its behaviour is correlated w ~ t h  the corresponding environ- 
mental variations. The frequency dependence of TL is srudied in detail and the existence of an optimum 
frequency of propagation is highlighted. An analytical model based on normal mode theory is also de- 
veloped and compared with experimental obsemations. 

2. Experimental  observation^ 

The experiments were conducted at four different shallow-water regions of west coast of India'. Two ships, 
one as transmitting and the other as receivmg, were used in these experiments. Underwater explosives 
provided wideband sound sources2. The receiving ship was anchored and deployed an array of hydro- 
phones. It camed recording equipment. The transmitting ship which carried the explosives opened out 
from the receiving ship along a prescribed constant depth track deploying explosives at different ranges. 
The signals received were recorded on an analog magnetic tape recorder and later analysed in the labomt- 
o q .  The parameter estimated was TL and the estimation scheme was tailored to suit an easy comparison 
with model predictions. We estimated 113 octave averaged TL values so that they could be compared with 
model predictions obtained by an incoherent summation of normal modes. 

3. The normal mode amustic pmpagation (NAP) model 

The amustic conditions of many of the shallow-water areas may be approximated to the so-called Pekeris 
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~hanne? ,  that is, a layer of isospeed water overlying a homogeneous isospeed, semi-infinite sediment 
bottom. This approximation 1s good in many cases and there exists vast shallow-water areas with 
homogeneous sedment bottoms. The approximation of isospeed water layer holds good at low frequencies. 
Using these approximations, an analytical model based on normal mode theory is developed. 

The present model5s essentially based on the normal mode theory for the Pekeris Channel. However, 
all the important losses occurring m the medium are incorporated in order to prowde a realistic estnnate 
of TL. The model has got various optlons such as computing the coherent and incoherent transmission 
~ossed, different types of averaging and providing different types of plots. The computation of group 
velocities of normal modes is provided as an addrtional option. 

4. Datd model comparisonsDiscusslon and results 

The experimental data averaged over 113 octave frequency bands prowde a stable comparison with the 
theoretical values computed by the incoherent addition of normal modes6. Further, the use of certain 
averaging schemes are also justified ~n the hght of the acoustic pressure fluctuations related to medium 
disturbances. Two types of averaging are employed, namely, frequency averaging over 113 octave bands 
and depth averaging over many .receiver depths. Depth averaging is particularly useful in studying in 
variation of TL with range and frequency. For these particular applications, a measure of energy flux aver 
the water column rather than the field at a spenfic depth is required. 

The ddtalmodel cornpansons show a fairly good agreement over the mid-frequency region of 1WlOW Hz. 
The predictions are not very good at very low and high frequency regions since many details such as the 
sound speed profile of water column, layering of the sea bottom, sound speed gradients in various sea 
battom layers and the roughness of the sea bottom are not mcluded in the model. Even if all rhe 
above-mentioned details are included to make a complex model, reliable predictions become difficult, 
unless detailed data of the sea bottom are available. Presently such data are not available for our shallow 
water areas. In the absence of such data, what an acoustician can do  is to use the datalmodei comparisons 
to arrive at the relevant sea bottom parameters by the method of 'fine-tuning'. The values obtained by 
fine-tuning method provide more reliable data for acoustical prediction purposes. 

5. Optimum frequency of propagation 

The frequency response of shallow water sound propagation is 'band pass' in nature which is characterisuc 
of any type of guided wave propagation. There exists a frequency band which suffers minimum TL. The 
optimum frequency7.' depends mainly on the water depth and sea bottom type. In the present study, three 
typical experimental results are discussed and compared with model predictions. It is found that for simple 
shallow-water channels with isovelocity water overlying a homogeneous sedunent bottom, the optimum 
frequency could be predicted with relative ease. The problem becomes complex when the bottom is 
layered9. Such a case is also presented where the experimental results showed an optimum frequency 
which is far below the value predicted by the present model. The reason is attributed to a presumed 
layered structure of the bottom and the existence of a thin low-speed sedment layer. 
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performed to estlmate these propertres, namely, the yield stress and the effective wscoslty as functions of 
the liquid hold-up of foam. 

Experiments were also performed to measure the sizes of individual bubbles released ~n foam moving 
upwards. For this purpose, a column of dimensions 0.9m X 292 mm x 305 mrn fabricated from penpex 
was employed. Arrangements were made to form foam within the column and to move the foam continu- 
ously at a given flow rate upwards through it. The foam was collected at the top of the column. It was 
broken there and the resulting liquid was re-fed Into ~t at 11s base. In order to form foam, a 0.25 per cent 
solution of sodium lauryl sulphate was used, into which air was passed at the denred flow rate. Foam 
forming continuously at the surface of the surfactant solution thereby rose through the column at a steady 
rate. Variation of the flow rate of air enabled variation of the liquid hold-up of the foam generated. 
Bubbles of nitrogen were then introduced Into the foam through a nozzle of diameter 2 mm. 

3. Model development and verification 

In general, experimental studies performed on bubble formation in liquids have been carried out under 
two conditions. These are the condition of constant gas flow rate (for which the pressure drop across the 
orifice is large enough so that the gas flow rate be mdependent of the s z e  of the growing bubble), and 
the condit~on of constant chamber pressure (in which case the pressure upstream to the nozzle is main- 
tained constant so that the flow rate of gas into the bubble varies as the bubble grows). In the present 
study, bubble formation was carried out under constant gas flow rate conditions. 

Measurements of the bubble volumes were made as a function of: (I) liquid hold-up of foam, and 
(ii) rate of bubble-fomng gas. 

There are two main approaches of study regardmg bubble formation in liquids. These are the approach 
of Davidson and Schule? and the approach of Ramakrishnan et a13 and Kumaf which have been proposed 
for both the conditions of constant gas flow rate and constant chamber pressure. These approaches were 
separately applied to the present study in order to develop a model describing bubble formation in moving 
foams, under conditions of constant gas flow rate. Three models were proposed. Model I is based on the 
approach of Davidson and Schuler, while Models I1 and 111 follow the approach of Kumar. In arriving at 
these models, it has been assumed that the rheology of foam conforms to that of a simple Bingham plastic 
for the conditions employed in the present study. 

Model I which is based on the assumptions of Davidson and Schuler for bubble formation under condi- 
tions of constant gas flow rate considers the bubble to form from a point source with its centre initially 
present at the nozzk. Thus, according to this approach, the source is enveloped by the bubble during the 
process of growth. Detachment is assumed to occur when the bubble base covers a distance equal to its 
radius. In applying this model to the present case, there are nvo different situations. Since foam possesses 
a yield stress, the bubble will either be detached into foam and will move with a velocity different from 
foam if it has overcome the yield stress of foam or it will move at the veloclty of foam d released when 
it has not overcome the yield stress. The latter case prevails when the bubble is detached before it attains 
enough buoyancy to counter the yield stress of foam. It was possible to estimate the volume the bubble 
should attain to just overcome the yeld stress of foam (of a part~cular liquid hold-up). It was found that 
in the present case, the bubble size (for the conditions employed in this study) was always less than the 
volume required to counter the yield stress of the surrounding foam. Thus the bubble moved with the 
velocity of the foam throughout its formation time. It detached into the foam when the conmtion of 
detachment (mentioned above) was satisfied. Estimations of the bubble size according to this model gave 
much higher bubble volumes as compared to those obtained from experimental studies. 

Models I1 and 111 are based on the approach of Ramakrishnan et a13 and Kumar". Model I1 is based 
on the two-stage wncerpt of bubble formation of the above-mentioned authors. These authors considered 
bubble formation to take place in two stages, viz., the expansion stage and the detachment stage. During 
the former stage, the bubble expands whde its base remains fixed at the orifice. The end of the first Stage 
is brought about when the net upward force acting on the bubble is equal to the net downward force on 
it. Thereafter, the bubble base lifts off the orifice. During the second stage, therefore. the bubble centre 
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moves with a net velocity equal to the sum of the velocity of the base and the veloc~ty of expansion since, 
dunng this time, the bubble 1s also expanding due to mcomtng gas. The bubble sizes estimated usmg 
Model I i  are found to be much highe: than rhose obtained expenmentally. Model I11 is arrived at by 
con~dering a modification of the two-stage process and corresponds to the first stage of the unified model 
of Kumari. The predictions of this model are found to be in reasonable agreement with experimental 
results. 
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Thesis Abstract (M.Sc. (Engng)) 

Analysis of transients in a canal network by Rajeev Misra. 
Research supervisors: K. Sridharan and M. S. Mohan Kumar. 
Department: Civil Engineering. 

1. Introduction 

Generally, canals are designed based on uniform flow (steady flow) criterion coupled with regime concepts. 
But the uniform flow at all locations in the network is not feasible. The gradually varied steady-flow 
analysis is no: simple due to unknown discharge distnbution. Transients are introduced in the network 
due to operation of controls, used to regulate/d~.tribute water. Opening of a gate may cause over topping, 
though for shon durations, at several locations in the network leading to embankment erosion. Rapid 
drawdown in water levels resulting from gate closure may lead to embankment failure by sliding. Unlike 
river systems the effects of wave reflection from controls and branches may be of interest. So far no 
attentlon has been paid to the transient effects of control structure operations, such as time taken by the 
first water to reach a particular location and for ~t 10 stabilize the supplies. This kind of information may 
be useful, for instance, in minimizing wasteful drainage during night irrigation. 

The present study is concerned with the analysis of transients in a canal network due to operation of 
control structures. The analysis is done through a numerical model based on Saint-Venant' equations of 
one-dimensional unsteady flows in open channels. The transient effects due to different types, locations 
and operation of control structures are studied. Results are obtained for a three level of canal y t e m  
which may be looked upon as comprising main canal, branch canals and distributaries. The unsteady flow 
algorithm is also used to obtain non-uniform, steady-state variations of depth and discharge in the network, 
once the control structures are maintained at stationary positions. 

2. MoUlcdology 

' f i e  problem of transients in channels is an initial boundary-value problem. The equations of one-dlmen- 
sional unsteady flow are solved numerically along with initial and boundary conditions using the method 
of finite differences. For the analysis, explicit characteristic rectangular grid method using space-tine inter- 
polation scheme bounded by classical Courant stability criterion is used. The second stability criterion, 
'Koren's stability", a relaxed by taking the friction term and coeFficients %mi-mplicitly. 
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The boundaries (ends of each canal) have been classified depending upon their nature andlor governing 
equations into four subgroups. The internal boundary conditions in the network, appl~cable at canal junc. 
tions, have been grouped into three types taking into account different combinations of boundaries. The 
complrrational nodes have been identified as interior nodes, junction nodes and network boundary nodes. 
The mathematical formulation, set of governing equations and solution methodology at differenr nodes are 
*resented. The initial condition is taken as steady state gradually varied flow in the network. An alporithm . - .  
based on umform and gradually varied flow principles is developed to calculate, approximately, steady-state 
flow in the channel network, which rs used to provide initial conditions for some of the problems studled 

3. Computational procedure 

The unsteady flow simulation at the current time at each node requjres the solutlon of a set of nonlinear 
algebraic equations. This is in view of the fact that the friction term and coeffinents are taken semi-lrn- 
plicitly and the control structure equatlons which are nonlinear are written at the current time level. All 
the sets of nonlinear equatlons are solved by Newton iterative method. 

4. Software development 

A general-purpose software has been developed in Pascal using the concepts of top-down design, and 
structured programming, using pseudo-code as design and development tool. To give a clear ineght to the 
formulation and solution techniques, high-level pseudo code llstings of the input data structure, m a n  
program and principal procedures are presented. 

5. Application 

The results of the analysis made for 12 different problems on a three-level canal network are presented 
in the fonn of depth and discharge hydrographs and water surface profiles. The network has five canals 
of trapezoidal shapes with different lengths (ranging from 4000 to 700 m), bed widths (10 to 2 m) s ~ d e  
slopes (2:l to 1.5:1), bed slopes (1.33* lo-' to I* lo") and Mannings n (0.015 to 0.03). It has two canal 
junctions of three canals each and four external network boundalies. The problems mvolve the study of 
transient effects due to opening and closing of gates at (a) the headworks, (b) second-level canal, (c) 
third-level canal, and (d) rail end, with different tad-end and junction boundary conditions. The transient 
effects due to a linearly rising wave at canal headworks are also studied. 

6. Results and discussion 

It is shown that the present unsteady flow algorithm can be used to obtain steady-state flow in a network 
for fixed position of control structures. Computations show that a significantly large time is required for 
the dissipation of transient effects due to gate operations. For gate operations of 900 s or lower considered 
in the study problems, it is found that steady flow is not reached, even after 20000 s in some cases. In 
general, it is observed that the final steady state is reached faster in case of gate opening or start up of 
the canal system than gate closure or shut-down of the system. 

Tne transient effects due to gate operations at different locations in the network are discussed, with 
reference to relative variations in depth and discharge in various parts of the network. It was found that 
the depth hydrograph for a negative wave m any canal is flatrer than the depth hydrograph for a positive 
wave, similar to the recession limb of a flood hydrograph. This feature is nor so prominent in the case 
of discharge hydrographs. The wavefronts for positive waves created by gate openmg are steeper than the 
wavefronts for negative waves created by gate closure. It was also observed that the waves moving 
downstream move faster in main canal than in smaller secondary canals. 

It is demonstrated that the present model can handle complex situations that may arise from multiple 
gate operations. A problem is studied wherein three gates at different locations are operated with small 
time lags involving transient changes in boundary condition from gate discharge equation to junction energy ,, 

equation and back, leading to large and rapid fluctuations in depth and discharge. 
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Thesis Abstract (M.Sc. (Engng)) 

A study on bandpassed speech from the point of intelligibility by C. N .  S. Ganesh 
~ u r t h i .  
Research supervisors: M. Satyam and K. Ramkumar. 
Department: Electrical Communication Engineering. 

1. Introduction 

Speech has been the subject of interest for a very long ume. Even with so much advancement in processing 
techniques and in the understanding of the source of speech, it is, even today, rather difficult to generate 
speech in the laboratory in all its aspects. A simple aspect like how the speech a n  retain its intelligibility 
even if it 1s distorted or bandpassed is not really understood. This work deals with one small feature of 
speech, viz., the intell~gibility of speech is retained even when it is bandpassed with a minimum bandwidth 
of around 1 KHz located anywhere on the speech spectrum of CM KHz. 

Several experiments have been conducted by earlier workers by passing speech through various distorters 
like differentiators, integrators and inflnlte peak clippers and ~t is found that the intelligibility is retamed 
to a very large extent in the distorted speech'". The integrator and the differentiator remove essentially 
a certain portion of the spectrum. Therefore, it is thought that the ~nteiligibility of the speech is spread 
over the entire speech spectrum and that the intelligibility of speech may not be impaired even when it 
is bandpassed with a minimum bandwidth and the band may be located anywhere in the speech spectrum. 
To test this idea and establish this feature, if it exists, preliminary experiments have been conducted by 
passing the speech through different filters and ~t n found that the conjecture seems to be on the right line. 

2. Experimental set-up 

To carry out systematic experiments on tha, an experimental set-up has been designed and fabricated 
which consists of a microprocessor-controlled speech recording, storing and speech playback system. Also, 
a personal computer 1s coupled to the microprocessor system to enable the storage and processing of the 
data. Thlrty persons drawn from different walks of life like teachers, mechanic3 and students have been 
involved in collecting the samples and for recognition of the information of the processed speech. Even 
though sentences like 'This is Devices Lab' are used to ascertain the effect of bandwidth on intelligibility, 
for the purpose of analysis, vowels are used as speech samples. 

3. Experiments 

The experiments essentially conslst of recording words and sentences spoken by the 30 participants and 
these recorded speech samples are passed through different filters with different bandwidths and central 
frequencies. ' h e  filtered output is played back to vanous listeners and observations regarding the intelligi- 
bility of ihe speech are noted. The listeners do not have any prior information about the content of the 
speech. It has been found that m almost all (95 per cent) cases, the messages or words are intelligible for 
most of the listeners when the bandwidth of the filter is about 1 KHz and this is independent of the 
location of the passband in the spectrum of W KHz. 

4. Analysis 

To understand how this feature of speech arises, spectra of vowels spoken by 30 people have been calcu- 
lated using FFI algorithms on the digitized samples of the speech. It is felt that there is a cyclic behavior 
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1 

i-10. 1. Smoothened real pan of the spectrum of vowel E, sample 2. 

&. 2. Smoothened real part of the mecuum of vowel u, sample 1 

Of the spenrum in aU the samples. To make sure that the periodicity is presmt and also to arrive at the 
periodicity, a moving average procedure is employed to smoothen the spectrum. The smoothened spectra 
Of all the vowels indeed show a periodicity of about 1 KHz. Figures 1 and 2 give typical smoothened 
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Table 1 
M~W, periodicitiff of each af the vowels for each 
pemn - 
N,I .1 E I 0 U 

Table U 
Mean of the periodlcities 

Vowel Meon (Hz) 

A 1040 
E 1036 
1 1037 
0 1070 
U low 

Spectra. Srnoath~ng IS performed using a windowsize of 200 samples and the smoothened samplea are 
calculated at .an interval of 50 samples. Table I gives the mean of each oi the vowck for 30 persons. 
Table 11 w e 5  the mean of the values of Tabk 1 When the periodicines are anaiysed the average value 
of the periodicxies has been found to be 1038 Hz with a standard deviation of 19 Hz (with respect to 
Table 11). In view of this it 1s thought that the acourtic source responsible for speech must have generated 
this period~c spectrum, which might have been modified periodically to imprint the intelligibility. If this is 
tNe, one can perhaps easily understand this feature of the speech, vir., the ~ntelligibil~ty is retained m a 
bandpassed speech of bandwidth 1 KHz, the passband located anywhere in the speech spectrum of M 
KHz. 



11% THESES ABSTRACTS 363 

5. Conclusion 

Even though the analys~s of the speech spectrum Indicates a cyclicity, thus hinting that a cyclic frequency 
spectrum 1s perhaps responsible for the above observation. it is interestmg to investigate as to how the 
basic spectrum arises from the mechanism of speech production and to show that the mtelligibility modula- 
tion of the spectrum is also repeated in a cyclic way so that any portion of the spectrum in a bandwidth 
of 1 KHz can retain good intelligibilrty 

References 

1 POLLACK, I. Effects of high pass and low pass iiltenng on the tnrelligihillty of speech m 
noise, I Aoust. Soc. Am.. 1948. 20, 259-266. 

2. Llc~umn, 1. C. R. AND Effects of d~fferent~atlon, integratmn, and infinite peak clipping upon the 
POLUCK, I.  intell~ghlify of speech, J.  Aeow.  Soc Am., 1948, 20, 42-51. 

3. EOAN, 3. P AND WIENER, F. M On the intelligibility of bands of speech in nose. J Atoust Soc Am., 1946. 
IS, 435441. 

4. RABINER, L R AND SCHAPER, R W. D~gird procrsing of speech aignolr, 1979, Prentice-Hall 
5 .  FRENCH, N. R ANDSIEINUEKD, J C. Factors governing the ~ntelligtb~lq of speech sounds, J. Acoari. Sor. Am . 

1947, 19, 98-119. 

Thesis Abstract (M.Sc. (Engng)) 

A PC-8086-based scheme for automation of a mass spectrometer by P. V. Ramakrishnan. 
Research supervisor: A .  G. Menon. 
Department: Instrumentation and Services Unit. 

1. Introduction 

Computers were first attached to mass spectrometers for data acquisition, reduction and presentation and 
to improve the efficiency of calculations. Later, mass spectrometers were controlled by making use of the 
capability of the computer to provide analog and digital signals. Scanning of the magnetic and electric 
field for focusing the mass-separated ions', switching of magnetic and electric fields for linked scans', for 
controlling the ion cunent and electron multiplier voltage3 are some of the applications where computer 
Control has been used. The schemes and hardware used in all these cases varied and were dependent upon 
specific applications. Although several computer-controlled mass spectrometers of foreign make are mar- 
keted, independent control and data-acquisition systems for existing and older mass spectrometers are not 
as easily found. Moreover, the interface cards on personal computers, which may be configured for specific 
control applications, put serious demands on the requirement of compatible interfaces on power supplies 
Of older instruments for executing control. This work, consequently, aims at the development of the 
hardware and software schemes which may be easily adapted for automarion of such instruments. 

2. The control stmtegy 

TO evolve a generalized strategy for automat~on of mass spectrometers, a home-made thermal ion source 
mass specuometer available in the laboratory was chosen. The home-made mass specnometer consists of 
a triple-filament thermal ion source, a 90" magnetic sector analyser and an electron multiplier detector. 
Being a home-made instrument, the power supplies have been procured from various sources and they 
lack the conventional computer-compatible inputs which impede direct coupling either to a microprocessor 
or to a personal computer. Of the five power supplies that require control, only two filament power 
supplies (which float at the high acceleration voltage) and magnet power supply (which is scanned for 
obtaining the mass spectrum) are controlled since the high voltage and electron multiplier voltage power 
supplies are held constant. 
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2 1. Hardware 

7% hardware conhgurat~on for the control of tllc two-filament power supplies and the magnet powcr 
supply and for data acquisition lnvolves :he use of an IBM PC-compatible personal computer and a 
standard inexpensive 8086 tramer kit hnked together (senally) in a master-rlave mode (Fig. I). 

The PC, whlch conmtutcs the front end. has bccn used principally to obtain information trorn the 
operator on the naturc of control of the power suppl~ch and to download thls information on to the 8086 
kit which executes the routine control operatmns At the end of the control operation, Ihe user 1s informed, 
through the monitor of the PC, that the ddra can bc acquired. The advantage with the present scheme rs 
that the PC is relieved of all routine control acoons alter the download opcratian and is used next only 
when data has to be acquired and processed. 

The filament power supplies, which float at the Ingh acceleration voltage, are controlled by stepper 
motors with then shafts isolated while the magnet power supply is controlled wlth 12~bit digital-to-analog 
converter. Data acquis~tian is done by the PC using an 8-bit analog-to-digital converter. The timer, 8253, 
available on the R086 microprocessor Lit generate& the tmlngs so that controls of the various power 
supplies can bc performed a t  appropriate times. 

2.2. Sofiivarr 

The software that has been developed for thc purpose of control and data acquisition consists of. I) SPEC: 
a program in Pascal (run on the PC) which intei;rctr with lhc user of thc mass spectrometer to ascertain 
from hrm the various voltagrs. currents and magnctlc fields that have to be output. the times at which 
the apewnon has to be performed and the natulc of control, ii) CONTROL: a program m assembly 
language that operates (from the kit) on the dara provided by thc user through SPEC program and outputs 
the various parameters at appropriate tunes ensunng that no clash of timings (that may lead to tlrc collapse 
of the entlre control actlan) occurs, iii) DATACQ. a program in assembly language to acquire the data 
generated and store it in the memory araa of PC, and iv) DNLOAD: the download program4, in assembly 
lanyage, has been modified lo, purposes of communication bctween (he kit and PC before and after the 
Control actton. 

The viabil~ty of the scheme to give day-to-day and smgle-run reproducibilities has bccn tested by mea- 
surement of isotoptc ratlos of " ~ b / ' ' ~ h  m a sanlpic of rubidium chloride. 
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Thesis Abstract (M.Sc. (Engng)) 

Studies on fatigue, corrosion and corrosion-fatigue of ductile irons by S. 
Muthukumaraswamy. 
Research supervisor: S. Seshan. 
Department: Mechanical Engineering. 

1. Introduction 

Withm a span of four decades from its mtroduet~an, ductile iron has become one of the most widely used 
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engineering materials. Even though ductile iron has the same compos~tion as grey iron so far as the 
starting material is concerned, there is appreciable variation m processing. Consequently, graphite in ductile 
iron is present as well-formed nodules whlch result in enhanced mechanical properties. The properties of 
ductile iron can vary over a wlde spectrum dependmg upon the matrix structure. Either by judinous 
alloying or by selective heat treatment, different matrix structures can be obtained in ductile irons. The 
mechanical properties of ductile iron are controlled by steel-hke matrix rather than graphite. 

Fatigue is the phenomenon which causes failure when a component is subjected to repeated loading at 
stress levels lower than the ultimate strength of the material. The deterioration of a material due to its 
interaction ,with the environment (either chemically or electrochemically) is known as corrosion. When a 
component is subjected to fatigue loading in a corrosive atmosphere, the combined action of corrosion 
and fatigue is much mare detrimental than when they are actlng individually. The cumulative action of 
the corrosion and fatigue on the material is generally termed as corrosion-fatigue. 

There has been an increasing trend towards the use of ductile iron castings in applications mvolving 
fatigue loads, many of them involving corrosive environment. It is seen that the available data on the 
fatigue properties of ductile irons is rather limited. In particular, the effect of corrosion on the fatigue 
behaviour of ductile irons has not been considered in any depth. Therefore, a systematic study was under- 
taken to evaluate the effect of matrix structure and corrosion on the fatigue properties of ductile irow. 

2. Experimental details 

Desulphurised pig iron was used as the base material in this investigation for the production of ductile 
iron melts. The Y-block test casting selected was based on ASTM standard A536-72 specified for ductile 
iron. Meltlng was accomplished m a Birlec-make, direct act furnace. The nodularizing treatment for obtain- 
ing spheroidal form of graphite was carried out using sandwich technique employing Ni-Mg master alloy. 
The melts weie snblected to post-inoculation subsequent to the nadularizing treatment. 

Test blaoks cut from solidified castings were then subjected to various heat treatments following different 
cycles to obtam the desired matrix structure, viz., ferrite, pearlite, manensite and bainite. From the test 
castings subjected to various heat treatments, specimens were machined out and subjected to microstruc- 
tural studies, assessment of tensile and fatigue properties, corrosion studies and corrosion fatigue studies. 

3. Results and discussion 

The investigation carried out to characterize ductile irons with different matrices for fatigue, corrosion and 
corrosion fatigue have led to the following inferences. 

3.1. Fatigue 

It has been observed that in ductile irons fatigue strength is mostly dependent on hardness. In addition, 
any increase in tensile strength normally leads to an increase in fatigue strength. On the other hand, 
endurance ratio follows the trend of variation of ductility. The fatigue strength of ductile irons with diffe- 
rent matXx structures varies from a low value of 240 MPa to a high value of 510 MPa. 

3.2. Corrosion 

Corrosion behaviour of ductile irons does not seem to be dependent on the matrix structure. Corrosion 
rates assessed using salt spray chamber have been found to be more or less the same for ductile irons 
with all the different matrices in both the environments tested (vir., 3% NaCl and 5% HCI). However, 
acid medium is much more corrosive than salt medium. 

The ektmchemicd potential of ductile irons with afferent matrices differs considerably from each 
other, indicating that a different mechanism is involved in the corrosion process. Based on the electrochem- 
ical potential of the matrix, stmnure, ductile irons can be rated as follows: 

Martensltie Noble 
Ferritic Less noble 
Bainitic Active 
Pearlitic Most active 
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Such a variation is attributed to the presence of more than anc phase 

3.3. Corrosion-fatigue 

Fatigue propcrties, namely, fatigue strength and endurance ratio, of ductile irons get drastically rcduccd 
~n the presence o i  a corrosive enwronment Such an effect Ir much more severe in acidic medium compared 
to salt water environment. It appears that the corrosion farigue strength of ductile irons cannot bc increased 
appreciably by changing the matrix alone or hy increasing the tensile strength. Probably, the effective 
method would be to resort to alloying. 

The fatigue bchaviour of ductile irons io corrosive cnvironmcnt (in particular 3% NaCl medium) is akin 
to that of non-ferrous metals in air wherein the fatigue life registers an increase with decrease in applied 
stress Icvcl. 

This investigation reveals that fatigue properties of ductile irons are drastically reduced in corrosive 
environments. In view of the above, due consideration should be given to the corrosion fatigue strength 
while dcsigning ductile iron components which are likely to be exposed simultaneously to fatigue and 
corrosmn in service. 
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