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Wesis Abstract (M.Sc.(Engng)) 

Fault diagnosis and diagnosability in multiprocessor systems by G. Elango 
Research supervisor: Lawrence Jenkins 
Department: Electrical Engineering 

1. Introduction 

in multiprocessor systems, iault tolerance is achreved by the rdentlfication of faulty processors, and the 
subsequent rcconfipration and Lecovery of the system. In such systems, each proccssor is required to 
piiudically test some of the other processors with which it is connected. When a healthy processor tests 
a iaulfy one, it indicates the presence of a fault, at other times, it indicates that the system I S  healthy. 
Tne test results are reprasented by a directed graph, in which the nodes represent the procesors, and the 
edges represent the tests. An edge (i, j )  has the label 0 if the ith processor evaluates the jth processor as 
healthy, and 1 if it evduatcs ~t as faulty. Since the tests that x e  camed out by a faulty processor are 
imhd a 1 link indicates that either o r  both of the processors at its ends must be faulty. The collection 
of test results is a syndrome; fault dragnosis 1s the process of associating a set of faulty processors with a 
SpenIied syndrome. 

?. Main results and conclusions 

this work, a l g o r i h s  haw been developed far the diagnosis of systems which have special interwnnec- 
m Patterns. The system structure has heen exploited to obtain improved performance, as compared with 
exktmg algorithms1. 

R e  man thrust of the work is diagnosahility of hybrid fanlt situations. In diagnosabihty characterization, 
has often been assumcd that all faults are permanent, and that they do not propagate2. This Is not 

a v a ~ s  realistic, since some faults are intermittent, and are manifest only some of the time; when intermit- 
tently fault processors are permitted, the situation is referred to as the hybrid fault situation. Faults can 
'ioFagate, because when a faulty processor interacts with a healthy processnr, the healthy proccssor can 
k m e  either intermittently or faulty. me diagnosis of the hybrid fault situation 1s ioherenrly 
difficult, because the fault ma" he manifest, producing a 1 result, when some healthy processor tests it. 
and if may not be mamfest when another p r o c c s ~ ~ r  tests it. This work extends diagnosis results to hybrid 
''It sihIations in which fault propagation is allowed. 

Three new diagnosability measures have been defined; all of these refer to hybrid faults3, with fault 
proPaWion. It is shown that these measures encompass as a special case the earlier measure which refers 
!' Ihe Permanent fault situation with no  propagation. Characterizations for all the corresponding d i e  
*asabiLities are a w n ,  and the most gelleral one is analysed in depth. The relationships among the t f m e  
W m b i l i t i e s  are established, and the intenelationships between their parameten obtained. 

Diagoosability results have heen ,,btailled for the aspmetric invalidation model4 in which it is assumed 
whenever a permanently faulty processor tests another permanently faulty processor, it will always 

'nilirate the presence of a fault. A new diagnosabilily measure has been obtained for the hybrid fault 
the asymmetric i;lvalidation model, in the presence of fault propagation. The conesponding 

d q n o s a b i b  has been characterieed for this measure. 

Graph theory has been +,,,lied to the disagreement graphs that correspond to the permanent hult 
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sicvation with fault propagalion. It has becn estahlishcd that the v e ~ t e x  cover set5 of ~h~ ~saorecmlo, 

graph is a suhsct of the tault set and accounts for the syndrome. T h ~ s  result is of to ,6 
development of a 1  effic~zul fault diagnosis algorithm. 

3 Danacni. A T  AND Grccdy dlagnos~a of hyhnd fault sltuauons, IEEE TTCU., 1981, c.3, 
IMASSON, G M. 777-782 

4. 1;lu~~c. K. Dmgnosnbility of syslsrn fdults w ~ t h  prupagatmn under asymmcmc in"*&. 
lion, Mmop,ocrramg M~croprog , 1988, 723-730. 

5. B o ~ o u ,  J.A. a ~ o M u ~ r w u ,  V.S.R Griidi theory wttr q~plicolionr, 1976. hkewer-North-Holld. 

Thesis Abstract (Ph.D.) 

A study of an R&D team in an Indian research organization: An ethnographic 
approach by V. Suchilra Mouly 
Research supcrvisors: Esther Ramani and A.K.N. Reddy 
Department: Management Studies 

1. Introduction 

This research aims to provide a descriptive-analytical case study of an R&D team in a govement-spn- 
sored and funded organization in southern India. It aims to understand the microculture that is a s u d  
to underlie both the generation and intcrprctation of communicative behaviour among the memben 01 
this R&D team. We provide an infonnat~on basc grounded in insiders' perceptions of their daily life a i  

work and hope to facilitate an understanding of both thc strengths and weaknesses of Indian R&D life 

This research is an alternative to two different hut deep-rootcd trends in the study of scicnlific O r g W  

rations in I n d m  By and large, over the last fifty years, sociological studies of S&T in India have hcmd 
on macro-level aspects such as mstitution bulldmg, policy making, planning and implemelltation of Pry- 
ramme% Indepth studies of the functioning of specific research teams in S&T institutions are nut avaWic 
Micro-he1 dexr ip t~ons  focussing on the interactions between members of an R&D team and the Patfern 
of communication between them are still lacking in the Indian conlext. Where studies of specfic o r W r '  

tions have been unde~taken, the focus has been on testing hypotheses and establishing relationships amW 
different variables. Often, based on surveys. these studies have been within a quanntative paradim 
do not emphasize insiders' perceptions. Our research therefore attempts to provide a micro-level ¶uhta@: 
shldy as opposed to both macro-level sociologicd studies of S&T and organization-based Wntitatns 
stud~es in Lndm. 

2. Objectives and methodology 

The objective of thls shldy is to provide a 'thick description' of Indian R&D life by c o d l d a t i E h  
memhen' experience of thcir R C D  projects1. W e  try to understand, through this research, the n a y  aa' 
structure of one Indian R&D team, Ihe kinds of inlerachons that o s u r ,  the unportance of organLTLmil: 
sm*e, whether it facilitates or impedes communication, and it& rclatiun to productivity and Prfnmana 

, . 
As an alternative to the quantitative survey research mode which dominates organizatlonal stud's? 

the Indian context, this research explores an ethnographic form of inquiry. In fact, the celltral 
this work is to a r m c  for a more qualitalive approach to the study of R&D life in India, and to deme 

the ConcePhlal coherence and methodological viability of an approach. 
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~ ~ b ~ ~ ~ ~ p h y ,  which is a descriptive study of a given culture, originates in cultural anthropology. It aims 
describe the nature of interactions that occur among the members of a community on a day-to-day 

baris  he emphasis in ethnography is on  understanding another way of life, and not on seeking objectively 
We use ethnographic research tools for our fieldwork, vir., participant observation 

and interviews4, We also developed a commnnication study questionnaire for this study. 

j. ~ ~ j o r  fhdiogs and conclusions 

ow research suggests that R&D cultures may be heterogeneous (as opposed to the prevalent view that 
oig&ations are homogeneous) and could be made up of different subcultures. It also suggests that it 
my be productive to vlew an Indian R&D organization as simultaneously belonging to a larger primary 
&hire, while itself comprising several subcultures. The presence of these competing subcultures may be 
sepn in the conflicting images of selfhood that members of an R&D organization hold. 

?be research challenges a dominant view in organization studies that superior-subordinate relationships 
ae Fined and thus constitute the crux of organizational behaviour. Our research reveals that R&D memben 
seem to simultaneously experience both superior and subordinate roles in different organizational group- 
mgs, and their self-images, which crucially affect their organizational behaviour, are based on shifting 
perczptions of their power to affect decis~on-making in specific groupings. 

Notions such as 'success' and 'failure' in R&D projects cannot be 'objectively' defined. Our study 
suggests that members' experiences shape their definitions. Further, members at different leveis in the 
R&D hierarchy define successlfailure in divergent ways. Where there is little convergence between these 
perceptions, a sense of personal apathy and frustration may prevail. 

The viewfhat is prevalent in the management science literature that organizations have cultures is 
challenged by this study which is based on the notion that organizations are cultures. Further, these 
culhires are wmplex derivatives of a primary culture and several professional subcultures. 

Emally, this research challenges the dominant mode of investigation in Indian orga~zational settings, 
the survey research mode, and offers a viable alternative to it, the ethnographic research mode6. Our 
methodoiogical finding is that even a partial suggestive ethnography gives us insights into the particular 
ways in which members of a culture make sense of the universe they inhabit. 

Apart from these specific, substantive findings, this research also discusses methodological findings such 
as the role of subjectivity in qualitative research, the ethical dimensions of ethnographic research, and the 
issue of generalizability of the research findings. 

References 
: G ~ R T Z ,  C. Local kaowledgc, 1973, Basic Books, New York. 
1. AGAR, M. The profcssmnl swonger. An i n f o w l  zntroduction to ethnography, 1980, 

Academic Press. 

3' P. WRSLEY, M .  ~thnography: Pnncipler in practice, 1983, Tanstack, London. 
(. S~DLEY, J.P. The ethnographic interview, 1979, Holt, Rineharr and Wmton. 
5. $-LEY, J.P. Ponicipont obsewon'on, 1980, Holt, Rinehart and Winston. 
6. M ~ ~ L Y ,  V. S. m -I, E. S w e y  rerearch and ethnographic research: An apprairal of M a  research 

metbodolagies, M p a  Rev., 1990, 5, 31-51. 
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1. Introduction 

A~~~~ the large family of layered matenalsi, transitmn metal phosphorus trisulfides represented b, MPS, 
(where M is a transition element, P, phosphorus, and S, sulphur) form a class by themselves with 
mg structural and magnetic The anisotropy In the physical properties gives rise to a hori of 
interesting features in these two-dimensional compounds These compounds are isostructural having cdn, 
type structure with monoclinic symmetry and spacc group ~2 im~. ' .  

~n the present investigation, we have studied the structural, vibrational and magentic propenles 
N!PS3 and their solid solutions Fel-,Nix PSI (0 5 x 5 1). We have found that in the 

solutions, the replacement of Fe by Ni causes change In the relame strengths of inter and inealayer 
leading to a change in the anisotropy. In this sense it may be said that we can 'tune' ihe 

anisotropy by chemical compositional changes. Our objectwe m this work is to look at the tuning 
anisotropy as one goes from FePS; to Nip& and how it reflects in the vibrational and magnetic propenies, 

2. Experimental work 

All the compounds were prepared by the method of Klingen et a1 '. X-ray diffraction studies were ca~ed 
out on a Phiiips diffractometer (Model PW 1050) using Co-& radiation. The IR spectra were recorded 
using IR Bruker IFS 113-V FTIR spectrometer Magnetic susceptibility was measured by Faraday baiaoce 
method using Cahn IOOORG electrobalance. The vibrating sample magnetometer (EG&G Par Model lj3) 
was used to measure field- and zero field-cooled susceptibilities. 

3. Results and discussion 

From the structural analysis, we show that there is a lattice compaction as the composition x is vaned 
from 0 to 1, maintainmg the same basic lattice symmetry. We find that the relative compaction is mare 
in the basal plane. These subtle structural changes are reflected in the vibrational spectrum and they dm 
determine the spin state of the ions We have found that most dominant change in the structure wmor 
from d ~ *  (M-S distance) and the lattice contracts on going from FePSs to Nipss. From the inbared (IR) 
spectroscopii studies on the solid solutions, Fel-,Ni,PS2 at room temperature, we point out that there se 
interesting changes in the vibrational spectra when Ni is substituted for Fe. The high-frequency (w > MO 
cm-') modes arise from the (P&)~- unit and they do not get affected much by cation substitution but 
the low-frequency (o < 300 cm-') bands are sensitive to cation substitution. There are sigmficant change 
in the vibrational modes (including splitting of the bands) which may arise from FePS3 to NiPh. The 
low-frequency split bands (in the range 1501200 cm-') and the doublets around (28k302 cm-') region are 
the new features of our data. We have tned to explam the splitting of the bands as arising from coirelati~n 
splitting and the doublet arises due to reduction in the interlayer coupling. From the temperature depen. 
dence of IR spectra of FePS, we have found an interesting point that some of the changes brought about 
by the contraction of the lattice in going from FePS3 to Nips3 can also he brought about by c00lhg FePSj. 
This also happens due to preferential compaction in the layer. 

The fact that FePS, and Nips3 are both antiferromagnets at low temperatures with different trpes of 
magnetic interaction gives rise to the interest in the mixed antiferromagnetic systems. FePS; is essentid? 
an Ising system with strong anisotropy and NIPS, is an Heisenberg system with weak anisotro~$. l'lh 
essential difference comes from the crystal fields and the difference in the ground state term of these nw 
ions Fe2' and Ni2+ (Fez+ - d6, NiZi - dr). In the present work, we have investigated the interest& ef[& 
of substituting Ni2+ (with weak anisotropy) in the essentially Ising system FePS3 (with strong anisotmpY1. 
All the compounds show a maximum in x at a temperature Tax followed by the onset of antifemwetlc 
order at low temperatures at T,. As the composition is changed there is a continuous change in TN and 
also m the ratio TdT,,. Our results show that m the mixed antiferromagnetic system Fei-JWSl tk 
Strongly anisotropic Fe component Imposes ~ t s  anisotropy on weakly an~sotropic Ni component. We find 
also no frustration or spin glass-like ordering at any composition. 

We have also presented Mossbauer spectroscopy results on Fe,_,NiPS3 (0 5 x 5 0.8). We 
calculated the composition and also tried to estimate the effective valence of Fez* for 
systems. 
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Thesis Abstract (Ph.D .) 

investigations of reentrant phase transitions in quasi-binary liquid mixtnres by T. 
Narayanan 
Research supervisors: E.S.11 Gopal and Anil Kumar 
Department: Physics 

1. Introduction 

'he reentrant phase Lransitions (RPT) imply that a systcin reenters a state macmicopically identical to 
the initial one, after two or more phase transitions, when a convenient thermodynamic field vanable is 
altered monoton~cally'. Quasi-bmary liquid nurtures are pnme examples of the systems which manifest 
this phenomcnal". A typical rcuntrant binary liquid mtxture exhibns a closed-loop phase diagram whose 
maximum and minimum dcfine the upper and lower crit~cal solution temperatures (To and TL, respcc- 
tr~el~); its loop slze (AT) = Tu-T',. A double critical point (DCP) is realized when AT = 0. 

The 3D Idng-like cnhcol behaviour near a To or TL (when they are far apart) is well understood6. 
'fins, it is interesting to examine the t~aturr  of DCP as it is brmed by the coalescence of a Tu and TL 
mupled with the fact that the locus of  T,,s and Trs 1s parabolic in nature in the appropriate ficld space1'. 
In a bmary liquid mixture with closed-loop miscihlity curve, AT can be controlled with the aid of a 
su~table third component1'~'. 

The theoretical model$ concerning RPT in quasi-binary liqu~d mixtures predict a doubling of critical 
exponents (CE) in the close vicinity of DCP. Huwever, experimental investigations pnor to this worii?' 
Could not yield an exact doubling of CES due to the fact that the DCP was not probed close enough. 
Furthermore, the question regarding the nature of doubled CEs (Ising or mean field) also remained un- 
answered*. 

'lac Prescnt invest~~ation is (i) to the exact doubling of CEs by proving a AT as small 
a femble and hence to reveal the true llatme of doubled CEs, (ii) to describe the critical behawour for 
any I T  by the same universal C E  using a suitable alternate field vanable. 

The quasi-hinary system studied are: 3-methylpyndine (MP)+water ( W + h e a w  water (HW) and 
M P + W + h ' a ~ ~ .  The quantities"measu~ed are electrical resistance (R) and phase diagram (order parameter). 

2. Experimental . 
quasi-binary mixtures were made us~ng MP (99%, ~ l d n c h ) ,  HW (isotopic purity 99.6%. BARC, 

Indid), freshly prepared w in an all.quartz triple distiller and analytical-grade NaCl (Ranbaxy, India). The 
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chemicals were transferred with air-tight syringes (Hamilton) and weighed in an analytical balance 
resolution of lofig. The conductivity cells with perforated circular platinum eiectrodes were blown 
Pyrex glass tubes. The sample cells used for the vlsual observation of phase diagram were also made 
of Pyrex glass with typical volume of 2 ml. 

The indispensible instmmentatlon fabricated for the present study are: (a) 2-stage paraffin oil thennosl 
with millidegree temperature controller (PID), (b) ac impedance bridge (ratio transformer based) ~ t b  
resolution of 10 ppm The temperature was measured using a cahbrated (IPTS-68) PRT in conjuncti 
with an ac bridge (ASL, UK) up to a resolution of 0.26 mK. The detector used in the impedann: biid 
was a lock-in amplifier (SRS, USA). The R measurements were performed at spot frequencies 10,20 
and 40 kHz. Lower frequencies were not probed due to possible significant contribution from eleCflb 
polarization and higher frequencies have instrument systematic errors. A typical run scanned the ran 
0.0015 / Tc-T I 3 " C ,  where Tc is Tti or TL and spanned 48-72 h. The measurements encompassed 
ATs; 7S°C 5 AT5 1.0l0C, near TL for MP+W+WH, 30.96T 5 AT 5 1,67'C, near TL and 21ec 
AT s 1.9"C. near TU for MP+W+NaCI. 

The major experimental difficulties encountered are the temporal instability In R and AT and obtaii 
the correct critical concentration (xJ for each sample1-'. In this regard, MP+W+NaCl is a better syst, 
compared to MP+W+HW, as the Former ylelds a swift equilibration in R and AT. Funhe'moie, t 
quantity of salt needed is very small (€0.2% by weight) and hence the binary nature of the system 
preserved. The closed-loop phase diagram (AT = 22.06'C) of MP+W+HW was determined visually. T 
system was preferred to salt-doped MP+W because of the better control in obtaining a given AT. 

3. Results 
The following expression adequately describes the measured R data for MP+W+HW 

R =  Rc + All + ~ ~ 2 2  + Agrn + A ~ ? + ~ ,  (1: 

where Rc is R as t - 0; t = ( (Tc-n/Tc I ; AI-A,, the fitting parameters, 0, the CE and A, I 
correction-to-scaling exponent6 (= 0.5). A nonlinear least squares fit to eqn 1 was performed using 1 

program CURPV.  The retention of A4 term did not improve the fit significantly and it was discard1 
The results of the three-parameter (A1-A,) fit indicated an effective increase in the value of 0 h m  
possible theoretical estimate' (=2P) to a doubled limit (within 7%) as AT was reduced from 78°C 
1.01'C. F~gure 1 depicts the variation of effectlve 0 with AT. The results supported an exact doubling 
CEs in terms of their Ising values in the limit of DCP'. 

The analysis of R data for the system MP+W+NaC1 using eqn 1 showed some discrepancies in 
results near Tu to those near TL, which are otherwise expected to be the same. This led us to rewnsil 
the validity of the field variable r to describe the critical behaviour in RPT. An alternate way of desmi 
RPT is to consider the simultaneous access to both Tti and ~ ' ~ 7 .  This can be accomplished YeV con 
niently using the field v ~ a b l e  t, = I [TU-7')(TL-T)]/TUTL I . The choice of this field variable fonc 
from the geometrical picture of phase transitions as well as Landau-Ginzburg theory of @". Furih 
more, the use of tuL recovers the universal value of 6 for any AT. The following expresssion Was suifcli 
to describe the R data both near Tu and TL. 

R = Rc + Rlt + R&~' + R&' (2 

where RrR,  are the fitting parameters. Terms involving 6x0 possible analytical estimates for 0 (2P 
1-a) were found to be essential for conserving the uniformity near T,, and TL. The doubling of the ( 
in the vicinity of DCP can be visualized7 from the expanded form of I= 3. t (ATITc) fl. At 
AT = 0, ~ U L  = ? and hence the doubling of CEs, if the field variable employed is t .  For very large A 
the term dominates and Ising-like critical behaviour persists. F& intermediate ATs, the Situation is 
what complex as a result of the competition between ? and r terms. Far away from Tc, 8 term leads a 
t term and vice versa near Tc. Thus, the phenomenon becomes a crossover7 from the donbled CEto 
single CE l i i t  as t is decreased to 0. 
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5 ~ ~ - ~ 0 k 0  
FIG. 1 Vanatton of thc cnllcal cxponunt (U) w t h  loop 
u s  Ilcre 8 represent m qfiecdve crltical expoowl 

Frr, 2 The closed-loop phase diagram o l  the quast-binam 
bqud m,rture MP+W+HW w r h  n loop size of 22.06" C. 
Thc s o l d  lme 1s generatad lhy the best fit parameters to 

eqn. 3. 

The validity of r ~ , ~  for the analysis of KP'1' was further supplemented as the following expressions 
completely described the closed-loop phase diagram and its diameter, respectively. 

where B and Dl-D, are fitting parameters. The strlking feature of t h ~ s  method of analysis is that the entlre 
iloscd-loop phase d~agram (shown UI Fig. 2) is adequately fitted with eqn 3. Moleover, the fit preserved 
the Ising value of (3 (0.32j) to inthin 2%. slmilally, the diameter of the closed-loop phase diagram 
Penalus to an identical functionh (eqn 4) as that of normal binary mixtures. 

Plays. Len A, 1990, 144, 371 375 

Phys. Rev Len., 1985, 54, I S 5 2  

J. Chem. Phys., 1985, 83, 1635-1842. 

Sov. Phjs. JETP Lerr, 1986, 43, 112-116 

So". Phys JETP, 1989, 68, 743-750 

P h y .  Rep., 1983, 98, 57-143. 

Phys Lett A., 1991, 155, 276-280. 

J .  Chem Phys.. 1983, 78, 1492-1512 
redunon and emor onnlysls for pkysiid sciences, 1969, McGraw-HiU. 
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Thesis Abstract (Ph.D.) 

Thermodynamic properties of  long shah esters: their liquid state and plasticizing 
havior by H.K. Shobha 
Research supervisor: K. Kishore 
Department: Inorganic and Physical Chemistry 

1. Introduction 

The liquid statc heliavior of long cham molecules has an important relevance In polymer chemskT, 1 
c h i n  esters and hydrocarbons, etc. (molecular weight 300-2000) are commonly used as plastshe, 
polymers1. A systematic study of the ulacroscopic liquld state propelties of these long-chain liquir 
called for better understanding uf thc commonly observed deterrent phenomena of migration and "01 

loss of plasticizers and hence in prcdicting their efficiency. Despite the significance of long-cku 110 
in understanding the lquid  statc behav~or in totality and their technological importance as plarticnen 
lubricants. it is surprising that no  effort has been made h~thcr to  to study theil liquid statc behanor. 

In the present investigation, an attempt has been made t o  understand thz influence of structure 
molecular weight of long-chai11 esters (molecular wclght 30G900) on their niacroscopic thermodyn; 
properties such as heat of vaporization, flow and the glass tramition behavior. In order to achieve 
abovc objcctivcs, following homologous serics of esters of varying molecular weight and struchire ! 
been chosen: (i) l,10-decanediol diesters and sehacic acid diesters which are linear, flexible maleculer. 
triglycerides and trimethylolethaoe trieste~s which are Y branched, compact u~olccules, aud (iii) pentat 
hritol tetra esters which are + branched, rigid and highly compact molecules. 

3. Results and discussion 

2.1 The flow behavior 

The absolute viscosity (T) and density data measured at diifcrent temperatures were used lo obtain A 
AH* and AS*. The plot of AH* aga~nst molecular weight glves information about the flowing sego 
which comcsponds ro a molecular weight of about 600 for these cstcrs'. The notion of blob has t 
invoked to describe the segmental mobility3. The blob size is found to decrease with branching. Th 
branched csters being more compact and sphcrical are closely packed compared to the other ester sa 
which is consistent with the denrity data. The density values are marc for branched esters comparei 
linear esters3.". In the  case of AS*, their large negative values were attributed to the higher order rcqu 
in the molecules surrounding the hole for the segmental flow to occur and to the hindrance offerel 
the hranct~cd segment in the flow process'. 

The dependence of vibcosity on temperature in all the estcr scrizs was found to be uon-A=heniu 
the temperature range considered hut the modified free volume equation, namely, VOgcl, Ta- 
Fulcher (VTE) equation, which way uscd to study the temperature dependence of visc0sitY eXPlalm 
dependence of temperature in the entire temperature region. ~ h l s  VTF equation has dJso been usel 
derive glass-transition temperature (T,.) and tontiguration entropies' (S,) in conjunction with Adam4 
equation. S, is found to vary significantly with branching - it is the lowest in the + branched esters 
the highest in the linear esters. From thc Angell's class~fication' of 'strong' and 'fra@e' liquids, 
been found that all these csters are 'fragile' liquids since they exhibit non-Arrhenius viscosity beha' 
Besides, the molecular weight dependence o i  viscosity also indicates their 'fragility". 

3. The mechanism of vaporization 

Group additivity method9 has been used t o  evaluate the heat of vaporization. The calculate* 
well within 5% error with the experimental values2.  he analysis of heat of vaporization data 
esters reveals that it is independent of molecular structure but drtpcndeut on (molecular weight)%. 
suggests that the molecules coil up and evaporate in the form of spheres. The coiled sphelieal 
acquired due to the intramolecular van der waus forces. 



~ . , ~ ~ , ~ ~ t l y ,  we can say that thc heat of vaporimtion is indcpcndent o t  the molecular structure due to 
:a, ,nolccules acquiring a coiled spherical form during vaporization, the heat of vaporization solely depend- 
inson the molecular weight of the esters. The flow behavior, on the other hand, scems tn bc dependent 
,, srructure as well as on molecular weight. Bclow a molecular weight ot 600, the molecules flow a s  a 
ahole but above it, the segmental rnonon ensues and the flow becomcs basically independent of molecular 

weight. 

4. The role of esters nc plasticizers for PVC 

ne dhave long-chain l~quid esters were used as plasticizers in PVC to assess their plasticizmg behavior. 
me T, of the plasticized PVC was cxperimentally measured hy DSC and thc reduction in T, was qumtified 
e a measure of their plasticizmg ability. Suuctural effects on the T, of the neat esters is well reflected 
in tho plasticizing system. The plasticizing behavior has been explained by the PVC-plnsticizer interaction 
ur$g different techniques like dilute solution viscosity rneasuremcnt, inverse gas chromatographic studies 
and hom the solub~l~ty parameters by proper selection of low-molecular welght model The 
results wore concordant with that observed in long-chain esters both as a function of molecular weight 
u d  branching. 
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S~ec~oscopic studies on polymeric charge-transfer complexes:  pol^ (vinyl  ridme me) 
donors with low molecular weight acceptors by S. Palaniappan 
Research supervisor: D.N. Sathyanarayana 
Department: Inorganic and Physical Chemistry 
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organic systems can compete favourably .\nth inorganic nlaterials. Provided that the mechaniwl and pIocer. 
sing properties can be ach~eved, there will probably be further applications of polymeric charge.banrier 
complexes. 

In an effort to understand the mode, site and nature of the interaction, spectroscopic studies ( ~ ~ . ~ i ~ i ~ ~ ~ ,  
electron paramagnetic resonance, nuclear magnetic resonance and inirared) on polymer donoIs, 
poly(2-vinyl ~ ~ n d i n e )  (ZPVP), poly(2-vinylpyridine-co-styrene) (2PVP-co-St), poly(Cvmy1 pyndine) (4pF+j 
and poly@-phenylene sulfide) (PPS) with iodine, p-chloranil (pCHL), 0-chloranil (oCHL), teuacyaob 
ethylene (TCNE), 2, 3-dichloro-5,6-dicyano-1, 4-benzoqulnone (DDQ), 7,7',8,8'-tetra~yanoquinodi~~~~~~ 
(TCNQ), 2,4,7-trinitro-9-fluorenone (TNF), Z,4,5,7-tetranitro-9-fluorenone (TENF) acceptors have been 
carried out. For comparison with the polymeric complexes, analogous low molecular we@ donon. 
namely, 2-p~oline (2PIC) and Cpicoline (4PIC) with the same set of acceptors have also been inves$&ted, 

2. Experimental 

Charge-transfer complexes have been prepared by different methods (solution, powder and melt-quench 
methods) and characterized by spectroscopic techniques. Absorption spectra were measured in 
dichloroethane at 25°C using Hitachr U-3400 spectrophotometer The EPR spectra of the complexeswie 
obtained on a Varian E-109 spectrometer operating in the X-band. The 'H NMR spectra of the cornpiexes 
were recorded on'a Bruker WH 270 MHz and also Varian T-60 NMR spectrometer using DMSO-6 .a 
solvent and TMS as an internal standard. IR spectra of the complexes were recorded as neat films between 
two KBr plates on a Perkin-Elmer 597 infrared spectrophotometer. 

3. Results and discussion 

Equilibrium constant (K), molar absorptivities (E), molar ratio (n), rate of forward (kl) and backward 
reactions (k-1) have been calculated for the charge-transfer complexes of all the polymeric as wells low 
molecular welght donors with the acceptors DDQ, TCNQ and I?. The equilibrium constant and molar 
absorptivities for the polymeric charge-transfer complexes are much higher than those found for the mrrw 
ponding model complexes, while the time required for the formation of the product from polymericchcp 
transfer complexes is lower than that for the low molecular weight complexes which takes several day to 
form the product, and hence the product analyses are drfficult. Polymer effect was observed in the 
pyridine polymers with large pendant n electron system. In the case of charge-transfer complexes of 
the donors with pCHL and oCHL, d broad hand was observed due to charge-transfer complex formatim 
which vanishes quickly. The reaction of a donor with TCNE immediately results in a product. The tom. 
plexes formed between each of the donors with TNF or TENF as an acceptor are very weak It was noi 
possible to calculate the kinetic parameters for the complexes with pCHL, oCHL, T C m ,  TNF andTExF 
A new method has been proposed to determine the kinetic parameters (K, k l ,  k-1, E and molairatioJ, 
This method is applicable to systems when the optical absorption is due to the charge-Vmsfer cornpis 
and when one of the components is in large excess.  his method has several advantages, for example. 
molar absorptivities of the polymers are not necessary, absorption need not be extrapolated to zero@ 
of mixing, etc. 

Electron paramagnetic resonance studies (both in solid and solution) are performed on the Wrn 
mentioned above. EPR signal was observed for the charge-transfer complexes of all the donors witbg 
PC% OCm, T m Q  and DDQ, whereas with I2 and TCNE, these systems were EPR silent. 
splitting was not observed. me shape of the EPR signal is similar for the complexes of an a c w f o r d  
different pol~mer donors. The g-values of the complexes investigated are close to free e l d o n  kw' 
The '&-values and linewidths for a particular complex are independent of temperature, method oi PI* 
tion and the amount of dopant used. The spin concentration of the paramagnetic charge-transfer mwleU 
generally increases with the strength of the d ~ ~ o ~ - ~ ~ ~ ~ ~ t ~ ~  tendencies. The paramagnetic chargctraadw 
complexes exhibit an exponential temperature dependence of spin concentration charactenstic oi Sey 
ductom 'I'he initially formed paramagnetic charge-transfer complexes transform finally to a die 
product. However, the reaction in the solid state is extremely slow relative to that in solution. 

Infrared and nuclear magnetic resonance spectra of the polymeric as well as low molecuiar * 
mmplexes are examined and compared with the spectra of the components. The infrared 
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,,pleres of all the donors with the acceptors pCHL, oCHL, DDQ. TCNQ, TCNB and I2 show sonls 
changes in the band positions. For example, the C=C and C=N stretching bald (usually a doublet) 

ot p,cofines IS shifted to higher wavenumber and the corresponding shlft was not observed in the polymeric 
wmplexes. Also the absorption due to C=N stretching of the acceptor has been observed (in all the 
comp~~xes) as an intense band (when the acceptors are DDQ. TCNO and TCNE). The shifts in frequency 
ajd same alteration of lntcnsities in thc infrared spectra reflect the formation of radical Ion salts. 

1" the 'H NMR spectra of the complexes of 2PIC and 4PIC donors with the acceptors Iz, pCHL, oCHL 
TCNQ, TCNE and DDQ, all the aromatic and methyl proton signals of picolines are shifted downfield. 
A possibls explanation of these shifts involves induced polarization of the picoline molecule resulting from 
at;ong electrostat~c interact~ons at the non-honded electron pair of nitrogen. Such a polarization would 
lead to a more positive character at the protons and subsequent downfield shifts. The infrared and 'H 
KMR spema of the complexes of the polymeric as well as low molecular weight donors with TNF and 
TENE arc very smilar to a superposition of the spectra of their components. This is becausc of the lower 
ioncentration of the complexed pyridine units in the polymer chain compared to the uncomplexed one. 
Ihc  acceptor and donor molecules are most probably m parallel configuration. 

Generally, a similar spectral behaviour was observed for each of the donon (polymeric as well as low 
molecuhr weight) with a common acceptor. The reaction of each of the donors with the acceptors pCHL, 
o C K L  DDQ and TCNQ showed a rapid chargc-transfer complex formation which occurs with the foma- 
uon of free radicals, followed by a slow reaction to a diamagnetic product. Whereas with iodme as accep- 
tor, the rapid formation of charge-transfer complex formation, which occurs without the formation of free 
radicals. is followed by a slow reaction to form a product. A produd is formed immediately for the 
reaction of a donor with TCNE as acceptor. Thc complex formed from the reaction of each of the donors 
dih TNF and TENF as acceptors is weak. 
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Thesis Abstract (Ph.D.) 

N ~ e n ' e a l  study of laminar mixed convection from a horizontal isothrmal cylinder 
by M.S. Phanikumar 
Research supervisor: J. Srinivasan 

Mechanical Engineering 

flow Past a horizontal circular cylinder is an important problem in fluid mechanics and it continues ' be Of due to the academic interest associated with it and its indutrial impoflance'. In  
*wlo~ ,  there are several situations where an accurate estimation of heat transfer requires that the 
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requires that the effects of buoyancy be properly accounted for mixed convection from a cylinder 
importance in the fields of hot-wire and hot-film anemometry, heat-exchanger design, coo]hg ofelenronic 
equipment, design of electric transmission cahles, etc. In the field of thermal anemometry, an eKprerslon 
for the heat loss from the cylinder is usually used to measure the velocity of the flowl. since buoyancv 
force a n  significantly affect heat-transfer from the cylinder'", there is a need for accurate correla1io~ 
which predict the rate of heat transfer in the presence Of buoyancy and at low velocities. In the preseor 
work a numerical study of laminar mixed convection from a cylinder has been undertaken. 

2. Results and discussion 

The angle y made by the direction of forced flow with the gravlty vector is an important parameter 
studies of mixed convection6. Row regimes associated with a y of 0, 90 and 180' are, respectively, knoan 
as the parallel, contra, and the cross flow regimes. 

The governing equations along with the appropriate boundary conditions have been solved using finite. 
difference methods. The vortmity-stream function approach and the alternating direction implied  bem me 
with a variable grid spacing in the radial direction have been used. The dimensionless equatmns governing 
the transient problem are given below. Here 9 ,  i, $, u, v are the dimensionless temperature, varDnt,. 
stream funct~on, angular velocity and radial velocity, respectively Re, Gr, and Pr are the Reynoldr. 
Grashof, and Prandtl numbers. The angles are measured as in Fig. 1 

Gr a 9  cos (6-+) a4 + - sin (++) - f - 
Re2 [ ar 

Sneam function 

The non-dimensional variables are defined as follows: 

Here, U- and r are the free-stream velocity and the radius of the cylinder, respectively The 
e¶ns (1) through (4) together with the appropriate boundary conditions gives the desired 3°lution. 
d q  wnditions should be specified on the surface of the cylinder, at 'infinity', and on the s W e v  Ima 
(when SYmmetV exists). The boundary condition for the temperature on the heated cylinder surfacefdl@? 
directly from its definition while the conditions for stream function and vorticity fO!.low ooaia 
condition7. Thus, on the cylinder surface we have, 
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I 

I Geometry and nomenclature 

Skmmetr~ about the vertical plane exists for the and contra flow redmcs. Hence, only one half 
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2 Stream function and isotherm plots Cur y = 135". Re - 40, Pr = 0.73. (a) Gr = 800, (b) Gr = 8WO (c) Irothm% 
Gr = GOO (d) Isotherms. Gr = SWU. 

of the solution domain requircs to be solved for these regimes. The following well-known boundary can- 
ditions are used for the symmetry lines. 

In the Present work, the problem is solved for a "eety of flow regimes (?) and for different Re, Gr. 
and Pr. Figure shows some sample results m the form of stream function and isotherm plots for a 
reg'me corresP1lding to Y = 135". A general correlation has heen proposed t o  cstimate heat-transfer 
the cylinder when angle 7 is arbitrary. It was shown that information useful in the field of hot-wire ad 
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hot.film anemometry can be obtwned fmm this correlation. Since a wide variety of fluids are usually 
,,,tered in the field of a ~ e m o m e t r y ,  the effect of Prandtl number variation on heat-transfer from the 
cvbder is studied for a range of fluid Prandtl number (10.' 5 Pr lo-') and correlations are proposed. 
T5e problem of mixed convection round a wire (Re -% 1) was considered and correlations have been 

to estlmate heat-transfer. Finally, the problem of conjugate mixed convection around a cylinder 
is considered as it 1s of Importance in the field of thermal anemometry. Results indicate that the ~ s o t h e m a l  
io~ution can be used if the ratlo of solid t o  liquid thermal conductivities is greater than or equal to 500. 
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Thesis Abstract (Ph.D.) 

Aerodynamic investigation of a mixed-flow pump by Ajun  Sarathi Ray 
Research supervisors: S. Soundranayagam and J.H. Arakeri 
Department: Mechanical Engineering 

1. lotroduction 

bed-flow turbomachines find application as circulating water pumps of power stations, diagonal flow 
turbines and in that region of industrial use which lies between the ranges of conventional centriiugal and 

flow machmes. The aerodynamics of mixed-flow machmes are particularly interesting as they are 
midway, displaying features of both centrifugal and axial flow This work describes an experimental inves- 
t & @ ~  of flow through a mixed-flow pump in an aerodynamic test rig. 

2. Exprimental 

The Pump tested had a conical hub-type semi-open rotor fitted m a bowl casing followed by a stator guide 
vane row. Surveys of aerodynamic parameters have been made up and downstream of the rotor and StaIOr 
Mading. A method of measurement of all the three components of velocity by a single-inclined rotatable 
hot+'ire has been snccessfdly ~mplemented in the present investigation. A high amplification bifluid in- 
ChAtube micromanometer was designed and used for the measurement of low Pressures. 

3. Results 

MeasUmTmd showed that at reduced flow rates, reversal of flow occurs near the tip upstream of the rotor 
and near b e  hub downstream. A t  high flow rates, the flow reverses near tip at downstream only. In fact, 
there is only a limited regime of operation on the characteristic curve where the flow is not reversed 

or after the impeller.  he best fluid.dynamic efficiency point is obsenred to be almost midway of 
Don-reversed flow regime 

reversed flow eddy at inlet by itself is very namw hut it induces pre-swirl over a large portion of 
'Ie annulus. Evidence suggests that fluid particles from within the zone of reversal are entrained by 
yd mix with the clean flow outside continuously so that the inlet flow too is essentially 'turbulent' and 
*thout any expressible circumferential similar inferences hold good downstream of the impeller 
dso at reduced flow rates. 
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The role of the relative eddy1 in modifying the flow outlet angle In a turbomachine is 
eas,l, 

zlarified in studies with mixed-flow configurations. The effect of it appears in the blade.to.biade plane a; 
-through-flow' eddy. It 1s shown that the effect of the through-flow eddy is extremely imponant and musl 
be considered for better prediction of outlet flow angles. Other basic phenomena which iduence the not 
outlet angle are the tip clearance leakage flowz, the meridional veloc~ty change3 and secondari nor', 
Suitable analytical models for prediction of these effects have been discussed. 

For prediction of performance of a turbomachine, one requires the capability to predict, apart frorn the 
fluid outlet angle, as also the spanwise variation of meridional velocity and loss coefficients. mou&.flo,, 
solutions of the mean hub-to-tip stream surface has been camed out for the pump under consideratioo 
by streamline curvature computation techniqueS and compared with experimental results. n e  resulh d 
attempts for theoretical assessment of total pressure loss are compared with experimental measuremen$, 
It is seen that existing loss models are inadequate for loss prediction and further work is required in &i 

direct~on to be able to predict loss with reasonable accuracy m such machines. 

The pattern of variation of yaw angle downstream of the stator row suggesls the existence of a circulaton 
motion of fluid in each blade-to-blade channel of the stator, assoaated wlth the presence of adal  compo- 
nent of vorticity downstream of the rotor row. Hence a stator, while removing the swri shed by a rotor. 
may impart another swirl to the flow-the tangential component of velocity near the hub tending to be 
in the opposite duectlon to that near the casing. This belles a con]ecture6 that the flow, downstream of 
a stator row of any pump, will necessarily be swirl-free at the design polnt at the least. 

The head-flow characteristic of the machine showed a droop at reduced flow rates, typical of what one 
usually notices in an axial flow machine with the onset of blade stall. Study of the time history of velocity 
downstream of rotor illustrates that, unlike rotating 'stall-cells' in axial flow machines, the blade stall in 
the present case does not possess any regular pattern nor any unique speed of propagation. Near the hub 
at downstream of rotor, where the flow finally reverses upon reduction of flow rate, the stall appears as 
patches of 'blockage'-type disturbance over an otherwise systematic train of blade wakes when the fiow 
coefficient reaches a value where the droop in the characteristic curve starts. 

The study reveals the possibility of estimating the overall flow pattern by using relatively straightiolward 
methods and the necessity of more information regarding losses and their distribution for a closer predie 
tion of the machine characteristics. 
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Thesis Abstract (M.Sc.(Engng)) 

A personal computer base analysis and evaluation system for switched mode Powe 
converters by Sauvik Chattopadhyay 
Research supervisor: V. Ramanarayanan 
Department: Electrical Engineering 

1. lntroduetion 

The availability of fast-power switching devices has opened up the application of S m S  for practidy an 
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FIG 1. A general switched-mode converter. 

power supply applicai~ons. S W S  feature high efficiency, small size and weight and low cost. The operation 
of the baic switching converler &cuils has been extensively covered in the literature'. Many modelllog 
techniques such as circuit averagin$, dzscribing functions3, state-space averaging4, currcnt-injected model- 
hing', variable structure syslem6, etc., have been successfully applied for the analysis of SMPS. The state- 
q a P  averaging method has emerged as popular among these methods and is well suited for cornputer- 
aided malym. 

This work reviews briefly the slate-space averaging method and develops a convenient formulation of 
Ihe system equations suitable for computer solu~ion. A software is developed based on this bmulation, 
~ 6 c h  takes input data from circuit parameters and provides the periorrnancr functions of the converter. 

ShPS evaluator has been built which provides the necessary input signals such as control-input mod- 
dation, switching frcqoency modualtion, input voltage modulation, etc., to test any SMPS. An automated 
measurement system consisting of a PC, a frequency responsc analyser and the SMPS evaluator have been 
ategrated for the measurement and of the basic SMPS performance functions Analysis and 
lleasurement results on a few basic converters are presented. 

b Theory 

? l)'Pid switched mode converter is shown Fig. 1. ~h~ converter switches bclween two linear circuits 
% of the switching period. under the assumption that the state velocity (a) is constant in each of 
'be subperiods, we may approrimate the state velocity with an equivalent state veloc~ty which is the 
""'age of the state velocities in the two different subperiods. The assumption that the state velocity is 
mnstant in each interval will be valid the circuit time constants' are much higher than the 
*tching period. The averaged system description then is given by8 

= duty ratio. n u s  the averaged system eqns (1) to (3) give an approximate equivalent continuous 
5mem which may be analysed following standard state-space methods. 
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3. Performance functions of the converter 

The system equation given by eqn (1) indicates the State velocities of the equivalent system as a hattion 
of the input variables (duty ratio d, input voltage V ,  load change i,) and the system state x. quato= 
(2) and (3) give the output of the converter as a function of the state x, and lnput variables d, v8 ,,. 

Under steady state the converter operates with input voltage V,, duty ratio D and load R ( I ,  = 0). n, 
steady-state solution is then 

where 
A = AID + AZ(l-D) 

b = b,D + b2(1-D) 

9 = 9lD + qdl-D) 

P = PID + q d - D )  
D = steady-state duty ratio. 

The control of the converter is through the duty ratio d. Usually the converter is operated in clmd 
loop such that the output voltage is maintained through controlling d against variations m v, or load ( R ) .  
To obtain various dynamic performance functions of the converter, the system input variables may be 
perturbed (d = D + 2, vs = v, + < ,  i, = ;z, x = X + +), and separated into steady state and smd 
signal parts. The small signal model thus obtained may be linearised (dropping the nodmear produc! 
terms) to obtain the following linear small signal model of the converter. 

where the hat ( ̂ ) indicates small signal ac valiables. Equation (7) may be rearranged as 

= A * i  + b*;, + m*;, + F a .  (101 

From e¶nS (a), (9) and (10) we may obtain the following dynamic performance equations of the mnvr?. 
ter 

a) Audio susceptibility [jo/;B (a = 0; ; = o)] F. 

F = q(sI -A")-'b* 

b) Input admittance [iplCs (a = 0; il = 0)) Y. 

Y = p(SZ-A*)-"* 

c) Output impedauce [ k i i  ( a  = o; iz = O)]r. 

Z = q(SI-A')-'m* + k 

d) Control gain [Gda (C, = O; i = O)]G 
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Rn. 3. Comol gam of u boast converter 

Fto 2 Test setup for ~ornpu1~1-a~ded maasurement 01 pcr- 
lomanu funcuona of awtchmg converters. 

M e n  the system paramete~s are known (P, A,, Az, 01, b2, m,, m ~ ,  PI, p2, 41. q2 ,  k ~ ,  k2, vE,D), eqn 
(4: to (6) and (11) to (14) may bc used to evaluate the steady state and dynamic performance of the 
kwrTener. Tnc ON and OFF period system matrices are mput 'to thc program. The program evaluates the 
W+rtate solutiun at fint. Then the dynamic performance functions are evaluated as a function of 
hquency. The transfer functions U~us evaluated are available either in normalized pole-zero form or in 
d !me  convenient Bode Plotz. 

5. SMPS evaluaior 

To measure the performance iunctions of the converter, an SMT'S evaluator was built. The evaluator 
?o~dea a voltage source vg (to be used as input power for the mnverter under test) and a set of drive 
*as to be used to drive the switches in the cotlverter under test. 'The steady-state switching frequency 
Ji and the duty ratio (D) be set anywhere in the range of 20 to 100 kHz and 0.2 to 0.8, respectively. 
&sfead?.-statc source voltage (vp) may be set in the range of 15 to 20 volts. Further, sinusoidal modula- 
wn"a~ be superunposed using a signal generalor on V ,  F, and D at any frequency. 

'' Cwnputer-*ded measurement of performance functions 
% of the dynamic perfomance function is done using a Schlumberger 1250 frequencY 
'Wnse analyscr (PRA). The ERA has one output channel which is a signal generator whose amplitude 
ad "deWen~y are controllable (&~sv;  064 m) and two input channels. To measure any dynamc 
wonnance function (say o&), the generator output is connected to the appropriate input of the 
Sb'pS The evaluator output . and drive signals art: comecled to the converter under test (yo  

cd vd are connected to channels 2 and of the FRA, On starting the test, the FRA carries 

OJt '"he ten and displays the measured transfer function in magnitude and phase format. By repeating the 
'" " different generator frequencies the transfer function as a function of frequency may be generated- 
&- testing involves a number of settings and repetition at different frequendes, ~t is well suited for 

automation. A resident propam in the PC does the i n s m e n t  settings and collects the test dam. The 
displayed m the Bode plot format so that a fast comparison with theoretical prediction can be we 
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7. Experirnenlal results 

TO test thc effectiveness of the system, a few rimpic converters were bmlt and testcd An e.lhaustive 
of test results are already reported by Chattoyadhyay and Ramannrayanan7 A representative frrqnrnc+ 
on a boost converter is shown in Fig. 3. 

8. Cooclusiun 

A PC-based analysis and evaluation system for switching converters has been developed and tested on 
simple converters for its effectiveness. Such a computer-aided evaluation facihty is a great help in our 
future work to analyse the effect of different nonidealitres in swilching converters, devgn and srudy of 

suitable closed-loop compensators and lo study scaled-down models of largcr power converters. 
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Thesis Abstract (M.Sc.(Engng)) 

Algorithms for dynamic secure economic dispatch by Manoj Kumar Sinha 
Research supervisors: P.S. Nagendra Rao and D. Thukaram 
Department: Electrical Engvleering 

m e  main objectives in powcr system operation are to maintain the continuity of supply and also to gum' 
a certain qilality of supply in the mob economical way. ~ l t hough  it is very di£ficdt to guaranwe a svr 
system operation under all conditions, it can be enhanced sipificantly. The economic dispatch pmbieni "' 
const~ained minimization problem. Trad~tionally, the considered in this minimization pmbiem" 
'he units' CapantY limits only. However, in the recent past, it IS bcing recognized that rhe su)~,g '' 
function should be enlargcd so as to consider some more operational and security ' '' 
enlarged scope, thc economic dispatch problem can no longer be aeated as sratic op thadon  pmiCeD' 
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optmizdtion problem. Instcad, it becomes a dynamic one. The need o t  addressing the economic 
,,,patch problem in this broader scope has bccn rccognrzed as one of the unresolved problems. 

2, ~~~~i~ secup economic dispatch 

me conventional economic d ispat~h ' .~  is aimed at meeting the instantaneous load demand in the most 
rcoDomsal way. As thc load vanes continuously the units are scheduled on a point-to-point basis so as 
lo follow the changing load. Whcn thr  schedules for a forecasted load curve are obtained based on a set 
of ,nstantaneoas load demands. then it may not be possible to changc the generation of the units as 
dictated by the schedules due to the constraints on thc rates at w-hich the thennal units can be loaded or 
&loaded Hence, if the econonlic dispatch is to provide a practically viable solution, these constraints 
mas: be included in the problem formulalion. The inclusion of the umts' rate constraints makes the prob- 
irm a dynamic one. Further, it is preferable to includc the requirements of minimum spinn~np resewes3 
and also the constraints on alation and network limits which are important in enhancing the system secunty 
into a broader economic dispatch prablzm. When all the above features are included with those of the 
roovenuonal ones the enlarged problem can ihe referred to as the dynamic secure economic dtspatch 
!DSED) problem".' Algortithmi for the DSED problem must be efficient aa the solutions are required in 
red time. 

3. Contribution of the thesis 

Thiq work is essentially concerned with the development of efficient algorithm for the solution of the 
dinamic secure cconomic dispatch (DSED) problem. In the first part of the work, the problem is consi- 
deied assuming linear cost functions6. Existing solution algorithms for this problem are in the linear prog- 
. m m g  framework This work takes a different path. Attempts are nude to develop computationally 
ef6ciznt heuristic algorithms, which cxploit the special nature of the problem. Two types of procedures 
have been developed. The first is meant for determining the optimal schedule considering a subset of the 
specified set of constraints involving very little compntatmx Thc second is meant for systematically mod- 
I b g  the above suboptimal/unfeasible (in the overall context) solutions towards optlmal value ovel a 
q m c e  of steps. At  each step of the modilication the algorithms seek to change the schedule so that 

Copt escalation is kept as small as possible. 

In the second part of the work, the DSED problem is investigated assuming quadratic cost functions. 
motivation for this effon is the fact that the static cconomic dispatch problem is invariably based on 

Wratic cost functions. However, except for a small attempt, therc appeals to have been no sipticant 
elfon to fomuJate and solve the DSED problem considering the quadratic cost functions. Thc problem 
lhen formulated in this way, turns out to be a QP (Quadratic Programming) problem. However, 
attempts to solve this using a standard QP package were not very fruitiul. Hence, evcn in thls case an 
heUrIsti~ algorithm is developed which is similar to that of the linear cost function case. 

1. Condosioos 

Tk &withms developed in this work to solve the DSED problem (assuming linear and quadratic cost 
iunctions) have been tested on different systems.  he results are   resented and are compared with those 
"btained by the earlier approach. ?he comparison shows that thcse QP methods are more efficient and 

be applied for large systems. 
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Thesis Abstract (M.Sc.(Engng)) 

Multifactor ageing of high-voltage rotating machine stator insolation by M.B. Sn'was 
Research supervisor: T.S. Kamu 
Department: High Voltage Engineering 

1. Introduction 

Modelling and analysis of insulation failure due to ageing undcr multifactor stress is a subject d conidcr- 
able current interest. Various phenomenological models have been suggested from time to time to dcsziib 
the long-timc behaviour of insulation systems and some of them are still being used to estimate the lib 
of insulat~on'~. Also, diagnostic test procedures exist for monitorlng the status of insulation during service. 

Thc contribution of the present work is two fold. The first is thc development of a phenornenolo~cal 
multifactor stress model for predicting the life of electrical insulation undcr the combined actlon of elccpi- 
cal, thermal and mechanical stresses. This model has been tested using the ageing failure data on higb 
voltage rotating machme stator msulation. The second contribution mcludes the development of a dizmos- 
tic test mcthod for assessing the level of degradation of rotating machine insulation in service using the 
results of partial discharge pulselmagnitude data. A possible method of prcdicting the useful rcmaimg 
life has also been suggested. 

2. Theoretical 

Several aspects of insulat~on ageing under combined electrical and thermal stresses have been c o w i  
earlier'". The model lor failure of insulation in the presence of mechanical stresses can be shown 10 

an invcrse power law. similar to the eleancal failure model. 

2.1 Muitistress model 

The insulntion life at any electric stress E and at room temperature can be expressed by the W'inai 
power law thus, 

in which K and n are constants 

When thermal and mechanical stresses are also present m addltion to electrical stress. the Power''* 
constants can be treated as functions of T and S and the above expression should be weighed by 
and mechanical ageing terms thus: 

L(E,T,S) = K(T,S) E"(*,~) exp(B/T) Srn . p : 

Now, d Eo, To and So are the operatmg stresses, then, 

BY virtue of the phenomenological fact that the endurance coefficient is a decreasing funcoon of o*' 
supplementary stresses T and S, and assuming, as first approximation, that the interaction bementw 
stresses is Small, it is possible to express n(T,S) as a linear combination of the endurance coeffiuenBrbRa 
the thermal and mechanical stresses are present separately with electric stress as: 
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' Scc eqn (7). 
" emacted from the coriespnnding Weihuli plot 

Tabk n 
Cw5cient uf correlation hetween diagnostic properlips, hrcakdouu vol(ate, Ud and the slress kctor, G 

hiso, it is known phenomenologically that  ~ ( 7 )  and n(S) are decreasing functions of T and S, 
raprctively, thus: 

n(S) = a - bS 

n(rl  = c - dlT .  (5) 

S 1s very small or zero and T is less than or equal to the room temperature, then n(T.8) 
C wen by, 

n(T,S) = a+c = no (sap) 

nerefore, 11fe L can hc  wntten as, 

exp - --- 
A; (; :.)I. 

To determine the constant the *hove equat,on, experiments have to he conducted st slnele electric. 
thcrmal a d  mechanical stresses, co&ined and thermal stresses and combined elzctri-1, thermal 
md mechanical stre5ses. 

1. EIperimenta~ 

ne swimens for ageing all been derived from MI size 11 k~ rotating 
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Section on 'X X' 

FG. 1. Ell-size coil geometry (all dimensions are in mm). me. 2. Stat~stical distribution of puke counts afus (') * 
hours, and (b) 3000 h a m  of ageing. 
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nachine stator coils shown in Fig. 1. The edges of the conductors were rounded off longitudinally to radii 
,t which the electric stress concentration is a minimum. In m n i n g  the ageing experiments, two types of 

were used: (i) full-size coils, and (ii) short lengths of coils derived from the above. Full-size 
& have been used in all experimental runs where vibrational (fatigue) stresses have been applied. 
However, when the mechanical Stresses Were not applied, shorter lengths of coils have been used. Exper- 
iments were conducted both under slngle and multifactor stress conditions 

4. Besulrr and discussion 
n e  times to failure of overhang insulation under combined electrical, thermal and vibration (fatigue) 
stresses are assumed to follow a two-parameter Weibull distribution slnce the degradation a a weak link 
process. The parameters of distribution were estimated using maximum likelihood estimation technique. 
These parameter estimates were in turn used to amve at the values of model constants. Table I compares 
the liie estimates using the suggested model with experimentally obtained lives. As can be seen, the lives 
obtained using the model are quite close to the experimental lives. 

As mentioned earlier, a diagnostic test method has been proposed based on diagnostic measurements 
such as incremental loss tangent, capacitance change, partial discharge pulse counffmagnitude and PD 
energy carried out on machine insulation. These measurements have been correlated with dielectric strength 
of insulation. Table I1 presents correlations between them. While some properties correlate well with dielectric 
shengh, others do not. For example, dc resistance and 4C/C, A tan 6 and 4C/C are well correlated. 

A second and more mteresting observation was made when partial discharge pulse amplitude distribu- 
tions were plotted as functions of time. As can be inferred from Fig. 2, at the beginning of the ageing 
pzriod, the distributions were skewed to the left. As ageing progressed, the skewness approached zero. 
Further ageing would make the density function skewed to the right. Failure invariably occurs after this 
condition is reached. As can be seen from Table 11, the correlation coefficient between skewness and loss 
of dielectric strength is very high (> 0.9). 

6. Conclosiom 

The work reported provides a means of estimating Life as well as assessing the level of degradation of 
high-voltage machine insulation under multifactor streSs. The constants of inverse power law are treated 
as functions of themal and mechanical stresses. T b s e  constants can be obtained by conducting single as 
wi as muhistress ageing experiments, which in turn can be used to obtain life at any stress or StIeSeS. 

diagnostic test procedure proposed makes use of skewness of partial discharge pulse amplitude dis- 
L*ulion as a measure of degree of deterioration of machine insulation. 
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Thesis Abstract (M.Sc. (Engng)) 

DeVelo~UIent of ratio-transformerebased self-balancing ac bridge for very low capt\ci- 
measurements by C.  Nagaraja Murthy 

Research supervisor: M.V. Lele 
bar'ment: Instrumentation and Services Unit 

1. hbimtion 
Ihc measurement of ~ ~ ~ . ~ ~ ~ a c i t a n c ~ ~  conventional bridges in the presence of stray and 
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- - - - - - - - 

Rc. 1 Functional block diagram of sclf-baracing ratio-tianstormer bridge 

ground capacitance.; is very cumbersome. Ibis  problem can be solved by using a three-terminal capadto: 
and a r a t io - t r an~f~~mer  impedance bridge. Nthough these hridgc. providc good reaolutiou and a c m r )  
in measurements, manual halancing hardly meets today's requirement for speed of measurement and allto 

mation. An attempt has been made to design and construct a ratio-transformer-based sex-balancing ac 
bridge for the rrreasuremcnt of low capacitances having a resolution less than 1 part in 10'. 

2. Functional description 

Figure 1 represents the functional hlock diagram of the self-balancing ratio-UnnsformeT bridge. dexir 

of the building blocks of the system are described here. 
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TEMPERATUI)E(~I 

fro 2. Variation of l/C with lempcrature for gcrmvnluin 
680 

TEMPERATURE(*> 

Rc. 3 Viiliatian of cell constant (a cell) with trrnpeialnre. 

3. Experimental resufts 

The accuracy of comparison and sclf-consistency in winding and inter connection? of the ratio-transformer 
is determined usmg Hillhouse and Kline3 method and is found to be accurate within 5 parts per million. 
ne hridfe utility has been ~llustrated with the help of the capacitance transducer experimental aIraogement 
for measuring small displacements. Thc bridgc is found to be vely sensitive for the measurement of 
displacements less than a iraction of a micron. 

The self-balancing bridge has also haen used lor measuring the cell constant, i.e., the thermal expansion 
mefficient of OFHC copper in the temperature range of 90 to 340 K by taking germaniwn as a standard 
\ample in thc capacitance cell assembly. Figure 2 represents the variation of UC with temperature for 
lmnauiurn and Pig. 3 shows the variation of cell constant (thermal expansion coeificlent of OWC mpper) 
n<th tempcrdture. It can be seen from Fig. 3 rhnt the results are accurate within 5% of the reported values 
e the literature for OFHC copperd., Finally, the present system provides a facility for the automation of 
2 system which requires precise and accurate measurement of low capacitances in the prcsencc of ground 
capacitances or to measure any parameter which can be conve~ied into capacitancc change. 

Thesis Abstract (M.Sc.(Engng)) 
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tor extractmn ot  rnformation tor vanous purposes such as l:lnd orelland cover mapping, hydrology, geulopv 
and geography'. 

Visual mtcrpreters study rcmotcly sensed data and attempt to ldenlify corresponding physical oblecti, 
phenomena through iog~cai processes2. Complementary to visual interpretation are computer-assisted 
techntqucs which arc in operation arc totally dependent on mnltispectial charactenst~cs of indlmdual 
of an ,mag& However, ouage mrerprctatioo is more than reading and manipulating individual as 
it involves spatial, structural and temporal aspects and articulating heuristic knowledge acqlnred by cxpE,j 

encc. Core activity oC inlerpretation can be  descuhed as plausible combination of pieces of evideotpal 
infomation from various sourccs such as images, collalcral data and experimental knowledge. This aclivim 
is more in the nature of explorative and qualitative reasoning In the line of artificial mtelligence (A]) 
expcrt systems (ES). A1 techniques have given a bonm t o  the development of intelligent image inrevre. 
tation systems. 

2. Contribution of the thesis 

In this work, we review well-known operat~onal digital lechniques for classiflcatmn of images and highligtt 
their inadequacies Eor automatic image interprctatlon t o  meet expcrt-lcvcl performance. Funher, 
we focus on knowledgs-based app~oaches to remote-senslng image interpretation and dcmonstrate the 
application of a knowledge-hased mcthodology tor image interprctatlon of standard false colour componte 
(FCC) using Dcmpster-Shafer theory ot evidence. The underlying assumptlon in our approach is that 
human-like interpretation is n form of intelligence-compulatior~ involving qualitative reasonmg. 

We analyse the knowledge ellcited in the application thcme of land uselland cover mapping from the 
experts available at thc National Natural Resources Management Systcms Office, Department of Space. 
Bangalore, and identify the types ot knowledge III thc domain of imegc interpietatlon. This analysis ic 
helpful in deciding the choice of knowledge reprcsentatlon scheme, uncertainty handling scheme and reba. 
bility and pelfomance analysi$,5. 

Knowledge representation 1s of key importance in thc development of any knowledge-hascd sysle~u. We 
carry out studies on the srrilahility of image data base management system (IDBMS) hased on relatiouzi 
data mode1-o serve the purpose of representing feature-oriented image knowledge. Our studies i e v d  
illat the static storage modcl provided by the classical relational model is inefficient in capturing the 
abstraction at various levels of spatial resolution. We find that structural hm~tations. lack of semantics a d  
extension capab~lity arc the major disadvantages of D B M S  based on relation data model for using them 
as a basis for knowledge-based approaches to image mterpretation. As an alternate approach, we hare 
conceptualized detcctable image objects as region/area, line and poinr objects. This helps in abstraction at 
various spatial resolution levels and provides a basis for integralion with the geograph~cal information 
system (GIs). The conceptualization suggests that object-olicnted approach for thc representatLon of he% 
objects is the natural and appropriate choice. Feature values of these objects are stored in a fleibk 
storage structure using property hats. Heuristic information is stored in the form of rules. 

Reasoning is of paramount lmportancc in any intelligent analysis activity and thus plays a key role 
obtaining best possihle results or interpretation. we view image interpretation as a data fusion activir)"' 
which each interpretation key is treated as a knowledge source providing evidence to I o d a t e  a unlguc 
identification name m combination with other ~ n t c ~ ~ ~ l ~ t i ~ ~  keys for the object under study. Since 'he 
feature values represented by interpretation keys ale fuzzy human expressions, we take user's confiderce 
in describing a feature into account to handle the  uncertainty. 

We explore and demonstrate thc possibility of using DernpsterShaScr ( D S )  theory of eviden$ro 
combine the evidence from various mterpretation keys for interpretation of standard FCC Of IRS 
Basic probability assigmnent, a representative of apportioned belief in a propodtion, is the basis 'Or 

evidence combination. Unlike Bayesian method, D-S theory provides an evidential lute'' 

with suPpon and plausibdity. With this user's ignorance can be carried forward till the end Of pmces*mt 
in a structured manner and user has choice t o  distribute his beliel to any clement or subset of iden*DMi 
names Dempster's combination ruk tries to discard by way of normalmtion and bm@ * 
COnSeIISuS. 
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PIG 1. SEhl phologrdph ui Laser-tnmmed rrsmtor RI, 2 Typical variation of noimalizcd reslstvnce m h  m 
length m remtoi analoguc 

2. Experimental work 

Resistors, of glass as well as polymer typc, arc screen-printed on ahlmina and glass epoxy subitrate 
respectively. They are proccsscd uslng standard thick Film technologies applicable in each case. The fr 
glass-based rcsistors are trimmed downwards by exposing them to laser radiation in the form of track 
hetwecn the electrodes. The polymer-based resistors are trimmed downwards by exposlng the entire reststc 
to infrared radiation for a cerlain time. The details of the trimming are given below. 

2. Trimming of l i l t  glass-based resistors 

A CW argon ion lascr with an output power o l  4 watts war used m trlrnnlmg these resistors The hcar 
diameter was adjusted to the required diameter by using a lens and the resistor to be trimmed rvac mow 
at constant speed along its length in a direction perpendicular to the beam. At  thi, rate of movzmcnt an 
Power densty ~t was found that the materlal had not evaporated but got transformed leadux to I@w 
resistance values. This 1s due to the formation of high conductiv~tp tracks possibly through llle segregatio 
of conducting phase from the paste. An SEM photograph of a trimmed res~stor is shown in F I ~  1. 

2.1 Design of nimmzng tracks 

The trimming tracks are designed using resistor analogue3 consisting of discrete resistors, of value 3. 
kiloohms each, conuected m the form of a network. ~ l e c t r o d e s  ale formed suctr that tho number of Ior 
are Proportional Lo thc width and the numbcr of columns are proportional to the lengm of the resat'>i 
Trimmed poltion of the resistor is simulated by shorting approprmte rows and columns in the nawark 
The vanation of resistance with rncrease ~n trim length is measured for dlffeicnt resistors and It  is fom 

the resistance decreases with increase ln tnln lengrh. .rypical variation of normahzed resistance T' 
kin1 length for different track w~dthr  (W) is in ~i~ 2. using these curves onc can design tnmnmn: 
tracks to get the required decrease in resisrance. These tracks can also he designed using comPuter 
lalion described helow. In this method, Ulc potential drstrlhution in a resistor is calculated bY 
solution to Lapiace's equatlou using a fmite difference technique with an applied voltage of a?ar 

the resistor. The current flown8 through the resistor has been then cornpuled which esscntid~ I~~~~ 
conductance of the reslstur. 

3. Trimming of polymer rcsistors 

Pobmer resistors are, trimmed by exposing them to infrared radlatian for short periods like 4,.6.and 
seconds. It is found that the value o f  resistance decreases each cycle of exposurz to IR ramduon" 
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also decreases wlth incrcaae in voltage applied to the IR source. with exposure time and with the numbel 
of cxpusures. Tnis behaviour is observed "1 resistors mth different compositions. A desigr. method hzs 
men arrived at through the understanding of the mechanism. 

5.1. Proposed mechanism 

il is known that polymer films contax cavities which s t a t  shrinking when the polymer is ~ubjccted to a 
tewrature which is above the glass transtion temperature. The rate of carrity shrinkage is found to 
depend on the viscosity and surface lension of the polymer at that tcmperalure. As the cavity sve decreases 
d :h  time, the effective crowscction for the current increases and the resistance decreases. Since the 
temperature of the f ~ l m  depends on thc voltage applied to the IR sourcc, thc time of exposure, thc 
amber of exposues and on the mterval between the exposures, the chang in resistance i9 also expected 
$0 depend upon these parameters. A model has been proposed through which the percentye change in 
resistance can be estlmaled in terms number of cxposurcs, duration of exposures, etc. Typical measured 
and caiculatcd variation of the normalized resistances with the number of cycles is shuwn in Fig. 3 for 
m h r s  w~th different compositions. ~ r o m  this, one may ohtain thl: radialion exposure sched~le to get 
'he reqGed chmge in resistancc 

Proc. Mmoelec. Sy>nP., 1966, p.Dl1. 

IEEE Proc E k  Camp. Colf .  1971, p 17 

Elecrron devicer, 1972, p 21, Tata McGraw-HIU 

&sis Abstract (M.Sc. (Engng)) 

A design environment for layout module generators by Govind T. Chari 
Research supervisors: Priti Shankar and A. Prabhakar 

Computer Science and Automation 

Producbve design frameworks based on strucfi,red design ~ e t h o d s  for high-density and high-performa~ce 
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very large scale integrated (VLSI) circuits are still evolving. 7% search for structured des~gn metho& had 
naturally led to thc use of design languages as formal notations for descriptive purposes. roe kt in 
research on language-based approaches to IC design came with the coining of the term silicon 
which was first used to describe the concept of assembling parametcrised pieces of layout. ~~d~~ th 
popular term has a much larger and broader connotation. Pdrameterised description of layout entities are 
more commonly known as layout module generators. 

The use of module generators and the resultant procedural approach to layout design is consideIed 
practical and suited for an open-ended layout design framework. This work reports our efforts 
the design and implementation of a design environment for layout module generators. The implementatior 
constitutes a case study and is meant to provide an interactive and incremental style of layout design. 
part of this effort a critical review of the various layout design approaches, including attempts to use 
!anpage-based approach in layout design, has been done. Using a suitable taxonomical scheme, 
perspective of the trends in these design approaches is presented through which the relevance of procedural 
approach to layout design is established. 

2. Motivation 

The issues involved in the design of layout module generator specification language and the provision oi 
a system for design of module generators is dcscribed. A survey of the available literature on related 
efforts in this area such as ICL', ALP, S M 3 ,  GDP,  ICEWATER', etc., has been done. It is found that 
the acceptance and success of generator design tools (GDT) is mainly due to its graphical design inte~aace 
and the common database approach for various tools within the design system. These aspects of a design 
environment for module generators, which resemble programs, motivated us to investigate the possibilig 
of extending and utilismg the principles of software development environments. An alternate approach to 
provide an integrated design environment with graphical interface is elaborated. Considerations and various 
decisions involved in deriving the system architecture and the issues related to the design of moduh 
generator specification language are carefully anaiysed. The choice of the generator specification lang~age 
constructs and a basic system configuration of the design environment are described in detail. lie layout 
module generator specification language proposed is an extension of the C programming language. 

3. Jmplernentatinn 

Implementation details of the basic system configuration of the design environment are discussed. The 
current implementation of the basic system complises the source description translator module, the oWf 
manager module, the interpreter module, the design rule checker module and the display module. The 
environment supports a subset of the C programming language augmented by the constructs for layour 
module generator description, and has the following features: 

(a) 1% uses the abstract syntax tree as the intermediary code. The choice of intermediary form has ken 
influenced by the decision to allow for a tree-based editor to be incorporated. 

(b) It uses the compile-load-interpret technique. The interpretive mechanism provides for inCmentai 
execution with breakpointing and design tracing facility. 

(c) The execution mechanism is also supported by an online design rule checker and various tun tinar 
support facilities. 

: IUusPtive examples of some layout module generator specifications and layouts generated throughthun. 
usmg this system, are also presented. 

The current implementation demonstrates the applicability of our approach for constructing nintepad 
interactive design environment for layout module generators. Enhancements required to hcoWrate all 
the C language constructs are explained. The design of a structure-oriented editor to provide a full PPapY. 
cal Programming environment is briefly described. 

a Wmparison of relevant aspects of this approach with similar aspects, as reported in the lim 
of other generator design systems is made. The advantages of our approach are also hisblight'' 
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'Thesis Abstract (M.Sc.(Engng)) 

.Inalysis of the end-to-end performance of integrated services networks by T V.J 
Fane~h Rabu 
Rcsearch supervisor: Anurag Kumar 
Department' Electrical Commun~cation Engmeerlng 

1. The mod4 

In thls work, we analyse cnd-to-end packct delays in integrated scrvices networks that combine circuit and 
packet-switched traffic. We consider a network comprising switching nodes and Irasmission links. Each 
La.k hi~l a number of full duplex channels that are sharcd by c~rcuit and pocket-sretched traffic. The 
well-known movable boundary scheme' is used t o  share the channels. Hence, as far as circuit traffic is 
conzmed, we just have a circuit switching network with channcls dedicated for circuit traffic. We assume 
UmfOrm tr&c for circuit and packet arrivals o n  all the node pairs. Fixed routing for circults and packets 
1s assumed. Koutlng for circuit and packet traffic is defined by thc same routing matrix. 
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Server 1 Server 2 Server 1 

1. A two-link integrated services model wlih two link PIG. 2 A two-link mtegrated services model wl $ae 
nrcults (Model I). link mrcults (Model 11). 

circuits 

packets 

Fro. 3. Approximate model for the second ltnk ot both 
models in Fig. 1 and 2 (Model 111) 

Since a tandem network is not homogeneous (as is the hypercube network), the mean packet delay on 
each link has to be estimated individually, in order to estimate end-to-end mean packet delay. Since the 
load on the central link(s) is the maximum, we, however, only maintain regeneration statistia for the 
central link@). The simulation is run untrl an adequately narrow confidence interval is obtained for the 
central link(s). From the simulation results and the corresponding values obtained from the approximatt 
analysis, we make the lollowing observations: 

(i) At low packet occupancy and circuit occupancy, the approximation overestimates the mean packet 
delay. 

(ii) For a particular packet load as the circuit occupancy increases from a low to a high value, tbe 
approximation overestimates at low-circuit occupancies and underestimates at high-circmt occupanties 

(iii) At low-circuit occupancy, the overestimation by the approximation increases as we move from left to 
right downstream along the network. 

(iv) As circuit occupancy increases, first the approximation underestimates at upstream links and O V e W  

timates at downstream links, and at even higher circuit occupanices the approximation underestimar* 
at all links. 

From the simulation results and the corresponding approximation values for end-to-end mean packu 
delay in a 2d hypercube, we draw almost the same conclusions as we have done for the tandem network 
case, i.e., the approximation overestimates under low-circuit occupancy and packet load, and as drcd 
OcapancY inCIeaSes, we see the tendency of underestimation even though it is not as ~i@Cant as in tk 
tandem network case. Note, though, that the routing on the hypercube is such that some reccive 
only Poisson packet arrivals. Thus, the approximation will not underestimate significantly even Under'W 
circuit loads. 

We then attempt to explain these observations. 

4. A detailed study of the approximation 

,We simualte two simple models. In both the models, there are two single-server queues in tandem WcLea 

j entering the queue Of Server 1, after finishing their service, will enter the queue of Server 2. 
model (say Model I), circuits arriving will seize both servers simultaneously. In the semnd model (@ 
Model 111, the servers will be seized by independent circuit arrivals and no arriving d r d  
servers. The approximate model for link 2 m both the is the same as the isolated link model* 
single channel that integrates circuit switched haffic and packet switched traffic and implements m d  
boundary scheme (say Model ID). We compare the simulation estimates of mean delay eWrienced4 
packet at Server 2 of both models with the results obtained by analysing the approximate for link' 

Let S, and be the random variables representing the sojo- times of packets at Server 2 of 
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1 and n, respectively Let S,, bc the  random variable representing rhe sojourn time of packets at the 
5,nglc serve of Model 111. Then, thesc rcsults suggest that 

E(S,) 5 E ( S d  9 (Sd 

~ o t e  that the first hnk has the samc stochastic bchaviour in Models I and 11. The packet departure proccss 
born Server 1 of both the models is bursly. This is because the interdeparture times of packets from 
server 1 have a coefficient of variation greater than 1, and thc successive interdeparture tunes are cune- 
lated (which we have proved along the lines of ~urke ' ) .  The observed inequality Lhus suggests that if 
there are muliiple link nrcuits then the  approximation tends to overestimate the packet delays, whercas if 
!here are only single link crrcazrs then the approximation tends to underestimate the packet delays at the 
s a n d  link of the 2-link model. 

Note. however, that the bursts in the packet departure process iloul Selrrer 1 occur hecause packets 
accumulate while a circuit holds the server, and arc released in a burst when the circuit terminates. In 
Model I, this burst of packets will find thc sccond server free of any circu~t, whercas in Model I1 there 
is a prababil~ty that this burst of packela will again encounter a server occupied by a circuit. Thus in 
Model I, there is a correlation bctween scrvcr avadah~lity and bursts in the arrival stream, which helps in 
reducing dclay even below that m Model 111. On the other hand, the combined effect of a horsty packet 
arival process and uncorrelated circuit arrivals makes the delay at node 2 in Model I1 exceed that in 
?rfodel 111. 

Usmg the path-counting techniques for networks with single full duplex channel on each link it can be 
proved that the mean numbcr o t  active circuits m the network is an mcreasing function of the offered 
ioad per route, i.e., the average number of active circuits increases as the load increases. This suggests 
!hat for large loads, the number of links per active circuit should denease as load increases. It can be 
?roved that the average length of the active cilcuits approaches 1 as the offered load per route goes to 
mfinitp. Ram these results, we make the folluwing conjecture: the average length of active circuits is a 
deneasing function of the offered load per rouic. This conjecture is tested and found true for typical 
setworks. 

A! low-arcuit loads, the overestimation at downstream links of the tandem network increases. This is 
&cause. at downstream links, there 1s proportionately more internodal bursty packet traffic than fresh 
Poim packet traffic. Thus, at low and medium circuit loads, the further downstream a link is, the more 
s the effect discussed in the previous paragraph (note that the tandem nctwork is symmetric with respect 
t@ circuit traffic). At  high-circuit loads, there are mostly single link circuits and hcnce the approximation 
ucderestimates at all links. 

5. with multiple channels per link 

apply the approximate analysis to networks with multiple channels per link. We used the approx- 
mkon procedure (outlined in Kelly3) to calculatr blocking probabilities of various links in a &node 
mdem network in which each link has four full duplex channels, three dedicated to circuit-switchcd traffic 

one to packet-snitched traffic. we approximate each link of the network by an isolated link with the 4 
mmber of circuit channels and L.hanucls and a Poisson circuit arrival process and a Poisson 3 

Packet arrival process. ~~~~~i~~ that the link-hlockhg calculated by the fured point method3 

' due to a Poisson circuit arrival process, we the equivalent Poisson circuit arrival rate, using 

*%'s formula. Further, given the packet arrival rate for each source-destination pair, and the routing 
mahiK, wc find the packet arrival ratc at each link. mis an approximate model for each link, whose 

ualyssis we have basically adopted from Kraimeche and ~chrvartz~. 

By amparing mean delay experienced by packets obtained through simulation at link 3 of a 6-node 
BDdem network with each link having four full duplex channels, three dedicated to clrcuit traffic and one 

packet tra[fic and their corresponding approximate estimates, we make the following observations. 

the Underload re@on, packets do not rely much on circuit channels. Hence, the apP*mation 
*hue works well. In fact, if there were no circuits at all, the packet network would be product form 

ride le"alysis wollld be exact. overload region, the positive correlation between server availability 
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and arrival of bursts to thc servcr iq not much, because again packers do not rely that much on c"cu,l 
channels, when the  circuit occupancy is low. But, as circuit occupancy increases, this correlation decreazc 
and arriving bursts experience more delay. Hencc, the approximat~on works well at low-circuit uccupanoer 
and underestimates at high-circuit occupancies In the deep overload region, tllerz exists a 
positive correlation between server availabihty and arriyal of bursts to the server, whcn the circu;r LL. 
pancy is low and hence approximotion OvereStlmdteS. As  circuit occupancy increases, because of decreaic 
in this correlation, the approximation undcrestimatcs. 

6. Adaptive routing of packet traffic 

I i  alternate routing is pussiblc ior packets then we can adaptively route the packrts to improve the perfor. 
rnance of packcts in an integrated services network. Wc study only the case o i  a single channel per hk 
Circuit traffic tollows fixed routing. 

In the first adaptive routmg tcchmque, selection of one, among various altcrnatc links, which can reducp 
the number of hops t o  reach the destination by one, 1s donc based on mean work at these Imks. We a h  
consider a variant of this technique. In this case, the selection 1s done by considering the lcngth of multzp!e 
link circuits on  thcse alternate hnks in addition to consldenng the mean work at thcse hnks. 

We implemented both the above techniques in the sin~ulation of a d2 hypercube network. Both the 
adaptive routing schemes are based on the mean work at any queue which is obtained essentially horn 
our approximate model. Coniparlng simulation results those based on adaptwe routing with the simulation 
results that are based on usual routing, we conclude, that the adaptive routing based an mean wodi h 
more effective as thc packet load increases and i~ less effective as the circuit load increases. This 1s because 
the fluctuation of packet Iraiiic 1s much more as packet load increases compared to that caused by lnmcw 
in circuit load. Our variant adaptive routing technique also behaves in the same way except that It improves 
the delay pcrfonnance of packets slightly a t  low circuit load compared to the adapbve routing technique 
that 1s based on mean work. 
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Thesis Abstract (M.Sc. (Engng)) 

Self-synchronization of step motor using current ditkrence method by K. Muthukumar 
Research supenisor: N. J. Rao 
Department: Computer Science and Automation 

1. Introduction 

Precision motion couhol systems are requircd in a large numbcr of applications like biomedid 
a"'- 

icd instrummts, computer peripherals, machlne tools, robots, automobiles and all Wes of 
equipment. These Systems may he built around electromechanical, hydraulic or pneumatic amaton b" 
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commonly used electromechanical actuaton are Step motors, dc and ac servo motors and solenoids. 
oae of the most popular electromechanical actuator used is the step motor. The step motor is an elec- 
tomagnetic device which converts digitalpulse inputs into mcremental output motion. Each pulse advances 
he step motor by a step increment and latches it magnetically at the precise point to which it is stepped. 
1t is tiis precise stepping characteristic that makes step motor most attractive, as it can be operated, in 
pr;nciple, in an open-loop mode. 

The open-loop mode of operation for step motor is simple and inexpensive. It consists of switching the 
supply to various phases of the motor winding in a sequential manner at predefined time intervals. Each 
saitching will make the rotor to move by a fixed angular increment, without any risk of cumulative angular 
mar, as long as the load and accelerationfdeceleration rates remain within acceptable range. 

In open-loop mode of operation, the motor cannot be operated at any speed where the load torque is equal 
to ihz motor dynamic torque, which will lead to loss of synchronism. To avoid this loss of synchronism, some 
deN margin should be given between the load torque and the motor torque throughout the speed mge .  
This saiety margin leads to under utilisation of torque capabilities of the motor. 'The performance of a step 
motor on be geatly enhanced if it is operated in closed-loop, using some form of self-synchronisation'. 

In seli-synchronisation, the phase voltages are switched with reference to the rotor position. The motor 
phase current lags from the voltage depending on the motor speed because of the inductive beha~our of the 
motor winding. For an optimum motor torque the phase angle behween the supply voltage and the rotor 
pidon should he varied depending on the motor speed to compensate the lag in the phase curren?. The 
mtor position can be derived directly with an encoder coupled to the rotor. However, the use of encoder 
i m e a ~ e ~  the inertia, space requirement and cost. To ovemme this, many indirect methods of deriving the 
pition Xomation have been developed. Most of these methods have ditliculties at the implementation level. 

2. Cwent difference method3 

A new method has been developed to derive the rotor position indirectly, termed as current difference 
m&od. The current difference is the difference between the actual current in one phase of the motor 
and the wrresponding m e n t  that would circulate in the same phase in a stalled motor. In actual case, 

stalled motor current is simulated with an RC circuit whose time constant is matched to the motor 
ekchica] time constant. The actual phase current is measured with a current shunt. This current difference 
Wd is the current that would circulate in a phase due to back EMF only. 

This current difference signal is used as reference to switch the phase voltages. The signal is a sinusoidal 
meform, which is converted into a square waveform md directly used to switch the motor voltages. This 
weform is to be delayed depending on the motor speed for an optimum motor torque generation. A 
W-loop Step motor system was simulated to establish the effectiveness of the proposed seif-Spchroni- 
Qh scheme. Based on the simulation results a microprocessor-based controller was designed. The values 
*the delay that needs to be introduced were stored as look-up tables. The speed of the motor is derived 

measUling the current difference waveform pulse width. The pulse width data is used as pointer to 
fetch the delay data from the 100k.u~ table. mis  delay data is loaded into digital monostable which delays 
dae saitChing Voltage. With this controller, the motor is made to generate optimum torque throughout the 
'peed range. Practical results have shown good correlation with simulated data. 

3. R&ral implementation4 

A Pobt-topoint positioning system with indirect ~osition sensing was designed. This system was 
.bassd on an %bit microprocessor.' this point.to-point move, the controller starts the motor a few s t ep  

Open loop and switches to self-spchronisation. open-loop start is requkd because the current 
&emice signal for switching the phase voltage not be available when the rotor is stationary. Once 
?nofor is switched into self-synchro,,jsed mode, the goes into acceleration phase and the speed 

a madmum value where the motor dynamic torque matches the load torque. Since the motor 
in self-sj~chronised mode, it will continue to [ofate even when the motor torque is equal to load 

$f% is not the case in open.loop operation. The controller has to keep some steps for deceler- 
*from the total steps to he moved. me number of steps reserved for deceleration is taken as multiples 
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of the number of steps taken by the motor durlng thc acceleration phase. In short moves, the mot,,r 
not reach the m a x m u r n  speed hecausc the controller will start Ihc dcceleratmo phase before rcachei 
the maximum speed 

The deceleration is the dlfi~clllt phase in a move, where thc motor should slop without any aver shaol 
The mcthod a£ deceleration tried herc is sirnplc and gives good results. The delay data whch was urrd 
during the acceleration phase is loaded Into the  digital munostable in a reverse order after the motor 
moves through a rnultiplc of the step. This type of acceleration and dcccleration mode can take sonr 
amount of load valiat~on, as proven by expermentation 

4. Effect of parameter variations 

The orcuitry used to derive the currcnt difference s~gndl is very simple to implement, m comparison to 
other methods reported in literature, With minor modilications thia circuit has been adopted to c h o p p  
drives as well. But in any of thcse methods of indirect measurement of the rotor position using pasrive 
elements, it is necessary to establish the  validity of the slgnal undcr all operatlng condlhons, as the 
paranletcis of the circuit can only be perfectly matched with those ot  the nlolor at any one opentmg 
pomt. The parameters of the motor will change wwth temperature or from motor to motor of the same 
namc plate ratings. I t  is established hoth theoretically and cxpcrimentally that the effect of parameter 
variation is insignificant on  the behaviour of the closzd-loop system. 

5. Conclusions 

Operating the step mdtor under self-synchroniaed mode bascd on the current d~fference method icads to 
good dynamic performance and makes thc system less sensitive to parameter variations. me deceleration 
method tried was not efficient and requires further study. All the tcchniquea drvrloped through this stud! 
can also be implemented for brushless dc motors. 
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Thesis Abstract (M.Sc. (Engng)) 

Bending analysis of truncated conical shells by Meghal S. Karekar 
Research supervisor: K. Chandrashekara 
Department: Civil Engineering 

1. Introduction 

Closed truncated conical shclls are widely used in civil pracrice as chimney stacks. 
elevated water tanks and tor foundations ol tau structures. Thcae structures are gene&' 

'' 
asymmetric h d s  like w n d  load, soil reaction, etc. open conical shells irave wide application 

rwfi4 
clement? and are n o m d l y  subjected to dead and hve loads. This work attempts to proVide a p+ 
insight t o  the behaviour of closed conical shell snbjccted to asymmetric load and c o i d  sheU 

sb 

jected to dead load. 
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2. ~ & o d  of analysis and results 

A set of differential equations, similar to Donnell's equations for cylindrical shell, have been 
to study the bending behaviour of truncated conical shell of revolution and panel of conshnt thick- 

,,,, The governing partlal differential equations have been reduced to ordinary differential equations, in 
&a1 coordinate, by using Fourier series expansion in the circumferential direction. These ordinary 
mfferennal equatmns will have variable coefficient and have been solved by usmg finite difference method1. 
xmencal results have been obtained for two sets of boundary conditions for a truncated conical shell of 
Evoiution, namely, larger end fixed and smaller end free and v~ce versa. As a limiting case, results for a 
a~tilever cylindrical shell of revolution subjected to wind load have been obtained and a comparison with 
[be available results has been made. For a cantilever truncated conical shell of revolution results have also 
ken obtained by using the power series method2 and these have been compared with the results obtained 
sing the iuute difference method. Some of the results of bending analysis have also been compared with 
$e membrane theory results. 

Analysis of an allround simply supported conical shell panel subjected to either dead load or a cosine 
load variation has been made by using Fourier expansion in transverse direction which satisfies the simply 
mpparted boundary. An experimental study using the photoelastic method has also been made for a 
conical shell panel subjected to a cosine load variation. Stress freezing and slicing techniques have been 
used to find the stress distribution along some sections of the shell and have been compared with the 
results of the numerical method. 

3. Conclusions 

It has been shown that the numerical method adopted here is computatlonally more eEcient compared 
to the power series method. It is also shown that for conical shells of revolution with base angle greater 
than 75", the membrane theory is vahd over the maior vortion of the shell (except near the fixed edge). . . 
For purpose of design, an equwalent cylindrical shell analysis concept has been introduced particularly to 
determine the loneitudinal bending moment in the shell. Emerimental results coniirmed the accuracy and 
reiiability of the results obtained from the numerical method. 
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Thesis Abstract (M.Sc. (Engng)) 

1. Inhodnctlan 

understanding of dynamic behaviour of railway tracks is essential to provide fast, efficient and safe 
baosFQflation. The main function of a railway track is to safely distribute the weight of the train to the 
@'oufid. ' h s ,  riulway track acts as a load-carrying structural system which provides elastic suppon to the 
wvl% loads. However, in the process, with.t.e passage of time the track settles at points of high stresses. 
mk leads to the development of irregularities in the track in various directions. I t  is necessary to measure 
and model these irregularities systematically so as to prdperly understand the track dynamics and to 
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4 ' . ' A ' : ' : ' I : ' : ' : Ro. 2 Vertical uneveness record. 

$0. 1. Effect of foundatron inertia on the critical velocity 

:haracterize the random dynamic forces acting on the vehicles. Thus, structural properties and geometrical 
,roperties are of prime importance in charactelizing railway tracks. 

L. Smpe of the present work 

b e  work reported aims at understanding the influence of track-foundation interaction and track ir- 
.egularities on the dynamic behaviour of railway tracks. The scope of the investigation is as follows: 

L) To develop a generalised beam on elastic foundation ( B E F )  model for railway tracks, which can include 
the effect of foundation inertia. 

!) To develop a random process model for track unevenness from measured data. 

9. Summary, results and discussion 

3.1. Strucmral model for railway track 

b e  most popular model for the analysis of railway trcks under a moving force is the BEE mod, 
:onsisting of an infinitely long beam resting on a set of closely spaced independent springs. However. 
his model does not account for the foundation inertia, which considerably influences the response 
under dynamic conditions2. In the present investigation, the effect of foundation inertia is included bY 
modelling the track as an infinitely long beam resting on a series of closely spaced, independent dl 
rods Of finite length, fixed at the bottom and connected to the beam at the top. The effect of 
k u s t  in the beam is also included along with the effect of damping in the beam and foundation. nt 
[oundation inertia has been shown to be important in as much as it can reduce the critical VelocitY 
significantly. Also, the foundation inertia can induce higher stresses in the foundation leading to 
mation between the beam and the foundation. In Fig. 1, the effect of foundation inertia on the aiticai 
velocity is shown. In this figure, cr, is the critical velocity parameter and P, the mass parameter. ' 
0 corresponds to the massless foundation case. The effect of axial force parameter is also depictedin 
this figure. 

3.2. Modelling of venical hack irregularity 

Recorded data of vertical unevenness and absolute vertical profile (AW) from various stretches of Ind? 
railway tracks have been statistically. analysed. A record of vertical unevenness over a kilometer ltngrh a 
*own in Fig. 2. A stationary gaussian random process model is proposed for the vertical irreg""m' 
Such a PrOWss is completely defined by its PSD function. Two typical PSD functions are shown IDF*' 

3. As a practical application of the model, a theoretical estimate of the peak amplitude of variour 
in a @ven frack length is obtained. Numerical results from this estimate are compared amdym 

values to validate the proposed model. The comparison is found to be good. Results Of a 
for two meren t  track stretches are shown in Table I. Here E is a parameter estimated fmai 

the PSD function. L d  is the length of the track stretch. N is the total expected number of peaksaoda 
is the Peak amplitude standardised with respect to the standard deviation. 
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FIG. 3 PSD functmns for (a) vertical unevenness and (b) A W  

rphk I 
P d  amplitudes 
SllL, t = 0.548, Ld = 900 m, N = 174 

- 
Clider 1 2 3 4 5 6 7 8 9 1 0  

Mmated (a) 4.377 ,3.709 3.406 3.214 3.073 2.962 Z2-b70 2.792 2-724 2-663 

@bsrved(a) 4.136 3.930 3.638 3.346 3.055 2.972 2.890 2.807 2.725 2-643 

SjiL. F = 0.925, la = 880 m, N = 110 

Oiler, 1 2 3 4 5 6 7 8 9 1 0  

(e) 4.089 3.363 3.028 2.813 2.653 2.526 2.419 2.328 2.247 2-175 

O k n e d ( a )  3-400 3.009 2-90 2 - 8 3  2 - 6 3  2189 2.142 2.094 2-056 1.982 

Possible improvements to the track model in rhe light of the above studies have also been discussed. 
lo Pahular, equations of motion which can indude the random vertical profile of the nack and inelastic 
foundam behaviour are derived. 

4. Cooelusions 

reported here contributes to a better understanding of track-foundation interaction and track 
The results can be directly used for finding rhc critical velocity of a track which is an 

"~ol-knt design parameter. F~~~ the knowledge of an PSD function, for track irregularity, the 

and level of the peaks can be found by the procedure explained in the thesis. 
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'hesis Abstract (M.Sc. (Engng)) 

, PC-based interferometer for radio astronomy by N. Jayaprakash 
lesearch supervisors: B. S. Sonde and V. Radhakrishnan (Raman Research Institute) 

)epartment: Electrical Communication Engineering 

. Introduction 

lterferometry is now a well-established experimental technique of considerable importance in science and 
:chnology. In these nearly ten decades of its existence, it has advanced greatly, almost in step with the 
jvances in electronics, optics and related fields. While the first interferometer was developed by Michel- 
In in 1890 to estimate stellar diameters, more recent developments in interferometry have taken its 
pplication areas into other branches of science, such as radio astronomy, spectroscopy, etc. To the as. 
onomer, interferometry provides a means of measurement of stellar diameters and more recently a pow. 
:ful tool in high-resolution radio astronomy, both implying studies of the angular distribution of radiatiao 
n the sky. For the spectroscopist, it facil~tates measurement of spectral distributions and represents anew 
:chniqne for high-resolving power and mcreased sensitivity. To the optical designer, it is a method of 
:sting lenses and, to the biologist it is a new branch of microscopy. To the metrologist and the engineer, 
is now an important means of convening the international standard of length into a practical scale. 

Interference occurs when radiation follows more than one path from its source to the point of detectloo. 
may be described as the departure of the resultant intensity from the laws of addition. This is because 

% the poipt of detection is moved, the intensity oscillates about the sum of the separate intensities from 
~ c h  path, leading to maxima and minima in the intensity pattern. These are generally called interference 
inges. The technique of interferometry is derived from these interference patterns. And today, it has 
iolved into one of the most important methods of experimental physics, with applications extending to 
any branches of science and technology, as indicated earlier. 

The first use of interferometry in radio astronomy was reported in 1947". Since then, many radio 
terferometers have been developed and used in astronomical The first radio inte~feme~r 
lade use of the reflections from the surface of the sea to provide the second path; hut later !nSbJmen@ 
ere developed making use of two separate antennas in the system. The poweriid technique of apem 
mthesis was a spin-off from radio interferometers. This technique has formed the basis for seved new 
~dio telescopes that were built in later years, with resolutions, until then thought of as unrealisable. Sam 
E these interferometers are now operating over a wide range of radio frequencies for a variey of as' 
onomical applications all over the world. In the last over four decades, there has been considerable 
:velopment and improvement in the techniques employed, and the electronics involved in reaKsi'gthere 
derferometers. Major advances in interferometry in recent years have largely been influenced by: 

a) Progress in electronics, 
h) Advances in computers; and 
c) Wider range of applications. 

While the advances in electronics during this period have greatly influenced the development Of 

ld improved instrumentation for the radio interferometer, progress in digital computers has wnhibUted 
P a t  deal in the field of analysis of observed data. This is particularly important as the study the 

'skibution of radiation over the sky involves manipulation of a large database. However, more mn'r' 
8 the cost of computers has begun to decrease and their functionality increased, they have also been uaed 
'r data acquisition in radio interferometry. As a result, there is now a wide variety of mainframe ahl 
inicomputers in use over the world in radio astronomy applications. However, some Limitatia 
lffered by these radio intelferometer systems. A few of them are: 

a) Lack Of standardisation in data stru~rures 
b) Inwmpatibility of secondary storage media 
c) Multiplicity of programs for the same type of analysis in different systems 
d) Need for two Separate computers, viz., (i) data acquisition, and (ii) data analysis. 
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'Ibis has resulted in the data acquired at one localion not being e a d y  analysed at another location 
leading to problems in free exchange o I  unproccsscd data from one observatory to another. This has also 
Iesulted in lack of flexibility that is so much needed in this important field. Also there is a need for 
W h a r y  online data analysis, t o  monitor it for interference, which is especially predominant at low 
frequencies. This would avoid the collection of unnecessary data, thereby saving data storage space. Con- 
sidering these limitations, and keeping in view the recent developments in personal computers (PCs) and 
~ei~possible uses in instrumentation. it was decided to conduct a detailed investigation on thc use of PCs 
to radio interferometer at ISOMEIz. it was decided to try out the new ideas resulting from this investigation 
in the system design and impl&entation of this new iuterferomeier. This interferometer, which can bc 
aptly termed as an intelligent instrument, would only solve the problem of data transportability but 

incarporate a real-time data acquisitioll system (DAS) in it. This would enable online data acquisition, 
irterference monitoring and storage, as well as offline data analysis all in the same system. Ihe result of 
Ulis investigation is the development of a pc.based radio interferometer, which is described in detail. 

%bkbts and results 

' h e  hi&ghts of the work are the development of a PC-based raaio interferometer with the following 
"npartat characteristics: 

a) Sfandard~sation in data structure 
b, nefihility of data manipulation online 
C) Easy tramportability lmprocessed data between different observatories 
d) Facility for real-time interterence rejection 

anvenient initial data processing offlinc 
0 Low cost in system implementation. 

'Ibe main contributions of the work are: 

A detailed analytical study oaf a DAS 
Design and development of a PC-based DAS 

') Experimental verification of the DAS by simulation 
OveraU system integration to a PC-based radio mterferomefer (Fig.1) 
anducthg initial astronomical observations using this System. 
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The fringes obtained from a r a d ~ o  source (Cygnus A) using thrs lritcrferometer ale shown in ~ i ~ .  2, ~h~ 
number of fiinges expected for this source and that actually measurcd by the system tally fuuy, 
indicadng satisfactory overall performance. 

Theac studies and investtgations have indicatcd that a PC-based system is attractive m several respecfs for 
a small radio interferometer. The  preliminary tests conducted so far on as t ronomul  obaervatlons, $how 
that this interferometer can give usefill datdrcsults in an cconomical and elegant manner. Cans~d&~~i;o 
present trends in PCs, L.e.. availability of more and more computing power at higher and higher speeds 
at steadily decreasmg costs, 11 IS likely that this approach will become mare popular and an accepted 
standard practice in future instrumentation for radro astronomicxl applications of slmilar scale. 
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Thesis Abstract (M.Sc.(Engng)) 

Analysis of tropical convection using satellite data by Asha Guruprasad 
Research supervisor: Sulochana Gadgil 
Department: Centre for Atmospheric Sciences 

1. Introduction 

Organised convection in the tropics occurs primarily in the intertropical convergence zone (ITCZ), 
of the important phenomena in the tropics such as the E I - N U ~  or the monsoons involve large displan. 
merits of the ITCZ. Understanding 'the nature of the space-time variations of the ITCZ is therefon an 
important problem in tropical metcorology. After h e  advent of meteorological sarellites, if has becoy 
possible to study the variation of the planetary scale convection o v a  time scales rangmg from the da* 
to interannnal by analysls of the relevant fields such as the outgoing longnmve radiation (OLR), albeb 
(reflectivity oC the radiating surface), etc T ~ C  work reported is aimed at increasing our knowleds of 
nature of Lhe intraseasonal and interannual variations of the ITCZ using digital satellite data. 

The monsoon is a manifestation of the migration of the ITCZ from the oceanic region on to the 
subcontinent during the summer season. ~ a j o r  features of the intraseasonal variations of the lXZorc' 
the Indian longitudes during the summer lnonsoorl have heen brought out by earlier studies of 
imagery. These are: 

(1) Oscillations in the intensity of the continenta] ITCZ between activc and weak speUs Or bredS 

(ii) A bimodal distribution of convection with latitude due to the presence of an ITCZ over the e@v 
rial Indian Ocean as well as our: over the 

(iii) Poleward propagations of the ITCZ from the equatorial Indian Ocean on to the continznt at her. 
vals of 2-6 weeks. 
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to delineate the ITCA from the 2.5' daily data on OLR and albedo has been developed1. The method 
invoks identification of the grid points with a large fraction of deep convective clouds by the imposition of 
a g i a l  threshold (185 wM-' for daytime OLR and 0.5 for albedo). Such selected grid points are then 
fltered to retain only the large-scale convection. The variations of the ITCZ deduced by this method compares 
&with that obtained by the subjective analysis of satellite image$. The region of convection delineated 
isvery similar to that obtained by the analysis of the equivalent blackbody temperature data on pixel scale3. 

2.1. Analysir of the interannual variation 
The intraseasonal variation of the ITCZ over different parts of the tropics is analysed. It is found that 
ordilation between active and weak spells is a basic feature of the ITCZ. Bimodality is found only over 
the Asian monsoon zone. Poleward propagations are seen over the Asian winter monsoon regions only in 
some years. 

2.2. A~lysis  of the interannual varration 
The interannual variation of the ITCZ has been studied. Since rainfall is known to be well correlated with 
the presence of highly reflective clouds in the tropics4 we expected the variation in the number of convec- 
tive days in a month (counted as the number of days on whch the threshold criteria for OLR and albedo 
are satisfied) to be related to the variation in the rainfall over the Indian region. However, the interannual 
variation of the number of convective days during the penod 1974-1985 was found to be not completely 
consistent with that of rainfall. Therefore, the variations of a more basic variable, viz., monthly mean 
OLR were analysed. This analysis of the variation of the OLR and rainfall over the Indian region suggests 
the possibility of a systematic bias in the OLR (both daytime as well as daily average) with consistentIy 
lower values during 198265 as compared with 1974-78. It is also shown that the bias can be removed by 
an empirical formula akin to the one used in earlier corrections5. 
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Tksis Abstract (Ph.D.) 

Modelling the lifted phenomenon in the atmosphere by A. S. Vasudeva 
Muthy 
Research supervisors: R. Narasimha, J. Srinivasan and S. Kesavan (TIFR) 

Mechanical Engineering 

1. htmdnetion 

Re RRarndas Paradox or the liffed minimum phenomenon has been a long-standing micrometeorological 
.Pzk It concerns the vertical distribution of air temperature which, near the ground during nights, 
IQwvs, in general, increase with height up to some distance above the ground before it starts falling. 
Howeuer. Ramdas and ~ t ~ ~ ~ ~ t h ~ l  reported that on dear nights in Pune and other places in India 



412 IISc THESES ABSTRACTS 

they observed the minimum temperature not at the ground but at a height of order 20 cm (pig. 1) abo, 
it. These observations are intriguing because ground (with infrared emissivity close to one) is a gN 
radiator compared to a n  (less than 0.3) and hence may be expected to cool to a temperature below ,i, 
of an above it. Ramdas and Atmanathan found that the layer of air at 20 cm remained cooler than 0 
ground for well over three hours. Although these results were at first heated with suspicion, they ha, 
smce been amply confirmed by many other investlgators in d~fferent parts of the world (Lake'), lea& 
to what has since become known as the lifted minimum phenomenon or Ramdas paradox. Raschke3 
0ke4 have made exhaustive and well-documented studies. Oke, in particular, states that clear skies ar 
'winds below lmis (at a height of 25 cm) appear to be the two basic requ~rements ior the existence of d 
lifted minimum. 

Several physical explanations of the phenomenon have been offered, in particular by Rarnanarhan ao 
~amdas',  Lake6 and Geiger1. Although most investigators consider radiation to play a dominant role I 

the occurrence of the lifted minimum, the different explanations are generally contradictory and the precis 
mechanism has never been quantitatively explained. 

The only attempt so far at a mathemat~cal treatment of the problem is due to Zdunkowsk?, who! 
numerical calculations assuming a quasi-gray radiative model indicated that the existence of a haze layt 
near the ground is essential for the occurrence of the lifted minimum. There are two main difiicult~es wit 
this model. Firstly, no haze layer was reported by e~ther  Ramanathan and ~amdas '  or 0ke4. In particula 
Oke (being aware of Zdunkowski's theory) was specially looking for possibie haze. Secondly, the them 
diffusivity assumed by Zdunkowski at heights below 10 cm is about 18 times lower than the molecuk 
value for air, which is unphysical 

2. Model description 

The present work attempts to explain the phenomenon by formulating and solving the appropriate energ 
transport equation under the conditions that appear necessary to cause the lifted minlmurn. It is assume, 
that (1) surface temperature variation, atmospheric humidity and wmd can all be considered to be p1e 
scribed; (2) there is no atmospheric scattering: and (3) the temperature T 1s homogeneous in the horizontf 
plane, and so depends only on height z and time t. The evolution of the temperature prome s the) 
governed biy energy balance, 

where pa is the density of air, c,, the specific heat of air at constant pressure, and the total energy flu: 
is conveniently split into conduction (Q,), convection (Q, including turbulent transport) and radiation (Or) 

Q, is assumed to be porportional to the gradient of the potential temperature through an eddy diffusiJ'% 
that is Itself proportional to the friction velocity u* times and a function of the Richardson numbertha 
is derived from the extensive experimental data avaiable. A simple broadband flux ernissiviv model 
used for Q,. The resulting nonlinear partial integro-differential equation 1s then supplemented fitfi tb 
folh-'ing initialhoundary conditions. At the lower boundary (taken as ground) the temperature at 
after sunset is prescribdd as 

where @ is a constant that varies with the mverse square root of the thermal conductivity of the 
' 

+ n. the temperature is assumed to fall at the standard lapse rate (T) of 9.8 Wkm 

The initial condition is prescribed to be 

T(z,o) = T, - r z . 
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FIG. 1 Noctarnal evolu- 
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Canada, on 1-2 July 1966 Fir; 2. Comparison of computed and obseived Lcmperature prohlles with a lifted minimum. 

The resulting initialtboundary value problem is then solved by the method of lines with a spatial discreti- 
zadon that allows for a progressively finer resolution as the surface IS approached. 

3. Results and conclusions 

As noted above most investlgators have suggested that radiation plays a strong role in the formation of 
the lifted minimum. Therefore, in the first instance, heat transfer due to radiation alone was considered 
in eqn (I), i.e., we set Q, = Q, = 0. The resulting equation was then integrated up to two hours. The 
solutions obtained show the dassical radiative slip (or discontinuity) at the ground. The slip [T,(t) - 
T(Oi,t)] is then studied as a function of ground emissivity (a,), ground cooling rate (P) and humidity 
content (qo) near the ground. It 1s then shown that the slip varies rapidly with E, and P. In particular, 
for values of E, not too close to unity ( < 0.994) and p not too high ( 4 7 ~/fi) the temperature 
P " f k  show a strong resemblance to the observations with lifted minimum. However, these profiles are 
characterized by discontinuities and have the air layer just above the ground (z = 0') as the level of 
minimum temperature. This leads to the surmise that the lifted minimum could be caused by the smoothing 
of the radiative slip by thermal diffus~on (molecular, turbulent or both). Consequently, Q, and Q, are 
intmduced in succession and the resulting equation is again lnfcgrated for up to two hours. The solutions 
obtained by introducing Q, show a lifted minimum at heights varying between 15 and 30 cm. The solutions 
obtained by introducing Q, tend to weaken the structure of the lifted minimum. By further computation% 
it k shown that the amount of Q, at 25 cm should not exceed about four times that of Q, if a lifted 
mhkIIum is to form. In the next instance, the temperature profile of air near the ground just after sunset . 
"d the observed ground cooling taken from Ramanathan and ~ a m d a s ~  are used as initial and boundal~ 

on eqn (1) and the solutions are compared with observations. Gwd agreement is found between 
'he dmhted and the observed temperature profiles (Fig. 2). The dependence of the lifted minimum on the 
W-meters E~ p and qo is then ~ h t d i ~ d ,  leading to maps which should be usefuI in predicfing the phenomenon. 
In addition, the lifted minimum as a function of the surface Boltnnann number (ratio of convective energy 

b that of radiative energy flux) and other assodated nondimensiond numbers is also studied. 
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Thesis Abstract (M.Sc.(Eiigng)) 

Sparkover characteristics of inhomogeneous field gaps in compressed SF6 under compo 
site stresses by G .  S. Punekar 
Research supervisor: M. S .  Naidu 
Department: High Voltage Engineering 

1. Introduction 

Although electrical cha-acteristics of SF6 have been extenswely studied for both uniform and non-uniform 
field conditions with ac, dc and impulse voltages, relatively vcry little work ha5 becn done using ulmpmirt 
voltage [impulse voltage superimposed on dc or ac voltage) stresses, eapcc~ally under non-uniform fields. 
Studies with impulse voltages mperimposed on dc are i n ~ p o ~ t a n t  due to the following  reason^',^: 

a) In a dc-GIs, these are the typical voltages encountered. 
h) The discolmector switch of the Ac-GIS also experiences i l m c  stresses under practical cond~tions, 

and 

c) The composite voltage studies with mhomogeneous fields help in a belter understanding of corona 
stabilization and its influence an the breakdown of electronegative gases. 

In a practical system, the fault initiation 1s always from a point of inhomogeneity which may be In tk 
form of a miaopromsion or a fine metallic part& and these cannot be avoided for ~ure'. 

In view of the above, wmposite voltage characteristics o l  SFs gas gaps were investigated in detail alQ% 
with pure dc and lightning impulse voltage characteristics. The investigation was carried out using hc 
needle plane and hemispherically capped rod-plane gap conf,gurations with two different field facton. ti 
-; 9-744 and 24.93, respectively), for a 10-mm gap separatioo, over the SF6 gas pressure range of 0'1 '" 
0.5 MPa (absolute). To facilitate the experimontd work, a high-pressure test chamber along with an 
inexpensive SF6 recycling system was specially designed, fabricated and tested to meet the scarnt~ and 
cosl considerations of the SF, gas. 

The circuit arrangement used to produce composite voltages is show11 in ~ i g .  I. Tne results repo*' 
here are for the laboratory pure (99.8%) SF6 gas gaps. No cxteinal irradiation of the gap Was empi@ 
in the Present invcstigalion. The voltage-pressure cha~acteristics the needle plane gap with Pure dead 
standard lighting impulse (1.250 ua) stresses are as shown in Fig. 2. The experimental mldfs he'? 
quadrant and the f o m h  quadrant study (rod-plane gap) are given in Fig. 3. The mean values 
in these figures are the 50% probability breakdown voltages (Vso) obtained uslog the 'UP and 
method (a statistical technique). Also marked on the X-axis are the positive dc corona incePtlonvo'Ma' 
The overall accuraCY of the VX values is better than t 5%. 

2; Results and discussion 

From Fig. 2, comparing the positive dc breakdown voltager with the positive impulse voltages Over& 

pressure range studied, it is scen that the anamolous behaviour o t  the gas results in "" ? 
than one. This SfrangC behaviour is being wdely studied4 and is thought to be due to space 
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the gap prior to sparkover. In this region, termed as the corolla stabilization region, sparks curved in 
*d?e were obsemd due to the noutralisation of thc positive ion space charge which results in the weaken- 
ing of the elcctrlc field along the gap anls (see Fig.4). 

F ~ o m  the first quadrant study ( ~ i g .  3) for dc bias voltages below the corona onset voltagc, an incrcase 
'he total (composite) breakdown Is ohserved when compared to the pure Impulse breakdown 

'0% (w~thuut the dc bias). A similar obscnration was made earlier by ~ockenbach' for the case of a 
:hm d ~ a  sphere to pl;m gap of 3 mm, at a of 0.1 MPa. 1wrea.e in the dc bias voltages above 
the corona onset voltagc w a  obselved to increase the total breakdown voltage which is attnbuted to the space 
charge shieldvlg around the point electrode. 1t is also observed that the breakdown voltages obta~ned wth 
lhe composite voltages air- alwilvs hgher thiln those oblnned at either the hghtning impulse Voltage or the 
h voltage acting separately. A gimila, ohsewation €0, the ~w~tching impulse voltage superimposrd on 
ac Peak was also reported by Anrs and Srivatsava'. 

For the unlike polarity composite voltages (4th quadrant) a decrease in the total breakdow 'JolWe 
'lth the increase m the dc-to-inlpulse is obFerved. The most important observation to be made is 

'hat the breakdown voltages ohtallled ~ , t h  the composite voltages of this type can be lower than either 
lhe dc voltagz or the lightning impulse voltage acting separately at thls gas pressure, i e., 0.2 MPa (near 
the most effectwe corona stabilizat~on region) 

Goc~NB~cu, E. lniluence of pre-enistmg dc vultagc 0x1 thc breakdown pcriormsnce ot SF, 
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Thesis Abstract (M.Sc. (Engng)) 

$~&IWPCM codec implementation osing single TMS 32010 digital signal processor 
by H. R.  Ramanujam 
Research supervisors: A. P. Shivaprasad and P. V. Ananda Mohan 
Department: Electrical Communication Engineering 

1. Introduction 

The CCITT standardised algorithm for the ADPCM codci uaes adilptivc quantizer and adaptive predictors 
of order six with two poles and six zcrus. It is quite cumbcrsomc to implement the algorithm In VLSI 
form and requires the use of dedicated signal processors. The modulo-PCM (MPCM)' coding technque 
proposed by Ramamoorlhy is simpler comparcd to the ADPCM. In t h s  scheme, only the fractional part 
d the spccch sample i s  coded and transmitted using 4 bits. Thls fractional part is computed based on a 
prmerer 'd' whtch is computcd for cvery block .kt 100 samples by choosing the absolute maximum of 
!he adjacent sample differenccs withln this block The parameter 'd' 1s also coded and transmitted as 'stde 
inlornkat~on' at the rate o i  800 b ~ t s  pel second along with the main spcech data Thus, the gross bit rate 
becomes 32.8 kbs. At the recerver, the integer part is computed using 'd' and a first-ordcr predictor. This 
integer part i s  then added to the decoded fractional part for the reconstruction of the speech sample. 

2. Modulo-PCM cod% 

In view of the simplicity of the MPCM, its implementation using commarclally available digltal signal 
processors (DSP chips) has been attempted. For implemrnling this codec ~n stand-alone chip, TMS 3201p 
is found to be an ideal cholce because it has the requisite number of on chip data RAM and programme 
ROM with the necessary processing power. Hence, the MPCM codec was bu~l t  using the TMS 32010 
analog interface board in conjuction with the evaluation module. The analog interface board has analog-to- 
dl&d converters and digital-to-analog converters with 12-bit resolution It also has anti-aliasing and smoo- 
thing filters. The MPCM was tested tor its speech quality and it was found to be satisfactory. Then, 
wious CCITT-specified tests for spccch, namcly, linearity, frequency response, quantization distortion 
and idle channel noise were carried out using a standald PCM tester. Also, before implementing the 
MPCM codec on TMS 32010, its algorithm was verified by simulating the codec in FORTRAN on VAX-11 
computer and results on  SNR at different frequencies and input signal lcvels were obtained. 

3. Conclusions 

Both the soiiware and the hardwale aspects oi the Modulo-PCM are considered and the results of the 
simhtion as well as the hardware tests conducted using the analog interface board are presented. These 
results have confirmed the feasibility of an economical implementation of the MPCM coder for speech 
Wd using the DSP chip. 
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Thesis Abstract (M.Sc. (Engng)) 

Investigations of total pressure distortion of an aircraft intake model by T. K. 
Lokabhiram 
Research supervisors: S. P. Govindaraju and M. S. Narayana (HAL) 

Aerospace Engineering 

Tua Pressure distortion generated by the intake of a fighter-type aircraft imposes serious limitations on 
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the 0Pcration of its engine1. The experimental study and the follow up analysis reported here were an- 
ducted on an air intake model corresponding to  a fighter aircraft configuration (Fig.1). l h e  instrumentahon 
of the aerodynamic interface plane (AIP) for measu~ing the stcady state and fluctuating pressure 
and computer-baed data acquisition systems were developed by the author who also developed 
software for data acquisition and analysis. 

Measurement of distortion is usually undertaken to evaluate the intakelengmc compatibility during ihe 
development of a n  aircraftz. There can bc instances when the evaluation of d~stortion levels 
existing intake configurations is required, like in prototype testing and pilot training. In such cases, it li 
possible to reduce flight test instrumentation required if a knowledge of the behaviour of the 
available h@ni model tests. With this possibility, the test data have been analysed and reviewed and its 
shown that the distortion levels can he evaluated accurately using data from a limitcd number of lot' 
Pressure prubes. The same knowledge is also useful in selecting agpropnate estimation techniqce iM 
monitoring distortion and forecasting maximum distoltion levels, with minimal imtrumentation. 

2. Test setup and instrumentation 

The tests were conducted on a 113rd scale model of a futuristic Eighter aircraft in the 14' x 9' Open 
Wind Tunnel at IISc. New inrtrumentation systems were developed to meet the specific needs of 
testing. The AIP was instrumented with 8 total pressure rakes each having 5 total Pmsure pmbes 
elector was used for simulating the engine mass flow through' the intake. The 40 total pressure pmbD 
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FIG. 2. T ~ i c a l  total pressure contours at AIP 

contained in 8 rakes at the AIP were connected to two scannivalves mounted inside the mode. A pressure 
data acquisition system based on a PCIAT microcomputer was specially developed and used for these tesu. 
Steady-state distortion evaluation bad been done with the model attitude of a = 0 to 30" and 6 = 0 and 
Sand free stream velocity of 33 and 45 m/s. 

High-frequency response Kulite transducers of 0.093" diameter and a high-speed data acquisition system 
were configured for the measurement of fluctuating pressures at the AIP. A limited number of tests were 
canied out with the model attitude of a = 0 to 30°, 1(, = 0 and 5". Several computer programs have been 
developed to edit, validate and process the pressure data for obtaining pressure recovery, distortion de- 
Miptors and contour maps. Figure 2 shows a typical pressure contour map. The distortion calculation was 
k d  on GE's (General Electric Company, USA) methodology. Statistical analysis was also carried out 
to h d  the character of the fluctuating pressures. 

3. Analysis of data 

'be total pressure recovery is defined as 
Total pressure recovery = (x P W )  ip, x 100% 
where P, = total pressure at probe, 

Pf = free stream total pressure. 

The total pressure recovery is found to be good (88 to 92 %) for a l l  the cases tested. The recovely 
WmSeS with a up to 20" and this can be attributed to wing sheilding. Instantaneous recovery bas shown 
Wer values. 

For the same ejector conditions, there is a reduction of mass flow in the intake of about 0.4 kgls (7%) 
when u is increased form 0 to 30°. ~ y n a m i c  tests also show a similar reduction in the mass flow. 

The maps of steady-state total across AIP have shown that there are two distinct crescent- 
high-pressure zones due to flows from the two legs of the bifurcated duct. The flow pattem 
symmetrical up to a = 20" about plane of symmety of the model. Maps of instantaneous total 

m e  show random pattem due to pressure fluctuations. 

GE distortion descriptors IDC and KJR are calculated using the following definitions. 

circumferential distortion IDC is given by 

b u m  IDC = Max. of [(IDCI + IDC2)/2 . . . (DC4 + IDC5)121 

where IDC1. . .IDC5 are circumferential distdktion on each-ring given by 
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The radial dlstortion IDR is given by 

PAvo,, is avcrage pressure on nng i, P,,,,, thc minimum pressure on ring i, PAVG, the hce 
pressule, and EX (R,), the extent factor 

With cu vary~ng from 0 to 30". the steady-state IDC is approximately constant and IDR has shown: 
decreasing trend. Maximum dynamic distortions have increased w ~ t h  a. The occurrence of distortion wi.4 
values between 90 and 100% of their mdxlmum value is randomly d~stributed during the test. 

Analysis of qteady-statc test data and dynamic tcst data has shown that the low-pressure areas 
contribute to distorlion lie around probes s~tuated  in Lhe centrc portion of AIP for this intake. Hence 
measurement of total pressure at thosc locations is sufficient for diatortlon evaluation. Reduced number 
of probes al  AIP means less instrumentation requirements for flight testing the intake configurat~on. 

Fluctuating pressure sipnals are checked for statlonanty, power spectmm and amplitude distnbntioo. 
The mean and RMS values are constant withm 9%. Power spectrum obtained from the data showed 
approximately flat frequency response 111 most cases and the amplitude probability denslty function ha: 
normal distnhution. Knowing the character of pressure fluctuatiuns the disturtlon values can he monitored 
on line usmg a prediction technique and whcn implemented with other engine opcrating parameten, can 
serve as a surge warning t o  the pilot in prototype testing. 

4. Conclusions 

As part of the work, support systems for undertaking intake tests have been developed for the Ilk 
low-spccd wind tunnel. Instrumentation for the evaluation of steady state and dynamic distorrion has been 
successiully developed x l d  validated. Development and consolidation of many computer programs has 
been achieved. This will also meet any data processing needs for futurc i n t k e  tests. 

The total pressurc recovery of the intake model which was testcd is found to be gaod. Mass-flow 
variation is about 7% with variation of a. While thr  steady-state total pressure contours show reasonable 
symmetry, instantaneous pressure contouw chow random patterns. Maximum values of distortions 0ccili.ed 
with a = 30" and $ = 5". The random occurrence of U3C and 1DR with values between 90 and lmYh 
of their maximum values is useiul m forecasting a probable peak distortion conditron. As the IOw-PreSwP 
zones were found to lie at thc centre of the  AIP, pressure measurements in this area are sufficient 
evaluate distortion accurately tar the model tested. Use of such limited measurements for estimd@ 
torhon leads to significant savings in instrumentation and simplification m flight test procedures. In 
context, normal distrihution and flat powel spectra are h~ghly desirable characteristics. The worth* 
values evaluated with limited number of probes is accurate and comparable to that of 40 probe arIanP- 
nlent recommended by the cngine manuiacturer. 
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wing body configurations with segmented flaps by B.Rajeswari 
Rcsearch supervisors: V. S .  Holla, H.  N. V. Dutt (NAL) and M. ~hivakumar*~'~*y 
(NAL) 
Department: Aerospace Engineering 

1. Introduction 

Flaps have becn in use for a long tirne as devices to increase the lifting of wings, P ~ ~ C * I ~ Y "  
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improve low-speed pedormances, viz., take-off and Landing. In recent times, flaps have also been used to 
airplane performance at high speeds and in particular at high lift conditions encountered by 

hi@,.performance airplanes during manoeuvres. Especially, spanwise segmented flaps both at leading and 
"ahg edges are gaining increased use to generate optimum spanwise loading and to avoid tip stalling. 
ivth the emerging trend in aircraft design, wherein the computational tools are used right from the initial 
design phase, it is of immense importance to develop fast and reliable methods for the analysis of complex 
pings with deployed flaps. 

2. Background and motivation for the current work 

Even though several methods are available for the analysis of wing-body configurations based on both 
wrten lattice panel methods and singularity distribution panel methods, like, for example, methods of 
Margason and Lamar' & Woodwardz, the problem of wings with spanwse segmented flaps has not been 
considered in these methods. Wings with flaps can he analysed only in an indirect way by treating the 
nap portions as having additional incidence equal to flap deflection angle over and above that of iree 
swam by these methods. Some of the methods like that of Dillenius er aP which can analyse wings with 
naps are meant for some special-type flaps like jet-blown flaps. 

Another very important aspect to be considered a priori in any program for the analysis of complex 
geometries, which has been hitherto neglected greatly in literature, is the development of highly versatile 
gmmetnc input procedures. This is specially more critical for analysis of wings with flaps using vortex 
lanice methods wherein a stable numerical result depends to a large degree on geometric layout of lattice. 

With this in view, in the present investigation, very efficient numerical methods within the philosophy 
d simp?e vortex lattice and source panel techniques have been developed for the analysis of wing-body- 
gap configurations in compressible inviscid flows. The emphasis of the work is on the analysis of spanwise 
xkmented flaps both at leading and trailing edges. The most important task is to develop a model for 
f h ~  near wing-flap gaps and program the procedures in a highly optimum way for computer core and 
h e  so that these can be run on small computing systems including personal computers. 

3. Summary of the present work 

3.1 Analysis of simple wings with spanwire segmented flaps by planar horse shoe vortex latiice merhod 

One of the very widely used methods in thin-wing theory is the planar horse shoe vortex lattice method 
is well developed and documented in literaillre for plane wings. This method has been extended to 

problem of analysis of simple swept-tampered wings k t h  spanwse segmented flaps at leading and 
edges. Extensive numerical experimentations have been carried out to establish the criterion for 

'dpid mnvergence of the numerical solution, especially as applied to wings with flaps. Also the problems 
near &g-flap junctures have been studied in detail and the remedial measures adopted numerically to 
wermme these problems suggested.  other important aspect considered here is the development of 
aPk'roPriate method of applying compressibility corrections, especially for flap configurations. 

Non-~bnar vorfex laftice method for arbitrary wing-flap confrgurntiom 

Planar horse shoe vortex lattice method, the trailing legs leave the wing surface in the plane of the 
penel to infinity. Since it is appropriate to graze the trailing vortices on the wing surface UP to 
baili% edge and then make trail to infinity, a non-planar vortex lattice method has been developed to 
-iyse configurations. This program can analpe wings with complex geometries with deflected 
h and can treat an =dditional lifting surface. A very important,'hitherto unaddressed problem of mod- 

Of flow near wineflap juncture has heen dealt with in detail. The effect of flap gap modelling has 
demonstrated by applyidg it to typical configurations of increasing c~mple~ity.  Very large 

ml'''ting time reduction has been achieved by high level of optiwisation used in programming the 
Ythod. 'EX ESUlts of a typical wing-flap case with flap deflected by lo", with and without gap modelling, 
'Wnted in Fig. 1  om which the improvement in the re&lts with gap modelling predicting the Correct 

of cp values near wing-flap juncture can be observed. 
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FIG. 1. AC, distribution at various spanwise stations. 
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5.3 Wing rhicknras effects 

Using the principle of linear superposition to get the final solution, wing volume effects are included using 
a constant source flat panel method for estimating induced velocities created hy wing thickness surface ar 

incidence. The method used to estimate the wing thickness source strengths is devoid of any numerical 
difIiculties near leading edgc, as colnpared to a number of avadahle methods based on the camber-thick- 
m s  separation. 

3.4 Body effects 

As a logical conclusion t o  the analysis of ~ j ~ ~ - f l a p  configuration, the effects of body are considered. Even 
the well-known source panel method is used a combined analytical technique and an optimum 

of P q p n u n i n g  to .&itrary hodics has shown a computer time reduction by a factor of 6 to 
8, thus increasing its utility on small computers. ~ ~ i ~ ~ l  result for a tangent-ogive-boat tail body is shown 
in 2 along with Ihe results of ~ ~ d ~ ~ ~ d ' .  L.ruL be seen, the results of current work compare better 

with Ihe experimental results than those of Woodward. 

3.5- '+%--body znterference 

Different models have been tried out for wing-body interference problem to arrive at a model which gives 5 distribution comparable to in wing-body interference region. Results obtained for a wing- 

M ~ - f l a ~  configration arc shown in ~ i ~ .  3. AS can be seen-fmm the figure, there is good agreement 
'Iweeveen theory and experiment. 
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d. Conclusions 

hce(eihads and computer programs have been developed to analyse arbitrary wing-body-flap configurations 
wing the classical vortex lattice and constant source panel methods. Enough intelligence and logic have 
been built into the geometry package to automatically Panel complex wing planforms with spanwise seg- 
gented flaps at both leadmg and trailing edges to generate lattice layout for producing numerically stable 
re& with minimal input specificat~ons. Improvements and optimisatioh in programming techniques have 
rerutted in saving substantial amount of CPU time, New method to model the flow in the wing-flap 
juncture has been developed. A good comparison between theoretical and experimental values has been 
obtained, within the limlts of linear inviscid theory, in SC,, C, and total forces and moments for various 
whg-lap configurat~ons proving conclusively the validity of the techniques employed and methods de- 
veiapd in the current work. 
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A comparative study and assessment of human resource development practices as per- 
wived by scientists and engineers by P. K. Subramanya Swamy 
Research supenisors: K.B. Akhilesh and A. A. Natarajan (NGEF) 
Department: Management Studies 

1. Introduction 

me contribution of science and technology to social and economic well being of a nation was aptly 
nmgoised by the Indian Science Policy Resolution 1958. This has resulted in considerable investment in 
=erearch and development activities. Several measures like tax benefits, import facilities, etC., were ex- 
tended to encourage research in industries. Though the growth in science and techno log^ is quite impres- 
sW contributions of R&D are subjected to severe criticism'. Scientists and engineers constitute the core 
Of human resources and are considered as a leverage to achieve organizational exce~ence~'~.  Studies on 
RbiD management have indicated that the ~eriormance of scientists and engineers is a complex phenomena 
influenced by several factors4. 

2. Objectives 

The main purpose of the present study was to explore and describe the current human resource develop- 
ment Practices with respect to the performance and satisfaction of scientists and engineers. The major 
@eaves of the study were: 

6) to define and measure human resource development dimensions as perceived by R&D personnel. 
ci) to Compare human resource development dimensions among R&D groups of m a n u f a c t ~ g  Wani- 

zations. 
(I) to Critically evaluate human resource development practices in relation to moderator (organizational 

organizational smructure, technology) and output variables (job satisfaction, perfomtance, 
job involvement, obsolescence, reward satisfaction and career satisfaction). 

Civ) to suggest appropriate actions for effective human resource development of Indian R&D personnel. 
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. Methodology 
nitially, a theoretical research model was proposed, which served as a basis to consider the variabh to 

e included, to define the variables, to decide the method of data collection and analysis. Based the 
efinition of variables, a 75-item questionnaire was developed, standardised and used to ~ l l e c t  the data. 

Three R&D divisions, one each from the state puhlic Sector, central public sector and private senor 
rere chosen for the study. One hundred and forty scientists and engineers of these organrsations padc?. 
ated in the study. 

The data were analysed in two phases. Initially, the respondents were grouped according to their age 
nd qualifications. The difference in the perception of the variables was tested for their sign5cance.  at^^, 
he same analogy was extended to compare the human resource development dimensions across the orgnni. 
ations. In the second phase of data analysis a normal correlation model was used to relate the human 
esource development dimensions with human resource development outcomes and the moderator vari. 
bles. 

. Results and discussion 

>ata analysis of the state puhlic sector indicated that human resource development dimensions were rated 
tom average to somewhat above average. There was no significant difference in the perception of the 
ariahles among different groups of respondents. Several human resource development dimensions were 
ated high among others. These include greater focus on utilization of capabilit~es while planning for 
unpower, incrraacd organizational ~nv~luemcnt in rccruirmdnt and sdlcct~on. greator role elatit? Luring 

?duction, assignmenr or critlcal raskc whde designins ~ohs,  scope for urll1z311on of appram SccJbici. a: - -. . . 
he indication of need for self-development. 

Correlation analysis ~ndicated strong linkages between the resource development dimensions and the 
uman resource development outcomes, namely, job satisfaction and job involvement. Job design seems 
0 be the only human resource development dimension influencing the performance of the scientists and 
:ngineers. Moderator variables, organizational climate and technology had significant relations with human 
esource development dimensions, whereas the moderator variable, organizational structure, did not in& 
:ate significant linkages. 

Data analysis of the central puhlic sector has indicated that the effectiveness of the human resourn 
levelopment dimensions was perceived somewhat lower than average. The elders perceived the job design 
md induction practices better than youngsters; similarly, graduates perceived better induction pradm 
han post-graduates. Flexibility of manpower planning in assigning suitable tasks in the case Of tenhtion 
)f R&D projects, organizational involvement in recruitment and selection practices, providing role dt'Y 
luring induction, assigning mitical tasks while d e s i ~ m g  jobs, satisfaction over the utilization of Qprd 
eedback and the need to develop skills were rated higher among the variables. 

Correlation analysis indicated that all the human resource development dimensions had Si@ificantrela- 
ions with job satisfaction, performance and career The moderator variables, Organizatiacai 
: b a t e  and technology, had strong linkages with human resource development dimensions, whereas tbc 
Wanizational structure did not show any significant relationship. 

Data analysis of the private sector has shown that all the human resource development dimemions wen 
.ated above average. There was no significant difference in the perception of the human resource 
nent dimensions among the different groups of scientists and engineers. Flexibility in assigning 
asks in the case of termination of projects, organizational involvement in recruitment and selection, qi" 
?ding role clarity during induction, variety and autonomy while designing jobs, utilization of Wd 
eedback for salary administration and for reward, the need for self development were rated higP i)mo3g 
he variables. Job satisfaction was the only human resource development outcome that had sl*t 
.elationship with d l  the human resource development dimensions. Micro climate had Strong ?' 

the human resource development dimensions while structure did not indicate anya* 
int relationship. 
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A of human resource development dimensions across the organizations indicated that scien- 
'ti* and engineers of the private sector had better perception than their counterparts in the public sector. 
h o n g  the public sector units, research personnel of the state public sector had better perception. Analysis 
indicared that scientists and engineers Who had perceived the human resource development dimensions 
high have also perce~ved the human resource development outcomes as high and vice versa. 

5. Cmcbsion 
T6e present study has developed measures for assessing the effectiveness of human resource development 
practices. It has helped to understand the perception of human resource development dimensions by 
different groups of scientists and engineers. The study has revealed significant relationships between the 
human resource development dimensions and the human resource development outcomes as well as the 
moderator variables. 
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