
Thesis Abstraci (P'h.D.) 

Boundary restraint effects and correction rnles for two-dimemsioraa~ separated Bow 
past bodies by J.  Dcenadhayalan. 
Rcscarch supcrvlsor: Ci.  N. V. Rao. 
Department: Aemspace Engineerilig 

It a now ~~~~~~~~~~~~' that conrde:ablc uncertamiier and tnvdcquaclcs tint in mcthods fur etfecting 
blockage or boundary-restramt currecuoas In wind and watcr tunnel, 1 here tactorb hme lcd to icarch for 
other appnmclh  ~ o c h  r\ 4daptlvs wa!l mcrliud', Boundary rnrnsuiemrnl methods" and Momentum ba- 
hnce  neth hod' 

I n  thls xvork, stud~es of rhe effect of soid and free-jzt boundar~es iii two-d~rnensional separated flows 
haw hccn made w n g  Free-mearnl~ne themy, modelled to yield flirws closer lo rcahty than thoac m the 
pmneetrng work of K~rchhoff and Helmholtz The model? rnpluycd are Mumenturn aur fcc  model' and 
D~splaccmcnt surfacc modcl' Solld, frcc-lct and paitrallv opcn sold boundaries have been considered 

Stsdles have shown that modelling plays a wrai ,ole m predrctmg blockage effects, even when both the 
models are q u m  rcallstic In  rhc Dlspiacement surfacc model, at large bloc%agcs, the farces and moment 
coeftmcnts actmg an a body increase with increase oi blockngc, at thc samc back-pressure ca- 
elticrent, whereas m the Momentum surface model, just che opposlte trend has been observed m the 
aerodynamic coclhaenl\, rn a closcd jet tunnel. Alw, ihc ~cpaialr-d i l ~ w  past builm in the case oi  2 
fice jet mumg from a sold nazzle and as a frec jet whch l b  duuhly infinite ?n length haw been arudicd 
using Dlsplace~ncrlt surfacc modci. 

T h s e  s t u d m  conf~mm thar cveil tn separated flaws past h o d m  m completely closed and comple?ely 
opcn-let tunnels. opposne trends of blockage arc observed as in thc casc of attached flows. 

Follow~ng thcsc axaiyses, ~t was conjectured that a suctable ~ornbmitmn ol n g d  and open-jet boundant% 
~n a lunncl wall ian > A d  a blockage-free separated flow. The supprcssmn of boundary-restraint cSiccts I& 

shown to be Ieasible for a part~culai valuc of the partla1 openmg of the sold wall and the presuie at the 
opcnmg. it  1s ohserved that In all cases, the hack pressure m the "en,-uakc sepdcatmn bubble occurs as 
an unknown parameter, whxh can, ~n pnnclplc, have any value m the tunnel model and ~n unbounded 
f l u d  flow, unless ndditxmal rrstlamts are ~mposed to enable a unique rclatmn bctwecn the two to exist 
One wch 1s obv~oucly to require that thc flow separation in both the condltxons be a bomdary-layer 
sepalatma In thc invlsad domam. other restramrs are suggested to obtam a unque rclatron bctwccn the 
back pressures on the model in a tunncl and in unbounded fluid when back pressures are arbitrary, Ihe 
correctton procedure has to be semi-empmcal, m which case, two mch methods are proposed, somewhat 
srmllar to those upon which Reynolds number corrrctmns Sur dlag and 1x11 are made in airfoil expanmenls 
Apart from these, brief iev~ews o f  rha daveloprnent of free slrcamhne theotr for separated llows and the 
develapment of the rxtstmg boundary correction mcthods have been presented 
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Thesis Abstract (Ph.D.) 

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

The cxclt:r.g ach~evernents of space science and technology owe much to the development of sumble 
propellants as source of propulsion energy in rocket engmes. Of the varlous types ot propellants, the 
technology of the composite solid propellants, and also of the biliquld propellants, has been more or  less 
well estabhshed over the years There 1s stdl another class of propellants, known as hybnd propeliants, 
comprising a cornbumion of a soltd fuel and a iiquld oxldaer, that has not made the same progress m 
rocketry, although 11 offers man) distmc: advantages The full advantage of a hybnd prapeliant system, 
however, is realized by makmg use of a hypergul~c combmarlon of fuel and aniduer In such a comblna- 
tmn, self-gutton of t5e propellanl results when the two components are s~mply broilght In contact w~th  
each o?her One of the pnme cons~deratiors in these systems 1s the evolution of fuel-ox~dizer systems 
having shortest possible rgnitmn delays (IDS) to avo~d devastatmg pressure splkes which are generated on 
de!ayed lgnmon leadmg to 'hard start' or even destruction of the rocket motor 

By usmg exotx fuel-axid:zei systems hke hquid. fluonne and metal hydnde, very low ID can be 
achlercd. bat ;he pmctical problems associated wlth stabdlty. handhng and toxic nature of these materials 
prohtbxt their usc m real applications Commonly oicd fuel and oxidlzer comb~natlons. on the other hand, 
give longer lgmtlon delays It 1s apparent, therefore. ?hat the low profile of hybnd systems m rocket 
iechnoiug 15 mainly due to lacit of sumb!e highly hypergollc fuel-ox~d~zer combmations In recent ycars, 
several attenpo have been made'" to evolve hypergohc systems for hybnd rockets. However, in most of 
the srumes, ignltion delays reported have been determrned by taking the fuel In powder form Smce, ~n 
nctual appl?cetioni, :he fuel IS usually taken In a 'gram' form the lgnltlon deiay data on the cast fuel grams 
are nore  reievanr Usua!ly, ignmon delay Increases on castmg the fuel, hence, it 1s essential that the 
binder chosen Imparts the required mechanical strength to the gram w~thout srgniflcantly increasing the 
lgnitlon delay The present research 1s amed at understandmg the phenomena relvtmg to the onset of 
lgniD0n ?n hypergolic systems, and makes an attempt to develop novel metallized hypergolic systems having 
short lgnitlon delays and hlgh theoretical rocket performance 

2. Experimental 

A large nomber of solid Fuels, l ~ k e  Schiff bases, azmes, hydrazones, thiosern~carbazones, mono- and bls- 
thlocarbonohydrazones, hydroxy compounds, aromatic hydrocarbons, etc., have been mvestigated for thelr 
hypergolicity with wh~te or red fum~ng nitnc acid (WFNA or RFNA) as ox~dizer. The ignit~on delays of 
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these systems have been determ~ned using a dmptester-iype dcwce at room temperature. The eifect of 
addition of metal powders to the fuels o n  the ID has been dctrrmnied Dlfferentral thermal anal~srs o l  
the vanous compounds prepared during the codrse of the present study has been camed out to characterize 
and ascertam !hex thermal stablhty The prelgnmon-quenched products In a few cases have been identlhed 
by chem~cal analysis Speaal bmders have been synthes~zed for castlng the p:omnlng fuel> Into grains 

The heat of combustion of varlous hypergolic systems w?th HNO; as oxidizer has been measured In a 
modhed combust~on calorimeter described earlier A novel expenmental set-up has been devised for 
recording the translent temperature of the hypergolic systems it lnvolvca measuring the resistance of a 
m~cron-thm platmum film depos~ted m a glass crucible, capturmg the data on a dlgltvl oscdioscopa and 
processing them on a compu:er Necessary hardware and software for these measurements have been 
developed The theoretical performance rocket parameters of the various propellant systems have been 
obtamed on a DEC-1090 computer using the NASA-SP 273 program 

3. Results and conclusions 

A vanety of solid organlc compounds, such as Sch~ff bases, azmes. hydrazones, thiocarbonahydrnzoiies, 
th~osem~carbazones, hydroxy compounds and certam elements hke carbon and phosphorus. on mmng wlth 
metal powders, specially with magneaum, become synerg~stcally hypergolic w ~ t h  WFNA In the absence 
of magnesmm powder, these compounds are a ther  nonhypergol~c or have longer Igmtlon delays. The 
synergrstlc ignmon behawor has been explamed in terms of ~ncreased exorhermmty of the system, pr~manly 
due to the heat-evolvmg chemical reactlons occurrmg betwcen the fuel and the oxrdizer, m the prelgnitlon 
stage Nitration has been estabhshed as one of the Important preqgutlon reactlons by the ldentlfication of 
3-n~trocatechol m catechol-Mg-WFNA system 

The igmtion delay of several sol~d hypergolic fuel compontlons. cast using varlous polymeric binders, 
or  as melts, has been determaned wnh WFNA as oxld~zer The lgnltion delay Increases drastically on 
castmg with bmders l ~ k e  carboxyl or hydroxyl-termmated polybutadienes Fuel grams cast uslng some 
newly synthesized epoxy r e s m  are found to have short ignmon deiays, of the order of 200 ms, and also 
good mechanical strength Increasmg the amount of bmder in the coinpositlon retards the hypergohaty of 
the gram Law-meltmg hypergol~c compounds have been used for melt-castmg fuel powders. The igmtlon 
delays of the meit-cast g r a m  are longer than those determmed by tak~ng the composition m powder form. 
The effect of highly hypergohc addmves and metal powders on the ignition delay of the cast composlilons 
has been de temned.  Grams havrng good mechamcal strength and short ~gni t~on delays have been obtained 
by optimizing the fuel grain compositlon 

The heat of combustion with WFNA as oxldlzer of vanous hypergolic sj'sterns has been measured. An 
evaluation of the performance parameters reveals that these systems have speclflc impulse (vacuum: of 
the order of 280 s at chamber pressure, 30 atm, with expansion ratlo, 60. The maximum spec~fic impulse 
1s obtained at the same fuel compositlon at which the min~mum igrutlon delay is observed. OE the various 
systems studied, the Schlff base-Mg-WFNA systems appear to be most promising. The results have been 
explamed m terms of the phynco-chemsal processes occurnng tn these systems. 

A novel expenmental set-up has been developed for recordmg the temperature history of hypergohc 
propellant systems whlch lgnrte m mdli-seconds time intervals Billquid propellant systems are found to 
gwe better profile reproducibil~ty than hybrid systems In furfur)'lalcohol-anlhne-WFNA systems, the slope 
of the profde and the surface temperature recorded st  ~gn~t ion  po~nt  are found to be related to the ~gnitlon 
delays of the system, the steeper the slope and lower the surface temperature, shorter are the lgnitlon 
delays. 

References 

1 JAM, S R , KRISHNA. P M M Hypergol~c lgnrt~on of vvnous hydrazones wth nitnc aod, J Spaceciofl Roc- 
AED PAI VERNE=% V R kets. 1979, 16. 69-73 

2  ENDR RAN, G .AND JIUN, S R Novel solid hypergollc furis for hybrld propeilnntr, F d ,  1984. 63, 709-712 

3. JAW, S R auD Chemcal aspects of the hypergol~ prstgnitmn reacttons of some hybnd 
PUUWDRAN, G hypergols, Cornbur Flame, 1987, 67. 207-215 



38 IlSc THESES ABSTRACTS 

Thesis Abstract (PhD.)  

The i&nitely strong shock towards an exact solution by Padarbinda Das 
Research supervisors: R. Narasimha and M. R. Ananthasayanam. 
Department: Aerospace Engineering. 

1. Introductiun 

Many problems in rarefled gas dynamics are governed by the nonlmear Boltzmann equatton The 
Boltzmann collision mtegrals, wh~ch arc nonlmear and hlghly complex, present considerable difficult~es In 
the solutlon of these problems. Few enact solutions e r s t ,  though the nelghbounng field of linear transport 
theory is well studied 

The structure of a strong shock has a s~gmficance in klnenc theory simdar to that of a flat-plate boundary 
layer m VISCOUS flow theory-I: shares many important features wtth a w d e  class of flows In addmon, lt 
provides a simple test case for solving the nonlmear Boltzmann equatlon In the present work, the structure 
of an mfmitely strong (an lnfilute upstream Mach number) shock m gas of ngid spheres has been studled 
semtanalyt~callg. 

2. Main contributions 

(i) Tradttionai polynomral expansons have failed to prowde solntions for strong shocks. The Mott-Sm~th 
ansatz' prowdes solutions which are qualmtively acceptable. but are sensltwe to the eiror (res~dual) 
critena used along alth the ansatz. There is no obv~ous way of Improving the Mott-Smnh solut~ons. 
Here, a novel ratronal approxlmatlon scheme to compute an exact solut~on to the ~nfinltely strong 
shock has been presented. 

(11) Three successme approxnnate solutrons have been computed in the above-ment~oned scheme to obtan 
a dens~ty profile which 1s elact over most parts of the shock, and an exact value for the shock 
thickness at 6.7 timer the downstream mean free path 

(in) The scheme :wolves an expansion on the basls of 'Bumett functions', w h ~ h  conslsts of Sonme polyno- 
miab' and spherical h a m o n d  E~xpress~ons, some of whlch are new, have been denved for the 
Boltzwann collrsion opexators on this bas~s. and have been shown to possess high symmetry 

(iv) Computation of coliis~on m a t x  elements has remamed a difficult problem Here the most efflnent 
and rchable algorrthms for cornpuung these have been described at one place, and complete computer 
proglams have been developed and llsred This technology overcomes a major obstacle to using 
plynormal expamons In kinet~c theory 

(v) The relevant algehralc u-ork has been carned our In the framework of a powerfd ~rreduc~ble tensor 
fcrmalram' and Dirac notationi The formalism had been employed earller ~n kmetlc theory, but ~ t s  
use in a highly nonhear  problem hhe :he present one demonstrates for the first time ~ t s  power m 
handbng flows involving large department$ from equlhbr~um 

(VI) The !rredilcible tensor formahsm 1s a compact operat~onal method of handling tensors of arbltiary 
ranks Hence, it has great potential for application m comnuum mechames 

3. Formnlation and solution 

T%e Bo1tzrnan;l equation' for the plane shock problem la an obvrous notauon as 

Upsaeam and downstream, f approaches the respective M m e l h a n s  FL ( = n, S (v  - u,) ) and F, 

The upstrear? molecular beam gradually attenuates across the shock, so f IS given w~thln the shock by 

f(.d,x) = - v d.9 Fj + ~ ( V : X )  (2) 
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The form (2) off ~mplies that both sides of (1) have slngolai terms Equatlng the smgular and non-singular 
parts separately, eqn (1) breaks down to 

The crucial step is to expand h m a renes of polynomials, the Burnett functions jt'(c) (where c = u - u2)  
have been chosen for then great rnent', around the fixed Maxrvelllan F2 

A Galerkin-type procedure requlres the expansions 

v,W = Ai +*, 

All the coefficients m (9, 10) are expressible m terms of the matnx elements Ai, L[@'], G2 and Li' 
Expresmons have been derived for these rnatrx elements. 

The solution orb*& for (9, 10) must connect upstream and downstream equilibrium conditions. Such 
solut~ons are extremely dlfflcult to compute. Successive approximate solutions to (9, 10) have been com- 
puted truncatmg the expausLon (5) after one, four, and six terms 

Fm 1 The present value of shock thtckness marked on 
the plat &wen In Nmesrmha and ~eshpandd, --------- , 
MottSmrth rn~nmurn error solutton of Ref 6: - . -, 
MottSm~th V: moment values wth 0 = 0.816 (p-T). 
Hatched areas ieprescnt expenmental wlues, (6. e shack 
rhtckness, CZ2 s downstream mean free path) 
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The success of this work rndicates that slmllar approa~hes mlght work for othcr norll~near pruhlcn~a 11 

rarefied gas dynamics 
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Thesis Abstract (Ph.D .) 

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

1. introduction 

This work is concerned w ~ t h  some lmportant aspects of structural dynam~cs of spacecraft and ~ t s  subsyatcm\ 
These are broadly classified as free vibration data reductron, generation of dynam~c models, free vhrauon 
studies on suucturai panels and equipment platforms and dqlacement excltatlon analys~s. 

It 1s s h o ~ , n  that by the mroduction of three modal parameters, namely, energy disrr~hution, ottectlvc 
rnertance and effectwe mass, the task of data reduction and ~nterpretahon of masswe frzc v~bra t~on d m  
output of typical fume element analysis of a large degree of freedom spacecri~f: structure li  rendered vciy 
convement and effectwe' The second parameter. namely, 'effectme mertancc', IS a concept introduced 
perhaps for the fmt  tune m the present work in the context of matrix methods of structural analyszs to 
derive significant advantages The 'energy distnbutmn' mdxates, wthm a mode, the reiativc contribut~on 
of vmous areas to the overall kinetic and stram eliergles Etfectivc mertancc gdes mformatmn on m i -  
v~dual modal contnbutlons to the overall acceleration responses at d~fferent polnts In a structure subjected 
to a force exmtanon Effectme mass represents the modal contributmns to the total reaction force of a 
structure when excited by an acceleration Input Apphcaiion' of these parameters m a spacecraft sltuat~on 
1s lilustrated wlth examples. 

2. Equivalent dynamic models 

The concept of effectrve mass 1s appl~ed In obtaming 'equwalent dynamx models' of spacecraft stn~ctural 
systemslsubsystems These models consist of s~mple phyncal elements like spnngs and beams and accurately 
represent the ~nterface forces Thex advantages over conventional mathenlaticdl models m analys~s and 
testmg are hlghhghted and their vahdity 1s illustrated through the example of a spacecraft Some of the 
practical problems associated with the physical simulation of these models in an actua! dynamic test set-up 
are also addressed. Funher, a systematlc approach 1s outlined for developing 'loworder dynamlc models' 
of spacecraft for use m coupled analysis w~th  launch vehlcle to obtain accuratc loads at the ~nteriace and 
In Important subsystems. A substructure method m wh~ch Important subsystems are represented by cquva- 
lent dynarnlc models is suggested for t h ~ s  purpose dunng the development phase of a spacecraft project. 
The construction of such models and the11 usage m design parametric studies is also demonstrated through 
the example of Indian Remote Sensmg satellite (Fig. 1)'. 
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Node @ Node number * Lmear apring 

O ~ m ~ c d  nodc Ekmenl numbel -0TtfD- Tors~onai spmg 

8 Rigid nodc .mazrsr B e h  n g ~ d  m bending but Flexible In axial 
dmctlon 

u Plentble beam ngd m m a l  dircctmn 

Rlgld beam. 

3. Free vibration of panels 

A spacccralt consists or struaural panels which prowdc slxeldmg lor sensltwc electronic packages and 
equipinen1 drck, which cnrry elcclron~c boxer. and both arc dealgned lo meet spcclf~ frequency con- 
stlaints. The strnctural pan+ are generally stlffmca ualllg stlifmers to ralsc thclr frcqucncies The effect 
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Flc Ib IRS om-ordcr lateral d y m l c  model (all dimenimna are In mm) 

of small gaps usuall) left between the stiffener end and boundary due to iabrisat~onai reabons In such 
panels is investighted uith respect to then design efficiency and anaiysls problems for free wbration charac- 

a tensncs. It ir found that in the case of clamped panels avoidance of t h ~  gap results In a significant jump 
in cerrain frequencies (Fig. 2)'. Through the example of a spacecraft equipment deck of honeycomb 



IISc THESES AlBSTRACTS 43 

I I 
P 20 40 60 80 100 

Sldfener length 1% olole wldlh) 

hc 2 Vanatmn of panel frequency wtth strffener length 
(C Clamped) 

C 
Frc 3a Dritgn modlf~eauon of honeycomb sandwich plate 
far frequency Elementa with strata energy densrty more 
than average ~n fundamental mode are shown hatebed 
Daublerr are used In this area to mereaae the plate fre- 
quency From pmcttcal constderattons elements shown dot- 
ted also can be strffened 

C 
Flo-Sb Modifled mass drstrtbutmn based on kmetic 
energy denmy for maximum fundamental frequency 

sandw~ch construction, ~t 1s shown that the modal energy mstnbutlon can he used as effectme guidehe 
m unprovmg ~ t s  frequenc~es Klnetlc energy distrlbutmn a empioyed as a basis for redistnbutmg various 
packages on the deck and strain energy dlstnbut~on a used to ldent~fy areas which can be stiffened by 
bondmg doublers (Fig. 3)'. 
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4. Displacement excitation anaiysis 

The d~splaccment exatatvm response analysis procedures, as ~niple~nented In SAP IV.  ASKA and 
NASTRAN, are compared. This la done as no such informaton 1s ava~luhlc In literatucc on tllcir rcl:itive 
efficiencres and because o l  the importance of d~splaccment excltatlon anaiys~s ~n a spacecraft casc' It is 

found that ASKA results are in consxierahle error compared to other programs for the same number 01 
modes rncluded in the computations It 6 shown that if mode acceleratmn, mstcad of the presently avail- 
able mode displacement approach, 1s followed in ASKA, the resuits get signlf~canrly iinpmved' 
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docks, I Compurerr Strlrcr , 1988, 28, 737-743 

An evaluat~an of base-exatation response analysis usmg ASKA. I (bnipet- 
ers Strucr . 1986, 22. 815-822 

Thesis Abstract (Ph.D.) 

Development and critical assessment of a new FLIC method for base flows by Sushi! 
K. Saxena. 
Research supervisors: R. Narasimha, S. M. Deshpande and T. S Prahlad (ISRO). 
Department: Aerospace Engineering. 

1. Introduction 

The motivation for the present work stems from two complex base flow problems of dcvance  to satcllttc 
launch vehicles, namely, the flow about the base of a rocket body contamng an exhaust jet and the 
aerodynamics of stage separation during the flight of a nult~stage rocket Tne convent~onal PIJC (fluld 
m cell) has certam favourable features wrth regard to computation time, memory requirement and apphca- 
t ~ o n  of boundary conditions It 1s however first-oider accurate in &pace and tune and thercforc when 
applled to base flow problems produces results wh~ch though qual~tatlvely correct are not quantltatwely 
sufficiently accurate Further, there 1s unacceptable smearing of shocks. The malor contrlhutlon of the 
present work has been the development of a new FLIC (NFLIC) method whch 1s second-order accurate 
in space but first-order accurate 1n time and stdl retams the favourable features of the yonventional FISC 
method. The new method ?s tested on a laminar base flow problem of a backward-factng step and com- 
pared with computations done by other hlgher order schemes. 

2. Analysis 

Complete detalls of analysls are available elsewhere',' Here only the essential detalls are presented The 
present work has resulred in the h d m g  that elgenvalues of tho Jacob~an mdtnces for the FLIC convection 

terms are of the same srgn, they are elther all p o n t m  or all negative depending upon the sign of the 
veloc~ty components The f l u  spllttlng of convection-phase equatlons, whlch are Euler equatlons without 
pressure terns, therefore, turn out to be very s~mple compared lo the flux splmng m the case of full 
Euierequatlons where the elgenvalues of the Jacob~ans of flux vector can be of mixed sign. These split 
fluxes are then used in a second-order acmracy in space m the convection phase. Phase I d~ffmence 

i operator and the sequence of operators remans the same as m the case of convent~onal FLIC. 
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B O W  centre 
0 1 
I 0  2.0 3 0  L O  5 

x: h 

Flc 1 Lvniinir flow pdv b a ~ k w r d - f w m g  step 
(M. = 3 I).  Rei = 4LKI) 

U"-! = 01, (At) G I  (At) U" 

where 0, 1, the d~ffercnce operator in the caie of Phase I and O,, the difference operator for Phase I1 
I n  the case of XFLIC, the opelators GI and 0,, are both second-order accurate in space but first-order 
accurate ~n t m e  The above sequence of operators provides overall second-order accurdcy In space but 
first-order accuracy In nme tor the new method 

The efficiency of FLIC has been improved by ernpluylng convergence acceleration devices which tnclude 
g r ~ d  sequencing and local tlme stepping A boa-type g r ~ d  distr~bution has been employed to  dtscretm the 
solution domain m the cast of low Reynolds number flows; while an exponenrmlly strerched g r ~ d  1s recom- 
mended for high Reynolds number cases to keep the gnd point requirements low. Fmer grld has been 
used In thz boundary Payer and at viscoua regron near the base corner 

3. Results and discussion 
Detailed results from FLIC and NFLIC obtamed on varlous base flow problems are presented In the 
thesis Wore only some representatwe results from NFLIC on a laminar base flow problem of a backward. 
f ac~ng  step are piesented and compared with the results from other higher order schemes which Include 
MacCormack'r exphcit scheme employng operator splittmg wnh and without flux vector sphtring and an  

Table I 
Campariron between differenr numerical methods in terms of aperation count and memory 
requirement 

Yerhod Opwiinon couni Core memorj for 
ldliilion insrrucmnr 1130 grrd pomfs 

per t m e  step per 
gridpointj 

MacCormack's expim scheme 0 0081 43 K (Whit ward) 

MacCormack's erplmt scheme 0 017 45.5 K 
wnh flux vector spimmg 
Cias iml  FLIC 0 0050 39 K 

Yew FLlC 0 0075 39 K 

Unfactored implmt upwmd 0 0730 61 K 
scheme 
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unfactored upwind implret scheme Figure 1 presents the axlal pressure d~strlbutmn and ~ndmatc\ l avou-  
able cornparson of NFLIC with other second-order accurate methods in terms of accuracy Although no1 
presented here, similar good companson 1s obtalned for cross total pressure variation and contuur plots 
of Mach number, streamline and velocity vector Table I presents the comparison of NFUC witll other 
second-order accurate methods mentioned above in terms of operatlon count end memory rcquircment 
It 1s clear from the table that the new method has certam edge m lhls regard compared to the cxpllclt 
methods based on the flux vector splitting of the full Euler equations 

4. Conclusion 

A new FLIC method (NFLIC) within the framework of fin~re volume approach has bccn successfully 
developed which a upwind and second-order accurate in space and still retains vanous favourable lcatures 
of the conventional FLIC method It has been crit~cally assessed with regard to accuracy, opcmt~on count 
and memory requirement by testing it on a laminar base flow problem of a backward-iac~ng step and 
comparmg with the results from other higher order accurate schemes It n shown to have certain edge In 
terms of operatlon count and memory requirement over other exphat methods based on the flux vcctor 
sphttmg of the full Euler equations The efficiency of FLlC has been lmproved by employing grrd sequenc- 
ing and local tune stepplng by a factor of SIX 
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Steady cmpressible plane flow of cobesicanless granular materials in hoppers and 
bunkers by J .  Ravi Prakash. 
Research supervisor: K. Kesava Rao. 
Department: Chemical Engineering. 

1. Introduction 

The slow flow of granular materlals e commonly descr~bed by frictional theories whlch are slmllar to those 
used in plasucity and soil rnechan~cs',~ These theones have been apphed to !ncompress~ble flow through 
happer$.' However. observat~ons of density profiles lnd~cate that there are signrficant changes In certsrn 
parts of the flow field5 Therefore, !t 1s deamble to examme the compress~ble flow of granular materlals 
from a theoretical v~cwpomt The present work examines the steady, plane, compressible flow of cohenon- 
less granular matenals through a hopper and a bunker with a view to predlct the stress, velocrty and 
density fields, and to compute discharge rates A cont!nuum model based on the cntical date theory of 
soil mechamcs6 15 used for thn purpose 

2. Results 

The one-dmensional situa!~on of a hopper w~th smooth walls and gravity drrected radially towards its apex 
IS flrsr cons~dered. Results are found to be relatmely insensmve to the shape ot the yzeld locus, the 
locat~on of the upper uactron-free surface, and the dens~ty spenfred on thls surface. This inscnsrtivity 
anses from the existence of asymptotlc stress and denslty fields to which the solutlon tends to converge 
on movmg down the hopper Approxmate expresslous are derived for the asymptotlc fields, and dmharge 
rates est~mated usmg these expressions are wlthin 13% of the exact (numencat) values Rnally, 11 1s shown 
that the assumption of lncompressibildy leads to dtscharge rates whrch are slgnifmntly higher than those 
obtained by the mcorporation of denslty vanatmn. 
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The two-dmms~anal sltuatlon of a mass-flow bunker !s the second problem cons~dered here The bm- 
hopper transltlou ieglon 1s ~deallzed as a shock across w h ~ h  all the variables charge dlscont~nuousl~ 
Compar~son w~th  the work of Michalowskl' shows that hls experimentally determined rupture layer lles 
belwcer. the predldzon of tllc pre5er.t theoiy and that of Mlchalowski7 However, it resembles the latter 
more closely The conventlunal cond?tion lnvolv~np a traction-iree suiface at the hopper exlt e abandoned 
m favour of an exli shock below which the material kl1s vert~cally with zero fnct~onal stress The basic 
equations, whlch are not classifiable under any of the standard types, require enccsslve computat~onal 
ttme T h ~ s  problem 1s allevrated by the mtroducoon of the Mohr-Coulomb appraxlmatmn (MCA). The 
stress, dens~ty, and velocity profiles oblemed by lntegratlon of the MCA converge to asymptotx fields on 
movmg down the hopper Express~ons for the fields are denved by a perturbation method Computational 
difficult!es are encountered for bunkers wlth wall angles Ow 3 19, these are overcome by altering the 
initial conditmns. Predicted d~scharge rates lie sign~ficantly below the measured values of Nguyen er oiX, 
ranging from 38% at 9, = 15' to 59% at Ow = 32' T h ~ s  poor predrctlon appears to be largely due to the 
exzt condition used here. Paradoxically, ~ncompress~ble d~scharge rates 11e closer to the measured values 
An approximate seml-analytical expression lor the dlschaige Idle is obtalned, w h ~ h  predicts values wlth~n 
9% of the exact (numerical) ones in the compressible case, and 11% In the mcompressible case. The 
appruxtmate analys~s also suggests that inclus~on of dens~ty variation decreases the discharge rate This e 
borne out by the numerical results 
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Thesis Abstract (Ph.D.) 

Studies on two-dimensional separation bubbles and associated unsteady pressure fields 
by H. S. Govinda Ram. 
Research supervisor: V H. Arakeri. 
Department: Civil Engineenng. 

1. Introduction 

Pressure fluctuations are of common occurrence m unsteady fluid flows A need to measure these has 
been a long-feh need wllh reference to aerodynanuc apphcations like jer noise, amraft cabln nolse, etc. 
Similarly, knowledge of the pressure fluctuation characteristics is an essential mgredlent of premctlng and 
undentandmg of 'sonar' self-noise m underwater apphcat~onsi. The possible role of pressure fluctuattons 
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m the problem OF camtatma lnceptlon has been realized for some tune, hut, perhaps thd tirst syslcmatlc 
study m this dircctmn has been due to Arndt and lppen2 These stud~cs wcrc limitcd to wall-haunded 
turbulent flows. Subscquent studles by Araken' and Huang and llannani h;tve showr! that th~ .  rolc of 
turbulent pressure fluctuatlona can be even more dramatkc tar certain class of flows hkr: separaling shuilr 
layers. Substantially stronger-magnrtude pressure fluctuatlon levels have been rneaaurcd 11; ccrt:on tcpions 
of such flows than those exmng In attached fully developed turbulent boundary Payers Recently. K3t~'  
has carr~ed out extenswe pressure fluctuatlon measurements m flows wlth lamlnnr soparation and Sub- 
sequent turbulent reartachment However, one of the questions whlch remamed un;olr,wered wos ivhcthcr 
the fluctuation levels could be even h~gher m the develop~ng shear layer away From the su~faci: than those 
measured at the surface ltsclf Ir IS of interest to note that K a t s  measured surface rms prcssure fluctualian 
levels as high as i9 per cent oi the dynam~c head on a blunt cyllndrlcal nose model A natural questlon 
whlch anses IS whether there is an uppsr llm~t for the rms pressure fluctuation levels enher in tht: flow 
or at the surface This IS relevant from the pornt of v~cw that cawtation inception Index for flow, paat a 
sharp-edged dlsk does not seem to show an upper bound wlth Increase ~n Reynnids numbcr" 

In the past, basmlly, two types of pressure fluctuation measurements In turbulcnl flows have bccn 
atrempted, namely, surface and w~thm the flow The former are much more numerous than the latter, the 
majorlty of the former and to the best of our knowledge all the latter have been cartled out uslng wlnd 
tunnel fdc~hty rather than water tunnels. Some specific references d~rectly relevanr lo the present studies 
are ava~labie In two revlew articles by Wdlllmarth7 and George ec a l v h e  present study 1s aimed at 
fulfill~ng cewdm gaps m the measurement of pressure fluctuat~ons m one class of flows where the boundary 
layer at separation from a forebody IS lamrnar and the flow reatraches on a splitter plate turbulently In 
particular, attempts for the frrst time have been made to measure both the surface-pressure fluctuat~ons 
and pressure fluctuat~ons withln the flow m the reBon of separatmn and reattachment For pressure 
fluctuatlon measurements w?th:n the flow, a 'probe microphone' was constructed along s~milar hncs ot a 
probe used by Arndt and Nllsen9 

2. Experimental methods 

The facll~ty used tor the present cxpermental study is a suction-type low-speed wmd tunnel The cross-sec- 
tional area of the test sectlon 1s 610 x 610 mm and the total length a 2100 mm The t w ? d  iontractmn 
ratio e 9 : 1. To provide as qulet an envmnment as posslble for pressure fluctuat~om r n e i s ~ r ~ , ? i , , ,  i;iL 

transmission of the dlffuser vibrat~on was minimized by prowd~ng a flexlble attachmeut between the diffuser 
and the test section. Different nose model shapes were used In the present study The frst  set of models 
selected were ~sosceles two-dmens~onal tnangular cyhnders The second set of models. aiso two-dunen- 
slonal, consisted of 1 . 2 ratlo elhptlcal nose, sem~c~rcular nose and nght-angle corner blunt edge platc. 
The two-dlmens~onal models were mounted w~th perspex sphtrer plate, spannmg the test sect~on In add,- 
tion to the two-d~mens~onal models menuoned, two axisymmetric blunt cylmdncal models were also used 
in the present study The surface statlc pressure fluctuat~ons were meaaured wlth B B; K condenser mlc- 
rophone mounted close to the surface of the spl~tter plate The output of the microphone was fed into a 
B & K cathode follower bulk-m preamplifier, and finally to a measuring ampl~fmlfrequency analyzer 
Measurement of pressure fluctuations wlthm the flow was made with a probe very s imhr  to the onc used 
by Arndt and Ndseng The resonance peak was reduced by planng glass wool as damp~ng material 

3. Results and discussion 

Extenswe mvesrigatlve runs were made to assess the background none levels of the faclhty, Frequency 
contents of the unsteady pressure and veloc~ty flelds and the two dimens~onality of the flow field in the 
central r e g m  of the splitter plate In addltlon to the measurements to be presented, the reattachment 
distance for the vanous models was quantltat~vely estimated usmg several technques. The distance x along 
the plate 1s non-dimennonal~zed w~rh respect to the mean reattachment length XK. In all the cases, the 
mean pressure coeffiwent remarns nearly constmr up to about x/Xn = 0.4. The base pressurc coefficient 
Cpb varies s~gmficantly w~th 2 8  values of a tnangular nose A reasonably good collapse 1s found with 
modified pressure coeffiaent C; deftned as C; = ( C p  - q b ) / ( l  - Cpb), where Cp IS the pressure coeffi- 
clent along the plate 
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l'hr pnmary conclum% from the picscni expenrnent~l  a:udy are 

1 The m, ih tmun> normalwed ima suiidce preisure fiucrilal~ol Icvcls shoused a dependence on rhe 2 8  value 
oi Lhc t~~angulnr-shaped forchodica w l ~ x h  vaited tiom about 10 per cent of lhc dynamic head far 
2 0  = 30 dcgrcc modcl to 15 per ccnl Lor 2 0  = 180 degrcc model Far the other 2R c g l e  gecxnetne\ 
thc m a x l m ~ m  ieve l~  wcrc bc:wccn the two citremes notcd 

2 There appear, to  be a correidlmn between rhc maximum normailzed vaioe of the rms surface pressurc 
I l ietuat~oii  levcis and thc basc ple\mre cociilc~enl For the two-drmenrional forebodles used presently, 
thc ratio C,..,,,J(- C,,,) lhas a value ot about 0 27 

3 hxccpt for thc 2 0  = I80 deprec modcl, tor all the olhcr tnangulni nusc models, the maximum ms prcssare 
fluctumon levcis ILI thc shear layer are almost equxl to the m m m u m  surfacc rms prcssurc tlcctuatmn 
levela This hndmg has comi: as sorncwbat of n wrprise For the blunt 2 8  = 180 degree model, the 
n m ~ r m u n r  prcssue i!uawuon icvcl m t lk ahcm layer Ir larger by about 4 pcr cent ol the dynarnlc head. 

4 In thc uverrli context, lhc prubc mcrophonc response has been found to be quxc satisfactory and could 
be dcvclopcd ~ n t o  d :chabic insrrumcnt for meaiuremcrit of pressurc fluctuation levels withm thc flow. 

7 AKAKLKI V H A note 027 the tranilllan obscrvatloni on an urisvmmotilc hod" and some 
related nuctuatmg wall presiure measurements, ASME I Fluids E q q ,  
197% 97, SZ87 

Cuviiurinn ezceptwn rn vpuioiad jlows. Ph D Dmertatma, Cahiornls Inatl- 
tule o I  Technology. 1'181 

Prcasure tlucruarmns beneath a turbulent boundary layer, A Rev Flurd 
Mech , 1975, 7, 13-38 

8 GEoRcc, W K , BtvntEa, P D Prcssure spectra m turbulent free shear flows, I Nuid Mech , :984, 148, 
AND AiiNDT, R E A 155-191 

9 A~uo-r, R E A AND Ni~uei;, A.  W. On rfre memuremen1 o,ff%icfuoring prersure in the mixrns zone d o  round p i ,  
ASME Fltud Engmra~ng Dlvreon, Paper No 71-FE-31, 1971 

Thesis Abstract (Ph D.) 

Sub-optimal control via lower order generalised aggregated models by P. S Satya- 
narayana. 
Research supervisor: M. R. Chidambara. 
Department: Computer Science and Automation. 

1. Introduction 

One of the most wdcly studied problems in the beid of modern control theory a the 'optimal hear 
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regulator problem' The 'curse of dm~ensxons', cumputai:onal complexity, memory requirements 01 the 
available d~gltal computer and the need of an observer to make all the state var~ables avallnbie h r  feedback 
pose problems in deriving and mpiemen:q an optlmal control law In such circumstances, the dcsign 
engineer is forced to seek easrly ~mplementable sub-optlmal solutions. One way of gcttlng such solutions 
1s by the use of a reduccd order modcl This work prov~des a novel method of achieving thc goel. 

I .  Contribution of the thesis 

Majonty of the ava~lable model reduct~on techtuques deal w~th  open-loop behav~our of the model and the 
ongmal system Even when they can he used for sub-optlmal control, problem of implementation remdlns 
unsolved Further, an error between the output responses of the original system and the model always 
does exst due to the absence of certain modes (equal to the diiference between the orders) of the onglnal 
system An improvement m the situat:on can be ohtamed by using the idea of Ch~dambara and Scharnke:' 
to exate the model by an additional mput proportional to the output response error thoreby forclng the 
model to cantam all the modes of the onginal system Because of ~ t s  s~mllarity with the aggregated model 
of Aoki2 and the observer of ~uenberger' the resultant model 1s called a 'generaliscd aggregated model' 
(GAM). The work reporred is a refinement of th~s  novel ~ d e a  and makes the framework of 'generalised 
aggregation' more meanmgiul and powedul m the control of large-scale systems. 

i n  thls work, GAM 1s made dlrectly compat~ble for sub-optimal design for rnulti mput-multi output 
(MIMO) systems by forcing the we~ghtmg matrix of the output response error to be the product of the 
control distnbutlon matnx of the GAM and a, a matnx of feedback gams for the origmal system. GAM 
is constructed by uslng dommant eigenvalues of the 'closed loop orlginal system with output feedback, - 
a', thus not requlnng a knowledge of the ong~nal system (open loop) eigenvalues The power of the 
approach hes ~n the proper cholce of a, wh~ch is dependent on the subjectrve judgement of the designer. 
The aggregation matnx 1s unique for a chosen error-weightmg matnx and is ohtamed as the uniqoe solut~on 
to a linear matrix eqmuon The output matrrx of the CAM a chosen to glven minlmum 'integral squared- 
mpulse response error' (IS-IRE) subject to the cond~tlon of zero 'steady-state step-response error' (SS- 
SF=) 

When GAM is used for sub-optlmsl des~gn, it 1s found that the choice of a that glves an absolute 
mmrnlim IS-IRE does not necessarily result In absolute mmimum performance degradat~on (PD), and urce 
versa. Thus, there exlsts a rrade-off between IS-IRE and PD whlch requlres the subjectlee judgement of 
the designer 

Whereas GAM can be dlrectly used to solve an output regulator problem, the state regulator problem 
is solved usmg a 'dls-aggregation' procedure Unlike m other sub-opt~ma! controls, for the sub-optimal 
control presented m tius work, it is s h o w  that the closed-loop stabtlity of the orlglnai system a always 
guaranteed. It a established that the poles of the closed-loop origmal system when GAM-based control 
law IS used are those elpenvalues of the closed-loop system wlth output feedback matnx - a ,  not used in 
construchng GAM and (optrmal) closed-loop poles of GAM This umque feature of the proposed CAM 
prowdes cons~derable fleiib~lity In dec~ding the order of the GAM dependmg on the al!owable tolerance 
on PD Numencal examples are glven to dlilstrate the util~ty and supenorlty of tile proposed technique. 

Another mterestmg use of CAM framework 1s In delivlng stab~iismg control pollcies (pole placement). 
Solution for thls problem is straightfo:ward when usmg GAM and an iterative procedure for rbe same 1s 
outhned m the work In general, the MIMO pole placement problem can be converted into a problem of 
solwng a set of underdeterm~ned equations by usmg the GAM techn~que When GAM IS mtended for 
solving the pole-placement problem, the a-matnx and the output matdx of CAM can be chosen at will, 
without bothering about IS-IRE aqd opt~misation procedure 

One of the most lmpotiant applrcalions of the GAM proposed In this work a m the design of systems 
for a desired traneent response (problem of partla1 pole p!acement). Soiutlon for such a problem. using 
convent~onal pole-placement methods requlres, for feedback, a h e a r  combination of erther all the state 
variables or a subset of the state variables. In the latter case, a transformation of the system to ~ t s  
decoupled form 1s required In either case, d 1s necessary to buid an observer to make all the state 
variables md~v~dually available for ~mplementmg the control law It has been shown In t h ~ s  work that ~t 
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is poss~blc la ~lil t t  O n i ~  a iUDlc1 of the p d v  OI the system (say rn voles of the n!li older ry,rem) by the 
~onstrucliun el an Inth oldor (;A.M and the so:ution of an mrh oidcr pole-p!accmeot p b l e m  CAM, 
vlcwed a\ ;In o b w v c ~ ,  i1ii.n uilmlllates tl:e nced ut a full-oidcr observer m the conventmnal scnsc requ~rlng 
only an o:>rervcr I J ~  uidcr uqaal to the ncmber o! elpenvaluer 01 :he ongmrl systerr to be changed to be 
cor.s:rurtcd. 

i'in:dly, tbc ut~llly of GAM In acnsitivtty-reduced deargn of llnear ragui.itors has been brought out The 
piocciurc does not requrrc the gnncrntion and feedhack of eithc~ the sa te  varlriblcs or the :raptory 
senr:tiwty vector o i  the orrglnnl ay\teiu I h c  dcsign dz?cnds on lhc choice of a solar parlnctcr p which 
XI lcrn depends on tire alluwdbli. perioirnairce drgradabn  

In a3 carts. im;~lcrnentnilon of Lhi: cantldi law 15 done u m g  'mcssurcn~cnt variables' of GAM alone 
and thita nii olxcrvcr IS requ~rcd 

Control of large-ecdc dynamic systems by agsrzgation. lEEE Tmnr . 1968, 
AC.13. 22t-353 

Thesis Abstract (Phi)  ) 

Devclopmcwt of quaternary circuits using CMOS quaternary multipkxers as boilding 
blocks by (3. Krishcan. 
Research supervisor: A. P. Shivaprasad. 
Department: Electrical Com~nuiiication Engineering. 

Thc rcduciwn in the srze of an integrated circuit has besn one of thc important hardware lequlrerneiits 
In LSIIVLSI dcs ig~ This can be nchleved by (I) the reducuon In the size of cumponcnts uahg soph~sticated 
technology u-hlch has m ultmmte lmut due to the problcma a\soclated wltli control, handling, etc , and 
(81) the reduction 111 tlic number af node points, ~nterconnections on chip wmng and mterch~p winng (I e., 
number ot pms), w h ~ h  requires that the mformatlon carried by each connection or line be mcreased But 
ao long ar the logic uscd for thc digital clrcult desgn x i  b~nary, thcrc 1s an ultmate hmlt wtrh rcgard lo  
Inlnmtt,nzatmn due to :ha lmntzd functional dens~ty of the h~nary lopic. Therefow, there 1s a necesiliy tu 
hrmg up a nc#  log^ farnlly whlch can pn~r ide  hlghe~ functmial dens~ty and this has led to the dcvckqmenl 
of multrple-valued logic as an alternvtrvc to bmary 

2. Mullivalued losic (MVL) 

Any iadix more than two s called mult~plc-valued radix and ;he aazoc;ated  lug^ &a tlrc mu!t,ple-vdlucd 
 log^ or slrnply rnultivaluad logic (MVL). As MVL can cart7 more informanon an  cach linc, rt p r ~ ~ i d l i s  
mole hnctronnl dcnslty ( I  e , elementary tunctmndm/mm') and less number of plns m a chip Heacc, a 
systcmatic development of MVL Ir requued As on today, no MVI. has reached a stage of perfection t o  
Compete wrth binary logic In dlgihl design and replace ;t. But, quaternary appeais to he the best choice 
for ~mmedzate acceptance nncc radlx four 1s the next higher radix to blnary with a powcr of two Hcncc, 
t b s  work deals rnalnly wlth the quaternary  log^ crrcuits and systems. 

3. Quaternary logic ciresits and wsterns 

The probicrns attemp:cd m this drrcctlon are (a) davalopment of quaternary algebra, (b) formulatrori i,! 

quaternary funct~ons and s~mphf!cat~an techmques, (c) des~gn and devclop~nent of unwerid! lugkc rnodulcb 
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(ULM) and their standardlzatlon, and (d) dengn and development of elementary blocks such as adders, 
muhphers, analog-to-quaternary converters (AQCS) and quaternary-to-analog wnverters (QACS), etc.. 
using quaternary universal log~c modules. 

3 1. The gore-level desrgn 

Quaternary algebra, funct~on fonnulat~on, s~mpl~f~cat>ons and realuatlons relaung to thc gate level d 
design complexity have been studled. Various CMOS logic gates sultable for the development of quaternary 
logic have been ldentlhed and performances of the gates assessed. 

3 2. MSI-level design 

As the gate level of deslgn reqmres mvolved methodology and results In complicated circuitry. a quaternary 
muhiolexer as an MSI bulld~ne block has been exammed to assess ~ t s  sunab~lriy m designing the quaternary - - - .  
 log^ Three different configuratzons of quaternary mult~plexers have been proposed for developing quatcr- 
n a r  CizCUit~ under the MSI level of d e s m  comolexltv. Hardware confisuratlons and slnlulatron models - . .  
have been developed and methodologies proposed for funcuon fomuldt~on, simpllficat~on and realization 
urmg quaternary mult~plexers as the bas~c buldmg modules A new mapping technque has been explic~rly 
Brought out for quaternary function smpl~ficat~on Usin:: this methodology important quaternary combina- 
tional cmuits such as adden, subtractors, multlphers, etc , have been deszgned and developed Algorithms 
are proposed for quaternary-coded addition and subtractzon. Also, some useful configuranons for analog- 
to-quatemary interface and muurnentation purposes have been proposed. It has been shown that the 
quaternary CMOS mult~plexers developed serve as efhclent building blocks in rhe reahzat~on of quarernary 
dlgital circn~ts/sysrems. 

4. Conclusions 

In all these investlgatlons, the performance of quaternary systems has been compared wlth the eqmvalenc 
b ~ n q  sywms, and both ments and dements have been brought out highhghtmg the use of qua:ernary 
logic as an alternauve to binary and the importance of quaternary MUX as a universal  log^ modulc in 
the desim ana development of quaterxary systems'-3. 

The prospects for mult~valved logic. A fechnolagy and apphcatruns wow, 
IEEE Tram, 1981, C-30, 619434. 
A demsaon of multqle valued logx  arcuar, Proc h r  Symp Muinpie 
Valued Logrc, 1982, pp ZOO-U15 

Multlp!e-valued logic-rts status and x h  future, IEEE Trans, 1984, C-33, 
116&1179 

Thesis Abstract (Ph.D.) 

Study of power system response to cyclic loads. Modelbng-simuhtition-controIIer 
design by K. Raghavendra Rao. 
Research supervisor: Lawrence Jenkins. 
Department: Electrical Engineering. 

In addition to random vanations m load (termed as disturbance) to whzch a power system is normally 
subjected, there are cyclic loads whlch have a penod~c variation. Typ~cal examples are the loads of nuclear 
reacton and steel plants where both the acuve and reactlve power demands vary periodically. The presence 
of such large cyclic loads may result rn undesuable power oscillations over the transmission lines supplyzng 
them and also result in large voltage drps, causlng problems to consumers ID the vxcinity of such loads'. 



lnglant 
*nerd ion 

Purthcr. luge harn:onx oscdlatiorr\ may be \et up In the system ilrelf as a roult ot wmc resonant moder 
~n the syhlrm being clu\c in lrcqucncy lo e~ther the iundarnri~ta! or one of the harrnonm of thc cycirc load 

2. System investigated 

The propowl Vqayanagnr S t 4  PLant (war Hapet  in South Ind~a) IF considcred for the purpose of the 
study. To reduce the mipact oi the cyck  load on the power system and also to n m t  the csscntlal laads 
when thc external supply systcm farls, an ~nplnot gencrauon is necessary The power ymcm supplying 
such a loid call he appronmated by a two-rnachme syslcnl (Fig I )  Figures 2 and 3 show the variation 
of thc activc and reaawc powcr dclnands of the cychc l a d  Ralh h e a r  (sumble for small disrurbances) 
and nonlmcai models (suitahlc for laigc disturbances) are developed for tlw purpohes of mestigaaon. 

3. A new trchniyae for steadystate response of a power system due to cyclic load 

The techmque uses the method of hvnnun~c analgsls far dererrn~nmg the steadystate response to cychc 
!oad The load cycle l a  resolved mto harmonlc componenls and the system respo~lse to each one of thc 
harrnona components 1s ohtsmed by solvmg a set uf l~n'ear algebraic maum equations The told syalcni 
rcaponse 1s obtamed by applymg !he pi~nc~ple of superposltmn This method of analysis gives results of 
acceptabld accuracy I-lowcver, liuc lechn~que 1s sutable for only h e a r  rystcmr 

4. Multi time scak analysts 

Clasalcvl lncthods of long tme-simulation studies on a dlgital comptcr (as ~n the case of power system 
response to cychc iond) is proh~b~twely costly, ar the period of s~mulatron extends over a few mlnutes A 
two-tme scalc-simulatmn technique 1s developed and apphed for such studiesZ Techniques sutablr for 
both linear and n o n l ~ ~ c ; ~  ayrichs are presented In thq case oi linear sysrems, the system model IU the 
state space form 1s decoupled mto two lower order subsystems, one group conssting oi fast variables and 
thc other 01 slow vmiabler. These groups of state variables are simulated with drfferent tlmz sreps. The 
subsystem responses are comblned to gct the total syslsm responsc' This techn~que when applied for thc 
simulatmn of cychc load results in a 50 per cent reduclmn m compalrr time 

The ahove dccoupling technique cannot be appllcd for nonlinear system Bur, if the coupling between 
the slow and fat subsystems 1s weak, such a property can bc cxplo~tril for two-tlmc scale sfmulatmn. 
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Usrng this technique, the power system response to lzigc cycllc load (nonl~ncar mndi'l) IS ~ l m u h l c d  :ind 
the savmg In computer tnne by this approach 1s about 61 per cent. 

5. Design of controller 

Even though considerable research work has been donc m the arca of sy\tem optlmmtion ovet the p u t  
two decades, most of the applications arc Iimlted to lower order system In thc cdrc al hqhvr order 
111-conditioned systems the dengn of an opt~mal controller requms large computcr t:me, in vlcw ot the 
slow convergence that anses due to the presence of both slow and Past modes The aiiigular pcrtuih.lt!on 
technque, when apphed for the deslgn of the conuoller, permlts the regulator design to br decomposed 
Into the design of two lower order subsystems, each bemg deslgncd ~ndc~eiidcntly'( 'Th~s lstcchn~que has 
been applied for the des~gn of controller for a power plant supplying the cyclic load o i  a steel plant' 1 hc 
performance of such a regulator e compared wlth other types of regulators both In cost (computcr t m e )  
and performance This technique of controller deslgn 1s found to be more s~mple :n design, requires less 
computer tune and has almost the same performance tndex as that obtamed by the ciasstcal methods 

6. Conclusions 

The response of a power system IS bas~cally chaiacteimd by :he response charactertstics of pnmc movcra 
m the power plant when the permd of study extends over a few minutes as In the case at cycllc laad of 
a stsel plant, the slow subsystems o i  the power plant such as boiler in a thermal power plant and surge 
tank in a hydro plant As they play a s~gnificant role, their dynarn~cs should be incorporated In the powcr 
system model6 For small disturbances created by the cychc load the lnplant generanon follows more 
closely the change m demand But for large disturbances the major portion of the changing demand IS 

supplled by the external supply system In both the cases, rhe devlatlon m frequency and voltage at the 
load bus are well wlthn the perrnlsslble imlts S~ngular perturbation technique prov~des slmple and eifl- 
ctent methods for multl tlme scale simulat~on and controller deslgn for h~gher order 111-conditioned systems 
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Thesis Abstract (Ph.D.) 

Lightning impulse breakdown bebaviour of non-uniform field gaps in binary and ter- 
nary gas mixtures containing SFA at elevated pressures by D. Raghavender. 
Research supervisor: M. S. Naidu. 
Department: High Voltage Engineering. 

With increasmg number of appl1cat8ons of sulphur hexafluorlde (SF,) gas in compact substations, sw~tching 
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In view ot ti~csc p ~ i ) l ~ ! ~ i i ~ h  l i i  gas-insiliated cqtupmcnt, ~i~veitlgalzo:~~ wcre carncd out to obtacn 
mlormat~or! ox (a) the pltyaiad procucu that can lnlluenuc the brcakdown mschanlams, and (hj to 
develop an ;tlternatlvc g.lsirc~~ nuxtUrC to SFb whclch would mcct .dl the rcilui;enlcm of a pract~cal systzm 
(gxr-msulatcd sy,tcm) ;:I moderdtc cost 

2. Expcriancntrrl apparatus and p~ocrdmre 

L~ghtn!ng mprilac (L.2/50bi\) hicnkilwn tcsts (up ;o 300 kV) haw bcen carncd oel uimg a Marx-type, 
lD-\ti~g~. ~ D I ~ O I I P  voltilgc ~ C I I C ~ ~ L ~ I ) ~  01 500 k V  ritiing 4 cyl~ntlrical hlgh-pressure chamber made of mild 
slccl Iravlnl: a velum or <I i?nri dm1 Rtlc~l with n high-voltagu bushing wda used The elzctrode ariangc- 
merit cornnnsr\ vaimus hemisphci~cal-aippcd stalnlecr steel rods of 0-1 (shaip needle). 0.8. 1-5. 3.0. 5 0 
and l(1-0 mni and ;I 230-mm dl:! plme electrode 31 Rogowsk~proflle. 'T!it. gap distances between electrodes 
v a l d  from 5 to #I inm (in sonlc c a s s  up lo 100 mm) and %?re mrauicd to an accuracy of hiller Ihan 
t O.!%. G,LSW (St,,, K"7!.-. N. m d  C02) o t  cylmilcr-gmde punty (99.5%) were used and rheu rnirtuies 
prcpzlred ustng thc ineihod of pai:ral prcsares to an accuracy of i- 0.2'% The 50% flashover voltages 
(V,,,) have hcen mcasurcd uwng stat~stical methods such as step-by-step method and Bakken'h method' 
The valvcs oiitzot~cd hy hot!, the methods wcrc ~n veiy good agreement (i 3%) Thcac vnrza1:oni. liawevci, 
do not lndlcjte m y  tinccrlainty ~n VrU, and d u r q  the mdg.  \I,,) could always be rzproduccd to 
wrtliin i 2% From thc h m w n  $:is cont~nt In the mlxtcrcs arid from the measured breakdown vo:tagcs 
(Vw) a cost1i~cncltt iinalys~\ ha, becij cnkrrled out for the v a x m  btnary mid icrnary gas mixtures mvesrr- 
gated. 

3. RcsolLs and discussion 

3.1 Brrokdown m N2 m d  T"/O .SI;;I/9Yr%N rna1urc.s under- varybig frcld noi~-ut~cfoinrily 

A strik~og tezrure oE the result5 o'nramcd undcr l~ghmmg lrnpulre (1.21511 MF) voltage condllrons, m N2 
and I% SFbi9Y'%Ni mixtures using different rod-planc gcumetnra (rod dm 0.1, 0.8, 1.5, 3 0, 5-0 and 
10 0 mnl) is that the V,,,rod diameter ch.!ractenstlcs show rninlma In their Val values at all gap spaangs 
( 5  to 80 mm) ;md gas prosurca (1 to 5 bar). These mmma (V," min) du not appear to occur at any fired 
value of rod dlameier, but vary depending on the gas pressurc and the gap spacmg The iigrikance o l  
V,O nrinlmunl I" hrc.rkdown charrcteristtcs implies that for a gwcn gap length a safc voltage lcvel exlas 
below which no breakdown ran occur irrespective ot the rod diameter and the gas oressure. 

3 2 Brenkdown zn hrnary (SF,IN2) onti rernary rn2rrrv.r.s ( S F ~ C C I I ~ ~ I N  and SPdCChhlCOil 

The prescnt results ~nd~cate  that m non-uniform field gaps pure N2 1s extremely sensitive to the presence 
of small quanlittcs of SF6. An locrease in the posltire breakdown voltage by as much as 711 to 100% was 
observed for SE:6/N2 njinturcs (0-1 i o  20% SFo ~ I I  N,) at low pressures oI about 0-1 MPa (I ha.) whcn 
the gap is 40 mm. 'nus increase la nrore pronounced at gaps (710 mm) ulhcn the apphed voltage a uf 
Ilcgatlve polarQ 

3.3 Cosrl henejit anulys,s 

A comprehcnswe study of tile diclcctnc strength and carts of SF61CClzFI/N2 mixtorep in compnnron wlth 
expensive perfluorocarbons (2-C&, n-CPIII and C-CIFx)-basecl matures (SF61N21PFC). and pure SF,(-I) 
is shown in Ftg. 1 From thls it li seen tkat 1% SPs139"Ll CC12F2160% Nz and 20% SFh/209/u CCl&160U/uN2 
mlxturcs contrhutc to the cost ratm by only about 0.12 and 0.27, respectively, at the anrne tumc 
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Fro 1. Hmograrnr of the relauon between cost ratla (CR) and ~mpulse breakdown strength ratlo (v%) for poritwe and 
negative rod-plane gaps for Qffercnt binary and ternary *as mlxturcs, at a pressure of 0 3 MPa at a gap of 20 mni. 
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giving a diclccrric strength of ahuut 0 83 to 0 86 rclatlve lo pure SF6 (1.0) However, ~t 1s also seen from 
the figure that the use of ~~uriluorocarbon compounds in piacc of CC12F2 In ternary mixture will glue the 
highest cosf ratlo hatween 5 (1 and ?[I O compared to SF6 (cost of ratlo = cost of the m~xturelcost of SF6) 
The nndlys~s clcxrly shows that a 30% SFJ1043 CC11F,l60% CO1 mixture costs only 33% of the cost of 
the pure St$ hut gives typically I10 to 170% poaltlve hreakdown strength, and 90 to 110% negatlve 
breakdown htmngth 2s almpim* to that of pure SF,, depending on the mixture pressure over the range 
of prcssurea mvcstieated (1 10 5 bail hiso, these SF~CCL~FIICO, mixtures are very effective m suppres- 
sing carbon formauon after the breakdown Some lmportallt correlations between crlt8cal electric f~elds,  
EC and non-unifurm ileld hchaviour of thc gases and gas rnlxtuies (btnary and ternary) studled under 
lmpulie voltage strcssea have hcen deduced These relations are useful for a proper interpretatLon of the 
breakdown strength of gzls nllxtures and far   den ti tying the most suitable gas mixture for a given appiica- 
110" 

Most at the d a u  preacnted 111 the work have been obtalned for the first time and appear to be of great 
practmi significance 

Merhads of pvrtlcle control in SC lnrulated CGIT systems. IEEE Trans , 
1983. PAS-101, 1654-1662 

Dcrcrm~nvtm of ellaractenmc vollagcs in mpulse and swmhmg surge trii- 
ing, lEEE T ~ N .  1467, PAS-86, 962-968 

Thesis Abstract (Ph.D.) 

Laser Raman studies of an adiabatic expansion by T 6. Nagaraju 
Research supervisor: C. R. Prasad. 
Department: Mechanical Engineering. 

1. Introduction 

Ident~f~cat~on and measurement of concentrations of cunstltuent specm and temperature fields are essentml 
for monlloring the performance of practical devcrs and also for formulat~on and assessment of analyticai 
models rn illany situations such as in high-speed gaa flows, combustion, aerodynamics, etc. Conventional 
diagnosr~c technlques like microprobe analysls for concentratlons or thermometric probes for temperature 
cause acrodymm~c and thermal distortions and also influence the sample by quenchmg, catalysis and 
r a d m l  recombination Optlcal methods hke spectroscopy and pyromctry, although non-perturbing, suffer 
from poor spatial resolut~on and glve only averages along oplaal path On the other hand, opllcal 
technlques based on Raylelgh or ~ a m a n l  (spontaneous and coherent) scattenng and fluorescence do not 
have thesc drawhacks and hence scattenng has become a very powerful diagnostic tool with thc availabthty 
of high-powered lasers, and has been demonstrated to be very effective In lnvestlgatlons of fluid flows2, 
combustion analys~s, both In the lab and in engines3," meteorology, atmospheric pollut~on monitonng6, 
humidity and temperature measurement' and even surface temperature of oceans and so on 

In this work, the development of a laser Raman scattering system for laboratory measurement of species 
concentratlons and temperatures In an expansion chamber e described. 

2. Experimental set-up and procedure 

Schematic of the experimental set up 1s shown in Rg. 1. The dye laser 1s flash lamp pumped emttlng 
pulses of l&5OWs with powers up to 10 kW at 595 nm, w ~ t h  rhodamme 590 as the dye. A 0.5-m Czerny- 





Expcrs ion  rnt io=i. !z 
x and ---- Expansion r c t i o ; 7 . ~ 9  

---------- 

EX 3 R:.;p.tncim oi dly iizr V.tlur$ of P shown are rhc preiaure measured wth p l cw rc  trrnrducer T.,,? ir the cuciage 
1empcr;ilur: culmlrtcd i r rm I' vtiue\ Porn\ .,re the Rarnvn rcrnpmaiarc denved from rattor of the measured Ramas 
S C G L ~ C ~ C . ~  I E ~ ~ C D W U \  

1s h i n d  hy fiikmg ~iitciissty w!m of two rotatiilnal Imes in the ptre rotal:onnl Ramm p c t r u m  oi nitro- 
gen. A mmpuler  ?ri,gr;nn fur compmiiig thc Kaman 5pcbrum has beair deveioped a r t  with its help tlic 
op!lrnom w;ivdcn~!tl?s A,  .ind h2 a x  cho~en  SO that the tempcramre s inferred liom the ratlo of two 
illtensilies 

(whcre 10 , )  and i (h: )  arc the pharon counts at locarions 4 and 4) so chdl thc error ib  nunmum It has 
bceo shown !h:il thc rclatmnship between the idia u l  mznsnea a d  temperature cs 

R 
Itr R = A + -- , where A and B are eonstaots. 

r 
I3y measuring the ratio of Intenaaies, the temperature can be dctermncd. 

3. Results 

Figures 3 arid 4 show the cxpenmental results of adiabahc expansloll of dry ur  and air aviuratrd with 
water, icspccctlvciy 'The ternpci~tmc measurcd by the rotationai Ramm scat temg has un crior bar o t  
i- 2°C. 1hc expectcd error from the analysis In locating A, and AZ i b  about 0.16% m &?'/Ti i . e ,  about 
f 0.7"' '?has the tmal G I T G ~  in the Thnlla measured rs aboit! i 24°C which a acceptable 

In the s:imc hpres, T caicularcd and temperature indiatrd by the thcnnocoQple are shown for cornpanson 
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Bask studies on electrochemical power sources: voltage transients, alterwading correar 
impedance and steady-State dischssgc characteristics of aaragnesium-manganese dioxide 
dry cells (with supplementary investigations on titanium-substrate cobalt oxide anc 
magnetite anode development for electrosynthesis) by S. R. Narayanm. 
Rescarch supervisor: S. Sathyanarayam. 
Departmcnl: Inorganic and Physical Chemistry. 

Pnrnary battcr:cs based on reactive metal anodes such as magnesium and I~th~um are hecom~ng inereasmgl] 
mportant. Such Ihattenes have relntlvely a hlgb energy denxty and a long shelf-hfe compared to cowen 
tronsl zmc-manganese dmxtdz (Lcclanche) dry cells. The long shelf-!lie a m a d y  due to the presence o 
a yrotecirve passwe hlm, on thi: surface oI the wmde, produced during the fabncatmn of the cells or b! 
the reactloa of the anode wrth thc cell electrolyte While mildequvie passwailon of the anode leads tc 
pxmatuiz falluie of the ccllc by coriosion ;$ the mode, an exceaslve paas~val~on of LIle anode resulls i r  
a mng delay r m c  fot the altainment of stcady-statc cell voltage after the lnrtration of discharge, duc tc 
the d~fficulty ot allude Iilm brcakduwn. An optlmal passwatLon trcarmcnt is therefore that whch produce! 
a protective fxlm wjth a m ~ n m d  voltage delay during d~scharge 

The d~eIf-Blc and voltage-delay n l  magnesnimn-~ranganesc d~oxcle dry cell.. arc ma.nly governed b) 
physical and electr~cal propcrlies of the film-coveled dnodclaolutmn ~nierface". It 1s thzrdore or p a l  
practrcal mportance lo evolve rcchniqucs which wl l  dctcrmlnc thc properties of the film-covered anode. 

A galvanostattc pulsc method has becn proposed by Moshtev et al, to determ~ne film remstance and 
capacitance of lithium anodes In Li-SO2 and LI-SOU2 prlmary ce1ls3~* This work, however, has several 
Lmita(a~ns. The lilin capacitance is calculated from the rnrt~al alopc of a galvano\tatic hlgh current, short 
discharge pulae, arid film resistance rs obtamed from the steady-state over-voltage observed duirng a gal- 
vanostatic smallcr currcnt, longer dnchargc pulse Such a sharp dwision of the cell response to pulse 
excitation 1s arb~trary since it amounts to a purely non-faradalc current flow a t  the anode during the short 
pulse (few FS). and dcpendmg on both the nature of the anode metal and the state of passlvatlon, the 
parameters and tune constants governmg the laradaic and non-ia~adaic procecser wdl he different. Further, 
pulse exutation involves a fairly high current dcnsity (1-100 rnA cm-' for D-size cells) which may lcad to 
dielcctrlc breakdown of the film. espec~ally m the short-pulse expenments. 

Povarov ct a/' have studled the hthrurn/solution interface by impedance method. However, no spec~al 
prscautlons have been raken m thcx experiments to eliminate the possibility of the breakdown of anode 
€dm. Further, the interprctvtion of data does not conslder all plausible cqutvalcnl a r c u ~ t  represe~llatlons 
foi the Ilihium anodelsolution intaface 

In the light of these observattons, we felt ~t desirable to carry out measurements at currents sufficiently 
small to cl~mrnate any d~lecr r ic  damage to the passive film on the anode, compare the experimental 
results with the thcoret~cal behawour of several plaus~ble electrml equ~valent circuits and thereby ~dentlfy 
the deacrrpr~on that frts the physical smution best This would also lead to the evaluat~on of electmchemical 
parameters which govern the phyaicacham~cal processes at the anodelsolut~on mtelface. Such studies were 
not found in hteratuie. 

2. Present investigation 

In the prescnt mvestlgatlon, a technique has been developed to evaluate the fundamental electrochemical 
properties of the anode solutmn mterface In magnes~um-manganese dioxide (Mg-MnQ) dry cells. h e  
method is based on the measurement and interpretation of: 

(i) voltage transients observed when the cells are dlschvrged galvanostat~cally at cunent densities so small 
as to cause no anode film breakdown6. 
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(n) impedance parameters obtained under low-anphtude sinuso~dal excltatlon, thc penurbation of cell 
voltage being kept so low as to make the measurements non-destructive as in case (I) above 

(~il) steady-state discharge charactenstics under galvanostatlc condltlons after film breakdown. 

Based on the phys~ochemical processes which prevaii durlng the above experiments, tour plausible elec- 
tncal equivalent clrcalt models for the anodelsolution interface have been proposed. theoretically analysed 
and cntena evolved to compare the exper:mental data wlth theory. It has been shown that the treatment 
ot the data by the theoretical approach developed permits the determ~natlon of the most plsoslblo cquiva- 
lent crclilt lepresentation for the physlcal siutatlon under study, and allows complete evaludtlon of the 
electrochemlcai parameters for the film-covered anode. 

In the course of investlgatlons on the discharge charactenstlcs of Mg-Mn02 dry cells at thc usual rates 
of d~scharge, it was found that the voltage delay, when the cell is d~scharged at ambient temperature and 
at a constant current, is three to four times less than that when discharged across an equwalcnt constant 
reslstance. Whle the cons:ant current mode of dwharge a the one usually emp!oyed for laboratory tests, 
the constant resistance mode 1s the more commonly used mode m cell applicat~ons Therefore, a theoretrcal 
and experimental mvestigation has been carried out to inter-relate voltage transients exhibzted during the 
two modes of dmharge. 

3. Supplementary investigations on titanium-substrate cobalt oxide and magnetite anode development for 
electrosynihesis 

In the choice of anodes for electrochemcal processes the phenomenon of anodic dissolution rules out all 
but a very few materials The 'msoluble anodes' which are m vogue are largely based on tztanlum metal 
coated wlrh Pt, Ru02, Pb02 and so on. There 1s a cont~nuous effort to replace the precious metals by 
base-metal oxide coatings. Cobalt oxide-coated titan~um anodes are electrocatalysrs for the oxidation of 
chloride to chlorate, and the reported methods of preparation involve the pyrolysis of cobalt nitrate at 
300'4W6. It is known that d the temperature of preparation 1s lowered the number of defect states 1s 
larger and thus the electrocatal~tic actrvlty is hlghe?. Therefore, ~t was considered desrrable to investigate . . 
preparaoon technqnes which employ lower temperatures. In the course of the present lnvestigatlon an 
electrochemical technique has been developed to vroduce an adherent and conductinp. coat of cobalt oxlde . - 
on titamurn. The method involves anodic oxidation of cobalt ions on tltanlum from cobalt nr:rate at - 90dC. The conditions for obtamng deposlts with good adhesion and des~rable morphology have been 
identified. Preliminary investigation of the elearochemlcal polansation characteristics prove I? attractive 
for the oxidation of chloride to chlorate. It has also been found effectlve In the electrochem~cal destruction 
of cyamdes. Prelminaq studles uslng x-ray powder diffraction and thermal decornpomt~on methods Indicate 
the deposits to be composed largely of CoOOH 

It 1s known that failure of anodes based on tltankum substrate is usually due to the bu~ld-up of a 
barrier-type TiO, film at the substratelcoating interface. T h ~ s  is generally mitigated dunng preparation by 
rendering the insulabng oxde wnducung with dopants such as Pt, Ru02, etc. Here again, t o  substitute 
the precious metal by base-metal ox~des, the appl~cablhty of conduct~ng SnOrSbO, coatmgs has been 
investigated. Preliminary studies ~ 7 t h  these ~nterfadai coatings have shown satisfactory rcsults Thus the 
S n O d b O ,  under-coat comblned wlth an extenor coat of base metal oxides such as cobalt oxlde 1s pro- 
jected as a nable alternative to anodes based on precious metal and preclous metal oxides 

Since magnetite, Fe;04, is mexpensive, non-toxlc and has proven electro-chemlcal properties, the feasi- 
bility of coahng magnetite on tltamunl has been investigated.-~ethods of coatmg whih  haw been studied 
in this work are the followmg: 

1. Direct methods of coating based on 
(a) electrochemical cathodic deposition of Fe,04 from aqueous solutions containing Fe3*, 
@) electrophoret~c application of colloidal Fe;Od. 

2 Indirect methods involving platlng of iron on titanium and subsequent oxidation of FeiOl by the follow- 
ing methods: 

(a) anodic polansation in alkalme bath contamng chlorides; 
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(0) asidation in slkahne nltrak melt, 

(c) s l c m  ondnt~on, 

(d) hydrothernia! oxidntion. 

Although 41 thc above mcthods yicldcd a coating of Fc,On, none of thcm was satnfactory, generallg 
due to rhe poor adhecion lo !he substrate. Excessive ox~dation of the substrate was encountered when tlia 
costmgs wcre adherrnt 

Cons:dcnng the varlcty ol rnrtl~ods ~evehti~sted, tha coating Fe,O< sol1 poses a challenge. A method 
usmg plasma rprayiog liar howevcr h e n  rcportcd ~n litcratcreQ, hut ~t is not clear as to whether it mltigairs 
the problcnlb faced in thc meihods exammed ?n tlic present study 
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Thesis Abstract (Ph.D.) 

Nuwhish type I a-cleavage reaction of cye8obntane&iones and selectivity in gahotcchem- 
ical reactions using cyclodextdn by B. Nageshwar Rao. 
Research supervisors: V. Ramarnurthy and S .  N. Bdasubramanyam. 
Department: Organic Chemistry. 

The results obtamed dunng photochemd studm on cyclobutanethiones and cyclodexlnn complexes of 
various substrates have been dwided mto two parts. Part I deals wilh the phalachemxal a-cleavage reac- 
tions of stramed 1,3-bichromophoric cyclobutaneth~ones and theoret~cd ~nvestipations (MIND013 method) 
on the mechanism of the a-cleavage reaction of cyclobataneth~ones. Part I1 dcals with the moditrcahon of 
photoreactivity of dibenzyl ketones, benzyl phenyl esters, a-alkyl dibenzyl ketones and phenyl esters ID 

cyclodextnn vzn rnclusion complex formation. 

2. Discussion 

The photochemical a-cleavage reaction of 1,3-bichromophoric cycIobutaneth~ones 1-7 (Scheme 1) has been 
estabhshcd. The reactwe state 1s deduced to be n, 71%" The forrnallon of reanangemenr products and 
solvent adducts suggests the intemedtacy of l,4-dlradicals (8-9) and thiacarbenes (10-11) m this reactron12. 
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Scheme 1 
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TWO pathwaye to: the hml,it~on ot thlacalbc~!~ ~ntcrmedtatt: are ~owrdsrad  (1) the rwii canon~cai form, 
01 thc tmt-torlncrl triplet dlrdlcal undcrgo ring *apana:on to gwc thla~arhroe. (i,; conceited brmuilo:~ 
of thnc:irhcoc iron1 thc n. n " e\ci:uil statc ol Lhiones, at least ln part, for the toi-mst~on ,I: one of thc 
thm;icet;d\ Char;t~lcilmtlr,n r l l  products and thc incchan~srn of theli formatmn arc dr,cusrcd 

'The n. d' triplet ilf uosubstltutci' ~yclohutancthione IS ~.rd~; i lcd  not to undergo a-cleavage to the 
1,4-dmdlcal on rnergetlc $rounds liowevcr, thc proccrr should be posslblc In (3 m c e  the ~ n t r o d u ~ t ~ o n  
of gem-dmcthyt group at C1 rt:h~luer both the d~radlcal and the trans~tbn state lcading to 11 For both 
12 and 83, d m c t  rearrangcmeot u i  trlplet thione to the thacarhenc 1s rhermodynarn~cally favourable, but 
tnvolvcs ,L proh~htively I.>rgc hanlci 

'i'be u-clc.ivagc procurs h i  lrlplct cyclobntancd~th~one 14 rs I m l m t r d  by a grcater rlng strain irllcf us 
wcll as by thiaallyltc $tab~i~z;it~on oil gumg Lo the dmdrcal Gem-dimethyl wb\t~tutmn lavows the process 
furthei. Ke;urangcmcnt of Ihc trylet to thc th~acalbenc is calculated to hc ieas~hlc for chi d~mcthyl 
d~thlonc 15, hut  not for unsuhmtutcd illihlunc 14 Thc caiculnted results arc conslstcot wlth expenmcntal 
ohscrvalrons con relatcd thmnes. 'The study prondcs an understandmp ol  the role of alkyl subst~rucnrs m 
modifylng the mtrinslc reactivity prcierenccs of small nng thlones 

The photochi.m~cal hehaviwr of dcbenzyl ketoncs (16-18) and benzyl phenyl esters (1s2-21) ~n hostb 
deorychollc acid (UCA), Dlanin's compound and cyclodextnn (CD)"m the sold statc has been invest,- 
gated l'hcsc guest rnoleculcs undcrgo u-clciivage ieactrun and giut: couplmg product5 AA, AB and BR' 
Exatatton of the ibovo gucst inolccuiea in the sold inclusion complexes produces cage product AB ~n 

quantltativc yxlds Thcbe K S U ~ ~ S  suggest that thc trsnslat~anal motion of the benzyl rndlcal pam 1s re- 
stnctcd in 2111 thc three m c d u  Kearrangemmt products were formcd upon photolysls of 1 6 1 8  ~n Dranin's 
compound and CD and were absent in DCA The absence of rearrangement product in DCA and ~ t s  
prcrcnce to wried extents ~n Dianm's compound and CD 1s auggestcd to be an  ~ndlcatmn of thc restilctmn 
mpased hy the hos? on  the reoni.nc;~t~onal process of gemmate r a d u l  p d ~  

The photoreactrvny of cu-alkyl dlbensyl ketones (22-24) in CD ha? been mveatyated Thr ex~rtencc of 
vararus c o n h ~ u a n o n r  of these guest molecules In urgmic aolvcnta leads to Lhr occurrence uf both type I 
and type I1 rextrons In sdrd CD complexes, the exated guest mdecule selects only rhe type I reactlon 
pathway. The total absence of typc I1 reaction m aohd CD complexes IS nttnbuted to the bwdmg of an 
untavourable conformat~on fbr the type I1 reactton m CD cawty In aqueous CD solut~on, the cape product 
AB is accompamed hy another product, result~ng from the rearrangement oU gemwale radical pair The 
w ~ l u s ~ o n  complex formation between guests (22-24) and aqueous CD was ~ d e n t ~ f ~ t d  by spectroscopic 
techmques ('II-nmr and fluorescence cmiasmn \peclroscopy) Fluorcscencc ernlsmon spectra were used to 
calculate the diawrcation cumrants of thesc complexes m aqueous med~um. Bascd on the dlflerences In 

chcmlcal shifts ot CD protons after complexat~on and product d~rtribution m CU complexes, the prohdble 
conformat~on ot the molecule m i d e  the cyclodextrin cavlty is discussed 

The effcct of CD cncapsulat~on on the phota~Fnes rearrangement of phenyl esters6.' (25-31) has been 
studied. Photochem~cal stud~es of phenyl esters In homogeneous solution are bncfly rev~ewcd In organrc 
solvents, direct excllatmn of phenyl esters (25-28) resulrs in the fo~mation of orrho and para-icylatcd 
phenols and m-methylphenyl esters (29 -3 )  produce two ur-lho- and one para-acyiated phenols. HI@ ortho 
aeicctw~ty 1s ohaervrd for phcnyl ester? 25-31 in both aqueous and sohd CD complexes m-Methplphenyl 
cslcrs further showed regmselcct~vity by giving 2-acyl, 5-methyl phenols as major products Rcgioaelecrw~ty 
1s found to be dependent upon thc size ol the acyl group m aqucous CD solulion Observed ortho 
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selectwty and regloaelectmty cre cxpiamed based on the geometry of the complex kxiarcnct! ol con~pic'tm 
in aqueous solut~ons is mierred from 'N-nrnr and I" the said state t~onl  h-lily powder phot118r~pi15. 
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Thesis Abstract (Ph.D.) 

Novel layered and network metal oxides: synthesis and characterization by Vasudeva 
Bhat. 
Research supervisor: J. Gopalakrishnan. 
Department: Soiid State and Structural Chemistry Unit. 

1. Introduction 

Transltmn metal oxides play a vital role m vanous fields of scleme and materials technology owing to a 
variety of p~opeutles erhlbired by them Among these, oxides with lamellar structures, such as clay miner- 

als, were known for a Long t m e  showing rnterlayer properties which are bang exploited m tha t  usc as 
ion-exchangers and catalysts Besrdes their technical applsarions, layered materials are also mportant 
from basx sclentlilc point of mew, because they prov~dc low-d~mens~onal model sollds to mvestigste inter- 
calstion and magnetlc and electrical propernes m low dmens~ons A par; of the present research work 
has been devoted to preparation of layered oxides and mvestigatlon of thex ~ntercalat~on behavwur. 

It IS not always possible to synthes~ze neu, matenals by conventloiral methods owing to the inhercn: 
Ilmdations ansing from thermodyxamss and k~net!cs at high temperatures. One then looks for aiternative 
preparative strateg~es Low-temperature preparative methods have become popuiar ID recent years w h ~ h  
enable synthesis of many new solids. We have employed some low-temperature methods to prepare aeveral 
new oxldes. 

2. Experimental and discussion 

New series of layered perovsklte axldes of the general formulae I )  ALaNb,07 and 11) ALai NbTi: Oirj 
(A = Li, Na, K,  Rb. Cs, Nh), constiturmg, respectively, n = 2 and n = 3 members of thc famlly 
A[A:-IB,,OI, ,I have been ~dcnt~fied Ox~dos with A = K, Rb and Cs were synthesized by the ceramx 
method Other members with A = H. LI, Na and NW, were prepared by topotacric ion exchange siaitmg 
from the K-analogue Their structure consists of n perovskite slabs interleaved by the A tons. The stacking 
of the perovsk~te slabs In the c-direction depends on the nature of A cation The stacktng sequences are 
anaiogous to those found in the corresponding ACa2 Nb; Ole compoundsi 

Several members of a new series of Ruddlesden-Popper phases of the general formula AzLnznlOIo 
(A = K or Rb, Ln = La, Nd, Sm, Gd or Dy) which are related to Sr4Ti30,t3 were synthesized employing 
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Imvcstigations of high-T, oxide superconductors and related oxide systems by electron 
microscopy and cognate ctechniqmes by L. Ganapathi. 
Rcsearch supervisor: C. N. R. Rao. 
Department: Sohd Statc Structural Chemistry Unrt. 

I .  Introduction 

Characterzation folms a11 esaentral aspect of all mvestlgatmns dealmp wlth sobits. Thc important aapscls 
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of charactenzatlon are chem~cal composmon and compositional homogeneity, structure and lnhtly ~dcntlh- 
canon and analysis of defects and ~ m p u r ~ t ~ e s  ~nfluencing the propertles of the matenall Nonsto~ctiomclry 
and extended defects are becoming well known in sohd-state chemistry The convc~:ional idea ot pomt 
defects no more expla~ns the diverse class of compounds exhlbitlng appalent nonsioich~ometry 'Shc lorno- 
tlon of crystallographic shear planes and d~sordered mtergrowth are known to be two mZ!jor typcs ul 
extended defects anslng in the case of nonstoichiometry In transltron metal ondes' Ordered ~ntergrowth 
between different structures offers Immense scope for manlpulatlng new class ot compounds w ~ t h  desired 
propertles 

Although of recent ongm, high-temperature superconductiwty has gamed mdependent status ;IS a bronc11 
of science1 The structural chemstry assocsated wth  these high-T, oxrdcs 1s rather traditional In aohd-state 
chemrstry, especially their stolchiometiy playmg a plvoral role in determinmg thclr properties Three mqor 
classes of these h~gh-T, superconductors are investigated In the hght of thelr structure and stosh~ometry. 

This work cornprlses preparatmn and characterization of the new hlgh-T, matenals and somr other novcl 
metal oxldes. X-ray diffract~un, electron microscopy and thermograv~melry have been extensively ubed In 
the characterization of these oxide matenals. In particular, electron mbcroscopy has been employed to 
examme not only the crystal structure but also the Local structure of many of the ox~de matenals 

2. Experimental 

N~gh-T, oxide superconductors were prepared by the ceramic route lnvolvmg high-temperature 
reactions of the component oxldes andlor carbonates. Repealed grindmg and heating were followcd 1111 
the deslred products were obtalned Con~pounds w~th  vanous oxygen stoichiometner were obtained by 
heatmg m vaned oxygen partla1 pressures, p-alummas and related oxldes were prepared by conventional 
solid-state reactlon The Lan,,N~,O,,,+, members were prepared by a precursor route4. m e  n = 4 and 5 
members of the (NaCa),,Nb,03,+2 system were prepared starting from the respectwe metal ox~des or 
carbonates The intermediate members (4 i n  < 4.5) were prepared by the reactlon of appropnate mixture 
of the n = 4 and n = 5 members. The sohd-solu0on hydrptes. Wl,Mo,0,.H20, were precipitated hy 
addlng an ammoniacal solution of appropnate amounts of WOi and MOO, into concentrated nltrlc s a d  
On dehydration they gave homogeneous solid-solution oxides WI.,Mo,03 The reduced solid-solulmn 
ox~des of the type W,-,, Mo, O,., were prepared by reducmg the sohd-solution oxides m a dllutc hydrogen 
atmosphere (1:20 mixture of H2 and N2). KyWI-IM~103 bronzes were prepared by the reaction of potas- 
sium iodide wlth sohd-solution oxides in dynam~c pumpmg conditrons5. 

X-ray diffract~on patterns were recorded wth  a Jeol J D X 4 P  d~ffractometer. Thermogravimetry was 
carried out using a Sartonous m~crobalance Electrical resistivity measurements were carried out by four- 
probe dc method Electron microscopy was carned out usmg a Jeol JEM-200 CX electron microscope in 
top-entry configuration The detalls of sample preparation and operating condmons are given elsewhere6 

3. Results and discussion 

A number of compositions in YB~,CU,O,-~ system were studled by thermogravlmetry to understand the 
nature of oxygen discharge and mtercalatloc The vanation of stolch~ometry m YBa2Cui07..a wlth structure 
has been investigated in detail It n shown that the orthorhomblc structure of YBa2Cu30,., changes over 
to the tetragonal structure around S = 0 6. The superconductlng transition temperature, T,. is shown to 
be 90 * 5K when S = 0.1 Variat~on of T, wlth S shows a plateau (T, = 50 t lOK) when 0.2 < S = 0.4. 
It 1s suggested that this behaviour of superconduct~vity with S may be due to a changeover from cham- 
superconductlvity to sheet-supercondnct~v~ty Electron microscopy has been employed to Investigate 
YBa2Cu,0,-~ wth specla1 emphasis on the twlns observed m them Hlgh-resolution Image of twins suggests 
an oxygen-rich ~nterface across whlch the [CuO?] planes change their onentatlon accompanied by an inter- 
change of o and b axes 

L~,.,B~,,,CU,O,,+~ composmons are found to generally possess a tetragonal structure wlth excess oxy- 
:en; the tetragonal cell is based on a cubic perovskkte subcell and triple penodicity. LaBa2Cu,O,-, compo- 
iitions have a tetragonal structure when S deviates from zero and the tetragonal structure is simllar to 
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that of La; .tHai,,<'u,,0~.~,,,7 I':le~tr~ll illlciographs of lhcse tetiagonal ox~des show 90" microdomalns. 
Orthorhombic Li~Bii?C.ulO, n with high T, (77K) is found oniy when S = 0.0 and this sample shows 
twrns 

Oxldcs of the gancial formula (Bi.O?)'+ (A,,IB,,O,,,+I)'-, where A = BI or Ba, B = Ti, Fe, W and 
n = number of pcrovsk~ti: layers, h:rve hcrn invcstlgatcd by hlgh-resolution electron microscopy Lattjce 
lmilgcs obtmned lo1 the ??=I to 6 inembers show stackmg of n - i perovskite layers sandw~ched between 
dark bands due to the (BI:~:)'' laycn It has been posatble to resolve the perovskite layer structures In 
some of the i~xidcr. A h ~ ~ l l l y  ordcrcd structu~e IS observed up to n = 3 member, whereas hlgher members 
show supcrs(ructurcs, dislocat~ons ;and stacking faults arismg from the s~de-stepping of (Bi2O2)l- layers 

Structurc, . ; to~oh~(met~y and superconduct~v~ty o l  ondes of the Bi-Ca-Sr-Cu-0 system have been 
inveat~gated cmpbyi~ig a variety ot tschniques These rare-earth-free cuprates show onset of superconduc- 
tlvlty around IOOK. 'Thcrr structure bears s~mllarities wlth those of the Aunv~ll~us famdy of oades. Two 
phases wlth r' 34 A and c 31 A have been ~dentlfied based on d~ffract~on stud~es Electmn microscopy 
shows an Inct>mmonsur:ttc auperiatticc dong the h-axs m ali these oxides BI,C~&,CU~O, shows a drstinc- 
tlvc ~csistivity anomaly around 200K suggest~ng the presence of a small fract~on of a very high-T, matenal. 
This composmon showed the prescnce of drffcrent c parameters in a few crystals suggestmg a possrble 
correlation between h~gh-'r, :md lntcrgrowth structures 

Hlgh-resolutmn electron nlicroscopic (HREM) invcstigatlons of potassmm @-alumma and related gallate 
and 1cr11te h u e  been carried out. Mihereas the alumtndte and gallate are highly disordered consisting of 
random sequences of p and fY units, the ferrite is morc ordered The alununate and gallate are susceptible 
to elcctron beam damage lust as sodmm p-alumina The ferrite 1s however beam-stabie. D~fference m 
behawour of thes? related oxides probably arises from the drfferent mechanisms by which alkali metal 
nonstoichiomotry is accommodated. Banum hexaalummatc and hexaferrite are both hlghiy ordered 
Specmens prepared by the borate flux method exhiblt a new V3a xV3a superstructure of the hexagonal 
magnetoplumbite cell. 

HREM images of LazNi0,+6 do not show evidence for the existence of higher homoiogues of the 
La,,lNi,Ol,,, fam~ly. Images of the n = 2 (La3Nx20,) and n = 3 (La4N~,010) members of the famlly 
occas~onally show the presence of h~gher members. Images of ordered rr = 2 and 3 members of thls Emily 
have also been obtamed. 

In the (NaCa),Nb,,01,,2 system (4 < n < 4.5), ordered intergrowth structures are observed In samples 
prepared from Ca,Nb,O, and NaCiy Nb10L7 or NaNb03, whereas random ~niergrowths are observed in 
samples prepared from Na,CO,, CaCOi and Nb205. Different ordered mtergrowths are energetically 
slmilar as evidenced by the occurrence of different structures in a slngle preparation of n = 4.93 or ln the 
formation of polytypes of a gmen composition. 

Monophaslc solid solutions of the type WI_,MoTO3 have been prapared by the topotactlc dehydrat~on 
of the monohydrate, Wl.,MoxOI H20.  A new form of Moo3, in ReOdike structure, prepared by the 
in-situ dehydratlon of MoOYHz0 has been charactenzed An HREM investigation of the reduced oxides 
of the type W,.,MO,O,-~ (6 = 0.05 - 0.15) has helped us in ldentify~ng three composition regions, 
0.3 < .z < 0.6; 0.60 < .x 1 0-70 and 0.05 < .z < 0.3 wlth distinct structural charactenst~cs. For 
0.3 < w < 0.6, the system shows randomly onented j102) crystallographic shear (cs) planes. 
For 0435 < x < 0.3, the cs planes did not precipitate, fonnat~on of a domam structure seems to accommo- 
date oxygen deficiency in t h ~ s  range The varied behaviour in the different composition ranges 
Of W,&O,O~-~ has been attributed to the preferential reduction of molybdenum in the solld 
solutions. 

Potassium bronzes of the type K,W,.,Mo,O3 formed by the W,.,MoZ0, solid solut~ons have been 
prepared for the fint tlme Mo-r~ch compositions ( x  = 0.7) form HTB-like phases for 0.10 < y < 0.15, 
and a blue-bronze phase for y = 0.4. W-nch compositions form only HTB-like bronzes for 0.2 < y < 0.33 
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Thesis Abstract (M.Sc. (Engng)) 

A study of the eifect of strakes on the vortical flow past a~ upswept aftbody by Monshi 
Sandeep Ranjankumar. 
Research supervisor: S. P. Govinda Raju. 
Department: Aerospace Engineering. 

1. Introduction 

Modern mthrary transport aircraft employ aft loading of cargo and thus need a fuselage wlth ;I  hlghly 
upswept aftbody (as in the case C-130, Hercules and C-5A; Galaxy aircraft) The resulting shape of the 
afthody dev~ates considerably from an ideal streaml~ned body As a result, the forebody boundary layer 
approaching the aftbody is thlck and turbulent and separates with a shedded vorlex pair, simrlar In many 
respects to that on a delta wing at large incidence. Thls vortex pair located below the boltom of the 
upswept aftbody mduces suctmn whlch causes an Inclined Load to act on the aftbody There is thua a 
contrtbutlon to drag from this inched load whlch adds to the cruse drag of the fuselage canudcrnbly 
Further, the negatwe hft on the aftbody produces an undeslrsble nose-up pttchlng moment 

The Importance of reducmg cruse drag of an aircraft can he appreciated from the cstlrnatcs of payload 
gam due to drag redoct~on. Ernmates show that a decrease of 0.4% of c r u x  d r a ~  coefficient Inurcascs 
the payload of a long-rangz transport aircraft by about 1% Typraliy, the fuseiage contnhulmn to ;nrcraft 
drag is about 25% Thus a 5% decrease m fuselage drag results in a payioad gam of about 3% it  appcors 
poss~ble to  educe the fuselage drag by about 5% by controllmg the aftbody flow and the potennal gain 
in payload is thus very significant 

Analyucal and com~utatmnal methods are still not ~owerful enough to sludv the above oroblem because 
of the cornplenty of the three-dimens~onal separated flow. As a result, only expenmental studm are iemible 
and there have been a few earher such stud~es'" Flow visualisat~on stud~es bv Wickens' and Pcake' clcallv 
show the existence of a vortex palr below the aftbody bottom surface. Same flow-control dcvices like 
strakes and flow deflectors appear to have been tried w~th  some success, but deta~ls of thesc are not 
ava~lable in published literature Thls work a an attempt to hII this gap by a systematrc expertmental study. 

A typcal upswept aftbody model has been designed and fabncated for this stady. To mcasurc the 
relatively small aerodynamic forces on the model (of the order of ZN), a speaal-purpose thiec-component 
balance has .been desgned and fabncated Strakes of vanons sues attached to the afthody have been 
tested for them effectiveness m controlling the vortlcal flow. Effect of strake parameters like chord, span, 
location and orientation have been systematically studied and an optima1 strake configurat~m resulung in 
abom 6% reduction of drag has been obtamed. 



(dimensions in mm ) 
I 

2. Experimcnlnii sct-up a i d  imtrumentalion 

A iow-spocd wnd tunncl, O 5 x 0 Sin tcat secttan, avaiiabie at the Indian lnst~tute of Science, has been 
used for thc prcscnt study 'i'ire maximum wmd speed In the test section IS about 25 d s  resulting In a 
tea? Keynolds numhcr for thc inoiicl of ; h u l  one miillon based on 11s length. The model 1s about 110 rnm 
in di;iinctcr rcaultinp In 8 hlockigc ratio of ahoui 3% of test sectroil area whlch 1s adequately small. 

Thc model geometry la Imcd on ;i typrcai upawcpt iosolage of a mhtary transpori amraft (Rg 1) It 
has a semi ell~psr~id;il nose, :I cyl~ndrical forehodp and an aftbody wnh Its centre line upswept by 18 
degrees Ic Is fabricntrd hy attaching wooden nose and aft sections to the cylmdncal centre sectlon cut 
from a plastic tuhc. The hottom porbon of the afthody IS flat all the way to the end A 10-mm wide strip 
of semirough emcry paper has been g!wd around the base oI the wooden nose to obiail a turbulent 
boundary-layer dawnstreen,. 'The modcl is suspended Into the test section from a platform balance located 
on top of the taat section by two rods. Strakes of various rizes are glued to the aftbody as required. 

The aerodynamic h c c s  on the modcl dnrmg the tests are small, typically 1 N. To measure the small 
forces accurately so that one can resolvc $he small mfluence of the strakes, 11 was necessary to develop a 
new halance system. Thc baiancc can measure lift, drag and prtchmg moment on the model located In 
the test section The outputs from ,he balance are clectncal signals of the order of a few mrllivolts and 
are measured using d~gifal voltmeters 

The balance (Pig 2) conslsts of a light rectangular platform measuring 300 x 330 mm suspended from 
a horizontal supporting plate by three steel wires of about 0 35 mm In dizmeter The model located m 
the middle oi the test section with its symmetry plane horizontal 1s connected to the piatform by two 
suspension rods. Thus, thc aerodynamic forces to be measured all lie m horizontal plane and are rransfer- 
red to the platform. which IS constrained by three stramgauged cantlever beams attached to the platform 
by means of long honzonral connectmg rods. The electrical outputs from the straln-gauge beams are 
linearly related to the aerodynamic forces, the relat~on being obtalned by an in-~i l l~  cahbration using dead 
uaeights. 

The rods attaching the model to the platform can be fixed at vanous positions m slots m the form of 
circular arcs cut ~n the platform so that the model can be rotated w~thm Irmits about a vert~cal axls ihus 
varying 11s angle of attack over range of + 15 degrees The whole arrangement, conslstmg of the balance 
and 11s support structure, is enclosed by a pressure-tight cover to prevent any airfl.ow into the test secuon 
which IS at less than atmospheric pressure during operation 

The balance is designed and fabricated such that of the three links constcaning the piatform, one 1s 
parallel to the tunnel axis while the other two are at nght angles to 11. thus ensuring neglig~ble interact~on 
between axlal and lift force measurements However, the mteractions are accounted for dunng cahbramon 
and use of the balance. AcNal dead-weight calibration m srru has shlwn that the cal~bration matnx Is 



I Suppming ph i :  

2 s",pm\"'!' wirc, 

1 Mcmc pl.t:tcx~, 

.I C'onncctinp lit:k\ 

5 S:~aln-gouged ncams 

h Slots lor ir vdimlron 

7. Rods tnr modltl .~uppwt 

X Modcl 

Flc. 2 Schrmattc layout oi 3-~omponcnr balance 

Thls matrix clearly nidlcatcs that the off-diagonal :ems reprcscntmg mteractianh arc Ichs than 2 4 ' X .  ~.c,m- 
pared ro dlaponal terms and are thus very mall. 
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F!a 4. Comp.mson 01 lrrica cocfticwx$ wlth and wlrhnut wakes 

3. Results and discussion 

4 syircniatic p:lramctr:c study mvolvlng vdrtous parameters like strake chord. span, vxtal positlon on the 
fusclage i~fthody, oricnwt~on rciatwc tc fuaelnge axls and angle of attack of the model has been carned 
Out to asiess the ctfcctivcncas of itrakes ~n controlling the vortical separated flow The strakes were made 
of 0.8-mm alum~n~un: plate [I! rectnngular shape and were glued to the aftbody uslng ~ntegral tabs. Strake 
chords of 35. SO nnd 65 mm wcre considered, and strake spans of 9. 12 and 15 mm were used The 
mid-point uf the strakc was located at 50, 60 and 70% of the distance from the aftbody Figure 3 shows 
a typical strake configuration. 

The modcl was ftrst testcd without any strakes over an angle of attack range of about * 10 degrees to 
dclerm~ne the acrodynam~c force coeff~cients for the clean configurat~on. All other configuratxons were 
tested over the same angle of attack range and the results compared wlrh the results of the clean config- 
uratlon (Fig. 4) Thc results mdicafe that there are serera! strake configurations yielding a reductlon In 
drag coefficient and simultaneous reductton In the magnitude of the 11ft coefflclent Thts clearly indicates 
that strakes are effectwe In conrrolllng the vortlcal flow. Within the lmits of thls study, the opt~mal strake 
span was 12 mm and the chord 65 mm. Location of the strakes with centre at 50% of the length along 
the aftbody resulted In manmum reductlon ln CD of around 6% compared to the clean configuration 
Further, the reducllon in drag 1s sustained over a fair range of angle of attack around 0 degrees and thus 
implies a worthwhile drag reduct~on for a real~stic fuselage In the cruise canfigurarlon 

4. Conclusions 

The poss~bilit~ of reducmg drag of an upswept aftbody by the use of strakes has been considered. A 
balance whlch can accurately measure small changes In force due to strakes on the aftbody has been 
successfully designed and used In the study. It has been shown that a significant reductlon in the drag of 
the afthody can be achieved by the use of strakes. 

Notation 

CD : Drag coefficient based on forebody cross-section area 

CL : Llft coefficient 

C M  : Moment coefficient 

C : Strake chord, mrn 

B : Strake span, mm 

A : Axial force on the balance, N 
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N1 Normal force on the balance, N,  at the fmt beam 

N2 : Normal force on the balance, N ,  at the ~econd beam 

R1 . Output of axml force bndge, mViV 

R2 : Output of W1 bndge, mVN 

R3 . Output of N2 bridge, mVN 
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Thesis Abstract (M.Sc. (Engng)) 

Studies on the kinetics of catalytic methanation of carbon dioxide by G. M. 
Shashidhara. 
Research supervisor: M. Ravindram. 
Department: Chemical Engineering. 

1. Introduction 

Hydrogenation of carbon dioxlde and carbon monoxide, when present together, IS of much practical In- 
terest because of its applicatton in catalytlc gas purificat~on', especially in synthetic ammonla production. 
Considerable amount of work has been reported on catalytlc hydrogenat~on of carbon monox~de compdrcd 
to that of carbon dioxlde Also, most of the reported work on CO1 hydrogenatron is resrncted to the 
temperature range of 20W00T. On the other hand, Increased demand for energy has resulted :n an 
Interest m catalytic conversion of CO to CH4 and higher hydrocarbons, and also In a search lor new 
carbon sources which could bc converted Into hydrocarbon fuels As many countries have large fields of 
natural carbonic acid', C 0 2  can be regarded as a potent~ally cheap source of carbon. 

2. Present investigation 

Heterogenous catalytic methanahon of C02 has been lnvestlgated wth a mew to study the kinetic; af thla 
reaction at amosphenc pressure over relatwely higher temperature range of 320-516'C. Nickel-.alumina 
and ruthenium-sihca catdysts employed In this study were found to yleld select~valy CHI hut neither CO 
nor CH30H as noticed by some prevlous workers" The stoichiometric equation whlch represents this 
reaction IS 

CO, + 4H2 - CH, + 2H20. 

A detailed thennodynamlc analysis of this reactlon revealed iarge negat~ve valuea of free onergy change 
(40& = -27.15 kcalhol) and high-value equilibrium constant (K = 0,8187 x 10'' at 29XK) thereby in& 
caring the feashlity and lrreverslble nature of th~s  reacrion. The reactlon was found to be fairly exotherma 
(AH&* = -39.43 kcalhol) and the variation of the heat of reaction w~th  temperature in the range 593- 
789 K was negligible. Maxlmum poss~ble canverslons at 789 K for nlne different feed ratios uf C 0 2  and 
Hs varying between 1:4 and 1.11 were calculated. A wns~derable rncreiase m conversron with mole ratios 
was noticed up to a mole ratio of 1:8 and the effect was neglig~ble for larger rahos. 

The nickel catalyst supported on alumma was prepared by conventional mpregnatlvn technique. The 
catalyst which was m oxide form was reduced In situ In the reactor wlth a slow stream of HI at the highest 
reamon temperature Surface area of the support and the catalyst were determined by both BET and lquid 
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3. Eapwlmrnlal 

Thc c.pe!linenl\ wcic r.ond~~ctcd in a c~rcukitnq flow ;ipporaius at atmospheric pressure wh~ch marnly 
consisted ol e fccd umt, s st:iinlcas \!eel micro ~ c x t o r  :m:l a product collection unlt Reactant gas"? drawn 
from high-prcssurc cylir~dcri wuc  piinfied. metcrcd and preheated betore they were fed to the reactor. 
Shr ri.;ziot w:is ilctilcr! catcrilallv by I(a~h:ll  hcttlng wire and :he desircd temperature was housed inside 
the icactur Ir~.tu~i.cn two piups of  glass i\,oid Producta leaving thc reactor were cooled, condensed and the 
momturc-lrcc product \ticail was collcctcd over satuiatcd h r m  m II gas sampler for analysis purposes 
GAL cl110~11:t10gri~plr~c itnitlys~s iii this sil~~ipie crnploying n Porapak-O column and thermal conductiv~ty 
detcctor aybicnl opcr;itutl at rormi tempcralrire ahowvd that it conrained only C& and unreacted CQ2 and 
Hi. CO, cmtonl was crosschecked hy Orsat onnlys~s The feed mixture was analysed before each run In 
a typicd ;lndys~s. H? anel C'O: cimtentc :n tbc tccd. ostimiitcd by gas chromatographiOrsat apparatus anc! 
also calcuhtcd hascil on finw metcra, were found to he In good agreement Before starting the kinehc 
expcnnicnts. the E~~llnwing prclimmry rxperimenta were conducted 

I Matcrinl h:dance In the nhaence of mtalyal, 

2. Miiteilal balilncc ~n thc prexncc of ?nt;d)st. 

3. Actwily at thc cutnlyrt. 

4 Eltect of externtil diliusion. 

5 Eifcct of tcmper:lture on ~mvcrsion, and 

6 Eifcct of time tactor on amveniun. 

From thcsc ~mpcrimcnts, it was found that there was no leakage in the apparatus and CO? was trans- 
fornlcd only to CIJ, The n~ekrl-alumina catalyst showed s constant act~v~ty after three hours when 
contacted with the icacti~n n~ixtiirc :tt 65XK and remained constant up to Ilk12 hours. External diffusional 
resistance was found to bc negligible for total flow rates in excess of 15.4 Iih. The extent of internal 
d~ffusmnal rcsisrenct: was c~~iculatcd for the catelyst o i p a n d c  size - 150 + 170 Tylor series, by Weisz-Pra- 
ter cntenon. and w;a found to be negl@ble. Absence of inter- and lntraparticle temperature grad~ents 
over the conditions cinployed in our expenments was further supported by calculat~ng the ntcessaq 
parameters, g ~ c n  ~n any standard textbooks on heterogenaus catalyt~c reaction Based on the preliminary 
expenments. re;stlon conditions for the actual kinetic runs were selected With 0.5696 g of nlckel-aiommd 
catalyst, kzneix data were collected m the form of converrlon as a function of hme factor at five d~fferent 
temperatures, vrr,  593, 649, 705, 761 and 789K. T ~ m c  factors were varied between 0.96 and 3.87 
g h g mol-' A conaain feed male ratio of i.11 (COI:H,) was maintained in all the experlments A feed 
mole ratlo of 1:7,15 was employed w~th ruthenmm-s~lica catalyst Employing 0.1301 g of ~thcnium-siilca 
catalyst, experlments were conducted at five temperatures, vii.,  593, 623, 649, 705 and 733K while the 
tlme factor was varied between 0.15 and 0 82 g.h g mol-I. The maximum conversions observed were 98.59 
and 26.5% with ntckel-alumina and ruthemum-silica catalysts, respectively 

4. Discuscion 

For a quant~tative description of these results, a power law type rate expression was denved in the present 
case by the order of reaction approach. Since the feed contarned a large excess of hydrogen, lt was 
reasonable to aasume that the reactlon rate depends only on the Iimitmg reactant, i.e., C 0 2 .  It was proved 
in the present case that the reactmn was first order wlth resped to C02. Plots of I6 dfi- r vs W&o, 
yielded linear plots with zero intercept Reaction velocity constant at different temperatures was evaluated 
from the slopes of these Imca; plots. The tzmperature dependence of reaction rate was assessed by apply- 
ing Arrhemus equation. Values of activation energy calculated by the method of least squares were Found 
to be 8.503 kcalimol and 8.859 kcaVmol for nickel-alumma and ruthenmm-sdia catalysts, iespectwely. 
The valvhty of the rate expressions was checked by evaluating the values o l  conversion at known tune 
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factors and temperatures. These valuea were found to be m good agreement wlth an avei.iga i ic~;i t i iw uF 
-4.82 and -4 71% for njckei-alumaa and ruthenrum-sillca catalysts, respectively 
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Thesis Abstract (M.Sc. (Engng)) 

Studies on the extraction of cobalt and nickel by di (Zethyl hexyl) phosphoric acid hy 
K. Ramesh Gupta. 
Research supervisor: A. K. Mukherjee. 
Department. Chemical Engineering. 

1. Introduction 

Organo-phosphorus aclds form major section OF extracrants used for commercial cxlractbn JIKI ~ e p i m ~ t l ~ l i  
of metals from dllute aqueous soluhons Di(2-ethyl hexyl) phosphoric acid (dii,bri.v~;tlctl a\ l>?iiIli'A In 
text and H A  in formulae) 1s one of the oulsranding members of this family of cxtiawotta. 

Even though D2EHPA 1s a popularly used reagent for the cxtracrlon of cohnli and nickei, lircrarure 
review shows that very little attention a p a ~ d  to the understanding of machamam and kinctlcs of extraction. 
The present study was made to understand the fundamentals of extraction of these mefais by  ci>n$iderisg 
sunpie systems. obtain~ng equilibrium and kmetic data and evaluating the data to fmd thc mtu lc  of lhc 
metal-extractant species, etc 

Z. Reagents, apparahcs and procedure 

DZEHPA, an AR-grade reagent ef Fluka Chemicals, was used as received. All other s ; th  and mivcntr 
were also of AR grade. 

Organic phase was made of DIEHPA of appropriate concentratmn with toluene a1 diiuent and 121, 
acetone as phase modlfiar. Aqueous phase w~th required metal concentration was p rcprcd  by dissolv~ng 
appropriate amounts of sulfate salts of those metals in d~stdled water. pH was adjusted by adding conccn- 
trated sulfur~c acid or 11quor ammonla. Phase ratm m all the evper~ments was 1:i. 

Equlhbnum studies were conducted in separatmg funnels and klnetic experlrnents in the simplest funn 
of the Lewls cell with slngle paddle-type stirrer The stlrrer contamd two sets of paddles, one d~pped  In 
the organic phase while the other In the aqueous phase, so that each phase can be stirrcd without diaurb- 
ing the interface. Other types of strrrers with nngle set of paddles were also used to stir eithcr of the 
phases as and when dpsired. 

A uv-ws~ble spectrophotometer was used for the analysis of cobalt and nlckel. Cobalt was estimated by 
ammomum thiocyanate method and n~ckel by dimethyl glyoxime method. 

3. Results and discussion 

Equilhrium and kineuc studies were conducted m a wlde range of expenmental cond~tions. 



The rlinpIi~.ity 01 tlii \y\tcm \tollieil .~llowvd 10 mnkc some teasonablc aswmptlons for the interpreratron 
of the eqndii~riuin rk~l:; 111 Itlid the exll.lctiori rcactlon 'She assun1p;wns are 

W~th thrw ~issumprii~ns thi: cnlraction rcxtmn for t i  dwelcnt tnetal ton can be represented by the 
foiiowmg ruiatim> 

hl'" + ( 1  -I- 10 (HA): = CoAyX(HA): i ZHi (1) 
whcrc X IS tlrc numher ui IIA molcnilcs compicred to CoAi 

Eqwttioa i l l  c;in he. ;!Itel u m e  hpI:ticntions, reduced to the form, 

lo$ i) + 2 brp[H'] :; log K + (1 + X) [log (HA)?] (2) 
where D is thc cquilthr~urn disti~hutmn coeffmm and K the apparent equihbnum constant Now the plot 
of log 1) + 2 loaj ti ']  v i  / l~rg[HA)~]  should give J stra~ght lrne wlth slope equal to (1 + X). 

it was uhservcd that the wlue of log U + 2 log[Ff*] remamcd practmally constant for paltlcular (HA)2 
concentrilrion, mcspccrwc of the intt~;tl metal concentration in the aqueous phase. Averages of these 
values wcrc taken iind plotted ;$gainst inma1 (HA): concentration whlch gave a stralght Ilne w~th slope 2 5 
In the case o! cobalt and 3.0 for nickel. Thls indicated that the final metal-extractant complex and thus 
the werall cxrmctun reactiw for cobalt and nickel ire different 

Based on thex rc?sulis thc overall extractlon reactron for cobait and nickel can be wntten as 

Based on these overall extraction reactions and on the earlier works of ~ a d i ~ a n '  and Hughes and Zhu2 
separate schemes of reActlOn ncchanlsms were proposed for the extraction of cobalt and nickel. 

Before gomg to "dual kinetm studies, the regme of extraction was recogused by selectwe stlrnng of the 
phases and interpreting the results thereof. The conclus~on was that the regime of extractlon 1s s~tuated 
at the organic side of the interface ~n both the cases of cobalt and n~ckel. 

It was found bv experiments that the effect of initial hydrogen Ion concentration, in the range studied. 
is ncgl~gtble on ;he kinetrcs of extraction. Subsequently, in all further expenments, initial pH of the 
aqueous phase was kept at 5.0 and the effect of pH was not considered in the dtscussion of results 

Extraction, in general, was very fast and the extraction vs tlme curves were very steep imtlaily and 
flattened raptdly More than 70% of the equilibrium extraction took place In about 4 minutes in most of 
the cases Initial rates of extraction were obtained by curve fitting the data and differentiating it with 
respect to time I = 0 The rnjtial rates thus obtalned were used to calculate the apparent orders for metal 
Ion concentration in the aqueous ~ h a s e  and DZEHPA concentration in the organlc phase. 

Following assumptions were made in addltion to the ones made for equilibrium studes. 

(i) Initial rate obtained by experiments are forward rates at that pomt of ume 

(li) Inltial rate is zero order with respect to hydrogen ion concentration under present experimental con- 
ditions. 



At coiraiant D 2 E H P A  concentratmn !o the organic phaac. cqc;ltlon ( 5 )  rciiil~t- 1.i 

n, = k t  C6 (hi  

so that 

log r, = lug k, + a log C,. (71 

'lhos the plot ot log r, vs lug CM should ~ I V C  a \triught line with dope riju,!I ttl 8 1  wl:lcl~ I \  t lx OTI!C~ 
wth respect to metal ion coiiccntratmn. 

Smlarly, for constant metal lull concentlalion In tllc aqueous phow, 10): r, i.3 icb!r ( , , in , ,  uii! plv~' ;! 
strarghr line wch slope equal to b which 1s the order alth rcspect to I>2liflPA umceriri.itl<ti: I; tlic orgdoic 
phase 

The values of a and b ahtained hy experiments arc as follows 

a = 05695 and b = 0.8711 for cobalt. md 

a ;- 0.6169 and b = 1-0490 for nickcl 

The forward rate constant may bc foulid by auhstiiuling the5e raliicb lo sqn (?) 

References 

1 M A D ~ G ~ N ,  D C Awl I Appl C h u m  , 1960, 13, K 6 6  

2 HUGHES, M A AND ZHU, T Hydrum~lu l lu i~y .  1985. 13, 249-Z6i 

Thesis Abstract (M.Sc. (Engng)) 

Studies on the diEusiw coefficients uf organic liquidis by G. Ramprasad. 
Research supervisors: T. R. Das and A. M. Muk'nerjee. 
Department: Cbemical Enginecring. 

1. lntroductian 

Wa reporl here the cxpeomentally dcte~mlncd diffils~on coeliictonts ior the binary sy.;tems of hcomle-, 
toluene- and xylens-alcohols. The alcohol selies comprises the litrt eight mmbers of the homologous 
iclits of pardffmic alcohols A curreidtiow wnh simple physical properties ot the diifua~ng spccrcs 1s ob- 
rained to calculate integral ddlffusiol~ coefilaents dl any composition 

1. lExperimental 

l'he diaphragm cell method' was used to meaaoie the rntegral diffusmn coetiicrenta k G-+grade 
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diaphragm wds used m the present work (Fig. 1). The strrers in the crllr, made u1 arm alrci cmhrddcd 
n~ giass, were rotated by the revolv~ng bar megncts outside the cell 

The diaphragm cell was callbrafed at 298 1 jK  by d~tfusing 0 I molar pot:lsaium cllkmdc \cdoli~~i: mta 
double-dlst~lled water. From the known values of dlifuaion coefficmIts2 tor :I r.rng< of ciioccnrr.itlcrn\ of 
KCi-H20 systems at 298.15K, the cell constant P was calc~lated With lhc cell c o n t m  thm knctwu, lhc 
integral diffuslon coefficlent for any expenmental system was calculated as 

where, C,,o and CjB are the lnit~ill and fmal concentratloris of the diifus~ng species 111 the bottom wmp;trt- 
ment and C,,? and C,,T the inltral and final concentrations in the top cumpaltmcnt, :~nd I thr !me of 
diffuslon 1n seconds 

The cell constant P remamed almost unchanged after a perlod of 240 hours of us~sge, limwvcr, over a 
penod of 960 hours oi usage lhsre was a 2.516 change In the value of the cell conmnl .  T h r  duphr;iprn 
cell was malnramed at a temperature of 301 15 + 0 5K wnh a thermostal bath m nil the ..xpclirnrnis 

Each experiment was repeated twlce and the agreemcnl between the d~ffur~vn coeRic!critr thur &Wr- 
mmed was withm 5% Error analysis mdmted that the maximum possiblu crror in thc iilfluaion c0et:iclcnt 
could be i 14% 

All the chemicals used were e:ther spectro or guaranteed reagent grade 

3. Results and discussion 

For any system, a reiatlon between the experimental integral d~ffusion cocfficlent and the cumpos~la)~~ of 
the mixture ts obtained in the form of a thlrd-order Chebyshev polynomial of the first kind. In this 
relation, four constants arc obtained. The procedure is repeated for each of the othcr binary syaterns. 
Each of the four constants la related to a particular property ~n the form of a th~rd-ordur Chcbyshcv 
polynomial of the frrst kind The four propertm (denoted by PI to P4) used in these rcltations arc gvcn 
below 

where M, q and V are the molecular weight, viscosity and molar volume, respectively 

F~gures 2 4  give the expermental and calculated diffus~ou coefficients for benzene-, tolucne- and xylene- 
alcohols, respectively, for variaus compositions of the mixtures. In each dlagram, expenmental daia are 
given by discrete points whereas continuous curves gwe the calculated values. 

It e seen that as the viscosity increases from methanol to n-octanol there is a corresponding decrease 
in the value of the integral d~ffusion coefficient. The diffusion coeffiuent for any system first decreases 
with the molefractian, reaches a min~mum and then attarns a value which is constant for all the binanes 
of alcohol homologous series wlth an aromatic second component. This constant value is nothing but the 
self-d~fiwity of the aromatic second component 
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Thermal dccor t~pos i f ion  of solids for energy storage by B. Venkata Ramana Murty 
Resi'arch w p c r v i s o ~ :  M. S .  Murtliy.  
D c p : ~ r t ~ ~ i c n t :  ( ' h c n ~ i c : ~ l  i ~ t y i t l ~ . r t i : y  

Tile I~~nllul:~liii~i ill t11i. plolrlcnr cim\lsta of thrcu $tagcs In the frst stage, no chernrcal reactton takes 
plwe i u d  Illc l u i  i \  Ite:,ltd lhy i t .  I I C ~  01 ciutwn diwade and water vapor, ttll the sold reaches 400DC 
l o  thc secfml a l ; p  i-. JlJlW). tlrcnn;:l dccimlposition of calrnun hydroxide takes place and heat of reac- 
tion la 1;akc:i inw acci,uitl. In the third jtayc, t.<,., when the reoctlon is complete, the heat glven by the 
flulrl tuctcasc\ lhc tcrnpcratur~. cjt IBC hcd. 

Equ:~tiuns dc~crihing the cncrgy lxhncc fur nud and sold mass m one dimension along the Z-ax~s have 
heen pacsci~rcd i'& ;ill thee rtajics 1';d;;l differcnt~al equations of the model have been solved for temp- 
cratitrc piofiles hy linitv dilScrcnce technique m a siepwibe manner starttng from Z = 0.0 and marching 
upward till % .; 11. 

?. Expcrinlental 

The nii~dcl win tested hy carryng out thc cnpenrncnts m a cylrndncal column packed wdh calcium hyd- 
roxidc pellets. 'kmpcralure profiles were mcasured at three different helghts in the reactor far three flow 
rotcs ol air Thc tnfluencc of chcmiail rcactlon rate has been mdted ~n the second stage 

Volumetric heat-transfer coefficients have been evaluated from the experimental data and the effect of 
flutd vci~cily ;and inict temperature on heat-transier coefficients has been stumed Experimental values 
havc hecn amptlrcd with the gcnclal correiatlons reported m lrterature 

An attempt has hccn madc to analyse the decompos~tion of calcium hydroxtde when chemeal reactmn 
controls the wcrall rate, taking density vanatrons Into account. It was found that the data for cheniical 
rcactron-cmtrolicd mech:mwm fits very well than the data exdudmg dens~ly vanatlons. 

Studtcs wcre also carrled om on barium peroxide decomposit~on on thermograv~metr~c analyser A non- 
isothermal mudel has hem developed from the fundamental equations for the evaluat~on of k~netlc 
parameters, and the effect of addmves on the decompos~tion of banum perox~de studled 

The experiments wore carried out m a Univac Slnku Rlko thermom~crobalance. The samples used for 
analysis wcre made by physml mcmg. 

3. Results and conclusions 

Theoretical time-temperature data compare sat&ctorrly with expermental data From the results it is 
observed that temperature Increases with increase m veloaiy of alr and reduces the ume required for the 
aolld lo reach the Inlet temperature of the flud The rate expresston reqmred for the model was denved 
from the hest fit equatton obtained from the data of decomposition of calcium hydronde pellets 
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Thesis Abstract (M.Sc. (Engng)) 

Performance analysis and improvement of submersible pumps by P. Thnnapandi 
Research supervisor: Ram Prasad. 
Department: Civil Engmeering. 

1. Introduction 

Dimng the recent past, a number of methods have bezn introduced for analyilng t k ~ w  tly~l;~n~ics in tur- 
bomachmcs One- and rnultl-dlmenslonal flow analysis methods couplcd wzth lass models have hecn tisud 
by many authors ( f a  example, Colw~ll') to predict the performance ot tigal m;ichlnes of viiryng qxmlis 
speeds The predlciion procedures proposed so far successfully reproduce the test ~rsu l t r  mostly in ii 

narrow region In the nexghbourhood of the best efficiency point and thc accuracy of thc p~oucdurcs for 
thc low-tlow region and the pumps of low-spec~fic speeds 1s not high T h ~ s  work dc\cirbva ;I pcrforrn;iiicc- 
pied~ctiun pioccdure, modeilmg all n q o r  losses likely to occur in thc aubmcra~hlL' pumps Hcncc. it la 
appl~cablc to the en tm operatmg range 

2. Losses 

2 .  I .  Inipclier paiasrric lusse< 

These loases occur outs~Ie the nnpelicr and rl~liuscr, m d  consist of (I) leakage loss due tu tluw through 
thi. clearanci. between impcller and caaing. (11) disk fr~ction loss, and (6;) mcchanml lossca at thc lhcnlmg 
'~nd packmg 

? ? Hydmrilrc Iosres 

These consiat of losses due to ikm fnction, secondary flow and difluslon 10 the impeller and ddfuscr 
parsages. wake mrxlng loss at vane outlet, shock loss at vane miet and bend losscs in diffuscr pda\agcs. 

All the above losses were est~mated uslng loss niodels developed by various aurhols'+ 

3. Performance prediction nmdcl 

A predicnan model ~nco~porsting the aforemil loss modela was developed for pcriormnnce prcdlct~on ot 
centrifugal pumps of low-speofic speed operdtmg at cunstant and vanvblc speed The mam model IS b:lacd 
on one-dlmens~onal flow theory, und includes rhe ealculat~on of boundary-layer ihlckncss snd ~t:. (levelup- 
ment through flaw-passage blockage factor, let-wake pattern analysis with establ~shmenl of \cparat~on 
cntcna, etc., to make it applrcable for low-specific speed machmes. 

The model perfoms three separate sets of computations at a serm of discharges and speeds of rotation 



5. Results and disamon 

The pc~.furmancc p~ediction ml,dcl war nm with ihc gcomctiical data of thc test pump The pred~cted and 
expcnntent;d pcrfimnrtncc ol' (iic tested pump arc shown m Fig. 1. The model results show good agreement 
wlth cxpcnmcnt;il ilat;~ almost in the entire rangc of operation There exws a difference between thc 
pred~cted mi! test ~i?aradurst ics by neilrly 2 per cent jn low-flow rnnge, i .e  , 0.0 < 0 / QD < C.3, where 
Qo IS the hcsl cfl iacriq dischxga and 0 any other discharge Th~s  shows that the actual head 1s somewhat 
unilercslimated and tho clficicncy vulues arc overestimated by the mudel in this flow range. The underpre- 
d m o n  of hced and uvurpicdictlnn of efficiency values at low discharges may be attributed to erron in 
ualculatint: cilcqiatien head and slip factor and char effect on the discharge flow angle At !ow flows, 

80- 1.6 
N5 = 32.89 
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60 - 2 1.2 c - .e, ------- 
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Fro 1. Comparison of ped~cted and cxper,monrdi perior- Fm 2. Performance mprovement by correcting vane-hngie 
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excellent and the accuracy of pcdictior: providrs ;m I ~ ~ I I C C I  con11r~nli;~in ot .ICCLU.V i l l  LIII. ilct:!iled Ih 
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Thesis Abstract ( M A .  (Engng)) 

Sensitivity and round-off noise studies on signal processor-based second-order digital 
fiters by B. S. Prasanna. 
Research supervisors: S. N. Rao and I?. V. Ananda Mohan (ITI). 
Department: Computer Scicnce and Automation. 

1. Introduction 

Dig~tal filters are rnvaluable molc for real-t~me signal processmg because 01 the~r ngn~ficant advantages 
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New recurwe d l y ~ w l  f11rt.r wucrurc5 llawng very b w  \e~wt~v#ty and round-  
off now.  IEEE Truns . 1975. CAS-22. 921V127 

Thesis Abstract (M.Sc (Engng)) 

Application of exponential power estimator for speech coding hy George Mathew 
Research supervisor: A. P. Shivaprasad. 
Department: Electrical Communication Engineering. 

1. Introduction 

The transmirsmn. sror'sgc and processmg ieqmrcmsnts ni any slgnnl. In gcncral. dnd of speech, I" particular, 
15 largely dependcnl on 1t5 repia~cntatmn Ilgilal ~epresenvat~nn of cudmg of \ p e e d  ha\ hccomc very 
popular due to 11s advancages such as ruggedness to nom. efficient signal kcgeneratmi., ease of encryptlor., 
stoi:tge and ret~icval. use oi digital carnptcrs for processmg. ctc , over analog rcprcscntntion Llowcver, 
19 dlgliai codmg. the pricc g a d  for these benerits 15 the mc~caacd bandw~dtii Hence, thc mmn objective 
of digital coding of rpecaii 1s to rcpresenr (cncode) 11 ~n ,uch a way that the encodc spsech bandwidth 
(bn tale) i \  minlmnm fo, a spcclhed qualny of rcpruductmn Iii spcech coilmg, 11 a known rhat the 
dlriercntu! pulic cudu mudula;ion (DPCM) rclieinca lcad to a ~ e d ~ ~ t i o n  01 bandwdih requirement (by 
rcmiirliig thc iedumuncl) as cornpalad to pulse code modulatmn (PCM) schemer, for a spec~ficd spcech 
qilalzt) Lo a c h w s  adcquiiti' dynmuc i;ingc and good subjedwe spccch qual~ty, hmever,  rt a necessary 
to adspt the pararneicrs of ti;c quanuel- and predctol to the mput signdl charactenstr~s Several dgonthms 
h.we hccn devrloped fot iidqmnp i h ~  qumtt7er and prcdmor, mo\t of w h ~ l r  surfer from lhlgh computs- 
tconnl complcuty .iod arc no1 casll) >iiipicrnmriibli. 

Hawcvzi, two pomh .ire notrworlhy. fl1,1ly varrencr: cstmmztmn o l  Lire qunrizcl mpul imms the basla 
01 adaptivc qoantw:iLion and ~cco!ldly, 10 p r c d ~ t o r  adapldtmn uvng t h ~  Ic&t mean square gradlent (1,MS) 
algorithm it 1s the esnmntmn of the reconstructed s~gnal powcr w h ~ h  1s important1 ficncc, ~t 1s posshle 
to reduce the compuiot~onal compleuty of the APChl and ADPCM systems by resorting to computation- 
ally rmple power cs;irna!loo schcmcr The study reported here is concerned wlth the development of 
ddapllvc PCM and DI'CM (APCM imd ADPCM) syatems w h ~ h  arc based on computatmnrlly smple 
adaptwe quantndmo and prcd~ctlon algorithm,. 

The abore-muntioned computatwnal simphaty 1s achrcvcd here by impicmentmg the adaptation al- 
gunthms for the ouantxer and predtctor usmg the cxponential power ectimation tcchniquc (PPE) which 
1s a mod~fied form of an e x l r i q  power eslimatmn merhod3. The thrcc lmparlant features of the EPE 
technique are: ('1) the process of esimalion docs not involve any mul t~plmt~on or diwsion. (h) use of thls 
powcr c\t<mrte leads to further ~ e d u c t ~ o n  in the computational complenty since the estimate IS expressed 
as a PO\XLI of 2 (2, t being an integer), (c)  sufficiently fast lesponse ratc duc to its cxponential nature, 
and (d) \errr caslly controllable response rate. Hence, the usc of EPE lcads to a sigmflcant reduclmn m 
c.~mputiillonal cornplrxlty. 
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Thesis Abstract (WSc (Engng)) 

Studies on metallic (Cu, Ao a d  Mn) thin-6l1n strain gauges by K. Rajama 
Research supervisor. S .  Mohan. 
Department: instrumentation and Services Unit. 

1. Introduction 

The estlmatlon of stram is a baslc measurement in many branches of engineering and science Strain 
gauges are the common dev~ces used for this purpose In add~tion to the~r  fundamental use for measuring 
stram as such, stram gauges can be used for measuring other pbys~cal quant~ties such as loads, torques, 
pressures, v~bratlon, etc They are used routinely especidly ia the quahty control of various desrgns and 
experimental stress analysls work 

The convent~onal types of stram gauges developed over the years are metallic wlir, metallic foil and 
semiconductor stram gauges An Important development m the field of stram-gauge technology1 IS the 
mtraductron of thln-fdm stram gauger Thn-film stram gauges offer a number of advantages over the 
conventional-type stran gauges The present work,reports an attempt made In the d~rection of formlng 
and study of thn-film stram gauges made of vacuum-deposited metal films It 1s a~med not only at studyrng 
the stram-rens~tive behaviour of thin films, but also to make them as useful devtces 

2. Preparation of thimfilm strain gauges 

The various sleps followed to prepare the t h m - f h  strain gauges m the present work are a) Select~on of 
sultablc substrate, b) Thm-film dcpoat~on, c) Pattern formatmn, d) Deposrtlan of the bond~ng pads and 
the protective overlayer, and e) Post-deposit~an heat-treatment for stabilmtmn 

Mylar has been used a, the substrate because of ~ t s  attractive properties and ease of operation Films 
of copper, gold and manganese were prepared uang reslotwe evaporation from a molybdenum boat The 
meandering parh pattern2 was adopted for the sensing film in the case of copper and gold. The requ~red 
pattern formaimn wes done uang photolithography techmque' However, for the less crrtical stage of 
depositing bondmg pads, a mechanical mask was used S102 protectwe overlayer was deposited usmg 
electron beam evaporation The thin-film stram gauges prepared were sublected to vacuum heat-treatment 
usrng the bud-m radmnt heat~ng arrangement. Frgure 1 shows the schematic of the thm-him stran gauge. 

3. Results and candusion 

The resistance-stram charactenstics of the gauges were studled usmg cant~lever techmquei The response 

Sensmg film 

SiO, protectme overlayer 

Mylar substrate 

c m c k  A1 contact pad 
films for electrical contact 

FIG 1 Schernauc of the thm-film stram gauge 
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of the gauge with copper film as the sensing film to longitudinal and transverse strains in both tensile and 
compressive modes 1s discussed Smllar behaviour was observed for the gauge with gold filmi having 
meandenng path pattern It is evldent that thc gauge response is hnear m both the cases m tensile and 
compresswe modes It 1s important to note that In tensde mode, ARIK is posdive for longitudinal strams, 
whereas it IS negatwe in the case of rransverse strarns This 1s attributed to the Poisson efieiect of sensing 
iilm grid hnes Therefore, the gauge factor F, tor transverse strams turns out to be negatwe (- 0.60), and 
is much smaller compared to :he gauge factor F, (2.20) for longitudinal strains. A negative gauge factor 
for rransverse strarns was reported for sslver filtn by Verma and Jam6 

In addition to copper and gold film, the stram sensltlvlty of vacuum-deposited manganese fdms 1s also 
studied It is found that they exhlb~t h e a r  response to strain. Compared to all other metals, manganese 
has the following advantages with respect to stram-gauge application. 

(I) It has h~gher reslstlvity [185&R-cm] Therefore, the gauge can have relatively htgher reslstance (without 
the meandenng path pattern). 

(n) Its lower temperature coeffment reslstance (TCR) makes ~t less senshve to ambient temperature 
vanation. 

A study of the variation of gauge factor and TCK w t h  thickness for manganese films shows that thicker 
manganese tims possess gauge factor - 3 and TCR value around 3 35 X 10-'/"C 

The thln-film stram gauges prepared are h r l y  smaller m slze so that a better spatlal resolut~on of the 
stram value can be obtained usmg these gauges They exhrbit good Imeanty, stablhty and no notmable 
hysteresis effect m theu resistance-stram character~stics 
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Thesis Abstract (M.Sc. (Engng)) 

Development and application of a new method for detection of structural equivalence 
iP1 graphslkinematic chains by K. Vijayananda. 
Research supervisor: T. S. Mruthyunjaya. 
Department: Mechanical Engineering. 

1. Introduction 

The kinematic structure of a mechanism 1s baslc to an unders tandq of ~ t s  function. The creative design 
of mechanisms involves the generation of kmemat~c chains havlng spec~fied charactenst~cs. Llnear graphs 
have furnished a powerful tool for the analysis of kinematic chains In the graph representauon of 
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kinematic chams, the links are represented by vertices, jomts by edges, and the edge connection of vcrtlces 
corresponds to the joint connection of links 

To synthesm kmematx chams of a glven class, a reliable and computatronaliy efhclent lsomorphlsm 
test a needed Charactenst~c polynonual of the adyacency matnx of the cham IS one index uscd extensrvely, 
and n hss been found to fad in a number of cases'" The exrstmg lsomorph~srn tcsts do not seem to meet 
the order of effmency that the structural synthesis of kmematlc chams demands in thls work, ~t IS almcd 
to develop a new ~somorphmn %st for ample and multiple jointed kmemat~c chams Represcntatlon set 
of the cham constitutes a new ~somorph~sm mdeu. The proposed test has bcen so ta:lored !hat ~t gives 
valuable mformation about the possible distmct mechannms derivable from the cham. The effectweness 
of the new test developed has been studied by mcorporating ~t m an existing slructural synthes~s program 

2. Representation set for ehainsigraphs 

The index for lsomorphisrn developed In the present work uu!zes a graph-theoretlc model of visual Inspec- 
tion The model has its bas ,  in how one would visually comprehend the topology of a glven graph In 
terms of the dispos~tion of vertices and then mterconnection by means of edges The systemntlc description 
of the given graph w t h  reference to each of ~ t s  vertices 1s expressed m the form of a sct of rootcd !ree 
patterns By adhenng to certain prescribed set of rules, each rooted tiec pattern is erwntually reduced to 
a number called the representatlon nnmber. A set of auch numbers, called the rcprcscntatmn act. consti- 
tutes the isomorphrsm mdex for simple jointed cha~ndgiaphs The notlon clf 1, dummy lmk IS illtroduced 
in the method whde forming roored tree patterns. 

Multiple-jointed kinematx chams are unquely converted into rrmplc-jointed kinematic cha~nc hy mtro- 
ducmg into the former a frctltlous link a: the locanon of joint muit>plicit) A i u ~ t ~ h l c  vaioncy numbcr s 
assigned to each Gctinous link Representation set of thc rcsu!lmg simple 1px4 cham consalutes the 
isomorphism index for mult~ple-jointed kmemat~c cham 

3. Derivation of distinct mechanisms 

By using the representation set of the gweu krnematic cham. and thc representation sets of the Imk-deleted 
subchains, it is conclus~vely shown that all possible struclurally dlstlnct mechanlsrns resultmg from the 
chain can be derived. 

4. Synthesis of ll-link, 2-d.0.f. lrinemaiic chains 

A computer program for structural synthesis and analvss of kinemat~c cham was develoved bv combmmp 

jomted chains of whlch 66, have total freedon, 86 possess fractionated freedom and the rsmaming 687 
chains have partial freedom? A total of 7898 dstinct mechanlsrns resulted from 839 chams. All the simple- 
lomted cham are &splayed m the present work. 

5. Results and conclusions 

The ~somorphism test based on representatlon set was successful in datinguishmg all known kmematic 
chains and most of the counter examples which come under the general category of linear graphs How- 
ever, the new test was unsuccessful to d~stingunh one pair of 15-vertex, 27-edge cospectral graphs. The 
CPU tlme taken to compute representation set of the chain varied from one-fifth to ono-tenth the tlme 
requited to calculate the character~stic coeff~cients of the adjacency niatrn of the chilm. Thc difference In 
the CPU t m e  has been found to increase w t h  the mcreaang number of verriccs in the chaldgraph. The 
new ~somorphism test has been found to be flexible due to which some variations m the chanlgraph can 
be conveniently handled Coding multiple-jo~nted kmematzc cham is one such vanation possible. Further 
study on the results of the synthesis of ll-link, 2-d 0.f. chams revealed that there are 17 p d m  and 1 tnplet 
of kinematic chams which are non-isomorphic but have the same charadenstic polynomial All these 
counter examples are presented in the work. 
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