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I. Introduction 

Organcc solutes interact with water mainly in two ways They may be hydrophobic or hydroph~lic 
Hydrophobic interaction has been generally seen to be enhancing water structure. It has generall) 
been taken to be due to the enhanced hydrogen bonding. Water molecules next to the 
hydrophobic solute not havmg any direct interaction in one of the directions, the hydrogen bonds 
In the other directions are assumed to be strengthened and hence the enhanced structure in 
hydrophobic solutions. Hydrophilic groups favourably interact with water and form hydrogen 
bonds. This may give rlse to direct and strong interaction of the solute with a limited number of 
water molecules and these first layerwater molecules participating with the three-dimensional 
network of hydrogen bonds In water result in an enhanced water structure as compared to 
solvent water. It is also possible in some cases where the first layer of water molecules are 
geometr~cally so siiuated that they can not participate in the three-dirnelis~onal water structure 
without breaking some hydrogen bonds that are existing in solvent water. In such cases there is 
a region where the three;dimensional bonds are broken The overall effect of greater hydrogen 
bonds in the first layer and a large number of hydrogen bonds broken In the subsequent layers 
may be a structure less than In the solvent water. These solutes are structure-breaking solutes. 
In the extreme case, the solute Interacts w ~ t h  water but th~s lnteractlon is not strong enough to 
form a definite hydrogen bond, but this breaks down the threedimensional network. These 
solutes would be strongly structure breaking in nature'.'. 

Alkanes and alkyl groups are hydrophobic in nature. Hydroxyl groups and amino groups are 
hydrophiiic in nature. It is of interest to study the nature of interactions with solute molecules 
having different types of groups. In the present case, interactions of ammonium chlorides with 
different subst~tuent groups with water are studied. The compounds taken up for study are - 
meWammonium chlor~de, ethylammonium chloride, propylarnmonium chloride, iso-propylam- 
monium chlor~de, tert-butylammonium chloride, benzylarnmonium chloride, ethanolamrnoniurn 
chloride, pamino ethylene-ammonium chloride, hydroxylammonlum chloride and glycine. 

2. Experimental 
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Apparent molal volumes are computed from density tneaSUrementS of dilute solutions 
(c < 0.10 molar). These are corrected for the contr~bution of the interionic interaction and the 
corrected volumes are extrapoiated to zero concentration to give partial molal volume. 

The partial moial volume of the salt is separated to ionic contributions. Using T e r e s a ~ ~ ' ~  
model, the solute-solvent interaction volume for the individual cations are calculated. The 
interaction volume is negative in every case, the extent depending on the extent of interaction. 
This decrement in volume is minimum for the hydrophobic ions and very high for structure. 
breaking hydrophilic ions. 

Making use of Edwards model for soiute volume in a solution, the effective hydration number 
of individual ions is calculated and this is found to vary from a minimum of 2.6 for 
tert.butylammonium ion to a maximum of 7.5 for glycine and benzyl ammonlum ions. This can be 
taken to represent stat~st~caily the number of water molecules in the close vicinity of the solute in 
soiution. 

2.2. Viscosity measurements4 

Viscosity studies have been used for nearly 50 years to examlne the type of solute solvents 
interaction but the results have been mostly qualitative in nature. Making use of Eyr~ng's rate 
equation and Friith's model for viscous flow, the experimental data on viscosity have been shown 
to yield the value of surface tension of water in the first layer around the solute molecule5.! Avaiue 
of surface tension h~gher than that of pure water at the same temperature shows unequivocally 
the solute to be enhancing water structure and a lower value indicates the solute to be structure 
breaker. The numerical value of the surface tension of the first layer can thus be taken as a 
quant~tative measure of the effect of solute on the water structure. 

In the present study of a series of primary ammonium compound, it was found that 
tert.butylammonium ion (y=86), isopropylammonium ion (y=85), n-propylammonium 
ion (y =74) and hydroxylammonium ion (y =73) enhance the water structure (y =72L 
ethylammonium ion (y=69), benzylammonium ion (y=62), ethanol ammonium ion 
(y =611 and methylammonium ion (y =57), giycine (y  =43) and p-amlno ethyl 
ammonium ion (y =39) breakdown the structure of water. 

2.3. NMR chemical shift measurements7 

NMR chemical shift of water protons of the solvent is found to shift in presence of solute. This 
shift is found to vary linearly with solute concentration over a range of concentration. The shift of 
the solvent chemical shift in 1 molar solution is designated as molar chemical shift (6 molari.This 
molar chemical shift may be downfield (where more hydrogen bonds are present than in pure 
water) or upfield shift (where some of the hydrogen bonds present in solvent water are broken in 
Presence of solute). The magnitude d the shift and its direction can throw light on the effect of 
solute on the water structure. 

The hvdrophilic structure forming solute-like hydroxylammonium chloride gives a downfield 
molar chemical shift indicating that there are more hydrogen bonds in this solution than in solvent 
water. Structure-breaking ions like ethanolammonium ion, benzylammonium ion and glycine give 
an upfieid shift indicating that same hydrogen bonds are broken in these solutions. 
Methylammonium, ethybammonium and propylammonium ions show negligible shift indicating 
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that on the whole the average of the fraction of hydrogen bonds remain nearly same as in pure 
water. ~ u t  strongly structure-forming hydrophob~c ions like iso-propylammonium ion and 
te~.butylammonium ions show an upfield shift. It IS generally assumed that the increase in 
structuie in hydrophobic ~olutions is due to increase In hydrogen bonds. If this were the case, the 
molar chemical shift would be downfield. In fact this has been found to be the case at low 
temperatures. But at ambient temperature, the shlft 1s upfield indicating more hydrogen bonds 
breaking. At ambient temperatures where extensive hydrogen bonds in water are breaking up, it 
appears tHat the monomolecular water aligns itself around the hydrophobic solute and thus give 
rise to upfield shift. 

2.4 NMR relaxation timesB 

a) Relaxation times of protons of solvent water 

Longitudinal relaxation times (7,) of solvent protons are measured in aqueous solutions. 

intramolecular relaxat~on rate (IiT;) is known to be the sum of two components - 
intramolecular relaxation rate (1 /Ti),,rra and intermolecular relaxation rate (1 /TI),,,,,. Intramolecular 
relaxation rate is separated from the total relaxation rate and rotational correlation times (7,) is 
calculated in each of the cases. 

It is found from the results that T, of the solvent in ethylammonium chloride solution is 
comparable with 7: of pure water and this separates the structure-breaking methylammonium 
chloride from the structure-forming higher homologues. Benzylammonium chloride shows lesser 
tendency for structure enhancement when compared with alkylammonium chlorides. Glycine has 
a 7, which is much less than that of pure water indicating that water in this solution is more free 
and the structure of water is much less in this case. The T, of ethanolammonr'um chloride and 
hydroxylammonium chloride solutions are nearly equal to that of pure water. 

b) Relaxation times of deuterons of solvent D20 

Unlike the relaxation time of protons of solvent water, the relaxation time of deuterons of 
solvent deuterium oxide is directly related to the correlation time of D20 molecule. In this case 
the relaxation mechanism is mostly by the quadrupolar coupling of the deuterium nucleus and 
this falls off very rapidly with distance. So the contributions to the relaxation is mainly from the 
intramolecular mechanism. 

In the present series of salts, the deuterium relaxation rate of solvent D20 has been 
experimentally determined and correlation times calculated. This shows a gradual increase in the 
Structure-forming tendency with chain length or bulk of alkyl groups. Introduction of polar groups 
like -OH as in the case of ethanolammonium chloride reduces the structure-forming tendency. 
Introduction of phenyl group as in benzylammonium chlor~de increases the structure of Water 
because of the interaction of nelectron cloud with water. Correlation time of water in the close 
vicinity of the cations has been calculated using the model of hydration of Hertz et a/. 

3. Conclusions 

Examination of the systems from different angles using different methods has given a clearer 
Picture of the Solutesolvent interaction in these cases. Around solutes like tert.butylammonium 
chloride. iso-propylammonium chloride and ,ppropylammonium chloride exist cagelike Structures 
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of water In aqueous solution. The water is bound more strongly than In water but thls bondng is 
not due to the usual hydrogen bonds. Hydroxylamrnon~um chloride Is hydrogen bonded to the 
solvent water and there is an enhanced water structure in the immediate viclnity of this salt, ~,,t 
there isa structure broken region beyond the first layer which IS responsible for lower correlation 
time of solvent water in these solutions. Though ethanolammon~um chloride forms hydrogen 
bonds with water, this salt does not increase the structure of water even in the close vicinity 
p-amino ethylammonium chloride and glycine positively break down the water structure, 
Benrylammonium chloride also breaks down the water structure but this interacts favourably 
with water molecules because of the velectrons of the aromatic ring. This 1s clearly seen in the 
enhanced correlation times of water in benzylarnmonium ion solut~ons 
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1. Introduction 

The main objective of this work is to synthesize phosphazene-based polymers which may find 
applications at both low and high temperatures. Two methods have been utilized for the 
synthesis of phosphazene-based polymers. The first one lnvolves condensation polymerization of 
kxachloro~clotriphosphazene (N~PBCI,) with aromatic diamines. Several difficulties are encoun- 
tered in characterizing the products formed in the above reactions. In order to assess the 
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leactivlt~es of these diamlnes towards NP~CIF,. klnetic studies of the first and second stages of 
chlorine replacement from N3P3Cl6 by aromatic primary amines - aniline, p-toluidine and 
panlsidine - have been investigated as "model systems'".*. 

2. Synthetic and spectroscopic studies 

Detailed synthetic studies have been carried out under a variety of experimental conditions to 
ascenain the nature of products formed in these reactions The cyclophosphazene derivatives, 
~,p,Cl,_,, (NHCsHJ-p), IR = H. Me  or OMe. n = 1, 2(three isomers): R = OMe. n = 3(three 
isomers); 4(gem1nal isomer only). 5 and 61 have been Isolated and characterized. At the second 
stage of chlorine replacement, nongemlnal derivatives are formed predominantly when diethy1 
ether, THF or methyl cyanide is used as the reactlon medium; however. in the presence of 
tnethylamine, geminal derivative is formed exclusively. The structures of the cyclophosphazene 
derivatives isolated have been determined on the basis of "'P NMR spectroscopy. lsomerlc 
compositions for the nongeminal derivatives are deduced from the 'H NMR spectra of the 
corresponding dlmethylarnino andior methoxy derivatives". 

3. Kinetic studies 

Kineticstudies reveal that the first and second stages of chlorine replacement in THF and methyl 
cyanide occur by a SN~(P)  mechanism. Rate constants and activation parameters have been 
evaluated. The associative SN2(P) mechanism may ~nvolve either the formation of a penta- 
coordinated intermediate or a concerted pathway without the intervention of such an 
intermediate. Evidence for both types of mechanisms are obtained. Klnetlc studles also reveal 
that the second stage of chlorine replacement in THF in the presence of an excess of 
trl-rrbutylamine occurs by a base-catalysed E, CB mechanism whlch involves the formation of a 
tricoordinate pentavalent phosphorus intermediate. The formation of such an intermediate is 
conclusively established by trapplng experiments wlth methanol and by the isolation of the 
unusual products, gern[N3P3Cl4 (NHC6H,R-p) (O)I- (NHEt3)+ (R = H. Me  or 0Me14. 

4. Phosphazene polymers 

The second approach lnvestlgated for the synthesis of P-N polymers involves the ring-openmg 
thermal polymer~zat~on of N3P3Cls at 250°C and the subsequent replacement of chlorine atoms 
from the linear poly(dichlorophosphazene), [NPCI,],, by a variety of organic groups. The effect of 
various compounds viz.. triphenylphosphine, benzolc acid. N3P3CI5 (NPPhd. N3P3C13 (NMeA and 
CaSOa.2H20 as lnltiators for the thermal polymerization of N3P3C16 has been investigated. Among 
the valious compounds studled. CaS04.2H20 has proved most effective for the synthesis of 
[NPCI,I" with a high molecular welght (> 5 x 1 06) in 60% yield. The rationale for the choice of the 
catalysts and the mechanism of polymerization of N3P3CIB In the presence of the above initiators 
are discussed. Several homo-polymers and mixed substltuent polymers of the following 
ComPositions. INP(OPh),(OR)2..,I, (R = C6H4Me-p. CH,CF3 or CH2CH = CH2; x = 0 - 2) have 
been Prepared and characterized. The thermal properties of these polymers are also discussed5. 
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1. Introduction 

The study of thermal properties of irradiated polymers at low temperatures is significant both 
from the scientific and technological point of view. Irradiation offers a powerful tool to polymer 
physicist to modify the structure of polymers and to study the effects of these modifications on 
the properties of polymers. The increasing use of various polymers at low temperatures and 
radiation environments confers a spec~al technological importance to such a study. When 
compared to the study of mechanical and electrical properties, the study of thermal properties of 
irradiated polymers have attracted very little attention. Even among the thermal properties, while 
there are a few investigations on specif~c heat and thermal conduct~vity, no study has been 
reported on thermal expansion. This thesis reports the thermal expansion at low temperatures 
(80 to340 K) of four commercial polymers - Polymethyl methacrylate (PMMA), Polystyrene (PSI. 
Polytetrafluoroethylene (PTFE), and Polyoxymethylene (POM) - irradiated by using gamma 
radiation from Co" source. 

After a brief introduction to theoretical understanding of thermal expansion of sol~ds. a brief 
review of different aspects of thermal expansion of polymers is given. This includes the 
discussion of thermal expansion of polymer crystals, thermal expansion of oriented polymers. the 
effect of crystallinity changes on thermal expansion, thermal expansion behaviour d m 9  
reiaxational transitions in polymers and the Gruneisen parameters of polymers. A brief review of 
the different experimental techniques employed for accurate measurement of thermal expansion 
at low temperatures. with a special emphasis on the three terminal capacitance technique which 
is employed, in the present investigation. is also given. A few important effects of irradiation on 
poh/mers, pertinent to the present work, are discussed, 

2. Experimental details 

The design and fabrication of a capacitance cell and a cryostat for use in the thermal expansion 
e x ~ e i l m ~ t s  in the temperature range 80 to 340 K is described'. Capacitance is measured by 
using a six decade ratio transformer with a resolution of 1 part per million. This gives a resolution 
better than an angstrom in the change in length of a sample of length 1 cm. The temperature of 
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sample IS measured by a platinum resistance thermometer to a resolution of 0.1 K. The 
cell, being a differential one, is calibrated by using high purity aluminium and 

germanium as standard reference materials. The experimental data is analysed by using a cubic 
computer program The accuracy in the thermal expansion measurement 1s 4%. 

~h~ polymer samples are irradiated In air to various integrai dosages by uslng gamma radiation 
from a co6' source at room temperature. The IR spectra of all the samples are recorded to codify 
the radiation-indu~ed changes The changes In crystallinity of the semicrystalline polymers (PTFE 
g, p o ~ )  are measured by x-ray technique. The crystallinity is found to increase in both these 

samples. 

The thermal expansion coeffl~lent of PMMA is found to increase with irradiation, the increase 
beng larger at higher temperatures This IS due to the relative increase in Van der Waals bonding 
resulting from the m a r  chain scission by irradiationz. 

2.2 Polystyrene 

In PS, the thermal expansion coefficient is found to decrease at low temperatures while it 
increases at high temperatures due to irradiation. PS undergoes simultaneous crosslinking and 
degradation on irradiation in air The decrease in thermal expansion coefficient at low 
temperatures IS due to crossllnking whereas the Increase at high temperatures is due to 
degradation3 

2.3 PTFE 

The thermal expansion coefficient of PTFE is found to increase with radiation dose below its glass 
transition temperature while above this temperature it decreases. The increase below glass 
transition temperature is due to degradation and the decrease above this temperature 1s due to 
enhanced crystallinity. The two first-order phase transitions are found to shift to lower 
temperatures due to degradation4. 

2 4 Polyoxymethylene 

fl the case of POM, the thermal expansion coefficient increases with radiation dose below and 
jecreases with radiation dose above the glass transition temper&re. The predominant effect of 
jegradation below the glass transition and that of increased crystallinity above the glass transition 
are responsible for this behaviour5. 
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Strength and behaviour o f  reinforced concrete w a l l  pane ls  by  S. Madina Saheb. 
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1. Introduction 

Reinforced concrete load bearing wall panels, hitherto, are being analysed and des~gned on the 
analogy of extended columns in one-way actlon only irrespect~ve of their end cond~tions. But a 
wall panel in practical situation could behave like a plate in two-way action when all the four edges 
are restrained. Also in these panels large openings In the form of doors and w~ndows are 
inevitable due to functional requtrements In all the above cases. lnformatlon regard~ng the 
strength and bchaviour of panels as influenced by geometry, materials of construction, end 
condit~ons and type of loading is requlred for developing design methods based on limit concepts. 
The available tnformatlon on panels in one-way actlon IS not complete with respect to all 
parameters, particularly the aspect ratio, while no method or equatlon for prediction of ultimate 
strength of panels in two-way action under eccentric loading and panels with openings has been 
come across in literature. 

2. Experimental programme 

The present theoret~cal and experimental investigations carried out have been intended to lead to 
some methods of predicting ult~mate strength and an insight into the behaviour of ai panels in 

one-way action; b) panels in two-way action; and c) panels with openings, and subjected to 
uniformly distributed load at small eccentricity of one-sixth the wall thickness The ends of panels 
are idealized to be hinged so that the test data would be conservative for development of design 
equations. The panel reinforcement is selected to be in double layers for effect~ve load resistance 
under eccentricity and protection against temperature and shrinkage effects 

For the sa~d investigat~on, aspect ratio, slenderness ratio, thinness ratio, amount of vertical 
steel, amount of hor~zontal steel, size and location of openings In panels have been identifled as 
~ertlnent parameters. To cover all the parameters, a total of 60 panels were cast and tested. In all 
the three aspects of study, strains, deflections, crack~ng loads and failure loads have been 
recorded and presented. 

3. Main results and conclusions 

0) Panels in one-way action 

The influence of aspect ratlo and verttcal steel on ultimate strength are linear while that of 
slenderness ratio is nonlinear. The effect of horizontal steel on ultimate strength IS negl~g~ble. An 
empirml equation which includes the effect of aspect ratio also for the prediction of ultimate 
strength (P,) has been developed as given below. 



for h1L < 2 0 

for h lL  ;. 2 0 

where 9 : capaclty reductlon ldctor 
A = gross cross-sectional area of wall panel in plan 

A, = cross-sectional area 01 steel in panel 
f', L cylinder strength of concrctc 
f,, = yield stress or steel 
n = height of wall panel, and 
L = length of wall panel 

Figure 1 shows the cornparson of test results of the author and other ~nvestigators'~ with 
proposed equation for 4 = 1.0 Also, on comparison with ava~lable wall equations in Ilterature, the 
proposed equation is noted to give safer prediction of ultimate strength. Three methods of 
analysis v!z., moment maxrnlzation, additional moment and moment magnltlcatlon have been 
proposed for prediction of ultimate strength of panels. It is concluded that the moment 
magnification method gives satisfactory prediction of ultimate strength when compared with the 
other two The three d~fferert code methods of analys~s namely ACI: 318-77, CP: 110-72 and 
IS: 456-78 have also been compared with test results and it is found that the ACI: 318-77 
method gives a better prediction of ult~mate strength while the other two are more conservative. 

(I!) Panels in two-way action 

The influence of aspect ratio and venical steel on ultimate strength are linear while that of 
thinness ratio is non-linear. The effect of horizontal steel on ultimate strength is fairly linear for 
panels with aspect ratio greater than unity. Two empirical equations. one based on safe prediction 
principle and the other by modification of ultimate strength equation of a t h~n  buckled metal plate, 
have been proposed as given below: 

Wall equation I. 

for 2 > hlL > 0.5 and Lit i 60 

!Val1 equation II 
C+Af', 

P" = ----- 
(Lit) 

"here C = plate constant = 0.8352 U t -  0.0052 (Lit)' 

for Lit <: 60. 
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FIG 1 Comparison of test results with proposed FIG. 2 Comparison of test results w~th proposed 
equation (one-way action for + = 1.0). equation - l (two-way action for + = 1.0). 

F1gure2 shows the comparison of test results of the author and another investigator3 with 
proposed wall equation I ieqn 2). It is found that both the equations give satisfactory prediction of 
ultimate strength. 

The solution of the problem for panels in two-way action under eccentric loading has been 
attempted by a semi-theoretical method based on moment magnification principle. The proposed 
method is noticed to yield ultimate strengths fairly in agreement with test data for aspect ratios 
up to 1.5. From the comparative study made for strength and behaviour between paneis in 
one-way and two-way actions, it is concluded that the load resistance and stiffness of panels In 
two-way action are greater than those in one-way action. 

ifid Panels with openings 

TO study the effect of size and locat~on of openings on ultimate strength and behaviourof panels. 
a non-dimensional parameter iv) has been defined in the investigation as given below: 

A L  141 

where. P, = cross,sectional area of opening in plan, and 
7 = d~stance between centres of gravity of panel cross-section with and without 

openings. 

The influence of this parameter on ultimate strength is found to be linear within the tested range 
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hc 3 Effect of openings (one-way action) FIG. 4 Effect of openmgs (two-way action). 

of variables. Figures 3 and 4 show the influence of openings in panels in oneway and two-way 
actions respectively. 

Empirical equation developed for the prediction of ultimate strength of panels both in one-way 
and two-way actions are (figs 3 and 4): 

pueo 
-= -1.4184uf1.4630 
P"D (one-way action) 

Pueo -- - - 1.2136v+ 1.2398 

''D (two-way act~onl 

where P,,, = ult~mate experimental load of panel with openings, and 
PUD = ultimate theoretcal load of panel without openmgs. 

These equations are found to give satisfactory prediction of ultimate strength. A comparative 
study of the strength and behaviour between panels with openings in one-way and two-way 
actions has been made and it is concluded that the load resistance end stiffness of panels in 
two-way action are greater than those In one-way actlon in the presence of openings also. 

In all the three asnects of study, the results obtained are expected to be useful in the 
development of limit state des~gn procedures of such panels. The empirical equations proposed 
for the prediction of ultimate strength of panels for different cases are in a form which can be 
directly introduced into codes of practice. 
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Studies on drop formation a t  conical  a n d  capi l lary t i p s  b y  S. Ramesh Babu 
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1, Introduction 

Despite the role of drops being recognised in many metallurgical processes, surprisingly no 
significant progress has been made in this area. An understanding of the drop formation 
phenomenon is expected to give a better insight of the associated mass transfer and heat 
transfer aspects of the relevant processes. Keeping this In vlew, the present studies on drop 
formation atconical tips, which is a first step towards a better understanding of drop formation at 
the tips o f  the rneltlng rods, of direct relevance in a metallurgical process such as ESR, were 
taken up. The studies on drop formation at capillary tips provided a useful analogy for those at 
conical tips Both theoretical and experimental approaches have been employed ior the analys~s 
of drop formation. 

2. Theoretical analysis 

The prlncipleof minimisation of free energy has been used to develop a mathematical model to 
predict the equilibrium profiles of pendent drops forming at infinitely slow rates at conical bps, 
using the var~ational approach'. The same governing equations have been shown to be deducible 
by an alternate approach using the force balance criterion. The dimensionless profile generating 
equations were solved using fourth order Runge-Kutta method for which a computer programme 
was developed ensuring an accuracy of better than one part per mil l~on in the computed values. 
The model permits the calculation of drop volume as well as to follow the changing sequence of 
drop profiles until the onset of instability. The maximum drop volume is shown to Increase with 
cone angle. Also, it IS shown through the model that for a specified cone angle there is a critlcal 
rod diameter beyond which the maximum drop volume forming at its conical tip is independent of 
the rod diameter. Drop iormation at conical tips with base diameter less than the critical diameter. 
referred t o  as finite cones has also been analysed until the onset of instability and the effect of 
rod diameter. cone angle and physical properties of the system on the shape and maximum drop 
volume are predicted. An absolute method for the determination of surface tension of liquids 
using the pendent drop profiles at conical tips, which IS shown t o  be superior to other pendent 
drop profile methods. has been proposed. 

A special caseof t:le model IS the analysis of drop formation at a flat surface. A notable feature 
of this is the possibility of multiple drop formation when the cross-sectional area of the flat 
surface is considerably greater than the critical contact area of the drop. As a result of the 
enhanced dropcontinuous phase reacting interface, multiple drop formation can be utilized in 
processes where refining is of paramount importance. 

Usingsuitable houndan/ conditions, the present model can also describe the drop formation at 
capillarytips which has been extensively studied for well over a century, especially by chemical 
engineers. BY deducing a force balance criterion from the profile generating equations, ~t has 
been shown that, in general, the Harkins-Brown'sZ empirical correction factors proposed in 1919. 
in connectionwith the determination of surface tension of liqu~ds by drop-weight method. do not 



rapwsentthetr~efractional detachment Of drops. Instead, modified correction factors have been 
proposed, Utiliz)ng these factors. In ConlllnCtlOn with the extension of the similarity criterion 
propose,j by Worthington. a semi-empirical model has been proposed for predicting the detached 
drop volumes at conlcal tips. 

~h~ model for describing the drop f0rmaWn at capillary tips has been extended for finite flow 
ratecondlt~ons as well. The numerical results show that the equilibrium drop volume and profile ,, nsens~tive to fluid flow rate over a very wide range. A!so, based on this model, a criterion for 
:he onset of jetting has been proposed. Semi-empirical niodels have also been proposed for the 
p r e d i ~ t ~ ~ n  af detached drop volumes at capillary tips under flnite flow rate conditions, The finite 
flow rate model is shown to reduce to the infinitely slow flow rate model, when the flow rate 
tends to zero. The drop formation at conical tips under finire flow rate conditions is analysed using 
,dimensional analysis approach and a correlatioii between the detached drop volume and flow 
mte has been obtained 

~ I s o  Harkins-Brown's most rel~able drop weiyht data at capillary tips, has been statistically 
aoalysed and utilizing the matherriatical descnptson of the relation between dimensionless 
deached drop volume and the dimensionless capiilary radius, two alternate methods have been 
prnposed for the ca l~u~a t l~ r?  of suriace Iension of liqulds Using the error analysis approach, the 
proposed methods have been shown to he better than the earlier methods3 over a wide 
operating range. 

3. Experimental results and discussion 

Aset of apparatus has been designed and fabricated for studies on drops forming at metal cone 
bps of specif~c cone angle under controlled flow rates, for quantitative verification of the 
predictions of the model. Using these apparatus, experiments have been performed with low 
vapodr pressure liquids 1.1.2.2-tetrachloroethane and chlorobenzene, to study the effect of cone 
angle, rod diameter, flow rate and physical properties of the liquids on drop size. The trends in the 
theoretrcal predictions rnentloned earlier have been shown to be in verygood agreement with the 
experimental results. The drop formation phenomenon was followed through movie-photography 
and the agreement between the drop proiiles and the maximum drop volumes with the 
theoretical predictions have been shown to be excellent. However, the predicted detached drop 
volumes are shown to be underestimated, with a maximum percentage deviation of 27% The 
reasonsforthe discrepancy have been discussed. The analysis of the cine films have also yielded 
useful information on the mechanism of detachment and the instability time has been estimated 
foreach of the conical tips of 60; 90, 120, 150 and 180", studied. The dimensioniess detached 
drop volumes at each of the conical tips for both the liquids studied have been shown to be 
dentical, which supports the assumption behind the extended Worthington's similarity criterion. 
41~0. this forms the basis of a comparative method for the determination of surface tension of 
quids. 

Experiments have been performed at a capillary tip to study the effect of flow rate on drop 
hatiOn The experimentally obtained cmcal profile and the equiiibrium drop volume cI0seb 
!allies with those predicted theoretically. Also, the detached drop volumes calculated using the 
Jroposed models are shown to be In good agreement w ~ t h  the experimental values. 

To test the validity of the pied)ctlons of the models discussed above in drop formation at the 
of melting rods, which "as greater relevance to metaliurgists, a low-temperature 

?xPeiimental set-up was designed and fabricated for melting studies using paraffin wax 
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material - the liquid state transparency of which has enabled photographic re:ording of thedrop 
formation phenomenon. The experiments consisted of melting the stationan/ wax rods having 
conlcaI tips In a hot accetonitrile/alcohoI bath and collecting the solidified wax drops below, ~h~ 
effect of rod diameter, cone angle, immersion depth and bath temperature on the drop size was 
studied. While the trends of the experlmentai results were in conformity with the theoretical 
predictions, quantification of the experimental data was not possible owing to uncertainties the 
physical properties of the experimental system, despite efforts to minimise these effects. 
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Thesis Abstract (M.Sc. Engng) 

Studies o n  the design and development o f  a novel f iber  opt ic sensor-based 
refractometer-cum-liquid level indicator by M. K. Ravishankar. 
Research supervisor: S. V. Pappu. 
Department: Electrical Communication Engineering. 

1. Introduction and experimental programme 

Fiber optic sensors (FOS) possess unique advantages over other kinds, and hence a good lot of 
work is being done in recent years regarding the development of FOS for various applications 
The measurement of refractive index and detection of liquid levels in a system are important in 
some industrial application$. Hence, a few fiber optic refractometers and liquid level indicators 
have been ~ roposed~ -~ .  These have a restriction of measurement of refractive index equal to 
that of the core index, whereas the present liquid level sensors are cumbersome in their design. 
Hence there exists a need for the design and development of better fiber opt~c sensors for 
measuring refractive index of any value and possess easy design criteria for liquid level 
measurement. 

2. Main results and conclusion 

The underlying principle of the refractometer and liquid level indicator is that the efficiency of light 
coupled beween two axially separated fibers (fig. 1) varies as a function of the refractive index of 
the medium filling the axial gap, the refractive index of the core, the axial gap length Z. These 
parameters are expressed in terms of: (a) Fresnel transmittivity between the end faces of the two 
fibers which depends on the value n, and n, where n,and n, represent the refractive index of the 
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Fe 1 Schematic diagram of two axially separated optical fibers ior illustratny the principle of light coupling 
becNeen them. U is the angle of incidence. T the angle of emergence, n, the core refractive index. n,, the 
reiract~ve ~ndex of the liquid f~lliny the axial gap, r, the core radius. n ,  the clad refractive index and Zthe axial 
gap distance 

med~urn filling the axial separation and that of the core of the fiber6 (bJ The axial gap length '2 
essentially represents the amount of light energy that can be collected by the output Iber  from 
the input fiber7. Thus efficiency of coupling is mathematically given by 

wherep, 1s the optical power just after the input end of output f~ber, and p, the optlcal powerjust 
before the output end of Input fiber: 

The upper limit of measurable value of refractive index is fixed by expression (1). whereas the 
lower limit is fixed by the condition tan T s  rlz under which the term 

z 
{I -;tan T] 

~ l d s  valtd, where 'r' is the radius of the flber. The expression exhibits an Increase in upper limit. 
eduction In lower limit and decrease in range of operation coupled wi th Improved sensit lvit~ as 
he value of i' increases. 

The theoretical max value of Z for the fibers used N A  = 0.5, n, = 1.49, r =  0.5 m m  at 
= 665 nrn) is 0.866 mm. The experiment conducted with Z = 0.8 rnm using water glycerol 

nixture for different refractive index values tallied well within 3 6% of tho theoretical value for n, 
a h s  from 1.33 to 1.52 The change of 1) for n, from 1 .DO to 1.33 1s about n 15.8%. 
XPerlmentally whick has provided enough change in intensity for detection of liquid levels. This 
1volved an inputfiber bent t o  U-shape and the output fiber aligned wi th it to have an axial gap Zat  
Premarked height to indicate the heigHt of the liquid level. 
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