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Physical studies on aqueous solutions of mono-substituted ammonium com

pounds by R. Bhanumathi.
Research supervisor: S. K.‘Vijayalakshamma.
Department: Inorganic and Physical Chemistry

1. Introduction

Organic solutes interact with water mainly in two ways. They may be hydrophobic or hydrophilic.
Hydrophobic interaction has been generally seen to be enhancing water structure. It has generally
been taken to be due to the enhanced hydrogen bonding. Water molecules next to the
hydrophobic solute not having 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 rise to direct and strong interaction of the solute with a limited number of
water molecules and these first layer-water 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
geometrically so situated that they can not participate in the three-dimerisional water structure
without breaking some hydrogen bonds that are existing in solvent water. In such cases there is
a region where the threedimensional 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 with water but this interaction is not strong enough to
form a definite hydrogen bond, but this breaks down the three-dimensional network. These
solutes would be strongly structure breaking in nature™2.

Alkanes and alkyl groups are hydrophobic in nature. Hydroxy! groups and aminc groups are
hydrophilic 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 substituent groups with water are studied. The compounds taken up for study are —
methylammonium chloride, ethylammonium chloride, propylammonium chleride, iso-propylam-
monium chioride, tert-butylammonium chloride, benzylammonium chioride, ethanolammonium
chioride, g-amino ethylene-ammonium chioride, hydroxylammonium chloride and glycine.

2. Experimental

The methods of study used for this work are 1) density measurements, 2} viscosity
measurements 3) NMR chemical shift measurements and NMR relaxation time measurements.
119
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2.1 Density measurements®

Apparent motal volumes are computed from density measurements of dilute solutions
(¢ < 0.10 molar). These are corrected for the contribution of the interionic interaction and the
corrected volumes -are extrapolated to zero concentration to give partial molal volume.

The partial molal volume of the salt is separated to ionic contributions. Using Teresawa's
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 mode! for solute 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 ammonium ions. This can be
taken to represent statistically the number of water molecules in the close vicinity of the solute in
solution.

2.2. Viscosity measurements®

Viscosity studies have been used for nearly 50 years to examine the type of solute solvents
interaction but the results have been mostly qualitative in nature. Making use of Eyring's rate
equation and Frith’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 molecute® €. A value
of surface tension higher 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
quantitative 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=72);
ethylammonium ion {y=69), benzylammonium ion (y =62}, ethanol ammonium ion
(y=61) and methylammeonium ion {y=57), glycine (y=43) and B-amino ethy-
ammonium ion {y =39} breakdown the structure of water.

2.3. NMR chemical shift measurements’

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 {8 molar). This
molar chernical shift may be downfield (where more hydrogen bonds are present than in pire
water) or upfield shift {(where some of the hydrogen bonds present in solvent water are broken in

presence of solute). The magnitude of the shift and fts direction can throw light on the effect of
solute on the water structure.

The hydrophilic structure forming sotute-like hydroxylammonium chloride gives a downfield
molar chemnical 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  upfield sh_Ift indicating that same hydrogen bonds are broken in these solutions.
Methylammonium, ethylammonium and propylammonium ions show negligibte 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. But strongly structure-forming hydrophobic ions like ise-propylammonium ion and
tertbutylammonium ions show an upfield shift. 1t is generally assumed that the increase in
structure in hydrophobic solutions 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 shift is 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.
24. NMR relaxation times®
a Relaxation times of protons of solvent water

Longitudinal relaxation times (T;) of solvent protons are measured in aqueous solutions.

intramolecular relaxation rate (1/7;} is known to be the sum of two components —
intramolecutar retaxation rate (1/ T} and intermolecular relaxation rate (1/7T;) e Intramolecular
relaxation rate is separated from the total relaxation rate and rotational correlation times () is
calculated in each of the cases.

It is found from the results that 7, of the solvent in ethylammonium chloride solution is
comparable with 75 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 atkylammonium 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 7, of ethanolammonium chloride and
hydroxylammonium chicride solutions are nearly equal to that of pure water.

b) Relaxation times of deuterons of solvent 1,0

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 D0 molecule. in this case
the relaxation mechanism is mostly by the quadrupolar coupling of the deuterium nucleus and
this falis 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 D,O 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
fike ~OH as in the case of ethanolammonium chioride reduces the structure-forming tendency.
Introduction of pheny! group as in benzylammonium chloride increases the structure of water
because of the interaction of = electron cloud with water. Correfation time of water in the close
vicinity of the cations has been calculated using the model of hydration of Hertz et al.

3. Conclusions

E.Xamination of the systems from different angles using different methods has given a clegrer
psctuye of the solute-solvent interaction in these cases. Around solutes fike tert.butylammonium
chloride, iso-propylammonium chioride and n-propylammonium chioride exist cageike structures
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of water in aqueous solution. The water is bound more strongly than in water but this bonding is
not due to the usual hydrogen bonds. Hydroxylammonium chloride is hydrogen bonded to the
solvent water and there is an enhanced water structure in the immediate vicinity of this salt, Byt
there is a structure broken region beyond the first layer which is responsible for lower correlation
time of solvent water in these solutions. Though ethanolammonium chioride forms hydrogen
honds with water, this salt does not increase the structure of water even in the ciose vicinity.
B-amino ethylammonium chioride and glycine positively break down the water structure,
Benzylammonium chloride also breaks down the water structure but this interacts favourably
with water molecules because of the o electrons of the aromatic ring. This is clearly seen in the
enhanced correlation times of water in benzylammonium ion solutions.
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Studies of phosphazenes: (i) Synthetic and kinetic investigations on the reactions
of hexachlorocyclotriphosphazene with aromatic primary amines and {ii) Synth-
esis and reactivity of poly(dichlorophosphazene) by S. Ganapathiappan.
Research supervisors: S. S. Krishnamurthy and A. R. Vasudeva Murthy.
Department: inorganic and Physical Chemistry.

1. introduction

The main objective of this work is to synthesize phosphazene-based polymers which may find
applications at beth low and high temperatures. Two methods have been utilized for the
synthesis of phosphazene-based polymers. The first one involves condensation polymerization of
hexachiorocyclotriphosphazene {N3P3Clg) 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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reactivities of these diamines towards N3P3Cle, kinetic studies of the first and second stages of
chiorine replacement from N3P3Clg by aromatic primary amines — aniline, p-toluidine and
panisidine — 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
ascertain the nature of products formed in these reactions. The cyclophosphazene derivatives,
NgPsCls_, (NHCeHaR—p), [R = H, Me or OMe, n = 1, 2{three isomers): R = OMe, n = 3(three
isomers); 4{geminal isomer only), 5 and 6] have been isolated and characterized. At the second
stage of chlorine replacement, nongeminal derivatives are formed predominantly when diethyl
ather, THF or methyt cyanide is used as the reaction medium; however, in the presence of
triethylamine, geminal derivative is formed exclusively. The structures of the cyclophosphazene
derivatives isolated have been determined on the basis of *'P NMR spectroscopy. Isomeric
compositions for the nongeminal derivatives are deduced from the *H NMR spectra of the
corresponding dimethylamino and/or methoxy derivatives®.

3. Kinetic studies

Kinetic studies reveal that the first and second stages of chlorine replacement in THF and methyl
cyanide occur by a Sy2(P) mechanism. Rate constants and activation parameters have been
evaluated. The associative Sy2(P) mechanism may involve 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. Kinetic studies also reveal
that the second stage of chlorine replacement in THF in the presence of an excess of
ti-n-butylamine occurs by a base-catalysed Eq CB mechanism which involves the formation of a
tricoordinate pentavalent phosphorus intermediate. The formation of such an intermediate is
conclusively established by trapping experiments with methanol and by the isolation of the
unusual products, gem-[NzPsCl, (INHCsHR-p) (0)]™ (NHEt)T (R = H, Me or OMe}*.

4. Phosphazene polymers

The second approach investigated for the synthesis of P-N polymers involves the ring-opening
thermal polymerization of N3P3Clg at 260°C and the subsequent replacement of chlorine atoms
from the linear poly{dichlorophosphazene), [NPCl,], by a variety of organic groups. The effect of
various compounds viz., triphenylphosphine, benzoic acid, N3P3Cls (NPPhg), NaP3Clz (NMey)s and
€aS0,-2H,0 as initiators for the thermal potymerization of NaPsClg has been investigated. Among
the various compounds studied, CaS04-2H,0 has proved most effective for the synthesis of
INPCl], with a high molecular weight (> 5 X 10) in 60% yield. The rationale for the choice of the
catalysts and the mechanism of polymerization of N3PaClg in the presence of the above initiators
are discussed. Several homo-polymers and mixed substituent polymers of the following
compositions, [NPOPh),{OR),..J, (R = CgHsMe-p, CH,CFs or CHzCH = CHay; x = 0 — 2) have
been prepared and characterized. The thermal properties of these polymers are also discussed®.
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Thermal expansion studies on irradiated polymers at low temperatures by H. N,
Subrahmanyam.

Research supervisor: S. V. Subramanyam.

Department: Physics.

1. Introduction

The study of thermal properties of irradiated polymers at low temperatures is significant both
from the scientific and technological peint of view. Irradiation offers a powerful tool to potymer
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 special 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 specific heat and thermal conductivity, no study has been
reported on thermal expansion. This thesis reports the thermal expansion at low temperatures
(80 to 340 K) of four commercial polymers — Polymethyl methacrylate (PMMA), Polystyrene (PS)

Palytetrafluoroethylene (PTFE), and Polyoxymethylene (POM) —irradiated by using gamma
radiation from Co®™ source.

After a brief introduction to theoretical understanding of thermal expansion of solids, a brief
review of different aspects of thermal expansion of .polymers is given. This includes the
discussion of thermal expansion of palymer crystals, thermal expansion of oriented polymers, the
effect of crystallinity changes on thermal expansion, thermal expansion behaviour dufing
relaxational transitions in polymers and the Gruneisen parameters of polymers. A brief review of
the different experimental techniques employed for accurate measurement of thermal expansion
atlow 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
polymers, 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
experiments in the temperature range 80 to 340K 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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the sample is measured by a platinum resistance thermometer to a resolution of 0.1 K. The
capacitance celt, being a differential one, is cahbrat;d by using high purity aluminium and
germanium as standard reference matenal_s. The experimental data is analysed by using a cubic
spline computer program. The accuracy in the thermal expansion measurement is 4%.

The polymer samples are irradiated in air to various integral dosages by using gamma radiation
from a Co® source at room temperature. The IR spectra of ail the samples are recorded to codify
the radiation-induced changes. The changes in crystallinity of the semicrystalline polymers (PTFE
& POM) are measured by x-ray technique. The crystallinity 1s found to increase in both these

samples.
21 PMMA

The thermal expansion coefficient of PMMA is found to increase with irradiation, the increase
being larger at higher temperatures. This is due 1o the relative increase in Van der Waals bonding
resulting from the main chain scission by irradiation®

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 crosslinking whereas the increase at high temperatures is due to

degradation®.
23 FTFE

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
fransition temperature is due to degradation and the decrease above this temperature is due to
enhanced crystallinity. The two first-order phase transitions are found to shift to lower
temperatures due to degradation®.

24 Polyoxymethylene

nthe case of POM, the thermal expansion coefficient increases with radiation dose below and
decreases with radiation dose above the glass transition temperature. The predominant effect of
fegradation below the glass transition and that of increased crystallinity above the glass transition
are responsible for this behaviour®.
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Strength and behaviour of reinforced concrete wall panels by S. Madina Saheb.
Research supervisor: Prakash Desayi.
Department: Civil Engineering.

1. Introduction

Reinforced concrete load bearing wall panels, hitherto, are being analysed and designed on the
analogy of extended columns in one-way action only irrespective of their end conditions. Buta
wall panet 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 windows are
inevitable due to functional requirements. In all the above cases, information regarding the
strength and behaviour of panels as’influenced by geometry, materials of construction, end
conditions and type of loading is required for developing design methods based on limit concepts.
The available information on panels in one-way action is not complete with respect to al
parameters, particularly the aspect ratio, while no method or equation 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 theoretical and experimental investigations carried out have been intended to lead to
some methods of predicting uftimate strength and an insight into the behaviour of a) panels in
one-way action; b) panels in two-way action; and ¢} 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 effective load resistance
under eccentricity and protection against temperature and shrinkage effects.

For the said investigation, aspect ratio, slenderness ratio, thinness ratio, amount of vertical
stegl, amount of horizontal steel, size and location of openings in panels have been identified as
pertinent parameters. To cover alt the parameters, a total of 60 panels were cast and tested. In all

the three aspects of study, strains, deflections, cracking loads and failure loads have been
recorded and presented.

3. Main results and conclusions

(i) Panels in one-way action

The influence qf ‘aspect ratio and vertical steel on ultimate strength are linear while that of
slendemess ratio is nonlinear. The effect of horizontal steel on ultimate strength is negligible. An

empirical equation which includes the effect of aspect ratio also for the prediction of ultimate
strength (P} has been developed as given below.
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where ¢ = capacity reduction factor

A = gross cross-sectional area of wall panel in plan

As = cross-sectional area of steel in panel

f', = cylinder strength of concrete

f, = yield stress of steel

h = height of wall panel, and

L = length of wall panel.
Figure 1 shows the comparison of test resuits of the author and other investigators’~* with
proposed equation for ¢ = 1.0. Also, on comparison with available wall equations in literature, the
proposed equation is noted to give safer prediction of ultimate strength. Three methods of
analysis viz., moment maximization, additional moment and moment magnitication 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 different code methods of analysis namely ACI: 318--77, CP: 11072 and
IS: 456-78 have also been compared with test results and it is found that the ACl: 318--77
method gives a better prediction of ultimate strength while the other two are more conservative.

{iij Panels in two-way action

The influence of aspect ratio and vertical 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 thin buckled metal plate,
have been proposed as given below:

Wall equation |,

0576nal 1 V] [1+0127
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for 2> h/L > 0.5 and L/t < 60-
Wall equation I,
p o CPAT. (3
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where C = piate constant = 0.8362 L/t—0.0052 (L/t)?
for L/t < 60.
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Figure 2 shows the comparison of test results of the author and another investigator® with

proposed wall equation 1 {egn 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 10 1.5. From the comparative study made for strength and behaviour between panels in
one-way and two-way actions, it is concluded that the load resistance and stiffness of panels in
wo-way action are greater than those in one-way action.

fii} Panefs with openings

To stud\_/ the effect of size and location of openings on ultimate strength and behaviour of panels,
8 non-dimensional parameter (») has been defined in the investigation as given below:

V=(f.°+2)

A1 “

where, A= cross sectional area of opening in plan, and

7= distance 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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of variables. Figures 3 and 4 show the influence of openings in parels in one-way 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):

P
X = ~1.4184p+1.4830 )
PuD .
{one-way action}
Puea
= —1.2136»+ 1.2398 ®)
ub {two-way action}
where Pe, = ultimate experimental load of panel with openings, and
Pyp = ultimate theoretical load of panel without openings.

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 and stiffness of panels in
two-way action are greater than those in one-way action in the presence of openings also.

In all the three aspects of study, the results obtained are expected to be useful in the
development of limit state design 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 at conical and capillary tips by S. Ramesh Baby,
Research supstvisors: A. K. Lahiri and M. Mohan Rao.
Departrment: Metallurgy.

1. Introduction

Despite the rote 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 view, the present studies on drop
formation at conical tips, which is a first step towards a better understanding of drop formation at
the tips of the melting 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 for the analysis
of drop formation.

2. Theoretical analysis

The principle of 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 tips,
using the variational 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 million in the computed values.
The model permits the calculation of drop volume as well as to follow the changing sequence of
drap profites until the onset of instability. The maximum drop volume is shown to increase with
cone angle. Also, it1s shown through the mode! that for a specified cone angle there is a critical
rod diameter beyond which the maximum drop volume forming at its conical tip is independent of
the rod diameter. Drop formation at conical tips with base diameter less than the critical diameter,
referred to 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 maximurn 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 to be superior to other pendent
drop profile methods, has been proposed.

A special case of the 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 drop-continuous phase reacting interface, multiple drop formation can be utilized in
processes where refining is of paramount importance.

U_sing suitable boundary conditions, the present model can also describe the drop formation at
capx'uarv tips 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, it ias
been shownthat, in general, the Harkins-Brown’s? empirical correction factors proposed in 1919,
in connection with the determination of surface tension of liquids by drop-weight method, do not
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represent the true fractional detachment o_f drops. ln§(ead, modqfied_ correction factors have been
proposed. Utilizing these factors, .an conjunction with the extension of the similarity criterion
proposed by Worthington, 2 semi-empirical model has been proposed for predicting the detached
drop volumes &t conical tips.

The model for describing the drop formiation at capillary tips has been extended for finite flow
rate conditions as well. The numerical results show that the equilibrium drop volume and profile
are nsensitive to fluid flow rate over a very wide range. Also, based on this model, a criterion for
1he onsat of jetting has been proposed. Semi-empirical models have also been proposed for the
prediction of detached drop volumes at capillary tips under finite flow rate conditions. The finite
fiow rate mode! is shown to reduce to the infinitely siow flow rate model, when the flow rate
tends 10 zero. The drop formation at conical tips under finite flow rate conditions is analysed using
3 dimensional analysis approach and a correlation between the detached drop volume and flow

wate has been obtained.

Also, Harkins-Brown’s mast refiable drop weight data at capillary tips, has been statistically
analysed and utilizing the mathematical description of the refation between dimensionless
detached drop volume and the dimensionless capillary radius, two alternate methods have been
praposed for the calculation of surface tension of fiquids. Using the error analysis approach, the
proposed methods have been shown to be better than the eariier methods® over a wide

operating range.

3. Experimental results and discussion

A set of apparatus has been designed and fabricated for studies on drops forming at metal cone
tips of specific cone angle under controlled flow rates, for quantitative verification of the
predictions of the model. Using these apparatus, experiments have been performed with low
vapour pressure fiquids 1.1,2,2-tetrachioroethane 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
theoretical predictions mentioned earlier have been shown 10 be in very good agreement with the
experimental results. The drop formation phenomenon was followed through movie-photography
and the agreement between the drop profiles 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
reasons for the discrepancy have been discussed. The analysis of the cine films have also vielded
usefl information on the mechanism of detachment and the instability time has been estimated
for sach of the conical tips of 60, 90, 120, 150 and 180°, studied. The dimensionless detached
drop volumes at sach 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.
Also, this forms the basis of a comparative method for the determination of surface tension of
iquids.

Experiments have been performed at a capillary tip to study the effect of flow rate on drop
formation. The experimentally obtained critical profile and the equilibrium drop volume closely
tallies with those predicted theoretically. Also, the detached drop volumes caloulated using the
Joposed models are shown to be in good agreement with the experimental values.

Totest the validity of the predictions of the models discussed above in drap formation at the
s of melting rods, which has greater relevance to metaliurgists, & low-temperature
peiimental set-up was designed and fabricated for mefting studies using paraffin wax
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material — the liquid state transparency of which has enabled photographic reﬁcording of the drop
formation phenomenon. The experiments consisted of melting the stationary wax rods having
conical tips in a hot accetonitrile/alcohol bath and collecting the solidified wax drops below. The
effect of rod diameter, cone angle, immersion depth and bath temperature on the drop size wag
studied. White the trends of the experimental results were in conformity with the theoretical
predictions, quantification of the experimental data was not possible owing to uncertainties in the
physical properties of the experimental system, despite efforts to minimise these effects.
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Studies on the design and development of a novel fiber optic sensor-based
refractometer-cum-liquid level indicator by M. K. Ravishankar.
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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 2,
The measurement of refractive index and detection of liquid levels in a system are important in
some industrial applicationd. Hence, a few fiber optic refractometers and liguid level indicators
have been proposed®-5. 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 optic 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 between 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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Fi6. 1 Schematic diagram of two axially separated opticat fibers for illustrating the principle of fight coupling
petween them. U is the angle of incidence, T the angle of emergence, n, the core refractive index, n.. the
refractive index of the liquid filling the axial gap, r, the core radius, n, the clad refractive index and Z the axial
gap distance.

mediurn filling the axial separation and that of the core of the fiber® (bj The axial gap length 2
essentially represents the amount of light energy that can be collected by the output fiber from
the input fiber’. Thus efficiency of coupling is mathematically given by

zZ
n=Peo il S anT (1)
Pi 4r

where p, is the optical power just after the input end of output fiber, and p, the optical power just
before the output end of input fiber:

The upper limit of measurable value of refractive index is fixed by expression (1), whereas the
fower limit is fixed by the condition tan 7= r/z under which the term

Z
{1 ~-—tanT
4r

0lds valid, where 'r' is the radius of the fiber. The expression exhibits an increase in upper limit,
eduction in lower limit and decrease in range of operation coupled with improved sensitivity as
he value of Z increases.

The theoretical max value of Z for the fibers used (NA =05, n. =149, r=05mm at
-=665nm) is 0.866 mm. The experiment conducted with Z = 0.8 mm using water glycerol
nixture for different refractive index vatues tallied well within 3.6% of the theoretical value for ny
alues from 1.33 to 1.52. The change of n for n, from 1.00 to 1.33 is about n 15.8%,
xperimentally whict. has provided enough change in intensity for detection of liquid levels. This
wolved an input fiber bent to U-shape and the output fiber aligned with it ta have an axial gap Zat

premarked height to indicate the height of the liquid level.
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