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 SYNERGY-18 is indeed a work of art and a treasure of true ideas and the 

creativity of students. This is a gateway for our students to put forth their talent, 

ideas and the technical knowledge. I have no doubt that these articles and features 

will be informative and interesting. Nothing is achieved without the sweat of hard 

work. Here the hard work is reflected in the quality of articles.  
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students who have contributed their articles 
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SYNERGY our department magazine has always come out with flying colours 

which portrays the distinguished articles. It also gives them a wonderful 

opportunity  for young minds to think beyond the horizon and to bring the 

innovative thinking of my students and my co-staff members to different and 

various  extent. I am very much happy, that  this special  edition of synergy has 

come out as pictured with perfection for Aavishkar 2k18 and I thank the editorial 

board for their perpetual work and passion in the making of SYNERGY. With 

more expectation I wish the success to prevail and may the Almighty bless you 

all with all the desires and wishes. 
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every information and ideas of various students into a well organized magazine. 
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magazine would serve this purpose of spreading such information. I am glad that 

the information delivered will live to the hearts of the people who come across it. 

On behalf of IIChE students chapter I wish to continue their success in upcoming 

editions. 
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 FROM THE EDITORIAL BOARD 

 Always  first and foremost , Obviously we are debted to thank the Almighty God 

without whom our work is incomplete we are immensely happy to release our 

Aavishkar 2k18 edition of synergy . We are very much privileged to be the editors 

of Synergy magazine. Our hearty thanks to our Head of department who 

motivated us with his enthusiastic and valuable words .We hope and pray that our 

work should carry more momentum in future progress and editions.      

                                                                                           EUNICE ARUL RAJ .J 
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A model for the formation of gold nanoparticles in the citrate synthesis method. 

This paper presents a new model for predicting the evolution of the particle size of gold nanoparticles 
(GNPs) in the citrate synthesis method. In this method, the precursor is an acid solution of 
tetrachloroauric acid, while the reducing agent is a base solution of sodium citrate. The acid-base 
properties of the solutions influence how the size of the particles evolves during the synthesis. In the 
literature, various mechanistic theories have been proposed to explain this evolution. Turkevich et al. 
(1951), who pioneered this synthesis method, suggested the “organizer theory”. This mechanistic 
description of the synthesis was modelled by Kumar et al. (2007), but recently Agunloye et al. (2017) 
showed that in several cases this model performed poorly, since it does not account for the acid-base 
properties of the reactants. In this work, we present a kinetic model based on the synthesis seed-
mediated mechanistic description proposed by Wuithschick et al. (2015). In this description, the 
precursor concurrently reduces into gold atoms and hydroxylates into a passive form. The gold atoms 
then aggregate into seed particles, which finally react with the passive form of the precursor in a 
growth step. We validated the model using experimental data from the literature obtained for 
conditions in which the seed-mediated mechanism is valid.The electrocoalescence behavior of 
surfactant-laden droplet pairs in oil under a DC electric field 

The electrocoalescence behavior of surfactant-laden droplet pairs in oil under a DC electric field was 
investigated in this paper. The characteristic parameters such as coalescence time, liquid bridge 
diameter and contact angle were analyzed for varying surfactant concentrations and electric capillary 
numbers. The results show that the horizontal electrocoalescence of two identical droplets with the 
same physical properties is symmetrical. Moreover, the surfactant has a significant influence on the 
pressure difference at the liquid bridge, which results in a variation of the liquid bridge growth and 
coalescence time. The pressure difference between the droplet and the liquid bridge is significantly 
dependent on the initial contact angle, which is determined by the electric capillary number Ca and 
surfactant concentration. The theoretical analysis and experimental results show that the large initial 
contact angle restrains the growth of the liquid bridge in the initial coalescence stage. Considering the 
effect of the initial contact angle, a characteristic time is proposed to describe the evolution of the 
liquid bridge. 

         S.M.Arun 

         3rd year 

Investigation of fixed-bed photocatalytic membrane reactors based on submerged 

ceramic membranes 

Though having been studied for more than four decades, photocatalysis is still hardly applied in large-
scale water and wastewater treatment. This is mainly due to the low energy efficiency of conventional 
photocatalytic reactors. A recently introduced reactor concept, the fixed-bed photocatalytic 
membrane reactor (FPMR), can potentially overcome this shortcoming. Its performance for the 
degradation of organic compounds is examined for different modes of operation. For this purpose, 
FPMRs based on commercial submerged ceramic membranes were used, which are covered by a 
photocatalytic layer of pyrogenic titania. The FPMRs were performed in two operational modes: 
closed-loop reactor and continuous-flow reactor. Oxalic acid was used as a model organic compound 
to conduct photocatalysis. The influence of light intensity and catalyst layer thickness as well as mass 



transfer inside the layer were thoroughly studied. The evaluation of the reactors was based on the 
apparent quantum yield, the photocatalytic space–time yield and specific energy consumption. The 
results demonstrate that the FPMRs are considerably more efficient than other reported reactor 
concepts. Its apparent quantum yield can reach up to 11.1%. Furthermore, its specific light energy 
consumption is merely around 0.1 kWh/g (TOC). The results also reveal that closed-loop FPMRs 
achieve higher efficiencies than continuous-flow FPMRs. Last but not least, a quantitative model for 
calculating the reaction rate constant of a photocatalytic membrane from observed reaction rate 
constant of a photocatalytic membrane reactor was developed and experimentally verified. 

         M.K.A.Mageshwar 

         3rd year 

 

Mass transfer phenomena in fluidized beds with horizontally immersed membranes. 

 

Mass transfer phenomena in gas-solid fluidized beds with horizontally immersed membrane tube 
banks in different configurations were investigated using a Two-Fluid Model, considering the case of 
a binary hydrogen/nitrogen gas mixture fed to a 2D fluidized bed where hydrogen was extracted via 
hydrogen perm-selective membranes. The simulations showed that the hydrogen flux is strongly non-
uniform over the radius of the membranes. The hydrogen flux is lowest on top of the membranes and 
highest at the bottom of the membranes, which is caused by the formation of densified zones on top 
of the membranes and the fact that the membranes shield their own top side from hydrogen 
replenishment. Also, in systems with membrane tube banks, the performance of individual 
membranes differs significantly. The membranes located near the bed walls perform considerably 
worse, because of downwards solids flow near the walls, resulting in more densified zones and gas 
back-mixing. The average hydrogen recovery per membrane is highest for the cases with a staggered 
tube bank configuration and without membranes positioned close to the bed walls. In-line tube bank 
configurations suffer from gas channeling, reducing the hydrogen recovery per membrane. The 
membrane tube banks also significantly improve the bed hydrodynamics by enhanced bubble-
breakage, decreasing the bubble size to approximately the membrane pitch. 

         R.B.C.Balachandhar 

         3rd year 

 

Pressure drop of two-phase liquid-liquid slug flow in square microchannels. 

Networks of microdevices can be used to form, sort, split and recombine droplets by varying the fluidic 
resistance of the channels. To facilitate design of such systems we propose two models to calculate 
pressure drop of liquid-liquid slug flow in square microchannels. By approximating a droplet 
surrounded by liquid film as annular flow, the moving film model includes the velocity profile in the 
lubricating layer. In the no-film model, the presence of liquid film is neglected. Pressure drop 
measurements of water-toluene and water-silicone oil slug flow generated in glass/silicon devices of 
200 and 400 μm width serve to validate these two models. We found that the droplet viscosity 
influences the applicability of the models. Good agreement is obtained for water-toluene slug flow, 
with the average error of 15–20% between the measured and calculated values for both models, 
proving that the presence of the lubricating film may be neglected for flows with similar viscosities of 
both phases. On the contrary, both predictions agree poorly with experiments for silicon oil-water 
flow which we attribute to the lower than expected liquid film thickness around the silicon oil droplets. 
Therefore we use the moving film model to estimate the thickness of the lubricating layer which we 

https://www.sciencedirect.com/topics/chemical-engineering/silicon


find to lie between 0.5% and 0.75% of the channel width, lower than the assumed 2%. Finally we 
compare the performance of our models against two correlations adapted from literature. We thus 
demonstrate that our approach allows reliable pressure drop prediction for liquids with similar 
viscosities and delivers important information on flow hydrodynamics. 

         P.Logesh 

         3rd year 

 

A critical comparison of approximate solutions for enhancement factor for irreversible 

second-order reaction. 

 The exact numerical solution for the enhancement factor for mass transfer accompanied by an 
irreversible second-order reaction based on the film theory is presented. The accuracy of the 
numerical solution is enhanced by using non-uniform discretization steps and Richardson 
extrapolation. Approximate analytical solutions available in the literature for the enhancement factor 
for an irreversible second-order reaction were compared with presented numerical solution. All 
approximate solutions are able to predict the values of the enhancement factor with the relative 
deviations within 10% compared to the exact numerical solution for the film theory. However, the 
applicability of the model and some approximate solutions is limited to the fast reaction regime. The 
approximate solution of DeCoursey (1974), originally developed for the surface renewal theory, was 
adapted to the film theory by using a correction factor. The maximum relative deviation of the 
modified approximate solution is as low as 2.2% for entire range of parameters Ha and Ei (Hatta 
number and enhancement factor for instantaneous reaction), which is the best accuracy that has ever 
been reported for an explicit expression for the enhancement factor for an irreversible second-order 
reaction. 

         J.Aaro Idhayan 

         3rd year 

 

Effect of cross-diffusion on the gravitational instability in a ternary mixture. 

To consider the effect of cross diffusion more rigorously, the onset and the growth of the gravitational 
instabilities in a Hele-Shaw cell saturated with ternary solution are analyzed by considering all cross 
diffusion coefficients. Through the asymptotic analysis, we identify the double-diffusive (DD)-, 
diffusive-layer convection (DLC)- and extended double diffusive (EDD)-type instability regimes. To 
support the asymptotic stability analysis, new linear stability equations are derived in the global 
domain and then transformed into the similar domain. In the similar domain, we prove that initially 
the system is unconditionally stable. For transient stability analysis, the linear stability equations are 
solved by employing quasi-steady state approximations (QSSA’s). To avoid the limit of the 
conventional QSSAz, we obtain the critical time for the onset of instability motion using the QSSA in 
the similar domain (QSSAζ). 

Effect of capillary pressure force on local liquid distribution in a trickle bed. 

Accurate prediction of the local liquid volume fraction (εL) distribution, an important process 
parameter that governs the performance of Trickle Bed Reactors (TBRs), is still a challenge. In the 
present work, Eulerian multi-fluid simulations of local εLdistribution were performed in a laboratory-
scale pseudo-3D (rectangular) and cylindrical TBR and the predictions were compared with the 
Electrical Resistance Tomography (ERT) measurements of Singh et al. (2017). The effect of formulation 
of capillary pressure force (F‾C) was investigated and it was found that -PC∇εLdefinition 

https://www.sciencedirect.com/science/article/pii/S0009250918304615#b0025


of F‾C preserved the functional relation between the capillary pressure (PC)and εL, and 
that εL∇PC definition of F‾C reversed the same. Through the simulations performed for the pseudo-
3D column, we showed that the alteration in the functional relation severely affects the ability 
of F‾C=εL∇PC definition to predict the effects of particle diameter, gas and liquid flow rates. It was 
elucidated that such an alteration underpredicts F‾C and could necessitate the inclusion of additional 
dispersion forces for particles with small diameters. F‾C implemented as -PC∇εLprovided satisfactory 
predictions of the steady-state local εL distribution for the bed pre-wetted with the pseudo-Kan pre-
wetting method. However, the PC model required an empirical correction ([(dP/dthr)(εS)0.6]-
13.957) to predict the steady-state local εLdistribution in the bed pre-wetted using the Levec method. 
While the modified F‾Cpredicted the time-averaged local εL distribution satisfactorily for different 
liquid flow rates and liquid distributor configurations, it was seen that further reduction in F‾C was 
required to predict the dynamic liquid spreading behavior under synthetically created pulsing flow 
conditions. 

         M.Kalai Rajan 

         3rd year 

 

Factors influencing separation selectivity of rare earth elements in flat sheet supported 

liquid membranes 

Separation selectivity of the mixture yttrium-neodymium-dysprosium using bis (2-ethylhexyl) 
hydrogen phosphate (D2EHPA) as extractant in a flat sheet supported liquid membrane was studied 
by simulations. A new definition of selectivity and a diffusional-kinetic transient model were used in 
the calculations. Resistance distribution between the phases, stripping phase pH, extractant 
concentration and initial feed concentration have great influence on selectivity and process time and 
their appropriate management would improve separation. The analysis of selectivity using the present 
model would be a useful tool to design a multistage process aimed at the separation of a 
multicomponent mixture of rare earth elements into its constituents. 

          S.Praveen 

          3rd year 

          

Dust lifting behind rarefaction waves. 

The dynamics of dust lifting behind a passing shock wave has been extensively studied in recent years. 
Nevertheless, only a few studies have focused on the problem of dust lifting by a rarefaction wave. 
Therefore, the first objective of this research was to create a three-dimensional computational fluid 
dynamics (CFD) model of experiments and simulations shown in literature. For this, the Eulerian-
Eulerian approach was selected as the modelling technique. The second part of the research was 
devoted to performing own experiments, as well as their numerical simulations. The process of dust 
lifting was recorded using a high-speed camera in two pressure chambers with different diameters 
using a solenoid valve to initiate depressurization. It turned out that the particle layer showed 
similarities to a fluidized particle bed when exposed to the rarefaction wave. After the rarefaction 
wave arrived at the particle bed, the bed expanded upwards with visible bubbles forming and 
expanding inside, eventually breaking through the top of the bed and spouting dust further up the 
chamber. A combination of smaller particle diameter, smaller pressure chamber diameter and higher 
initial pressure gave the highest amount of particle dispersion. 

         P.Dhinesh Kumar 

https://www.sciencedirect.com/topics/chemical-engineering/computational-fluid-dynamics
https://www.sciencedirect.com/topics/chemical-engineering/computational-fluid-dynamics
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Bubbly flow in stirred tanks: Euler-Euler/RANS modelling. 

Aerated stirred tanks are frequently used equipment in industries ranging from chemical engineering 
and biotechnology to minerals processing. In principle, CFD simulation of such equipment on industrial 
scales is feasible within the Euler-Euler framework of interpenetrating continua. Practical application, 
however, requires suitable closure models to account for phenomena on the scale of individual 
bubbles, which are not resolved in this approach. The present work applies a set of closure relations 
that was previously used with good success to describe bubbly flows in pipes and bubble columns. It 
turns out that model extensions are needed concerning turbulence and the drag force. To validate the 
model a comprehensive set of experimental data including gas fraction as well as liquid velocity and 
turbulence has been assembled from different literature sources. The finally proposed extended 
model compares reasonably well with this dataset. 

         M.Mohammed Ikram 

         3rd year. 

 

 

 


