REFERENCES

Acharjee, D. K., Bhat, P. A., Mitra, A. K., and Roy, A. N., (1975), Studies on momentum
transfer in vertical liquid jet ejectors, Indian Journal of Technology, 13, 205-210.

Agrawal, K. S. (1999), Studies on Ejector, M.E. Dissertation, The Maharaja Sayajirao
University of Baroda, Vadodara.

Ahari, J. S., Fofsat, K., Djenab, M. H., Mohammadbigy, K., Vahidi, M., and Shafiei, Z.,
(2008), Predictive model of hydrogen sulfide absorption by chelate solution in a venturi
scrubber, Chemical Enginering Technology, 31(10), 1481-86.

Akafuah Nelson Kudzo, (2009), Visualization and cﬁaracterizarion of ultrasonic cavitating
atomizer and other automotive paint sprayers using infrared thermography, A dissertation
submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy in
the College of Engineering at the University of Kentucky.

Alvarez-Fuster, C., Midoux, N., Laurent, A., and Charpentier, J. C., (1981), Chemical
~ kinetics of the reaction of CO, with amines in pseudo m-nth order conditions in polar and

viscous organic solutions, Chemical Engineering Science, 36, 1513-1518.

Alvarez-Fuster, C., Midoux, N., Laurent, A., and Charpentier, J. C., (1980), Chemical
kinetics of the reaction of carbon dioxide with amines in pseudo m-nth order conditions in

aqueous and organic solutions, Chemical Engineering Science, 35, 1717-1723.

Ananthanarayanan, N. V., and Viswanathan, S., (1999), Predicting the liquid flux
distribution and collection efficiency in cylindrical venturi scrubbers, Ind. Eng. Chem. Res.,
38, 223-232.

Ananthanarayanan, N. V., and Viswanathan, S, (1998), Estimating Maximum Removal
Efficiencyin Venturi Scrubbers, AICAE Journal, 44(11), 2539-2560.

Appusamy, A., Iyyaswamy, R. and Murugesan T., (2008), Gas holdup and energy dissipation
in liquid-gas ejectors, Journal of Chemical Technology and Biotechnology , 83, 1064-1071.

Asai, S., Yasuhiro, K., and Hiroaki, Y., (1986), Mass transfer with chemical reaction in two
phases, Ind. Eng. Chem. Fundam, 25, 3452-454. -
178



Ashour, S. S., Edward, R. B., and Orville, C., (1996), Absorption of chlorine into aqueous
bicarbonate solutions and aqueous hydroxide solutions, AIChE Journal, 42(A3), 671-682.

Atay 1., Gordon, L., and Richard, T., (1987), Fluid flow and gas absorption in an ejector
venturi scrubber, Environmental Progress, 6 (3), 198-203.

Atay, L, (1986), Fluid flow and gas absorption, in an ejector venturi scrubber, Dissertationity

Jor the degree of Doctor of Engineering Science, New Jersey Institute of Technology.

Azad, M., and Sultana, R. A., (2006), Numerical model for bubble size distribution in
turbulent gas-liquid dispersion, Journal of Chemical Engineering, IEB., 24(1), 25-34.

Azzopardi, B. J., Teixeira, S., Govan, A., and Bott, T., (1991), An improved model for
pressure drop in venturi scrubbers, Trans. Inst. Chem. Eng., B 69, 55-64.

Bailer Frank Oliver, (2001), Mass Transfer Characteristics of a Novel Gas-Liquid Contactor,
The Advanced Buss Loop Reactor, A Dissertation submitted to the Swiss Federal Institute of
Technology for degree of Doctor of Technical Sciences, Zurich.

Bakshi, B.R,, Jiang, P. and Fan, L. S., (1995), Analysis of flow in gas-liquid bubble columns
using multi-resolution methods, Proceedings of the 2nd International Conference on Gas-
Liquid-Solid Reactor Engineering, Cambridge, UK., 27-29 March, pp. A1-AS8.

Balamurugan, S., Gaikar, V. G., and Patwardhan, A. W., (2008), Effect of ejector
configuration on hydrodynamic characteristics of gas-liquid ejectors, Chemical Engineering
Science, 63, 721-731.

Balamurugan, S., Lad, M. D., Gaikar, V. G., and Patwardhan, A. W., (2007), Effect of

geometry on mass transfer characteristics of ejectors, Ind. Eng. Chem. Res.,46, 8505-8517

Bandyopadhyay Amitava and Biswas Manindra, N., (2006), Prediction of the removal
efficiency of a novel two-stage hybrid scrubber for flue gas desulfurization, Chem. Eng.
Technol., 29, 1, 130-145.

Bandyopadhyay Amitava and Biswas Manindra, N., (2007a), SO, scrubbing in a tapered
bubble column scrubber, Chemical Engineering Communications, 193(12), 1562-1580.

Bandyopadhyay Amitava and Biswas Manindra, N., (2007b), Spray scrubbing of particulates

with a critical flow atomizer, Chem. Eng. Technol. 30, 12, 1674-1685.
‘ 179



Barreras, F., Amaveda, H., Lozano, A., (2002), Transient high-frequency ultrasonic water

atomization, Experiments in Fluids, 33, 405-413.

Beg, S.A., and Taheri, M., (1974), Gas absorption studies in butterfly valve scrubber, Atmos.
Environ., 8, 947-955.

Beltran, F. J., Fernandez, L. A., Alvarez P., and Rodriguez E., (1998), Comparison of
kinetic data from film and Danckwerts theories, Ozone Science and Engineering, 20,

403-420.

Ben Ebrahim, A., Prevost, M., and Bugarel, R., (1984), Momentum transfer in a vertical
/
down flow liquid jet ejector: case of self aspiration and emulsion flow, International Journal

of Multiphase Flow, 10 (1), 79-94.

Bergwerk, W., (1959), Flow pattern in diesel nozzle spray holes, Proceedings of the

Institution of Mechanical Engineers, 173, 655.

Bhat, P.A., Mitra, AX., Roy, AN., (1972), Momentumn transfer in a horizontal liquid jet

ejector, Canadian Journal of Chemical Engineering, 50, 313-317.

[

" Bhatt Nirav, Amrhein Michael, and Bonvin Dominique, (2007), Incremental Identification of
Reaction and Mass Transfer Kinetics Using the Concept of Extents, Ind. Eng. Chem. Res,
A-O.

Bhatt Nirav, Amrhein Michael, and Bonvin Dominique, (2010), Extents of Reaction,

Mass Transfer and Flow for Gas-Liquid Reaction Systems, Ind. \ Eng. Chem. Res., 49,
- 7704-7717.

Bhutada, S.R., and Pangarkar, V.G, (1'987), Gas induction and hold-up characteristics of

liquid jet lbop reactors, Chemical Engineering Communications 61, 239-261.

Bin, A. K., (1993), Gas entrainment by plunging liquid jet, Chem Eng Science, 48,
3585-3630.

180



Biswas, M. N., and Mitra, A. K., (1981), Momentum transfer in horizontal multi-jet liquid
gas ejector, Canadian Journal of Chemical Engineering, 59, 634-637.

Biswas, M. N., Mitra, A. K., and Roy, A. N, (1975), Studies on gas dispersion in a horizontal

liquid jet ejector, Second Symposium on Jet Pumps and Ejectors and Gas Lift Techniques
Cambridge, England, March 24-26, BHRA, E3-27-42. F

Biswas, M. N., Mitra, A. K., and Roy, A. N., (1977), Effective interfacial area in a liquid-jet
induced horizontal gas-liquid pipeline contactor, Indian Chemical Engineering,
XIX (2), 15-21.

Black, D. L., McQuay, M. Q., and Bonin, M. P., (1996), Laser-based techniques for particle
size measurement: a review of sizing methods and their industrial applications, Progress in

Energy Combustion Science, 22, 267-306.

Blenke, H., Bohner, K., and Vollmerhaus, E., (1963), Investigations into the calculation of jet
- pump performance, Cheme Ingenieur Technik, 35(3), 201-208.

Boll, R. H., (1973), Particle collection and pressure drop in venturi scrubbers, Ind. Eng.
Chem. Fund., 12(1), 40-50.

Boll,vR. H., Flais, L. R., Maurer, P, W., and Thompson, W. L., (1974), Mean drop size in a
full scale venturi scrubber via transmissometer, J. Air Pollut. Control Assoc., 24(10),
1934-938.

Bonnington, S. T., (1956), Water jet ejectors, BHRA Publication, RR540.
Bonnington, S. T., (1960), Water driven air ejectors, BHRA Publication, SP664.

Bonnington, S. T., (1964), A guide to jet pump design, British Chemical Engineering, 9(3),
150-154. ‘

Bonnington, S. T., and King, A. L., (1972), Jet pumps and ejectors, a state of the art review
and bibliography, Published by BHRA Fluid Engineering, Cranfield, Bedford, England.

Botton, R., Cosserat, D., and Charpentier, J. C., (1987), 4 new laboratory apparatus for the
study of International Chemical Engineering, 27(2), 143.

181



Boyadzhiev Kh., (1964), On the optimal flow rate of liquids during chemisorptions in a
venturi tube, Int. Chem. Eng., 4 22-26.

Brennen, C.E., (1995), Cavitation and Bubble Dynamics, Oxford University Press.

Brian, P. L. T. and Beaverstock, M. C., (1965), Gas absorption accompanied by a two-step
chemical reaction, Chem. Eng. Sci, 20, 47-56.

Bﬁan, P. L. T., Vivian, J.E., and Piazza, C., (1966), The effect of temperature on the ratio of

absoraption of chlorine in to water, Chem. Eng. Sci, 21, 551.

Calvert, S., (1970), Venturi and other atomizing scrubbers efficiency and pressure drop,
AIChE Journal, 16(3), 392-396.

Cao, J., and Christensen, R. N., (2000), Analysis of moving boundary problem for bubble
collapse in binary solutions, Numerical Heat Transfer, Part A: Applications, 38(7), 681-699.

Castleman, R. A., (1931), Mechanism of atomization of liquids, U.S. National Bureau of
Standard Journal Research, 6, 281.

Cents, A., Bruijn, H. G., F. T. de., Brilman, D. W. F., and Versteeg, G. F., (2005),
Validation of the Danckwerts-plot technique by simultaneous chemical absorption of CO;
and physical desorption of O,, Chemical Engineering Science, 60, 5809-5818.

Ceylan, K., Altunbas, A., and Kelbaliyev, G., (2001), A new model for estimation of drag -
force in the flow of Newtonian fluids around rigid or deformable paﬁicles, Powder
Technology, 119, 250-256.

Chandrasekhar, S., (1961), The capillary instability of a liquid jet, In Hydrodynamic and
Hydromagnetic Stability, Oxford, Oxford University Press, 537-542.

Charpentier, J. C., (1976), Review paper- recent progress in two phase gas -liquid mass
transfer in packed beds, Chemical Engineering Journal,11, 161-181.

Charpentier, J. C,, (1982), What’s new in absorption with chemical reaction?, Trans. Institute
of Chemical Engineers,60, 131.

182



Chaves, H., Knapp, M., Kubitzek, A., Obermeier, F., and Schneider, T., (1991),
Experimental study of cavitation in the nozzle hole of diesel injectors using transparent

nozzles, Society of Automotive Engineers, Paper No. 950290, 645-657.

Chehroudi, B., Onuma, Y., Chen, S., and Bracco, F., (1985), On the intact core of full-cone
sprays, SAE, Paper No. 850126.

Chigier, N., and Reitz, R. D., (1996), Regimes of jetbreakup. and breakup mechanisms
(physical aspects). In Recent Advances in Spray Com-bustion: Spray Atomization and Drop
Burn-ing Phenomena, 1, 109-35.

Chilton, T. H., and Colburn, A. P., (1934), Mass transfer (absorption) coefficients prediction
from data on heat transfer and fluid friction, Ind. Eng. Chem., 2(11), 1183-1187.

Ciborowski, J., and Bin, A., (1972b), Investigation of the aeration effect of plunging liquid
jets. Ini. Chem., (Polish), 2, 557-577.

"Connick, A. E. and Chia,Y. T. (1959), The hydrolysis of chlorine and its variation with
temperature, J. Am. Chem. Soc., 81, 1280. ‘

Cooney, D. O., (1985), Modeling venturi scrubber performance for H,S removal from oil-

shale retort gases, Chemical Engineering Communications, 35, (1-6), 315-338.

Cooney, D. O., (1992) Simultaneous absorption of an acid gas (H,S) and a basic gas (NH3) in

a scrubbing device, Chemical Engineering Communications, 114 (1),103-116.

Cooney, D. O., and Daniel P. O., (1987), Absorption of SO, and H,S in small-scale venturi

scrubbers, Chemical Engineering Communications, 51, 1-6.

Cramers, P. H. M. R., and Beenackers, A. A. C. M., (2001), Influence of the ejector
configuration, scale and the gas density on the mass transfer characteristics of gas-liquid

ejectors, Chemical Engineering Journal, 82, 131-141.

Cramers, P. H. M. R., Beenackers, A. A. C. M. and Van Dierendonck, L. L., (1992).
Hydrodynamics and mass transfer characteristics of a loop-venturi reactor with a down flow
liquid jet ejector, Chem. Engg. Sci., 47, 3557-3564.

Crane, L., Birch, S., and McCormack, P. D., (1964), The effect of mechanical vibration on

the breakup of a cylindrical water jet in air, British Journal of Applied Physics, 15, 743-750.
) 183 '



Crowder, J. W., Wu, T. K. L., and Winkle, W. V., (1981), Modeling of venturi scrubber
performance, Environmental Technology Letters, 2, 8, 337-346.

Crowder, J.W., Noll, K.E., and Davis, W.T., (1982), Modeling of venturi scrubber efficiency,
Atmospheric Environment, 16 (8), pp. 2009-2013.

Cunningham, R. G., (1974a), Gas Compression with the Liquid Jet Pump, 4SME Publication,
Journal of Fluids Engineering, 203-217.

Cunningham, R. G., and Dopkin, R. J., (1974b), Jet breakup and mixing throat lengths for the
liquid jet gas pump, Transactions on ASME, Journal of F. Tuids Engineering, 96, 216-226.

Danckwert, P. V., Kennedy, -A. M., and Roberts, D., (1963), Kinetics of CO, absorption in
alkaline solutions-II, Chemical Engineering Science, 18, 63-72.

Danckwerts, P. V. and Gillham, P. V., (1966),The design of gas absorbers, Trans. Inst.
Chern. Engrs., 44, T42-TS4,

Danckwerts, P. V., (1950a), Absorption by simultaneous diffusion and chemical reaction.

Trans. Faraday Society, 46, 300.

Danckwerts, P. V., (1950b), Unsteady-state diffusion or heat conduction with moving
boundary, Trans. Faraday Society, 46, 701. '

Danckwerts, P. V., (1951), absorption by simultaneous diffusion and chemiéal reaction into

particles of various shapes and into falling drops, Trans. Faraday Society, 47, 1014.

Danckwerts, P. V., (1967), Gas-absorption accompanied by first-order reaction: concentration
of product, temperature-rise and depletion of reactant, Chemical Engineering Science, 22,
472-473.

Danckwerts, P. V., (1968), Gas absorption with instantaneous reaction, Chemical
Engineering Science , 23, 1045-1051. ‘

Danckwerts, P. V., (1970), Gas-Liquid Reactions, Ed. McGraw-Hill, New York.

Danckwerts, P. V., and Kennedy,l(A. M., (1958), The kinetics of absorption of carbon dioxide
into neutral and alkaline solutions, Chemical Engineering Science-Genie Chimique, 8, (3/4),
201-215:

184



Danckwerts, P. V., and Kennedy, B.E., (1954), Kinetics of liquid-film process in gas
absorption. part I : Models of the absorption process, Transactions of the Institution Chemical
Engineers, 32, S101-S104.

Danckwerts, P.V., and Sharma, M.M., (1966), Absorptioh’ of carbon dioxide into solutions of
alkalis and amines, The Chemical Engineer, CE, 244-280.

Das, S. K., and Biswas, M. N., (2006), Studies on ejector-venturi fume scrubber, Chemical
Engineering Journal, 119, 153-160. '

Dasappa, S., Paul, P. J., and Mukunda, H. J., (1993), Fluid dynamic studies on ejectors for
thermal applications of gasifiers, Proceedings of Forth National Meet on Biogass

Gassification and Combution, Mysure.
Davies, (1972), Turbulence Phenomena, Academic, New York.

Davis, G.S., Mitra, A.K., and Roy, A.N., (1967), Momentum transfer studies in ejectors,
Industrial and Engineering Chémistry Process Design and Development, 6, 293-299.

Davis, W. J., (1963), The effect of the Froude number in estimating vertical 2-phase gas-
liquid friction losses, Brit. Chem. Eng., 8, 462-465.

Dehkordi Asghar Molaei and Chiya Savari, (2011), Determination of interfacial area and
overall volumetric mass-transfer coefficient in a novel type of two impinging streams reactor
by chemical method, Ind. Eng. Chem. Res., 50, 6426-6435.

Deluhasz, K. J., (1960), Spray Literature Abstracts, New York, American Society of
Mechanical Engineers, 1,2, 3, 4.

~Dennis Gary A., (1966), A study of injector spfay characteristics in simulated rocket
combustion chamber including longitudinal mode pressure oscillation, NAS4, Technical
Report No 730.

Dierendonck, L. L., Zahradnik , J., and Linek V., (1998), Loop venturi reactorsa feasible
alternative to stirred tank reactors?, Ind. Eng. Chem. Res., 37, 734-738.

Dimiccoli, A., Serio, M., and Santacesaria, E., (2000), Mass transfer and kinetics in spray-

tower-loop absorbers and reactors, Ind. Eng. Chem. Res., 39, 4082-4093.

185



Dirix, C. A. M. C., and Wiele, K., (1990), Mass transfer in jet loop reactors, Chemical
Engineering Science, 45(8), 2333-2340.

Doraiswamy, L. K., and Sharma, M. M., (1984), Heterogeneous Reactions: Analysis,
Examples, and Reactor Design, In Fluid-Fluid-Solid Reactions Volume-2, John Wiley and
Sons, New York.

Dutta, N. N.; and Raghawan, K. V., (1987),.Mass transfer and hydrodynamic characteristics
of loop reactors with down flow liquid jet ejector, Chemical Engineering Journal,
36, 111-121.

Economopoulou Alexia, A., and Harrison Roy, M., (2007), Graphical analysis of the
performance of venturi scrubbers for particle abatement, Part I : Rapid collection efficiency

evaluation, derosol Science and Technology, 41, 51-62.

Elgozali, A., Linek, V., Fialova, M., Wein, O., and Zahradnik, J., (2002), Influence of
viscosity and surface tension on performance of gés—-liquid contactors with ejector type gas

distributor, Chemical Engineering Science, 57, 2987-2994.

Engel, O. G., (1958), Fragmentations of water drops in the zone behind an air shock, Journal
of Research of the National Bureau of Standards, 60, 245.

Eroglu, H., Chigief, N.,v and Farago Z., (1991), Coaxial atomizer liquid intact lengths,
Phys. Fluids, A.3, 303-308.

Evans, G. M., Jameson, G. J., and Atkinson, E. W., (1992), Prediction of the bubble size
generated by a plunging liquid jet bubble column, Chemical Engineering Science, 47, 3265-
3272.

Faeth, G., (1990), Structure and atomization properties of dense turbulent sprays, In 23™

International Symposium on Combustion, The Combustion Institute, 1345-1352.

Faeth, G., (1995), Structure and breakup properties of sprays, International Journal of
Multiphase Flow, 21, 99-127.

Faeth, G., (1999), Liquid atomization in multiphase flows : a review, In 30th AIAA Fluid
Dynamics Conference, Paper Number 99, 3639.

186



Fernandez, R., (2001), Calculation of injector characteristics using a commercial CFD code,
Thesis for Diploma, The Institute of Thermal Turbo machines and Power plants, University

of Technology, Vienna.

Frago, Z., and Chigier, N., (1992), Morphological classification of disintegration of round

liquid jet in a coaxial airstream, Atomization and spays, 2, 137-152.

Frank Thomas, (2005), Advances in computational fluid dynamics (CFD) of 3-dimensional
gas-liquid multiphase flows, NAFEMS Seminar: Simulation of Complex Flows (CFD),
Niedernhausen/Wiesbaden, Germany April 25 - 26.

Fraser, R. P., and Paul Eisenklam Norman, (1962), Drop formation from rapidly moving
liquid sheets, AThE Journal, 8(5), 672-680.

Gamisans, X., Sarra, M., and Lafuente, F.J., (2004), The role of the liquid film on the mass
transfer in venturi-based scrubbers, Trans IChemE, Part A, 82(A3), 372-380.

Gamisansa, X., Sarrab, M., and Lafuente, F. J., (2002), Gas pollutants removal in a single and
two-stage ejector venturi scrubber, Journal of Hazardous Materials, B90, 251-266.

Gandhi Ankit, B., Gupta Prashant, P., Joshi Jyeshtharaj, B., Valadi K. Jayaraman, and
Kulkarni Bhaskar, D., (2009), Development of unified correlations for volumetric mass-
transfer coefficient and effective interfacial area in bubble column reactors for various gas-

liquid systems using support vector regression, Ihd. Eng. Chem. Res., 48, 4216-4236.

Gelfland, B., (1996), Droplet breakup phenomena in flows with velocity lag, Progress in
Energy and Combustion Sciences, 22, 201-26.

Geschner, F., Chaves, H., and Obermeier, F. (2001), Investigation of Different Phenomena of
the Disintegration of a Sinusoidally Forced Liquid Jet. ILASS-Europe, Zurich, 2-6 September.

Geschner, F., Chaves, H., and Obermeier, F. (2004), Non-Dimensional Map for the
Appearance of Spray Structures of a Periodically Excited Liquid Jet,‘ DFG Schwerpunk
programm Fluidzerst Aaubung und SprAuhvorg Aange DFG-Priority Program Atomization
and Spray Processes, Dortmund, 18-19 March.

Goel, K.C., and Hollands, K.G.T., (1977), Optimum design of venturi scrubbers, Atmospheric
Environment, 11(9), 837-845.

187



Gokalp, 1., and Chauveau, C., (2000), Improving droplet break-up and vaporization models
by including high pressure and turbulence effects, Aromization and Sprays, 10, 475-510.

Gokalp, 1., Chauveau, C., Morin, C., and Vieille, B., (2001), Cassure et vaporisation des
gouttes : effets de la pression, In Combustion Dans Les Moteurs Fusees, Actes du Colloque
de Synthese du Groupe de Recherche, CNES/CNRS/ONERA/SNECMA.

Gokalp, 1., Vieille, B., and Bodele, E., (2000), Modeling droplet break-up effects for
highpressure cryogenic spray combustion codes. In 36th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference and Exhibits, Huntsville (USA), July.

Gomez-Diaz, D., and Navaza, J. M., (2005), Gas/liquid mass transfer processes in a carbon
ioxide/alkane system, J Chem Technol Biotechnol, 80, 812-818.

Gourich, B., Azher, N., Vial, C., Soulami, M. B., Ziyad, M., and Zoulalian, A., (2007),
Influence of operating conditions and design parameters on hydrodynamics and mass transfer

in an emulsion loop-venturi reactor, Chemical Engineering and Processing, 46, 139-149.
Govatos, G. C., (1981), The slurry pump, Journal of Pipelines, 1, 145-157.

" Gulbeyi Dursun, and Cevdet, (2006), Akosman Gas-liquid interfacial area and mass transfer
coefficient in a co-current down flow contacting célumn, J Chem Technol Biotechnol, 81,
1859-1865.

Haenlein A., (1932), On the Disruption of a Liquid Jet, National Advisory Committee

Aeronautics, Technical Memorandum, 659.

Havelka P., V. Linek, J., Sinkule, J., Zahradnik, M., and Fialova, (2000), Hydrodynamic and

mass transfer characteristics of ejector loop reactors, Chemical Engg. Science, 55, 535-549,

Havelka, P., Linek, V., Sinkule, J., Zahradnnik, J., and FialovaH. M., (1997), Effect of the
ejector confugaration on the gas suction rate and /gas hold-up in ejector loop reactors.

Chemical Engineering Science, 52, 1701-1713.

Henzler, H.J., (1983), Design of ejectors for single-fluid material systems, German Chemical

Engineering, 6, 292-30.

188



Herrero Edgar, Vallea, P., Del, E. M. M., and Galan, M. A., (2007), Instability study of an
annular liquid sheet of polymer produced by atomization, Proceedings of European Congress

of Chemical Engineering (ECCE-6) Copenhagen, 16-20 September.

Hikita H., Asai, S., and Takatsuka, T., (1876), Absorption of carbon dioxide in to aqueous
sodium hydroxide and sodium carbonate-bicarbonate solutions, The Chemical Engineering

Journal 11, 131-141.

Hikita, H., Asai, S., and Takatsuka, T., (1972), Gas absorption with a two-step instantaneous
chemical reaction, The Chemical Engineering Journal, 4 (1), 31-40.

Hikita, H., Asai, S., Himukashi Y., and Takatsuka, T., (1973), Absorption of chlorine into

aqueous sodium hydroxide solutions, Chemical Engineering Journal,, 5, 77-84.

Hills, J. H., (1976), The operation of a bubble column at high throughputs in gas hoidup
measurements, Chem. Eng., 12, 89-99. ‘

Hinze, J. O., (1949), Forced deformations of viscous liquid globules, Applied Scientific
Research, 1(1), 263-272.

Hinze, J. O., (1955), Fundamentals of the hydrodynamic mechanism of splitting in dispersion
processes, AIChE J, 1(3), 289-295.

Hinze, J., (1959), Turbulence, New-York : Mc Graw-Hill.

Hirner, W., and Blenke, H., (1969), Gas gehalt und phascngren zflache in schlaufen und
strahl reaktoren, Verfahrenstechnik 11, York. A

Hiroyasu H., Arai M., and ‘Shimizu M., (1991), Breack up length of a liquid jet and internal
flow in a nozzle, Procedings of ICLASS-91, Paper No. 26.

Hopfinger, E., (2001), Atomization of a Liquid Jet by a Coaxial Gas Jet : A Critical Review,
In Combustion Dans Les Moteurs Fusées, Actes du Collogue de Synthése du Groupe de
Recherche CNES/CNRS/ONERA/SNECMA, Toulouse, Cité de I’Espace (FRANCE), June.

Hwang, S., Z., Liu, and Reitz, R., (1996), Breakup mechanisms and drag coefficients of high-
speed vaporizing liquid drops, Atomization and Sprays, 6, 353-376.

188



Ingebo Robert D., (1991), Effect of gas mass flux on cryogenic liquid jet breakup, Paper
Presented at Space Cryogenics Workshop, Clevlend,OH, USA, June.

Jackson, M. L., (1964), Gas Absorption in Venturis, A.LL.Ch.E.J., 10.

Jhaveri, A. S. and Sharma, M.M., (1968), Effective interfacial area in packed column,
Chemial Engineering Science, 23, 669-676. '

Johnstone, H. F. Tassler, M. C., and Field, R. B., (1954), Gas absorption and aerosol

collection in a venturi atomizer, Industrial and Engineering Chemistry, 46, 1601-1608.

Joosten, G. E. H., and Danckwerts, P. V., (1973), Chemical reaction and effective interfacial

areas in gas absorption, Chemial Engineering Sience, 28, 453-461.

Kandakure, M.T., Gaikar, V.G., and Patwardhan, A.W., (2005), Hydrodynamic aspects of
ejectors, Chemical Engineering Science, 60, 6391-6402.

Kankkunen, A. and Nieminen, K., (1997), Black liquor sheet breakup mechanisms and the
effect on drop size, International Journal of Fluid Mechanics Research, 24 (1-3), 350-357.

Kashdan, J. T., Shrimpton J. S., Booth H. J., and Whybrew A., (2000), Assessment of particle
characterization via phase doppler anemometry and automated particle image analysis
techniques, Proceedings of the 10th International Symposium on Application of Laser
Techniques to Fluid Mechanics, Lisbon, Portugal, 10-13 July.

Kashdana J.T., Shrimptona J.S., Whybrew A., (2007), A digital image analysis technique for
quantitative characterisation of high-speed sprays, Optics and Lasers in Engineering, 45,
106-115.

Kazuya Shibata, Seiichi Koshizuka, and Yoshiaki Oka, (2004), Numerical analysis of jet
breakup behavior using particle method, Journal of Nuclear Science and Technology, 41, 7,
715-722.

Kendoush, A.A., Al-khatab, S.A.W., (1989), Flow regimes characterization in vertical
downward two phase flow, In: Chen, X.Z., Veziroglu, T.N., Tien, C.L. (Eds.), Multiphase
Flow and Heat Transfer, Second International Symposium, 1, 215-220.

Kim M., Kim O, Leea D, Kim S., (2007), Numerical and experimental investigations of gas-

liquid dispersion in an Ejector, Chemical Engineering Science, 62, 7133-7139.
. 190



Kitscha, J. & Kocamustafaogullari, G., (1989), Int. J. Multiphase Flow, 15 (4), 573-588.
Knapp, R.T, Daily, J.W., and Hammitt, F.G. (1970). Cavitation, New York, McGraw-Hill.

Koetsier, W. T., Van Swaiij, W. P. M., and Van der Most. M., (1976), Maximum gas holdup
in bubble columns, J. Chem. Eng. (Japan), 9. 332-333.

Kolmogorov, A., (1949), On the desintegration of drops by turbulent flows. dokl. acad. nauk..
SSSR, 66, 825-828.

Kordac, M., and Linek, V., (2008), Dynamic measurement of carbon dioxide volumetric
mass transfer coefficient in a well-mixed reactor using a ph probe:analysis of the salt and

supersaturation effects, Ind. Eng. Chem. Res., 47,1310-1317.

Krauss, W. E., (1970), Water Drop Deformation and Fragmentation Due to Shock Wave
Impact, Ph.D. Thesis, University of Florida.

Kroll, A. E., (1947), The design of jet pump, Chemical Engg. Progress, 43(2), 21-24.

Krzeczkowski Stefan A., (1980), Measurement of liquid droplet disintegration mechanisms,
In ILJ Multzpkase Flow, 6,227-239.

Kuferath, A., Wende, B., and Leuckel, W., (1999), Influence of liquid flow conditions on
spray characteristics of internal-mixing twin fluid atomizers, International Journal of Heat
and Fluid Flow, 20, 513-519.

Kundu, G., Mukherjee, D., and Mitra, A.K., (1994), Gas entrainment and depth of penetration
in a cocurrent gas liquid downflow bubble column, Journal of Chemical Engineering of
Japan, 27 (5), 621-626.

Kundu, G., Mukherjee, D., and Mitra, A.K., (1995), Experimental studies on a co-current
gas-liquid downflow bubble column, International Journal of Multifluid Flow, 21 (5), 893-
906. '

Kuznetsov, M.D., Oratovskii, V.1, (1962), Rate of chemisorption in a venturi-type apparatus,
Int. Chem. Eng., 2, 185-188.

181



Lahiri N., Yadav, G. D., and Sharma, M. M., (1983), Absorption of chlorine in aqueous
solutions of sodium hydroxide desorption of hypochlorous acid followed by its dissociation

to chlorine monoxide, Chemical Engineering Science , 38(7), 1119-1133

Lane, W. R., (1951), Shatter of Drops in Streams of Air, Industrial and Engineering
Chemistry, 43, 1312.

Lang, R. J., (1962), Ultrasonic Atomization of Liquids, Journal of the Acoustic Society of
America, 34(1), 6-8.

Laurent Andre, (1978), Fonteix christian, besson gerard and charpentier jean-claude, pilot-
scale study of absorption with chemical reaction in a venturi-jet scrubber, atmospheric
pollution, Proceedings of the 13th International Colloquium, Pans, France, April 25-28,

Studies in Environmental Science, 1, 251-254,

Laurent, A., and Charpentier, J. C., (1974), Aires Interfaciales et coefficients de transfert de
matiere dans les divers types d’absorbeurs et de reacteurs gaz-liquide, The Chemical

Engineering Journal, 8, 85-101. -

Lefebvre, H., (1989), Atomization and Sprays, Hemisphere Pub. Cor., New York.
Leick Philippe, (2008)', Quantitative investigations about the influence of nozzle geometry

and ambient gas density on the primary break-up region of diesel sprays, Dissertation

submitterd for Doctor of Engineering to Technical University Darmstadt.

Leith, D., and Cooper, D.W., (1980),Venturi scrubber optimization, Atmos En{)iron, 14, 657-
664.

Leroux, S., Dumouchel, C., Ledoux, M., (1996), The Stability Curve of Newtonian liquid ‘
Jets, Atomization and sprays, 6, 623-647.

Levenspiel Octave, (1999), Chemical Reaction Engineering, Third ed., John Wiley & Sons,
New York.

Levich, V. G., (1962), Physicochemical Hydrodynamics, Prentice Hall, New York.

Li, C.,and Li, Y. Z., (2011), Investigation of entrainment behavior and characteristics of gas-

liquid ejectors based on CFD simulaﬁon, Chemical Engineering Science, 66, 405-416.

~

192



Li, M., and Christofides, P., (2005), Multiscale modeling and analysis of an industrial HVOF
thermal spray process, Chemical Engineering Science, 60, 3649-3669.

Li, X., and Tankin, R. S., (1987), Droplet size distribution: a derivative of a Nukiyama-
Tanasawa type distribution function, Combustion Science argd Technology, 56, 65-76.

Li, X., and Tankin, R, S., (1988), Droplet size distribution in sprays by using information
theory, Combustion Science and Technology, 60, 345-357. ‘ '

Lifshitz, A., and Perlmutter-Hayman, B. (1962), The kinetics of the hydrolysis of chlorine
III, The reaction in the presence of various bases and discussion of the mechanism, J. Phys.
Chem., 66, 701-705.

Lifshitz, A., and Perlmutter-Hayman, B., (1961), The kinetics of the hydrolysis of chlorine
11, The hydrelysis in the presence of acetate, J. Phys. Chem., 65, 753-757.

Lin, S. P., and D. R. Woods. (1991), A branching liquid jet, Physics of Fluids, A3, 241- 244

Lin, S. P, and Reitz, R.D., (1998), Drop and spray formation from a liquid jet, Annual
Review of Fluid Mechanics, 30, 85-105.

Littay, G., (1943), Sur I’atomisation of liquids, Wydawnictwo Naukowo-Techniczne.

Liu, H., (2000), Science and Engineering of Droplets: Fundamentals and Applications, New
York: Noyes Publications.

Liu, Z., and Reitz, R., (1997), An analysis of the distortion and breakup mechanisms of high

- speed liquid drops, Inter. J. of Multiphase Flow, 23 (4), 631-650.

Lydersen, A.L., (1983), Mass transfer in engineering practice, John Wiley & Sons, New
York.

Mahajani, V. V., and Sharma, M. M., (1981), Gas absorption with photochemical reaction,
Chemical Engineering Science, 36, 295-597.

Mahajani, V., and Sharma, M. M., (1979), ‘,Effetive interfacial area and liquid side mass
transfer coefficient in trickle bed reactors, Chemical Engineering Science, 34, 1425-1428.

Mabhajani, V., and Sharma, M. M., (1980), Mass transfer in packed columns: co-current

(downflow) operation- 1'm. and 1.5 m. metal pall rings and ceramic intalox saddles. multi
193



filament gauze packings in 20 cm and 38 cm LD. columns, Chemical Engineering Science ,

35, 941-947.

Majumder, S.K., Kundu, G., Mukherjee, D., (2005), Mixing mechanism in a modified co-

current downflow bubble column, Chemical Engineering Journal, 112, 45-55.

Mandal Aj., (2010), Characterization of gas-liquid parameters in a down-flow jet loop bubble
column, Brazilian Journal of Chemical Engineering, 27 (02), 253-264.

Mandal Ajay, Kundu Gautam and Mukherjee Dibyendu, (2004), Gas-holdup distribution and
energy dissipation in an ejector-induced down flow bubble column: the case of non-

Newtonian liquid, Chemical Engineering Science, 59, 2705 —2713.

Mandal, A., Kundu, G, and Mukherjee, D., (2003b), Interfacial area and liquid-side
volumetric mass transfer coefficient in a downflow bubble column, Can J of Chem Eng, 81,
212-219.

Mandal, A., Kundu, G. and Mukherjee, D., (2003a), Gas holdup and entrainment
characteristics in a modified downflow bubble column with Newtonian and non-Newtonian

liquid, Chemical Engineering and Processing, 42, 777-787.

Mandal, A., Kundu, G., and Mukherjee, D., (2005), A comparative study of gas holdup,
bubble size distribution and interfacial area in a downflow bubble column, Trans IChemE,
Part A, Chemical Engineering Research and Design, 83(A4), 423-428.

Mandal, A., Kundu, G., and Mukherjee, D., (2005a), Comparative study of two fluid gas-
liquid flow in the ejector induced up flow and downflow bubble column, International

Journal of Chemical Reactor Engineering, 3 Article A13.

Mandal, A., Kundu, G., and Mukherjee, D., (2005b.), Energy analysis and air entrainment in
an ejector induced downflow bubble column with non-Newtonian motive fluid, Chemical

Engineering Technology, 28 (2), 210-218.

Mansour, A. and Chigier, N., (1994), Effect of turbulence on tﬁe stability of liquid jets and
resulting droplet size distributions, Atomization and Sprays, 4, 583-604.

Mansour, A., and Chigier, N., (1993), A phase doppler investigation of co-axial air blast
atomizers, Fluid Mechanics and Heat Transfer in Spray, ASME 270, 95-101.

194



McCe_lbé, W. L., Smith, J. C., and Harriott Peter, (1993), Unit Operations in Chemical
Engineering, International Edition, 7th Edition, McGraw- Hill Inc., New Delhi.

McCarthy, M. J., and Molloy, N.A., (1974), Review of stability of liquid jets and the
influence of nozzle design, Chemical Engineering Journal, 7, 1.

McCormack, P.D., Crane, L., and Birch, S., (1965), An experimental and theoretical analysis
of cylindrical liquid jets subjected to vibration, British Journal of Applied Physics, 16, 395-
408.

Meier, G.E.A., Loose, S., and Stasicki, B., (1997), Unsteady Liquid Jets, Applied Scientific ‘
Research, 58, 207-216.

Meikap, B. C., Kundu, G., and Biswas, M. N., (2001), Prediction of the Interfacial Area of
Contact in a Variable-Area Multistage Bubble Column, Ind. Eng. Chem. Res., 2001, 40,
6194-6200. :

Meikap, B.C., and Biswas, M.M, (2004), Mass transfer characteristics of a cuurrent multi-
stage bubble column scrubber, Journal of Chemical Engineering of Japan, 37(10),1185-1193.

Meyers Nicolas, (2006), Mod elisation de la combustion cryotechnique avec prise en compte
de l'atomisation primaire du jet d’oxyg ‘ene liquide, May, Universite D’aix-Marseille, France.

Midoux N., Laurent A., Charpentier J. C., (1980), Limits of the chemical method for the
determination of physical mass transfer parameters in mechanically agitated gas-liquid
reactors, AIChE Journal, 26, 1, 157-162, January.

Midoux, N., Morsi, B. 1., Purwasasmita, M., Laurent, A., and Charpentier, J. C., (1984),
Interfacial area and liquid side mass transfer coefficient in trickle bed reactors operating with
organic liquids, Chemical Engineering Science, 39, 5, 781-794.

Mitchell D., (1981), Improving the efficiency of free-jet scrubbers, Environmental
International, 6,21-24.

Mitchell J. F. B., (1989), Reviews of Geophysics, 27 (1), 115-139, Paper number 89RG00094.

Mitra, A. K., and Roy, A. N,, (1964), Studies on the pcirformance of ejector : correlation for
air-air system, Indian Journal of Technology, 2(9), 315-316.

Mitra, A. K., Guha, D. K., and Roy, A. N., (1963), Studies on the performance of ejector
Part-Lair-air system, Indian Chem. Eng. Trans., 5, 59.

N

195



Mohebbi A., Taheri M., Féthikaljahi J., and Talaie M.R., (2003), Simulation of an orifice
scrubber perférmance based on Eulerian/Lagrangian method, Journal of Hazardous
Materials, A100, 13-25. ‘ '

Monabbati, M., Ayatollahi, S., and Taheri, M., (1989), Test of mathematical modeling for
the design of high energy scrubbers, J. derosol Sol., Vol. 20, No. 8, pp. 1441-1444.

Moresi, M., Gianturco, G.B., and Sebastini, E., (1983), The ejector loop fermenter:
description and performance of the apparatus, Biotechnology and Bioengineering, 25, 2889-
2904.

Morris, J. C., (1966), The Acid Ionization Constant of HOCI from 5° to 35° J. Phys. Chem.,
70, 3798.

Morris, J.C, (1946), The mechanism of the hydrolysis of chlorine, J 4m Chem Soc., 68(9),
1692-4,

Mukherjee, D., Biswas M. N., and Mitra, A. K., (1981), Holdup studies in liquid; liquid

ejector system, Institute of Chemical Engineers, 1, 1-5,

Mukhefjee, D., Biswas M. N,, and Mitra, A. AK., (1988), Hydrodynamics of liquid-liquid
dispersion in ejectors and vertical two phase flow, Can. J.Chem. Eng., 66, 896-907.

Mukherjee, S., Das; S.K., and Biswas, M.N., (2007), Absorption of carbon disulphide in
alkaline solution in spray and ejector columns, Chemical Engineering and Processing, 46,
181-186. '

Nagel, O., Kurten, H., and Sinn, R., (1970), Strahldiisenreaktoren -Teil I, Chem. Eng. Tech.,
42, 474-479. ’ ’

Nasseh 8., Mohebbbi A., Sarrafi A., and Taheri M., (2009), Estimation of pressure drop in
venturi scrubbers based on annular two-phase flow model, artificial neural networks and

genetic algorithm, Chemical Engineering Journal, 150, 131-138.
Neppiras, E.A., (1980), Acoustic Cavitation, Physics Report, 61, 160-251.

Nijsing, R. A. T. O., Hendrikz,. R. H., and Kramers, H., (1959), Absorption of carbondioxide
in jets and falling films of electrolytic solutions, with and without chemical reactions, Chem.

Eng. Sci.,, 10, 88-104.
196



O’Rourke, P., and A. Amsden, (1987), The TAB method for numerical calculations of spray
droplet breakup, SAE Paper, (872089). |

Ogawa S., Yamaguchi H.,Tone S. and Otake T., (1983), Gas-liquid mass transfer in the jet
reactor with quﬁid jet reactor, Journal of Chemical Engineering of Japan, 16(5), 419-425.

Ohkawa, A., Kawai, Y., Ksabiraki, D., Saki, N. and Ehdoh, K., (1987), Bubble size,
interfacial area and volumetric liquid-phase mass transfer coefficient in downflow bubble

columns with gas entrainment by a liquid jet, J of Chem Eng of Japan, 20, 99-101.

Ohkawa, A., Kusabiraki, D., Kawai, Y., and Sakai, N., (1986), Some flow characterstics of a
vertical liquid jet system having downcomers, Chemicla Engineering Science, 41 (9), 2247-
2361. ‘

Ohnesorge, W., and Angew, Z., (1936), Math. Mech., 11, 136--159.

Otake, T., Tone, S., Kuboi, R., Takahashi, Y., and Nakao, K., (1981), Dispersion of a gas by
a liquid jet ejector, Int. Chem. Eng., 21, 72-80.

Ott, Robert M., Wu, T. K. L., and Crowder Jerry W., (1987), Modelling of Surace tension
Effects in Venturi Scrubbing, Atmospheric Enviornment, 21(3), 479-482.

Oyevaar, M.H., and Westerterterp, K.R., (1989), The use of the chemical method for the
determination of interfacial areas in gas-liquid contactors, Chemical Engineering Science,
44(11), 2691-2701.

Pal, S. S., Mitra, A. K. and Roy, A. N., (1979), Pressure drop and holdup in a vertical two-
phase counter current flow with improved gas mixing liquid, Ind Eng. Chem. Process Des.
Dev., 19(1), 67-75.

Panchal, N.A., Bhutada, S.R., and \Pangarkar, V.G., (1991), Gas induction and hold-up
characteristics of liqﬁid jet loop reactors using multi orifice nozzles, Chem. Engg.

Communi'ation, 102, 59-68.

Park, S. H., Suh, H. K., and Lee, C. S., (2008), Effect of cavitation flow on the flow and fuel

atomization characteristics of biodiesel and diesel fuels, Energy and Fuels, 22, 605-613.

197



Patel, H.J., (2004), Studies on the performance and measurement of interfacial area
generated by mult-jet ejector, M.E. Dissertation, The Maharaja Sayajirao University of
Baroda, Vadodara. '

Pawelczyk, R., and Pindur, K., (1999), A dynamic method for dispersing gases in liquids,
Chemical Engineering and Processing: Process Intensification, 38 (2), 95-107.

Perry, R.H., Green, D.W., and Maloney, J.O., (1997), Perry’s Chemical Engineers’
Handbook, Seventh ed., The McGraw-Hill Companies, Inc., New York.

Pfeifer C., Kuhan D. and Class A., (2010), Coupled measurement of droplet size distribution
and velocity distribution in a fuel spray with digital imaging analysis under elevated
pressure, 15th Int Symo on Applications of Laser Techniques to Fluid Mechanics, Lisbon,
July 5-8.

Ping-fang and HanLi-xin Tang, (2005), Experimental study on the hydrodynamics and mass
transfer characteristics of ultasonic air lift loop reactor, Canadian Journal of Chemical

Enginering, 83, 204.

Plateau, J., (1873), Statique experimentale et the-orique des liquids soumie aux seules

forcesmoleculaire, Paris: cauthier vil-lars, 1, 2, 450-495.

Pohorecki, R., (1968), The absorption of C0, in carbonate—bicarbonate buffer solutions
containing hypochlorite catalyst on a sieve plate, Chemical Engineering Science, 23, 1447-
1451.

Pulley, R.A., (1997), Modelling the Performance of Venturi Scrubber, Chemical Engineering
Journal, 67, 9-18. ' ‘

Radhakrishnan, V. R., and Mitra, A. K., (1984), Pressure drop, holdup and interfacial area in
vertical two-phase flow of multi-jet ejector induced dispersions, The Canadian Journal of
Chemical Engineering, 62,2, 170-178.

Raghﬁram, P. T., (2009), Interfacial area measurement in gas-liquid ejector for a sodium

chloride-air system, Indian Journal of Chemical Technology, 16, 278-282.,

Raghuram, P. T., and Mukherjee, A.K.,, and Das, T.R., (1992), Studies on a gas-liquid
ejector-contactor, Indian Chemical Engineer, 34(1), 40-49.

198



Rahimi A., Taheri M. and Fathikalajahi J. (2004), Prediction of pressure drop in a venturi
- scrubber: effect of liquid film and re-entrainment, Chemical Engineering Communications,
191 (3), 315-334.

Rahimi, A., Niksiar, A., and Mobasheri, M., (2011), Considering roles of heat and mass
transfer for increasing the ability of pressure drop models in venturi scrubbers, Chemical

Engineering and Processing, 50, 104—112.

Rahman F., Umesh D.B., Subbarao D., and Ramasamy M., (2010), Enhancement of
entrainment rates in liquid—gas ejectors, Chemical Engineering and Processing, 49, 1128—
1135,

Ranger, A. A., and Nicholls, J. A., (1969), Aerodynamic shattering of liquid drops, 4144
Journal, 7, 285,

Ranz, W. E., (1956), On sprays and spraying, Department of Engineering Resources,
Pennsylvania State University, Bulletin 65.

Ravi, G., Viswanathan, S., Gupta, S.K., and Ray, M. B., (2003), Multi-objective optimization
of venturi scrubbers using a three-dimensional model for collection efficiency, Chemical

Enginering T echnology and BiotechnoZogy, 78, 308-313.

Ravindram Maddury and Pyla Naldu, (1986), Modeling of a venturi scrubber for the control
of gaseous pollutants, ,Ind. Eng. Chem. Process Des. Dev., 25(1), 35-40.

Rayleigh L, (1879b),0n the instability of jets, Proc. London Math. Soc., 10, 406-46.

Rayleigh, L., (1879a), On the capillary phe-nomenon of jets., Proc. R. Soc. London., 29,
71-97

Reitz Rolf, D., (2004), Modeling the primary breakup of high-speed jets, Atomization and
Spray, 14 (1), 99. '

Reitz, R. D., (1978), Atomization and Other Breakup Regimes of a Liquid Jet, Ph. D.

Dissertation, Princeton University.

Reitz, R., and Bracco, F., (1982), Mechanism of atomization of a liquid jet, Phys. Fluids,
25 (10).

199



Reitz, R., and Bracco, F.,"(1986), Mechanics of breakup of round liquid jets, Volume
3,Chapter 10, 233-249.

Rice, R.G., and Littlefield, M.A., (1987), Dispersion coefficients for ideal bubbly flow in
truly vertical bubble columns., Chem. Engg. Sci., 42,2045-2053.

Richards, G. M., Ratliff, G. A., and Danckwert, P. V., (1964), Kinetics of CO, absorption-III,

First-order reation in a packed column, Chemical Engineering Science, 19, 325-328.

Roy Sharmistha and Rochelle Gary, T., (2004), Chlorine Absorption in Sulfite Solutions,
Separation Science and Technology, 39, 13, 3057-3077.

Ruff, G., Wu, P., Bernal, L., and Faeth, G., (1992), Continuous and dispersed-phase structure

of dense non-evaporating pressure-atomized sprays, J. Prop. Power, 8, 280~289.

Rﬁlz—Ibanez, G., Bldarlan, A., Davis, R.A., and Sandall, O.C., (1991) Solubility and
diffusivity of oxygen and chlorine in aqueous hydrogen peroxide solutions , J. Chem. Eng.

Data, 36, 459-466.
(

Rushton, J. H. and Oldshue, J. Y., (1953), Mixing: present theory and practice, Chem. Eng.
Prog.,49,161.

Rusly, E., Aye, L., Charters, W.W.S., and Ooi, A., (2005), CFD analysis of ejector in a

combined ejector cooling system, International Journal of Refrigeration, 28, 1092-1101.

Rylek, M., and Zahradnik, J., (1984), Design of Venturi-tube gas distributors for bubble type
reactors, Collect. Czech. Chem. Commun., 49, 1939-1948.

Sadek Shafik E., Nawrocki Daniel A., Sterbis Eugene E., and Vivian J. Edward, (1977),
Absorption with reaction of sulfur dioxide and chlorine, Ind. Eng. Chem., Fundam., 16(1),
36-39.

Sahay, B. N., and Sharma, M. M., (1973), Effective interfacial area and liquid and gas side

mass transfer coefficient in packed column, Chemical Engineering Science, 28, 41-47.

Sandall, O. C., Goldberg, L. B., Hurlock, S. C., Laeger, H. O., Wagnper, R. I, (1981),
Solubility and rate of hydrolysis of chlorine in aqueous sodium hydroxide at 273K, 4IChE
Journal, 27(5), 856-859.

200



Schick, R. J., (2006), Spray Technology Reference Guide: Understanding D ), 5
no. 4598 Wheaton, lllinois: Spraying Systems Co. \

Schmidt, D., P., Rutland, C., I, and Corradini, M. L., (1997), A Numericakesiutlj
Cavitating Flow Through Various Nozzle Shapes, Society of Automotive Engineers, Paper
No. 971597.

Schugerl, K., (1982), New Bioreactors for Aerobic Processes, Int. Chem. Eng., 22, 591-610.

Sedelies, R.S., A., Weinspach, P.M., (1987), Mass transfer area in different gas-liquid

reactors as a function of liquid properties, Chem. Eng. Technol., 10, 1-15.

Shabani Amir, Tavoosi Siamakl and Shahraki Bahram Hashemi, (2010), Calculation of
effective interfacial area in a turbulent contact absorber, International Journal of Chemical

Engineering and Applications, 1, 1, June.

Sharma, M. M., and Danckwerts, P. V., (1970), Chemical methods of measuring interfacial

area and mass transfer coefficients in two-fluid systems, Brit. Chem. Eng., 15. 522-528.

Shende, B. W., and Sharma, M. M., (1974), Mass transfer in packed columns: co-current

Operation, Chemical Engineering Science, 29, 1763-1772.

Sheng, Y. Y. and Irons, G. A., (1995), The Impact of Bubble Dynamics on the Flow in
Plumes of Ladle Water Models, Metallurgical Trans., B, 26B, 625-635.

Sherwood, T. K. and Pigford, R. L., (1952), Absorption and FExtraction, 2nd Edn. McGraw-
Hill, New York, 332.

Silva, A. M., Teixeira, J. C. F., Teixeira, S.F.C.F., (2009a), Experiments in a large-scale

venturi scrubber Part I: Pressure drop, Chemical Engineering and Processing, 48, 59-67.

Silva, A. T. D., and Danckwert, P. V., (1973), The effect of halogens on the rate of
absorption of carbon dioxide, Chemical Engineering Science, 28, 847-854.

Silva, A.M., Teixeira, J.C.F., Teixeira, S.F.C.F., (2009b), Experiments in large scale venturi
scrubber Part I Droplet size, Chemical Engineering and Processing, 48, 424-431.

201



Silva, Marcela K., Avila Marcos, A. D., and Mori Milton, (2011), CFD modelling of a bubble
column with an external loop in the heterogeneous regime, The Canadian Journal of

Chémical Engineering, 89, 671-681.

Simonin, R. F., (1959), Recherches theoretiques et experimentales sur I’entrainment d’air par
une veine d’eau cylindrique percutant dans mass d’eau, in Proceedings of the 8th Congress of

IAHR, Montreal, 6-D.

Sindayihebura, D., and Bolle, L., (1998), Ultrasonic atomization of liquid: stability analysis
of the viscous liquid film free surface. Afomization Sprays, 8, 217-233. '

Singh, K. P., Purohit, N. K., and Mitra, A. K., (1974), Performance characteristics of a

horizontal ejector: water-water system, India Chemical Engineer, XVI (3), 1-6.

Smallwood, G. J., and Gulder, O. L., (2000), Views on the structure of transient diesel sprays,
Automization and Sprays, 10 (3-5), 355-386.

Soteriou, R., Andrews, R., and Smith, M., (1995), Direct injection diesel sprays and the effect

of cavitation and hydraulic flip on atomization, Society of Automotive Engineers, Paper No.
950090, 27-51.

Sou A., Maulana, M. 1., Hosokawa, S. and Tomiyama, A., (2008), Ligament Formation
Induced by Cavitation in a Cylindrical Nozzle, Journal of Fluid Science and Technology, 3,5,
633-644.

Sou, A., Hosokawa, S., and Tomiyama, A., (2009), Dimensionless Numbers on Cavitation in
a Nozzle of Pressure Atomizers, ICLASS 2009, 11th Triennial International Annual
Conference on Liquid Atomization and Spray Systems, Vail, Colorado USA, July;

Sou, A., Maulana, M. 1., Hosokawa, S., and Tomiyama, A., (2007), Effect of cavitation in a
nozzle on liquid jet atomization, International Journal of Heat and Mass Transfer, 50, 17-18,
3575-3582.

Sou, A., Tomiyama, A., Hosokawa, S., Nigorikawa, S., and Maeda, T., (2006), Cavitation in
a two-dimensional nozzle and liquid jet atomization (Idv measurement of liquid velocity in a

nozzle), Japan Society of Mechanical Engineering, International Journal, Series B, 49(4),
1253-1259.

- 202



Spalding C. W., (1962), Reaction kinetics in the absorption of chlorine in to aqueous,
AILChE.J, 8, 685.

Sriveerakul, T., Aphornratana, S., and Chunnanond, K., (2007), Performance prediction of
steam ejector using computational fluid dynamics: part 1, Validation of the CFD results,

International Journal of Thermal Sciences, 46, 812-822.

Stein, W.A., Schafer, H., (1984), Aeration of viscous liquids with a downward directed two-
fluid nozzle, Ger. Chem. Eng., 7, 115-125.

Sun, H, and Azzopardi, B. J., (2003), Modelling gas-liquid flow in venturi scrubbers at high
pressure, Trans. Institute of Chemical Engineers, 81(B), 250-256.

Taheri Mahboobeh and Mohebbi Ali, (2008), Design of artificial neural networks using a
genetic algorithm to predict collection efficiency in venturi scrubbers, Journal of Hazardous
Materials, 157, (2008), 122-129.

Taheri Mahboobeh, Mohebbi Ali and Taheri Alireza, (2010), Simulation of SO, absorption in

a venturi scrubber, Chemical Engineering Communications, 197, 7, 934-952.

Takahashi, T., Hatanaka, M., and Konaka, R., (1967), Absorption of chlorine into still liquid
in a simple stop-cock type absorber, Can. J. Chem Engrs, 45, 145.

Talaie, M.R., Fathikalajahi, J., Taheri, M., (1997), Mathematical modeling of SO, absorption
in a venturi scrubber, J. Air Waste Manage. Assoc., 47, 1211-1215.

Tamaki N., Shimizu M., and Hiroyuki, (2001), Enhancement of the Atomization of a liquid
jet by c_:avitation in a nozzle hole, Atomization and Sprays, 11, 2, 125-137.

Tamaki, N. A., Kato, K., Imano and Kato, K., (2010), Improvement of atomization
characteristics of spray by multi-hole nozzle for pressure atomized type injector, ILASS ~
Europe 2010, 23rd Annual Conference on Liquid Atomization and Spray Systems, Brno,
Czech Republic, September. |

Tamaki, N., (2009), Effects of cavitation in a nozzle hole on atomization of spray and
development of high-efficiency atomization enhancement nozzle, 11" International

Conference on Liquid Atomization and Spray Systems, Vail Colorado, USA, 26-30 July.

203



Tamaki, N., and Shimizu, M., (2002), Enhancement of atomization of high-viscous liquid jet
by préssure atomized nozzle , ILASS — Europe, September 9-11.

Tamaki, N., Nishida, Y. and Hosokawa, T., (2007), Practical study on high-dispersion and
high-penetration diesel injection nozzle: 1st report, effects of geometric shape of high-
dispersion atomization enhancement nozzle on atomization of intermittent spray, Proc. 21st

Institute for Liquid Atomization and Spray Systems-Europe, CD-R, 6.

Tamaki, N., Shimizu, M., Nishida, K., and Hiroyasu, (1998), Effects of cavitation and

internal flow on atomization of a liquid jet, Atomization and Sprays, 8, 2, 179-197.

Tamir, A., Danckwerts, P.V., and Virkar, P. D., (1975), Penetration model for absorption
with chemicalreaction in the presence of heat generation, bulk flow and effects of the gaseous

environment, Chemical Engineedng Science, 30, 1243-1250.

Tang Liang-Guang, Li Xiao-Sen, Feng Zi-Ping, Lin Yu-La, and Fan Shuan-Shi, (2006),
Natural Gas Hydrate Formation in an Ejector Loop Reactor: Preliminary Study, Ind. Eng.
Chem. Res. 2006, 45, 7934-7940.

Terasaka, K., Tsuge, Hideki H, (1991), Mass transfer in highly viscous liquids in a bubble

column with constant-flow nozzles, Journal of Chemical Engineering of Japan, 24(4), 424-
429,

Tie Li Keiya, and Nishida Hiroyuki Hiroyasu, (2011), Droplet size distribution and
evaporation characteristics of fuel spray by a swirl type atomizer, Fuel, 90, 2367-2376.

Tomotika, S., (1935), On the instability of a cylindrical thread of a viscous liquid surrounded
by another viscous fluid, Proc. R. Soc. Lon-don Ser. A., 150, 322-37.

Tseng, L., (1992a), Effects of gas density on the structure of liquid jets in still gases, AIA4,
30, 1537-1544. ‘

Tseng, L., and Wu, P., (1992b), Dispersed-phase structure of pressure-atomized sprays at
various gas densities, J. Prop. Power, 8, 1157-1166.

Tuve, (1933), Heat. Piping Air Cond., 25(1), 181-191.

Uchida, S., and Wen, C.Y., (1973), Gas absorption by alkaline solutions in a venturi

scrubber, Ind. Eng. Chem. Process Des. Develop, 12 (4), 437-443.
‘ 204



Utomo, T., Jin, Z., Rahman, M., Jeong, H. and Chung, H., (2008), Investigation on
hydrodynamics and mass transfer characteristics of a gas—ﬁquid ejector using three-
dimensional CFD modeling, Jourral of Mechanical Science and Technology, 22, 1821-1829.

_Vamos Lenard, (2010), Simulation models for aerosol characterization by elastic *light
scattering with special emphasis on photon correlation experiments in the nano-particle size
range, PhD Theses, Institute for Solid State Physics and Optics, Budapest University of

* Technology and Economics, Budapest, Hungary.

Vidwans, A., D., and Sharma, M. M., (1967), Gas-side mass transfer coefficient in packed
column, Chemical Engineering Science, 22, 673-683.

Vieth, W. R,, Porter, J. H, and Sherwood, T. K., (1963), Mass transfer and chemical reaction
in a turbulent boundary layer, Ind. Eng. Chem.Fund, 2(1), 1-3.

Virkar, P. D., and Sharma, M. M., (1975), Mass Transfer in Venturi Scrubbers, Canadian
Journal of Chemical Engineering, 53, 512-516.

Viswanathan, S., Lim, D. S., and Ray, M. B., (2005), Measurement of drop size and
. distribution in an annular two-phase, two-component flow occurring in a venturi scrubber,
Ind. Eng. Chem. Res., 44, 7458-7468.

Viswanathan, S., (1997), Modeling of Venturi Scrubber Performance, Ind. Eng. Chem.
Research, 36(10), 4308-4317.

Viswanathan, S., (1998), Examination of liquid film characteristics in the prediction of

pressure drop in a Venturi scrubber, Chemical Engineering Science, 53(17), 3161-3175.

Viswanathan, S., Gnyp, A. W,, and St. Pierre, C. C., (1985), Annular flow pressure drop
model for Pease—Anthony type venturi scrubbers, AIChE Journal, 31, 1947-1958.

Volgin, B.P., Efimova, T.F., Gofman, M.S., (1968), Absorption of sulfur dioxide by
ammonium sulfite-bisulfite solutions in a venturi scrubber, Internqtional Chemical
Engineering, 1 (8), 113-118.

Volmuller, H., and Walburg, R., (1973), Blasengrope bei der Begasung mit Venturidiisen,
- Chern. Ing. Tech., 45,-913-920.

205



Waal, K.J.A., and Beek, W.J., (1967), A comparison between chemical absorption with rapid
first-order reactions and physical absorption in packed column, Chemical Ehgineering

Science, 22, 585-593.
Weber, C.Z., (1931), Zum zerfall eines flus-sigkeitsstrahles, Math. Mech.,11, 136-54.

Weisweiler, W., and Rosch, S., (1978), Interfacial area and bubble-size distribution in jet

reactors, German Chemical Engineering, 1(4), 212-218. -

Wen, C. Y., and Fan, L. T., (1975), Models for Flow Systems and Chemical Reactors, 390—
420, Marcel Dekker, New York.

Witte, J. H., (1969), Mixing shocks in two phase flow, Journal of Fluid Mechanics, 36,
639-655.

Wolfe, H. E., and Andersen, W.H., (1964), Kinetics mechanism and resultant droplet sizes of
the aerodynamic breakup of liquid drops, dero jet General Corpordtion, CA, USA, Report
n0-0395-04(18)SP.

Whu, P., and Faeth, M., (1993), Aerodynamic effects on primary breakup of turbulent liquids,
Atomization and Sprays, 3, 265-289. .

Wu, P., Miranda, R. and Faeth, G., (1995), Effect of initial flow conditions on primary
breakup of nonturbulent and turbulent round liquid jets, Atomization and Sprays, 5, 175-196.

v Yadav, R. L., and Patwardhan, A. W., (2008), Design aspects of ejectors: Effects of suction
chamber geometry, Chemical Engineering Science, 63, 3886-3897

Yaici, W., Laurent, A., Midoux, N., and Charpentier, J.C., (1988), Determination of gas-side
mass transfer coefficients in trickle-bed reactors in the presence of an aqueous or an organic

liquid phase, Infernational chemical Engineering, 28 (2), 299-305.

Yamagiwa, K., Kusabiraki, D.,( and Ohkawa, A., (1990), Gas holdup and gas entrainment rate
in down flow bubble column with gas entrainment by a liquid jet operating at high liquid

throughput, Journal of Chemical Engineering of Japan, 23, 343-348

Yamashita, F. and Inoue, H., (1975), Gas Holdup in Bubble Columns, J. Chern. Eng.
(Japan), 8, 334-340.

206



Yongyingsakthavorn, P., Vallikul, P., Fungtammasan, B., Dumouchel, C., and Joulain, P.,
(2004), An Invesﬁgation on Line-of-Sight and Local Drop Size Distributions of Palm Oil
Based Biodiesel Sprays Using Laser Diffraction Data, The Joint International Conference
on Sustainable Energy and Environment (SEE), December 1-3.

Yung, S. C., Barbarika, H. F., and Calvert, S., (1977), Pressure loss in venturi scrubbers, J.
Air Pollut. Control Assoc., 27, 348-351.

Yuxig, S., Calvert, S., and Barbarlka, H. F., (1978), Venturi Scrubber Performance Model
Environmental Science & Technology, 1978, 456-459.

Yusuf Adewuyi G., Xiangdong H. E., Henry Shaw & Wanna Lolertpihop, (1999),
Simultaneous absorption and oxidation of no and SO, by aqueous solutions of sodium

chlorite, Chemical Engineering Communications, 174, 1, 21-51.

Zahradhik, J., and Fialova, M., (1996), The effect of bubbling regime on gas and liquid
‘phase mixing in bubble column reactors, Chemical Engineering Science, 51(10), 2491-2500.

Zahradnik, J., Fialova, M., Linek, V., Sinkule, J., Renickoca, J., and Kastanek, F., (1997),
Dispersion efficiency of ejector-type gas distributors in different operating modes, Chem.
Eng. Sci,, 52 (24), 4499-4510. |

Zahradnik, J., Kratochvil, J., and Rylek, M., (1985), Gas holdup and interfacial mass transfer
in gas-liquid tower contactors with ejecfor type gas distributors, Collect. Czech. Chem.
~ Commun., 50, 2535-2544,

-

~'Zahradn1k, J., and Kastanek, F., (1982), Hydrodynamics and mass transfer in uniformly

_ aerated bubble column reactors, Collect, Czech. Chem. Commun., 47, 262-276.

Zehner, P., (1975), Stoffaustausflache und Gasverteilung in einer neu entwickelten Ejektor
Strahlduse, Chem. Ing. Tech., 47,209-214.,

Zheng, Q., and Jasuja, A., (1994), Droplet size and velocity correlations for a coaxial airblast
atomized jet, In Proc. ICLASS, 664-671.

Zheng, S., Yao, Y., Guo, F., Bi, R,, and Li, J., (2010), Local bubble size distribution,gas—
liquid interfacial areas and gas holdups in an up-flow ejector, Chemical Engineering Science,
65, 5264-5271. '

207



Zieglér, H., Meister, D., Dunn, I . J ., Blanch, H. W., and Russel, W. F., (1977) Schlaufen
reaktoren, Biotech. Bioeng., 19, 507-511.

Zlokarnik, M., (1980), Eigung und Leistungsfahigkeit von Beluftingungs Vorrichtungen fur
_ die biologische Abwasserreinigung, Chem. Ing. Tech., 52,330-331.

208



