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GLOSSARY 

Azeotrope : A liquid mixture with constant boiling point as 

both exhibits the same concentration of vapor 

and liquid phase at a certain point of 

temperature.  

 

Binary Mixture  : A chemical blend of two different liquid 

components which are miscible in one another. 

  

Evaporation Rate : The kinematics at which substance will 

undergo a phase change from liquid to vapor, or 

also known as evaporation. 

 

Separation Factor : Often known as selectivity, is a measure of 

how efficiently a separation process has 

occurred and can be determined by the ratio of 

component in the permeate to the retentate.  

  

Spray Distillation : A new method of distillation which makes use 

of less energy consumption due to low 

temperature used and can be used to separate 

azeotrope binary mixture as it utilizes the 

principle of diffusion based on the mixtures’ 

volatility. 

 

Volatile Compound(s) : Compound(s) that can undergo evaporation 

easily. 
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NOMENCLATURE 

𝛼 Separation Factor Γi Thermodynamic factor of activity 

coefficient for vapor-liquid 

equilibrium 

𝑉, Settling velocity of dispersed 

droplet (ms-1) 

𝑗. Independent diffusion of mixture 

according to molar flow of each 

component 

∆𝜌 Difference in density between 

the mixture’s liquid phases 

(kg/m3) 

𝜇.2 Chemical potential of i in state of 

reference 

𝐷, Droplet size diameter (m) 𝜕. Activity of i 

𝜇4 Dynamic viscosity at 

continuous phase (kgm-1s-1) 

𝛾. Activity coefficient of i 

𝐺 Gravitational force (ms-2) 𝑥. Atomic fraction of i 

𝐷. Internal (Einstein) diffusion 

coefficient 

𝐾9 Boltzmann constant 

𝐺:;  Partial Gibbs energy 𝐷<,𝐷> Mass-Transfer coefficients 

𝐷?@	 Effective Coefficient of 

Longitudinal Diffusion 

𝑊; ,𝑊 Average and local flow velocity 

𝑐 Concentration of each 

component 

𝑑 Flow width 

𝑅 Cylindrical channel radius 𝑓E(𝑟), 

𝑓I(𝑟) 

Distributions of local flow velocity 

𝐷J Radial Diffusion Coefficient  𝑣 Local flow velocity 

∆𝑊 Equilibrium flow velocity 

distribution 

𝑓2 Distribution Coefficient based on 

the apparatus’ cross section 

𝜌 Fluid density 𝑝 Fluid Pressure 

 

 

 



DEVELOPMENT AND TESTING OF UPSCALED  SPRAY     Page 71 of 77 
DISTILLATION FOR ETHANOL-WATER SEPARATION 
 

 Annisya Rainy Putri 
 

REFERENCES 

Al-Yaqoobi, A., Hogg, D. and Zimmerman, W. B. (2016) ‘Microbubble distillation 

for ethanol-water separation’, International Journal of Chemical Engineering, 2016. 

doi: 10.1155/2016/5210865. 

Beltrán-Prieto, J. C. and Kolomazník, K. (2019) ‘Parameters determination for 

column design in gas absorption systems’, WSEAS Transactions on Fluid Mechanics, 

14, pp. 124–130. 

Bhargava, S. (2017) What Is A Bubble Column Reactor?(B.Sc, M.Sc). Available at: 

https://www.youtube.com/watch?v=z4LS4Z6U8hg&ab_channel=GuruKpo. 

Bušić, A. et al. (2018) ‘Bioethanol production from renewable raw materials and its 

separation and purification: A review’, Food Technology and Biotechnology, 56(3), 

pp. 289–311. doi: 10.17113/ftb.56.03.18.5546. 

Clark, J. (2020) Fractional Distillation of Non-ideal Mixtures (Azeotropes). Available 

at: 

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbo

ok_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Equilibria/

Physical_Equilibria/Fractional_Distillation_of_Non-ideal_Mixtures_(Azeotropes). 

Eldridge, R. B., Seibert, A. F. and Robinson, S. (2005) ‘Hybrid separations/distillation 

technology: Research opportunities for energy and emissions reduction’, Industrial 

Technology Program. US Department of Energy, (April). Available at: 

https://www.energy.gov/sites/prod/files/2013/11/f4/hybrid_separation.pdf%0Ahttp://

www.eere.energy.gov/manufacturing/industries_technologies/chemicals/pdfs/hybrid_r

eport.pdf. 

Felföldi, A. (2021) What Is the Venturi Effect? Available at: 

https://www.simscale.com/blog/2018/04/what-is-venturi-effect/ (Accessed: 27 May 

2021). 

Frei, M. (2021) Natural Gravitational Forces and Centrifugation. 



DEVELOPMENT AND TESTING OF UPSCALED  SPRAY     Page 72 of 77 
DISTILLATION FOR ETHANOL-WATER SEPARATION 
 

 Annisya Rainy Putri 
 

Gil, I. D. et al. (2008) ‘Separation of ethanol and water by extractive distillation with 

salt and solvent as entrainer: Process Simulation’, Brazilian Journal of Chemical 

Engineering, 25(1), pp. 207–215. doi: 10.1590/S0104-66322008000100021. 

Grain, D. A., Bolten, A. B. and Bjorndal, K. A. (1995) ‘Effects of beach nourishment 

on sea turtles: review and research initiatives’, Restoration Ecology, 3(2), pp. 95–104. 

Halvorsen, I. J. and Skogestad, S. (2000) ‘Distillation Theory’. doi: 10.1007/978-3-

030-13732-8_7. 

HIRAKAWA, Y. (1982) ‘Petrochemical Industry’, Journal of Japan Oil Chemists’ 

Society, 31(10), pp. 841–845. doi: 10.5650/jos1956.31.841. 

Holm, J. and Holm, J. (2020) ‘BIOETHANOL AS A TRANSPORT FUEL : A Study 

to Improve Bioethanol Production in Finland’, (May). 

Jessica, J. (2020) DIFFUSION MODEL ANALYSIS IN SPRAY DISTILLATION OF. 

Kamp, J., Villwock, J. and Kraume, M. (2017) ‘Drop coalescence in technical 

liquid/liquid applications: A review on experimental techniques and modeling 

approaches’, Reviews in Chemical Engineering, 33(1), pp. 1–47. doi: 10.1515/revce-

2015-0071. 

Kiuchi, T., Yoshida, M. and Kato, Y. (2015) ‘Energy saving bioethanol distillation 

process with self-heat recuperation technology’, Journal of the Japan Petroleum 

Institute, 58(3), pp. 135–140. doi: 10.1627/jpi.58.135. 

Klinov, A. and Anashkin, I. (2019) ‘Diffusion in binary aqueous solutions of alcohols 

by molecular simulation’, Processes, 7(12). doi: 10.3390/PR7120947. 

Kolmetz, K. (2020) ‘Kolmetz Handbook of Process Equipment Design’, (April), pp. 

1–23. 

Koyama, K. (2017) ‘The Role and Future of Fossil Fuel’, IEEJ Energy Journal, 

(October), pp. 80–84. 



DEVELOPMENT AND TESTING OF UPSCALED  SPRAY     Page 73 of 77 
DISTILLATION FOR ETHANOL-WATER SEPARATION 
 

 Annisya Rainy Putri 
 

Kujawski, W. (2000) ‘Application of Pervaporation and Vapor Permeation in 

Environmental Protection’, Polish Journal of Environmental Studies, 9(1), pp. 13–26. 

Larsen, U., Johansen, T. and Schramm, J. (2009) ‘Ethanol as a fuel for road 

transportation’, Technical University of Denma, (May), p. 115. Available at: 

http://www.globalbioenergy.org/uploads/media/0905_DTU_-

_Ethanol_as_a_fuel_for_road_transportation.pdf. 

Megawati, Wicaksono, D. and Abdullah, M. S. (2017) ‘Experimental study on the 

adsorptive-distillation for dehydration of ethanol-water mixture using natural and 

synthetic zeolites’, AIP Conference Proceedings, 1818(March). doi: 

10.1063/1.4976896. 

Nadya, N. (2019) OPTIMIZATION OF SPRAY DISTILLATION COLUMN FOR 

ETHANOL PURIFICATION. 

Neves, C. M. S. S. et al. (2011) ‘Separation of ethanol–water mixtures by liquid–

liquid extraction using phosphonium-based ionic liquids’, Green Chemistry, 13(6), 

pp. 1517–1526. doi: 10.1039/c1gc15079k. 

Redel, M. et al. (2013) ‘Distillation Tower Design Undergraduate Info.pdf’, Utah 

University. Available at: https://www.che.utah.edu/~ring/Design I/Articles/distillation 

design.pdf. 

Ritchie, H. and Roser, M. (2017) ‘Fossil Fuel’, Our World in Data. Available at: 

https://ourworldindata.org/fossil-fuels#citation. 

Rotronic Instrument Corp staff (2005) ‘The Rotronic Humidity Handbook’, The 

Rotronic Humidity Handbook, 12, p. 130. Available at: www.rotronic-usa.com. 

Rozen, A. . and Kostanyan, A. . (2001) ‘Scaling Up Effect in Chemical Engineering’. 

doi: 10.1023/A. 

Sari, M. (2018) ‘Design of spray distillation apparatus for ethanol purification’, AIP 

Conference Proceedings, 2085(15). doi: 10.1063/1.5095048. 



DEVELOPMENT AND TESTING OF UPSCALED  SPRAY     Page 74 of 77 
DISTILLATION FOR ETHANOL-WATER SEPARATION 
 

 Annisya Rainy Putri 
 

Skogestad, S. (2010) ‘ENTROPY AND EQUILIBRIUM’, pp. 2005–2010. 

Sommerfeld, M. (2017) ‘Lagrangian modelling of droplet collisions in spraying 

systems’, 8th European Combustion Meeting, (April), pp. 1–12. 

Sulzer (no date) Blending and homogenization of sludge. Available at: 

https://www.sulzer.com/en/shared/applications/sludge-buffer-tank). 

World Resources Institute (2017) ‘CAIT Climate Data Explorer’. Available at: 

http://cait.wri.org/. 

Yang, X., Fane, A. G. and Wang, R. (2014) Membrane Distillation: Now and Future, 

Desalination: Water from Water. doi: 10.1002/9781118904855.ch8. 

Zabochnicka-Świątek, M. (2014) ‘Bioethanol-Production and Utilization’, (October). 

 

 

 

 

 

 

 

 

 

 

 

 



DEVELOPMENT AND TESTING OF UPSCALED  SPRAY     Page 75 of 77 
DISTILLATION FOR ETHANOL-WATER SEPARATION 
 

 Annisya Rainy Putri 
 

APPENDICES 

Appendix 1. Spray Distillation Unit Mass Balance Computation	
 

	

 

 

 

 

 

 
 
To compute for the mass balance, a known data for the following are needed: 

1. Initial Feed Volume 

2. Feed Lost Volume 

3. Residual Feed Volume 

4. Feed Concentration 

5. Bottom Volume  

6. Bottom Concentration 
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Appendix 2. Actual Operating Set-Up of Model C Unit Testing 
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