
62 
 

DAFTAR PUSTAKA 

 

Afkhamipour, M. and Mofarahi, M. (2013) ‘Comparison of rate-based and equilibrium-stage 
models of a packed column for post-combustion CO2 capture using 2-amino-2-methyl-1-
propanol (AMP) solution’, International Journal of Greenhouse Gas Control, 15, pp. 186–199. 
Available at: https://doi.org/10.1016/j.ijggc.2013.02.022. 

Åkesjö, A. et al. (2018) ‘Experimental and numerical study of heat transfer in a large-scale 
vertical falling film pilot unit’, International Journal of Heat and Mass Transfer, 125, pp. 53–65. 
Available at: https://doi.org/10.1016/j.ijheatmasstransfer.2018.04.052. 

Alhusseini, A.A., Tuzla, K. and Chen, J.C. (1998) ‘Falling film evaporation of single component 
liquids’, International Journal of Heat and Mass Transfer, 41(12), pp. 1623–1632. Available at: 
https://doi.org/10.1016/S0017-9310(97)00308-6. 

Anderson, T.F., Abrams, D.S. and Grens, E.A. (1978) ‘Evaluation of parameters for nonlinear 
thermodynamic models’, AIChE Journal, 24(1), pp. 20–29. Available at: 
https://doi.org/10.1002/aic.690240103. 

Astarita, G. and Savage, D.W. (1980) ‘Theory of chemical desorption’, Chemical Engineering 
Science, 35(3), pp. 649–656. Available at: https://doi.org/10.1016/0009-2509(80)80015-7. 

Baboo, P. (2022) ‘Some Fact about Urea stripper’. Available at: 
https://doi.org/10.13140/RG.2.2.16894.66880. 

Bandi, P. et al. (2018) ‘On reduced modeling of mass transport in wavy falling films’, AIChE 
Journal, 64(6), pp. 2265–2276. Available at: https://doi.org/10.1002/aic.16065. 

Battisti, R. et al. (2020) ‘Energy conditions assessment of a two-phase annular thermosyphon 
used as heat supplier for a new pilot-scale falling film distillation unit’, Thermal Science and 
Engineering Progress, 19, p. 100648. Available at: https://doi.org/10.1016/j.tsep.2020.100648. 

Battisti, R., Machado, R.A.F. and Marangoni, C. (2020) ‘A background review on falling film 
distillation in wetted-wall columns: From fundamentals towards intensified technologies’, 
Chemical Engineering and Processing - Process Intensification, 150, p. 107873. Available at: 
https://doi.org/10.1016/j.cep.2020.107873. 

Bernardis, M., Carvoli, G. and Santini, M. (1989) ‘VLE calculations using an extended 
UNIQUAC equation’, Fluid Phase Equilibria, 53, pp. 207–218. 

Brouwer, M. (2019) ‘Urea’, in John Wiley & Sons, Inc (ed.) Kirk‐Othmer Encyclopedia of 
Chemical Technology. 1st edn. Wiley. Available at: https://doi.org/10.1002/0471238961. 

Cesari, D.K., Schbib, S. and Borio, D.O. (2005) ‘Steady State Analysis of a Falling Film Reactor’, 
Second Mercosur Congress on Chemical Engineering [Preprint]. 

Chen, K. et al. (2023) ‘Efficient direct numerical simulation of gas absorption in falling films 
using a combined high-throughput/high-performance approach’, Chemical Engineering Science, 
273, p. 118603. Available at: https://doi.org/10.1016/j.ces.2023.118603. 

Chilton, T.H. and Colburn, A.P. (1934) ‘Mass Transfer (Absorption) Coefficients Prediction from 
Data on Heat Transfer and Fluid Friction’, Industrial & Engineering Chemistry, 26(11), pp. 1183–
1187. Available at: https://doi.org/10.1021/ie50299a012. 

Chinda, R. et al. (2019) ‘Industrial Urea Process – Simulation and Validation’, International 
Journal of Advanced Engineering Research and Science, 6(8), pp. 324–330. Available at: 
https://doi.org/10.22161/ijaers.68.40. 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



63 
 

Crause, J.C. and Nieuwoudt, I. (1999) ‘Mass Transfer in a Short Wetted-Wall Column. 1. Pure 
Components’, Industrial & Engineering Chemistry Research, 38(12), pp. 4928–4932. Available 
at: https://doi.org/10.1021/ie990029f. 

Cussler, E.L. (2009) Diffusion: mass transfer in fluid systems. Cambridge; New York: Cambridge 
University Press. Available at: https://doi.org/10.1017/CBO9780511805134 (Accessed: 23 
December 2021). 

Darde, V. et al. (2012) ‘Comparison of two electrolyte models for the carbon capture with aqueous 
ammonia’, International Journal of Greenhouse Gas Control, 8, pp. 61–72. Available at: 
https://doi.org/10.1016/j.ijggc.2012.02.002. 

Dashliborun, A.M., Larachi, F. and Taghavi, S.M. (2019) ‘Gas-liquid mass-transfer behavior of 
packed-bed scrubbers for floating/offshore CO2 capture’, Chemical Engineering Journal, 377, p. 
119236. Available at: https://doi.org/10.1016/j.cej.2018.06.025. 

Dean, D.E. and Stiel, L.I. (1965) ‘The viscosity of nonpolar gas mixtures at moderate and high 
pressures’, AIChE Journal, 11(3), pp. 526–532. Available at: 
https://doi.org/10.1002/aic.690110330. 

Dente, M. et al. (1988) ‘Simulation Program for Urea Plants’, Computers and Chemical 
Engineering, 12, pp. 389–400. 

Dribika, M.M. and Sandall, O.C. (1979) ‘Simultaneous heat and mass transfer for 
multicomponent distillation in a wetted-wall column’, Chemical Engineering Science, 34(5), pp. 
733–739. Available at: https://doi.org/10.1016/0009-2509(79)85121-0. 

Erasmus, A.B. and Nieuwoudt, I. (2001) ‘Mass Transfer in Structured Packing: A Wetted-Wall 
Study’, Industrial & Engineering Chemistry Research, 40(10), pp. 2310–2321. Available at: 
https://doi.org/10.1021/ie000841e. 

Erisman, J.W. et al. (2008) ‘How a century of ammonia synthesis changed the world’, Nature 
Geoscience, 1(10), pp. 636–639. Available at: https://doi.org/10.1038/ngeo325. 

Fairbanks, D.F. and Wilke, C.R. (1950) ‘Diffusion Coefficients in Multicomponent Gas 
Mixtures’, Industrial & Engineering Chemistry, 42(3), pp. 471–475. Available at: 
https://doi.org/10.1021/ie50483a022. 

Fogler, H.S. (2016) Elements of chemical reaction engineering. Fifth edition. Boston: Prentice 
Hall. 

Frank, M.J.W., Kuipers, J.A.M. and van Swaaij, W.P.M. (1996) ‘Diffusion Coefficients and 
Viscosities of CO 2 + H 2 O, CO 2 + CH 3 OH, NH 3 + H 2 O, and NH 3 + CH 3 OH Liquid 
Mixtures’, Journal of Chemical & Engineering Data, 41(2), pp. 297–302. Available at: 
https://doi.org/10.1021/je950157k. 

Fuller, E.N., Schettler, P.D. and Giddings, J.Calvin. (1966) ‘New Method For Prediction Of 
Binary Gas-Phase Diffusion Coefficients’, Industrial & Engineering Chemistry, 58(5), pp. 18–
27. Available at: https://doi.org/10.1021/ie50677a007. 

Garlapati, C. (2018) ‘New Expression to Mass Transfer Coefficient in a Wetted-Wall Column’, 
Journal of Applied Science and Engineering Methodologies, 4(3), pp. 591–600. 

Gilliland, E.R. and Sherwood, T.K. (1934) ‘Diffusion of Vapors into Air Streams’, Industrial & 
Engineering Chemistry, 26(5), pp. 516–523. Available at: https://doi.org/10.1021/ie50293a010. 

Gmehling, J. et al. (2019) Chemical thermodynamics for process simulation. Second, completely 
revised and enlarged edition. Weinheim: Wiley-VCH. 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



64 
 

Göppert, U. and Maurer, G. (1988) ‘Vapor—liquid equilibria in aqueous solutions of ammonia 
and carbon dioxide at temperatures between 333 and 393 K and pressures up to 7 MPa’, Fluid 
Phase Equilibria, 41(1–2), pp. 153–185. Available at: https://doi.org/10.1016/0378-
3812(88)80042-6. 

Haidl, J. et al. (2016) ‘Absorption in wetted-wall column with phase properties close to distillation 
conditions’, Chemical Engineering Science, 144, pp. 126–134. Available at: 
https://doi.org/10.1016/j.ces.2015.12.027. 

Hamidipour, M., Mostoufi, N. and Sotudeh-Gharebagh, R. (2005) ‘Modeling the synthesis section 
of an industrial urea plant’, Chemical Engineering Journal, 106(3), pp. 249–260. Available at: 
https://doi.org/10.1016/j.cej.2004.12.020. 

Han, K. et al. (2013) ‘Current status and challenges of the ammonia-based CO2 capture 
technologies toward commercialization’, International Journal of Greenhouse Gas Control, 14, 
pp. 270–281. Available at: https://doi.org/10.1016/j.ijggc.2013.01.007. 

Hanson, D.S. et al. (2021) ‘Catalytic Urea Synthesis from Ammonium Carbamate Using a 
Copper(II) Complex: A Combined Experimental and Theoretical Study’, Inorganic Chemistry, 
60(8), pp. 5573–5589. Available at: https://doi.org/10.1021/acs.inorgchem.0c03467. 

Heffer, P. and Praud’homme, M. (2016) ‘Global Nitrogen Fertiliser Demand and Supply : Trend, 
Current Level and Outlook’, Proceedings of the 2016 International Nitrogen Initiative 
Conference, ‘Solutions to improve nitrogen use efficiency for the world’, pp. 4–8. 

Irazoqui, H.A., Isla, M.A. and Genoud, C.M. (1993) ‘Simulation of a urea synthesis reactor. 2. 
Reactor model’, Industrial & Engineering Chemistry Research, 32(11), pp. 2671–2680. Available 
at: https://doi.org/10.1021/ie00023a034. 

Isla, M.A., Irazoqui, H.A. and Genoud, C.M. (1993) ‘Simulation of a urea synthesis reactor. 1. 
Thermodynamic framework’, Industrial & Engineering Chemistry Research, 32(11), pp. 2662–
2670. Available at: https://doi.org/10.1021/ie00023a033. 

Jaćimovski, D. et al. (2016) ‘Mass transfer and concentration boundary layer in a particulate 
fluidized bed’, Powder Technology, 303, pp. 68–75. Available at: 
https://doi.org/10.1016/j.powtec.2016.09.025. 

Jilvero, H. et al. (2015) ‘Equilibrium measurements of the NH3–CO2–H2O system – 
measurement and evaluation of vapor–liquid equilibrium data at low temperatures’, Fluid Phase 
Equilibria, 385, pp. 237–247. Available at: https://doi.org/10.1016/j.fluid.2014.11.006. 

Kafesjian, R., Plank, C.A. and Gerhard, E.R. (1961) ‘Liquid flow and gas phase mass transfer in 
wetted-wall towers’, AIChE Journal, 7(3), pp. 463–466. Available at: 
https://doi.org/10.1002/aic.690070324. 

Kamei, S. and Oishi, J. (1955) ‘Mass and Heat Transfer in a Falling Liquid Film of Wetted Wall 
Tower’, Memoirs of the Faculty of Engineering, Kyoto University, 4(17), pp. 277–289. 

Kim, G.H. et al. (2014) ‘CO2 absorption kinetics in a CO2-free and partially loaded aqueous 
ammonia solution’, Chemical Engineering Journal, 250, pp. 83–90. Available at: 
https://doi.org/10.1016/j.cej.2014.03.120. 

Kurz, F., Rumpf, B. and Maurer, G. (1995) ‘Vapor-liquid-solid equilibria in the system NH3-
CO2-H2O from around 310 to 470 K: New experimental data and modeling’, Fluid Phase 
Equilibria, 104, pp. 261–275. Available at: https://doi.org/10.1016/0378-3812(94)02653-I. 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



65 
 

Lamourelle, A.P. and Sandall, O.C. (1972) ‘Gas absorption into a turbulent liquid’, Chemical 
Engineering Science, 27(5), pp. 1035–1043. Available at: https://doi.org/10.1016/0009-
2509(72)80018-6. 

Lemkowitz, S.M., De Cooker, M.G.R.T. and Van Den Berg, P.J. (1973) ‘An empirical 
thermodynamic model for the ammonia-water-carbon dioxide system at urea synthesis 
conditions’, Journal of Applied Chemistry and Biotechnology, 23(1), pp. 63–76. Available at: 
https://doi.org/10.1002/jctb.5020230107. 

Levenspiel, O. (1999) Chemical reaction engineering. 3rd ed. New York: Wiley. 

Li, H. et al. (2018) ‘Numerical Simulation for Falling Film Flow Characteristics of Refrigerant 
on the Smooth and Structured Surfaces’, Journal of Engineering Thermophysics, 27(1), pp. 1–19. 
Available at: https://doi.org/10.1134/S1810232818010010. 

Lillia, S. et al. (2018) ‘Experimental study of the aqueous CO2-NH3 rate of reaction for 
temperatures from 15 °C to 35 °C, NH3 concentrations from 5% to 15% and CO2 loadings from 
0.2 to 0.6’, International Journal of Greenhouse Gas Control, 70, pp. 117–127. Available at: 
https://doi.org/10.1016/j.ijggc.2018.01.009. 

Liu, H. (2014) ‘Ammonia synthesis catalyst 100 years: Practice, enlightenment and challenge’, 
Chinese Journal of Catalysis, 35(10), pp. 1619–1640. Available at: 
https://doi.org/10.1016/S1872-2067(14)60118-2. 

Liu, J. et al. (2011) ‘Kinetics and mass transfer of carbon dioxide absorption into aqueous 
ammonia’, Energy Procedia, 4, pp. 525–532. Available at: 
https://doi.org/10.1016/j.egypro.2011.01.084. 

Mavrovic, I., Shirley, A.R. and Coleman, G.R. “Buck” (2000) ‘Urea’, in John Wiley & Sons, Inc. 
(ed.) Kirk-Othmer Encyclopedia of Chemical Technology. Hoboken, NJ, USA: John Wiley & 
Sons, Inc., p. 2118050113012218.a01. Available at: 
https://doi.org/10.1002/0471238961.2118050113012218.a01. 

Maxwell, G.R. (2004) Synthetic nitrogen products: a practical guide to the products and 
processes. New York: Kluwer Academic/Plenum Publishers. 

Meessen, J.H. (2010) ‘Urea’, in Wiley-VCH Verlag GmbH & Co. KGaA (ed.) Ullmann’s 
Encyclopedia of Industrial Chemistry. Weinheim, Germany: Wiley-VCH Verlag GmbH & Co. 
KGaA, p. a27_333.pub2. Available at: https://doi.org/10.1002/14356007.a27_333.pub2. 

Nakamura, R., Breedveld, G.J.F. and Prausnitz, J.M. (1976) ‘Thermodynamic Properties of Gas 
Mixtures Containing Common Polar and Nonpolar Components’, Industrial & Engineering 
Chemistry Process Design and Development, 15(4), pp. 557–564. Available at: 
https://doi.org/10.1021/i260060a015. 

Nielsen, C.H.E. et al. (1998) ‘Mass transfer in wetted-wall columns: Correlations at high 
Reynolds numbers’, Chemical Engineering Science, 53(3), pp. 495–503. Available at: 
https://doi.org/10.1016/S0009-2509(97)00320-5. 

Park, H.M. (2014) ‘A multiscale modeling of carbon dioxide absorber and stripper using the 
Karhunen–Loève Galerkin method’, International Journal of Heat and Mass Transfer, 75, pp. 
545–564. Available at: https://doi.org/10.1016/j.ijheatmasstransfer.2014.03.089. 

Peruzzo, T. et al. (2022) ‘Triethylene glycol recovery by an energetically intensified 
thermosyphon-assisted falling film distillation unit: Experimental assessment on a pilot-scale unit 
and in-silico comparison with a conventional column from natural gas processing’, Chemical 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



66 
 

Engineering and Processing - Process Intensification, 176, p. 108970. Available at: 
https://doi.org/10.1016/j.cep.2022.108970. 

Piotrowski, J., Kozak, R. and Kujawska, M. (1998) ‘Thermodynamic model of chemical and 
phase equilibrium in the urea synthesis process’, Chemical Engineering Science, 53(1), pp. 183–
186. Available at: https://doi.org/10.1016/S0009-2509(97)00271-6. 

Poling, B.E., Prausnitz, J.M. and O’Connell, J.P. (2001) The properties of gases and liquids. 5th 
ed. New York: McGraw-Hill. 

Puxty, G., Rowland, R. and Attalla, M. (2010) ‘Comparison of the rate of CO2 absorption into 
aqueous ammonia and monoethanolamine’, Chemical Engineering Science, 65(2), pp. 915–922. 
Available at: https://doi.org/10.1016/j.ces.2009.09.042. 

Que, H. and Chen, C.-C. (2011) ‘Thermodynamic Modeling of the NH3–CO2–H2O System with 
Electrolyte NRTL Model’, Industrial & Engineering Chemistry Research, 50(19), pp. 11406–
11421. Available at: https://doi.org/10.1021/ie201276m. 

Rahimpour, M.R., Barmaki, M.M. and Mottaghi, H.R. (2010) ‘A comparative study for 
simultaneous removal of urea, ammonia and carbon dioxide from industrial wastewater using a 
thermal hydrolyser’, Chemical Engineering Journal, 164(1), pp. 155–167. Available at: 
https://doi.org/10.1016/j.cej.2010.08.046. 

Rejl, F.J. et al. (2016) ‘Analogy of absorption and distillation processes. Wetted-wall column 
study’, Chemical Engineering Science, 153, pp. 146–154. Available at: 
https://doi.org/10.1016/j.ces.2016.07.021. 

Rejl, F.J. et al. (2019) ‘Liquid phase axial mixing in distillation column packed with structured 
packing: Effect on column performance’, Chemical Engineering Research and Design, 148, pp. 
129–141. Available at: https://doi.org/10.1016/j.cherd.2019.05.030. 

Rosa, L.P.S. et al. (2022) ‘A comparative study of thermodynamic models to describe the VLE 
of the ternary electrolytic mixture H 2 O–NH 3 –CO 2’, Chemical Product and Process Modeling, 
17(3), pp. 255–271. Available at: https://doi.org/10.1515/cppm-2020-0101. 

Sanyal, D., Vasishtha, N. and Saraf, D.N. (1988) ‘Modeling of carbon dioxide absorber using hot 
carbonate process’, Industrial & Engineering Chemistry Research, 27(11), pp. 2149–2156. 
Available at: https://doi.org/10.1021/ie00083a032. 

Satyro, M.A. et al. (2003) ‘Modeling Urea Processes: A New Thermodynamic Model and 
Software Integration Paradigm’, The Chemical Engineers’ Resource Page [Preprint]. Available 
at: http://www.cheresources.com/. 

Seader, J.D., Henley, E.J. and Roper, D.K. (2016) Separation process principles with applications 
using process simulators. Fourth edition. Hoboken, NJ: John Wiley & Sons, Inc. 

Singh, B. and Ryan, J. (2015) Managing Fertilizers to Enhance Soil Health. Paris: IFA. 

Smith, J.M. et al. (2018) Introduction to chemical engineering thermodynamics. Eighth edition. 
Nwe York, NY: McGraw-Hill Education. 

Soave, G. (1993) ‘20 years of Redlich-Kwong equation of state’, Fluid Phase Equilibria, 82, pp. 
345–359. Available at: https://doi.org/10.1016/0378-3812(93)87158-W. 

Soliman, M.A. (2019) ‘Empirical Modeling of Urea Synthesis Chemical Equilibria’, International 
Journal of Innovative Technology and Exploring Engineering, 8(12), pp. 727–729. Available at: 
https://doi.org/10.35940/ijitee.L3024.1081219. 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



67 
 

Stiel, L.I. and Thodos, G. (1964) ‘The thermal conductivity of nonpolar substances in the dense 
gaseous and liquid regions’, AIChE Journal, 10(1), pp. 26–30. Available at: 
https://doi.org/10.1002/aic.690100114. 

Tosun, İ. and Tosun, İ. (2007) Modeling in transport phenomena: a conceptual approach. 2nd ed. 
Amsterdam ; Boston: Elsevier. 

United Nations (2019) ‘World Population Prospects 2019’. Department of Economic and Social 
Affairs, Online Edition. Rev. 1. 

United Nations Population Fund (2023) State of World Population 2023: 8 Billion Lives, Infinite 
Possibilities: The Case for Rights and Choices. United Nations (State of World Population). 
Available at: https://doi.org/10.18356/9789210027137. 

Voskov, A.L. and Voronin, G.F. (2016) ‘Thermodynamic Model of the Urea Synthesis Process’, 
Journal of Chemical & Engineering Data, 61(12), pp. 4110–4122. Available at: 
https://doi.org/10.1021/acs.jced.6b00557. 

Wang, C. et al. (2018) ‘Beyond the standard two-film theory: Computational fluid dynamics 
simulations for carbon dioxide capture in a wetted wall column’, Chemical Engineering Science, 
184, pp. 103–110. Available at: https://doi.org/10.1016/j.ces.2018.03.021. 

Wang, X. et al. (2011) ‘Kinetics of the Reversible Reaction of CO 2 (aq) with Ammonia in 
Aqueous Solution’, The Journal of Physical Chemistry A, 115(24), pp. 6405–6412. Available at: 
https://doi.org/10.1021/jp108491a. 

Welty, J.R. (2015) Fundamentals of momentum, heat and mass transfer. 6th edition. Hoboken, 
NJ: Wiley. 

Wen, T. et al. (2020) ‘Fundamentals and applications of CFD technology on analyzing falling 
film heat and mass exchangers: A comprehensive review’, Applied Energy, 261, p. 114473. 
Available at: https://doi.org/10.1016/j.apenergy.2019.114473. 

Wilke, C.R. (1950) ‘A Viscosity Equation for Gas Mixtures’, The Journal of Chemical Physics, 
18(4), pp. 517–519. Available at: https://doi.org/10.1063/1.1747673. 

Won, Y.S. and Mills, A.F. (1982) ‘Correlation of the effects of viscosity and surface tension on 
gas absorption rates into freely falling turbulent liquid films’, International Journal of Heat and 
Mass Transfer, 25(2), pp. 223–229. Available at: https://doi.org/10.1016/0017-9310(82)90008-4. 

Yaws, C.L. (1999) Chemical properties handbook: physical, thermodynamic, environmental, 
transport, safety, and health related properties for organic and inorganic chemicals. New York: 
McGraw-Hill (McGraw-Hill handbooks). 

Yih, S.-M. and Chen, K.-Y. (1982) ‘GAS ABSORPTION INTO WAVY AND TURBULENT 
FALLING LIQUID FILMS IN A WETTED-WALL COLUMN’, Chemical Engineering 
Communications, 17(1–6), pp. 123–136. Available at: 
https://doi.org/10.1080/00986448208911620. 

Yubing, R. (2010) ‘High Pressure Stripper Efficiency Problems’, UreaKnowHow, pp. 1–9. 

Zahid, S., Ramzan, N. and Rustam, M. (2014) ‘Simulation and Parametric Study of Urea 
Decomposition Section’, Proceedings of the Pakistan Academy of Sciences, 4(51), pp. 227–288. 

Zendehboudi, S. et al. (2014) ‘A dual approach for modelling and optimisation of industrial urea 
reactor: Smart technique and grey box model’, The Canadian Journal of Chemical Engineering, 
92(3), pp. 469–485. Available at: https://doi.org/10.1002/cjce.21824. 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



68 
 

Zhang, X. et al. (2005) ‘Modeling and simulation of high-pressure urea synthesis loop’, 
Computers & Chemical Engineering, 29(5), pp. 983–992. Available at: 
https://doi.org/10.1016/j.compchemeng.2004.10.004. 

Zhang, X. et al. (2015) ‘Managing nitrogen for sustainable development’, Nature, 528(7580), pp. 
51–59. Available at: https://doi.org/10.1038/nature15743. 

Zhu, X. et al. (2021) ‘Electrochemical synthesis of urea on MBenes’, Nature Communications, 
12(1), p. 4080. Available at: https://doi.org/10.1038/s41467-021-24400-5. 

 

Pemodelan Matematis dan Simulasi Falling Film High Pressure Stripper
Rahmat Sunarya As, Prof. Ir. Wahyudi Budi Sediawan, S.U., Ph.D. ;  Prof. Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/


	Cover
	Pengesahan Pembimbing
	Pengesahan Tim Penguji, Jurusan, dan Departemen
	Pernyataan Bebas Plagiat
	Kata Pengantar
	Daftar Isi
	Daftar Tabel
	Daftar Gambar
	Daftar Notasi, Arti Lambang dan Singkatan
	Intisari
	Abstract
	Bab 1 Pendahuluan
	1.1. Latar Belakang
	1.2. Rumusan Masalah
	1.3. Batasan Masalah
	1.4. Tujuan Penelitian
	1.5. Keaslian Penelitian
	1.6. Manfaat Penelitian

	Bab 2 Tinjauan Pustaka
	2.1. Tinjauan Pustaka
	2.1.1 Deskripsi Proses High Pressure Stripper pada Urea Synthesis Loop
	2.1.2 Analisis Penyebab Inefisiensi Stripper
	2.1.3 Teknologi Pemisahan Falling Film
	2.1.4 Kinetika Reaksi Fluida-Fluida Heterogen
	2.1.5 Analogi Perpindahan Panas dan Massa
	2.1.6 Kerangka Termodinamika

	2.2. Landasan Teori
	2.3. Hipotesis

	Bab 3 Metode Penelitian
	3.1. Langkah Penelitian
	3.2. Penyelesaian Model Termodinamika
	3.3. Penyelesaian Kesetimbangan Kimia
	3.4. Penyelesaian Persamaan Diferensial
	3.5. Penentuan Koefisien Perpindahan Massa

	Bab 4 Hasil dan Pembahasan
	4.1. Validasi Model
	4.2. Profil Suhu
	4.3. Konversi dan Kesetimbangan Kimia
	4.4. Koefisien Perpindahan Massa
	4.5. Ketebalan Lapisan Film
	4.6. Simulasi Proses
	4.7. Studi Kasus Kondisi Aktual

	Bab 5 Kesimpulan dan Saran
	5.1. Kesimpulan
	5.2. Saran

	Daftar Pustaka

