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ABSTRAK 

Perbezaan tekanan tinggi yang dihasilkan oleh pengedar udara untuk mengalirkan udara 
ke dalam relau pembakar terbendalir adalah suatu masalah pada rekaan pengedar udarã 
masa kini. Selain itu, alat pengacau mekanikal dan pengedar udara berpusing digunakan 
untuk meningkatkan pergerakan di dalam relau. Oleh itu, untuk mengurangkan kos dan 
tenaga dari penggunaan pembekal angin berkapasiti tinggi, rekaan terbaru pengedar 
udara yang mempunyai perbezaan tekanan yang rendah adalah diperlukan. Kajian mi 
bertujuan untuk menyiasat kitaran angin dan hidrodinamik di dalam relau terbendalir 
secara simulasi dan eksperimen. Rekaan pada pengedar udara yang konvensional diolah 
supaya sesuai digunakan bersama pembekal udara bertekanan rendah. Enam pengedar 
udara —konvensional dan baharu; diuji di dalam gelas relau terbendalir yang 
berdiameter 108 mm untuk tujuan eksperimen clan simulasi. Pengedar udara 
konvensional adalah terdiri daripada pengedar berlubang sekata clan berlubang jet. 
Manakala pengedar udara yang baharu mempunyai bilah kecondongan pengaliran udara 
yang berbeza pada sudut: 900, 67°, 45° and 30°. Ujikaji bersama pasir dijalankan untuk 
menguji interaksi antara pasir clan udara yang dihasilkan dari pengedar udara. Dalam 
ujikaji ini, pasir dari kumpulan B Geldart jenis alumina bersaiz 177 jim and 520 jim 
dan pasir sungai bersaiz 543 jim and 756 pm digunakan. Simulasi menggunakan model 
RNG k-r turbulent menunjukkan apabila bilah kecondongan pengedar udara berada 
pada sudut 67°, 45° and 30°, pusaran angin berpusar dihasilkan oleh pengedar udara. 
Pusaran angin yang dihasilkan dalam simulasi mi menunjukkan ruang udara tidak aktif 
yang dihasilkan oleh pengedar udara konvensional, berjaya disingkirkan. Pada kadar 
HID= 0.4 dan 0.5, perbezaan tekanan yang dihasilkan oleh kehadiran pasir didalam 
gelas relau terbendalir menunjukkan penurunan apabila menggunakan pengedar udara 
90°. Sebaliknya perbezaan tekanan tinggi dilihat pada pengedar udara konvensional 
berlubang sekata. Sementara itu, peningkatan perbezaan tekanan dilihat sedikit tinggi 
pada pengedar udara bersudut 67°, 45° and 30° jika dibandingkan dengan pengedar 
udara 90°. Selain itu, kelajuan minimum udara untuk menjadikan pasir terbendalir 
didalam gelas relau dilihat berlaku awal pada pengedar udara 30 1 clan 671. mi 
menunjukkan ketebendaliran berlaku pada kadar angin yang rendah dengan 
menggunakan pengedar udara mi. Pusaran angin berterusan dan pergerakan berbuih 
didapati berlaku di bahagian bawah clan juga bahagian atas gelas relau dengan 
menggunakan pengedar udara 67°, 45° and 30°. Kadar pergerakan pasir didalam relau 
dilihat bergantung kepada saiz dan bentuk pasir dimana kadar pergerakan yang laju 
terhasil dengan menggunakan pasir yang halus manakala pergerakan pasir yang lebih 
stabil terjadi jika pasir yang lebih kasar digunakan. Keseragaman penyebaran udara 
dihasilkan oleh semua pengedar udara kecuali pada jenis pengedar berlubang sekata. 
Selain itu, kecekapan pengedar udara diuji dengan kebolehan kesamarataan penyebaran 
suhu. Korelasi baharu dicipta berdasarkan korelasi Forchheimer-Ergun dengan 
mengambil kira bentuk clan rekaan pengedar udara. Jangkaan dengan kadar ralat 9% 
dihasilkan antara korelasi baharu clan data ujikasi. Oleh itu, dengan kelebihan yang 
ditunjukkan oleh pengedar udara 67° berbanding pengedar konvensional, pengedar 
udara 67° dicadangkan untuk digunakan didalam relau terbakar terbendalir kerana 
beroperasi pada perbezaan tekanan yang rendah dan terbukti meningkatkan pergerakan 
pasir di dalam relau.
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ABSTRACT 

High pressure drop across the distributor for fluidizing air supply to the bed is one of 
major draw backs of the current air distributor designs. Besides, the mechanically 
assisted agitator and rotating distributor were installed to improve mixing inside the 
bed. Therefore, in order to minimize the cost of using high capacity blower as well as to 
reduce the energy, viable design of air distributors that can contribute to low pressure 
drop and improved particulate mixing in fluidized bed are essential. The present study 
aims to numerically and experimentally investigate the flow patterns and 
hydrodynamics in a fluidized bed operated with different configuration of distributors. 
The optimum mode of operation and the parameters that contribute to low pressure drop 
and improved particulate mixing in a fluidized bed is identified. The commonly used 
distributor designs are modified to suit in the fluidization operation with a low pressure 
blower. A fluidized bed column of 108 mm in diameter with six different air 
distributors; conventional perforated plate, multi-nozzles, and newly proposed slotted 
distributors with inclination angles of 90°, 67°, 45° and 30° are used in the simulations 
and experiment. In this study, 177 jim and 520 jim alumina and, 543 jim and 756 Pm 
river sands categorized in Geldart Group B particle are used to investigate the 
hydrodynamics of gas-solid fluidization. The numerical simulations by using the Re-
Normalisation Group (RNG) k-s turbulent model show that when the inflow direction of 
the fluidizing air is inclined at 67°, 45° and 30° through the distributor slots, air flow 
pattern inside the bed is shown to produce swirling motion in a vicinity of the 
distributors. Also, the induced swirling air motion eliminates major dead zone regions. 
Experiment with bed materials show that at aspect ratio H/D0.4 and 0.5, the bed 
pressure drop is observed to be the lowest in the fluidized beds operated by 90° 
distributor and highest by the perforated plate distributor. Considerable increment of 
bed pressure drop is observed by 67°, 45° and 30° distributors as compared to 900. 
Interestingly, the minimum fluidization velocity is observed to take place promptly in a 
fluidized bed operated by 301 and 670 distributors. In other words, the fluidization 
occurred at low air flow rate in a bed operated by these inclined distributors. A 
continuous swirling bottom layer and a vigorously bubbling top layer are visible in a 
fluidized bed operated by 67°, 45° and 30° distributors. The degree of mixing is found 
to be influenced by the size and shape of bed materials in which intense mixing is 
observed by the fine bed and more stable mixing is spotted by the coarser bed. For all 
distributors, the distributor to bed pressure drop ratio is found to fall within the range of 
uniform operation of fluidization; except for the operation by using perforated plate 
distributor. The performance of the distributors is further assessed in terms of 
temperature distribution in the bubbling fluidization regime by using 67° and perforated 
distributors. Finally, a new pressure drop correlation is developed based on the 
Forchheimer-Ergun equation that takes into account the design parameter of the 
distributors with different inclination angles and different types of bed materials. The 
constants obtained through the regression analysis provided excellent predictions to the 
experimental data with maximum average error of 9%. In conclusion, a novel inclined 
67° distributor is proposed as a new distributor for FBC due to lower pressure drop 
operation and improved particulate mixing as compared to conventional type 
distributors. This research finding could contribute to higher application of the fluidized 
bed technology, particularly in Malaysia where fluidized bed technology is still not 
popularly used in power generation plant using biomass as solid fuel. 

V



REFERENCES


Ahsan, M. (2014). Numerical analysis of friction factor for a fully developed turbulent 
flow using k-F, turbulence model with enhanced wall treatment. Beni-Suef 
University Journal of Basic and Applied Sciences, 3(4), 269-27 7. 

Akbari, V., Borhani, T. N. G., Godinj, H. R., & Hamid, M. K. A. (2014). Model-based 
analysis of the impact of the distributor on the hydrodynamic performance of 
industrial polydisperse gas phase fluidized bed polymerization reactors. Powder 
Technology, 267, 398-411. 

Akbari, V., Nejad Ghaffar Borhani, T., Aramesh, R., Hamid, M. K. A., Shamiri, A., & 
Hussain, M. A. (2015). Evaluation of hydrodynamic behavior of the perforated gas 
distributor of industrial gas phase polymerization reactor using CFD-PBM coupled 
model. Computers & Chemical Engineering, 82, 344-361. 

ANSYS, I. (2013). Fluent Theory Guide. Retrieved January 1, 2015, from 
http://1 48.204. 81 .206/Ansys/l SO/ANSYS Fluent Theory Guide.pdf 

Arromdee, P., & Kuprianov, V. I. (2012). A comparative study on combustion of 
sunflower shells in bubbling and swirling fluidized-bed combustors with a cone-
shaped bed. Chemical Engineering and Processing: Process Intensification, 62, 
26-38. 

Aworinde, S. M., Holland, D. J., & Davidson, J. F. (2015). Investigation of a swirling 
flow nozzle for a fluidised bed gas distributor. Chemical Engineering Science, 132, 
22-31. 

Ban, S., & Saad, I. (2013). CFD modelling of the effect of guide vane swirl and tumble 
device to generate better in-cylinder air flow in a CI engine fuelled by biodiesel. 
Computers & Fluids, 84, 262-269. 

Baskakov, a. ., & Skachkova, S. . (2001). Fluidization on an inclined gas distributor 
with a very low pressure drop: hydrodynamics, heat transfer, industrial application. 
Powder Technology, 12](2-3), 131-137. 

Beale, C. A., Buzan, E. M., Boone, C. D., & Bernath, P. F. (2015). Near-global 
distribution of CO isotopic fractionation in the Earth's atmosphere. Journal of 
Molecular Spectroscopy, 323, 1-8. 

Brink, H. 0., Saayman, J., & Nicol, W. (2011). Two dimensional fluidised bed reactor: 
Performance of a novel multi-vortex distributor. Chemical Engineering Journal, 
175,484-493. 

Brown,	 M. (2001). A step-by-step guide to non-linear regression analysis of 
experimental data using a Microsoft Excel spreadsheet. Computer Methods and 
Programs in Biomedicine, 65, 191-200. 

177



Cano-Pleite, E., Hernández-Jiménez, F., & Acosta-Iborra, a. (2015). Compressible-gas 
two-fluid modeling of isolated bubbles in a vertically vibrated fluidized bed and 
comparison with experiments. Chemical Engineering Journal, 27], 287-299. 

Cano-Pleite, E., Hernández-Jiménez, F.. de Vega, M., & Acosta-Iborra, a. (2014). 
Experimental study on the motion of isolated bubbles in a vertically vibrated 
fluidized bed. Chemical Engineering ,Journal, 255, 114-125. 

Castilla, R., Gamez-Montero, P. J., Ertrk, N., Vernet, a., Coussirat, M., & Codina, E. 
(2010). Numerical simulation of turbulent flow in the suction chamber of a 
gearpump using deforming mesh and mesh replacement. International Journal qf 
Mechanical Sciences, 52, 1334-1342. 

Chyang, C.-S., Han, Y.-L., & Chien, C.-H. (2010). Gas dispersion in a rectangular 
bubbling fluidized bed. Journal of the Taiwan Institute of Chemical Engineers, 
41(2), 195-202. 

De Giorgi, M. G., Sciolti, A., & Ficarella, A. (2014). Application and comparison of 
different combustion models of high pressure LOX/CH4 jet flames. Energies, 7, 
477-497. 

Depypere, F., Pieters, J. G., & Dewettinck, K. (2004). CFD analysis of air distribution 
in fluidised bed equipment. Powder Technology, 145(3), 176-189. 

Dille, J. C. (1981). Particle Ejection Mechanisms Due to Bubble Eruptions in Fluidized 
Beds. Lehigh University. 

Doman, L. (2016). EIA projects 48% increase in world energy consumption by 2040. 
Retrieved December 29, 2016, from 
http://v;ww.cia.gov/todayinenergy/detail.pbp?id=26212#  

Dong, L., Zhao, Y., Peng, L., Zhao, J., & Luo, Z. (2015). Characteristics of pressure 
fluctuations and fine coal preparation in gas-vibro fluidized bed. Particuology, 21, 
146-153. 

Dong, S., Cao, C., Si, C., & Guo, Q . (2009). Effect of Perforated Ratios of Distributor 
on the Fluidization Characteristics in a Gas—Solid Fluidized Bed. Industrial & 
Engineering Chemistry Research, 48(1), 517-527. 

Eisfeld, B., & Schnitzlein, K. (2001). The influence of confining walls on the pressure 
drop in packed beds. Chemical Engineering Science, 56(14), 4321-4329. 

Erdim, E., Akgiray, O., & Demir, I. (2015). A revisit of pressure drop- flow rate 
correlations for packed beds of spheres. Powder Technology, 283, 488-504. 

Ergun, S. (1952). Fluid flow through packed columns. Chem. Eng. Prog., 48, pp. 89-
94. 

Ergun, S., & Orning, a. a. (1949). Fluid Flow through Randomly Packed Columns and 
Fluidized Beds. Industrial & Engineering Chemistry, 41(6), 1179-1184. 

178



Escudero, D., & Heindel, T. J. (2011). Bed height and material density effects on 
fluidized bed hydrodynamics. Chemical Engineering Science, 66(16), 3648-3655. 

Escue, A., & Cui, J. (2010). Comparison of turbulence models in simulating swirling 
pipe flows. Applied Mathematical Modelling, 34(10), 2840-2849. 

Geldart, D. (1972). The effect of particle size and size distribution on the behaviour of 
gas-fluidised beds. Powder Technology, 6(4), 201-215. 

Geldart, D. (1973). Types of gas fluidization. Powder Technology, 7, 285-292. 

Geldart, D., & Cranfield, R. R. (1972). The gas fluidisation of large particles. The Chemical Engineering Journal, 3, 211-231. 

Gómez-Hernández, J., Soria-Verdugo, A., Briongos, J. V., & Santana, D. (2012). 
- Fluidized bed with a rotating distributor operated under defluidization conditions. 

Chemical Engineering Journal, 195-196, 198-207. 

Gregory, S. A. (1967). The distributor plate problem. In A. A. H. Drinkenburg (Ed.), 
Proceedings of the International Symposium on Fluidization (p. 751). Amsterdam: 
Netherlands University Press. 

Han, J., Kim, H., Minami, W., Shimizu, T., & Wang, G. (2008). The effect of the 
particle size of alumina sand on the combustion and emission behavior of cedar 
pellets in a fluidized bed combustor. Bioresource Technology, 99(9), 3782-6. 

Han, M. (2015). Characterization of fine particle fluidization. Master Thesis, The 
University of Western Ontario. 

Hasan, B., & Ahsant, A. (2015). A comparison between two different methods of 
combustion, Grate-fired and Fluidized bed, applied to a CHP-plant with MSW as 
fuel. KTH School of Industrial Engineering and Management Stockholm. 

Howard, J. R., & Elliott, D. (1983). Fluidized beds: combustion and applications. 
Applied Science Publishers. 

Huang, S., Ma, T., Wang, D., & Lin, Z. (2013). Study on discharge coefficient of 
perforated orifices as a new kind of flowmeter. Experimental Thermal and Fluid Science, 46, 74-83. 

Huilin, L., Yunhua, Z., Ding, J., Linyan, Z., 	 L., & Ana, S. (2006). Numerical 
Modeling of Gas Tubular Distributors in Bubbling Fluidized-Bed Incinerators. Ind. Eng. Chem. Res, 45, 6818-6827. 

International Organization for Standardization (ISO). (2014). ISO 5167-2:2003 
Measurement of fluid flow by means of pressure differential devices inserted in 
circular cross-section conduits running full -- Part 2: Orifice plates. Retrieved 
January 1, 2015, from http://www.iso.org/  

Eliby, J. W., (1964). Critical minimum pressure drop of gas distribution plate in 
fluidized bed units. Chem. Ing. Techn., 36(328.). 

179



Jangam, S. V., Mujumdar, A. S., & Thorat, B. N. (2009). Design of an Efficient Gas 
Distribution System for a Fluidized Bed Dryer. Drying Technology, 27(11), 1217— 
1228. 

Jeong, W., & Seong, J. (2014). Comparison of effects on technical variances of 
computational fluid dynamics (CFD) software based on finite element and finite 
volume methods. International Journal of Mechanical Sciences, 78, 19-26. 

Kaewklum, R., Kuprianov, V. I., & Douglas, P. L. (2009). Hydrodynamics of air—sand 
flow in a conical swirling fluidized bed: A comparative study between tangential 
and axial air entries. Energy Conversion and Management, 50(12), 2999-3006. 

Kamble, L. V., Pangavhane, D. R., & Singh, T. P. (2014). Experimental investigation of 
horizontal tube immersed in gas-solid fluidized bed of large particles using 
artificial neural network. International Journal of Heat and Mass Transfer, 70, 
719-724. 

Kassim, W. M. S. (1972). Flowback of solids through distribution plates of gas 
fluidized beds and associated phenomena. Aston University. Retrieved from 
http://eprints.aston.ac.uk/10069/  

Khosravi Bizhaem, H., & Basirat Tabrizi, H. (2013). Experimental study on 
hydrodynamic characteristics of gas—solid pulsed fluidized bed. Powder 
Technology, 237, 14-23. 

Koekemoer, A., & Luckos, A. (2015). Effect of material type and particle size 
distribution on pressure drop in packed beds of large particles: Extending the 
Ergun equation. Fuel, 158, 232-238. 

Köksal, M., & Vural, H. (1998). Bubble size control in a two-dimensional fluidized bed 
using a moving double plate distributor. Powder Technology, 95, 205-213. 

Kulkarni, A. V., & Joshi, J. B. (2011 a). Design and selection of sparger for bubble 
column reactor. Part I: Performance of different spargers. Chemical Engineering 
Research and Design, 89(10), 1972-1985. 

Kulkarni, A. V., & Joshi, J. B. (2011 b). Design and selection of sparger for bubble 
column reactor. Part II: Optimum sparger type and design. Chemical Engineering 
Research and Design, 89(10), 1986-1995. 

Kunii, D., & Levenspiel, 0. (1991). Fluidization Engineering (Second Edition) 
(Second). Stoneham, Boston, MA, USA: Butterworth-Heinemann. 

Kuprianov, V. I., Kaewklum, R., & Chakritthakul, S. (2011). Effects of operating 
conditions and fuel properties on emission performance and combustion efficiency 
of a swirling fluidized-bed combustor fired with a biomass fuel. Energy, 36(4), 
2038-2048. 

Kuprianov, V. I., Kaewklum, R., Sirisomboon, K., Arromdee, P., & Chakritthakul, S. 
(2010). Combustion and emission characteristics of a swirling fluidized-bed 
combustor burning moisturized rice husk. Applied Energy, 87(9), 2899-2906. 

180



Lee, J. S., & Ogawa, K. (1994). Pressure Drop Though Packed Bed. Journal Of 
Chemical Engineering of Japan, 27(5), 691-693. 

Li, G., Yang, X., & Dai, G. (2009). CFD simulation of effects of the configuration of 
gas distributors on gas—liquid flow and mixing in a bubble column. Chemical 
Engineering Science, 64(24), 5104-5116. 

Li, L., Zou, X., Lou, J., Li, H., & Lei. X. (2015). Pressure drops of single/two-phase 
flows through porous beds with multi-sizes spheres and sands particles. Annals of 
Nuclear Energy, 85, 290-295. 

Li, Y., Fan, H., & Fan, X. (2014). Identify of flow patterns in bubbling fluidization. 
Chemical Engineering Science, 117, 455-464. 

Liu, W., & Bai, B. (2015). A numerical study on helical vortices induced by a short 
twisted tape in a circular pipe. Case Studies in Thermal Engineering, 5, 134-142. 

Lu, P., Cao, Y., Pan, W. P., & Ma, C. (2011). Heat transfer characteristics in a 
horizontal swirling fluidized bed. Experimental Thermal and Fluid Science, 35(6), 
1127-1134. 

Luo, L., Wei, M., Fan, Y., & Flamant, G. (2015). Heuristic shape optimization of 
baffled fluid distributor for uniform flow distribution. Chemical Engineering 
Science, 123, 542-556. 

Miin, C. S., Sulaiman, S. A., Raghavan, V. R., Heikal, M. R., & Naz, M. Y. (2015). 
Hydrodynamics of multi-sized particles in stable regime of a swirling bed. Korean 
Journal of Chemical Engineering, 32(11), 2361-2367. 

Mohideen, M. F., Sreenivasan, B., Sulaiman, S. A., & Raghavan, V. R. (2012). Heat 
transfer in a swirling fluidized bed with geldart type-D particles. Korean Journal 
of Chemical Engineering, 29(7), 862-867. 

Montillet, A., Akkari, E., & Comiti, J. (2007). About a correlating equation for 
predicting pressure drops through packed beds of spheres in a large range of 
Reynolds numbers. Chemical Engineering and Processing, 46, 329-3 33. 

Nakamura, H., Kondo, T., & Watano, S. (2013). Improvement of particle mixing and 
fluidization quality in rotating fluidized bed by inclined injection of fluidizing air. 
Chemical Engineering Science, 91, 70-78. 

Ngo, S. I., Lim, Y.-I., Song, B.-H., Lee, U.-D., Lee, J.-W., & Song, J.-H. (2015). 
Effects of fluidization velocity on solid stack volume in a bubbling fluidized-bed 
with nozzle-type distributor. Powder Technology, 275, 188-198. 

Noor, M .M., Wandel, A. P., Talal, Y. (2013). Detail Guide for CFD on the Simulation 
of Biogas Combustion In Bluff-Body Mild Burner. In International Conference on 
Mechanical Engineering Research (ICMER2013) (p. PID:342). 

Oka, S. N. (2003). Fluidized Bed Combustion. In D. E. J. Anthony (Ed.), Fluidized Bed 
Combustion (pp. 125-126). MARCEL DEKKER, Inc. New York, Basel, 
September.

181



011e Nystrom, Per-Axel Nilsson, Clas Ekström, Anna-Maria Wiberg, Bengt Ridell, D. 
V. (2011). Electricity from new and future facilities: Summary report 2011. 

011e Nystrom, Per-Axel Nilsson, Clas Ekström, Anna-Maria Wiberg, Bengt Ridell, D. 
V. (2014). Electricity from new and future facilities: Summary report 2014. 

Ouyang, F., & Levenspiel, 0. (1986). Spiral Distributor for Fluidized Beds. Ind Eng. 
Chem. Process Des. Dev., 25, 504-507. 

Pachauri, C. W., R. K., & Meyer, L. A. (2015). JPCC, 2014: Climate Change 2014: 
Synthesis Report. Contribution of Working Groups I, II and III to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, 
Geneva, Switzerland. 

Paiva, J: M., Pinho, C., & Figueiredo, R. (2000). Distributor Plate Influence on 
Fluidisation Quality , Measuring Pressure Drop Evolution in Adjacent Slices 
Through the Bed. In 2000 ASME Fluids Engineering Division Summer Meeting, At 
Boston, Massachusetts, USA. Boston, Massachusetts. 

Paiva, J. M., Pinho, C., & Figueiredo, R. (2004). The Influence of the Distributor Plate 
on the Bottom Zone of a Fluidized Bed Approaching the Transition from Bubbling 
to Turbulent Fluidization. Chemical Engineering Research and Design, 82(1), 25-
33. 

Paudel, B., & Feng, Z.-G. (2013). Prediction of minimum fluidization velocity for 
binary mixtures of biomass and inert particles. Powder Technology, 237, 134-140. 

Puspasari, I., Talib, M. Z. M., Daud, W. R. W., & Tasirin, S. M. (2013). Fluidization 
characteristics of oil palm frond particles in agitated bed. Chemical Engineering 
Research and Design, 91(3), 497-507. 

Qiu, G., Ye, J., & Wang, H. (2015). Investigation of gas—solids flow characteristics in a 
circulating fluidized bed with annular combustion chamber by pressure 
measurements and CPFD simulation. Chemical Engineering Science, 134, 433-
447. 

Qureshi, A. E., & Creasy, D. E. (1979). Fluidised Bed Gas Distributors. Powder 
Technology, 22,113-119. 

Rao, K. V. N. S., & Reddy, G. V. (2007). Effect of Distributor Design on Temperature 
Profiles in Fluidized Bed During the Combustion of Rice Husk. Combustion 
Science and Technology, 179(8), 1589-1603. 

Razak, N. (2010). Keynote Address by Yab Dato' Sri Mohd Najib bin Tun Haji Abdul 
Razak Prime Minister of Malaysia at World Future Energy Summit, Abu Dhabi. 
Retrieved December 28, 2016, from 
https://www.kln.gov.my/archive/content.php?t=8&articleld=40425 5 

182



Ribeiro, a. M., Neto, P., & Pinho, C. (2010). Mean Porosity and Pressure Drop 
Measurements in Packed Beds of Monosized Spheres_Side Wall Effects. 
International Review of Chemical Engineering. 

Richenberg, E. A. (2015). Turbulent Pipe Flow - Numerical Results. Retrieved 
Novemberl,	 2015,	 from

https ://confluence.cornell .edu/display/SIMULATION/Turbulent+ pipe+Flow+-
+Numerjcal+Results  

Russell, A., MUller, P., & Tomas, J. (2014). Quasi-static diametrical compression of 
characteristic elastic-plastic granules: Energetic aspects at contact. Chemical 
Engineering Science, 114, 70-84. 

Russell, A., Schmelzer, J., Muller, P., KrUger, M., & Tomas, J. (2015). Mechanical 
properties and failure probability of compact agglomerates. Powder Technology, 
286, 546-556. 

Sánchez-Prieto, J., Soria-Verdugo, a., Briongos, J. V., & Santana, D. (2014). The effect 
of temperature on the distributor design in bubbling fluidized beds. Powder 
Technology, 261, 176-184. 

Sarafinchan, W. (2008). Governance Practices in Logistics Outsourcing. Logistics 
Quarterly, 14-4. Retrieved from http://Iogisticsquar-terly.com/issues/I  4- 
4/article4.html 

Sathiyamoorthy, D., & Horio, M. (2003). On the influence of aspect ratio and 
distributor in gas fluidized beds. Chemical Engineering Journal, 93(2), 151-161. 

Saxena, A. (2015). Guidelines for Specification of Turbulence at Inlet Boundaries. 
Retrieved November 2, 2015, from http://www.esi-cfd.com/content/view/877/192/  

Sergio, G., Marcelo, R., & Francois, G. (2011). Assessment study of k- E turbulence 
models and near- wall modeling for steady state swirling flow analysis in draft 
tube using FLUENT. Engineering Applications of Computational Fluid 
Mechanics, 5(4), 459-478. 

Sobrino, C., Acosta-Iborra, a., Santana, D., & de Vega, M. (2009). Bubble 
characteristics in a bubbling fluidized bed with a rotating distributor. International 
Journal of Multiphase Flow, 35(10), 970-976. 

Sobrino, C., Almendros-Ibaflez, J. a., Santana, D., & de Vega, M. (2008). Fluidization 
of Group B particles with a rotating distributor. Powder Technology, 181(3), 273-
280. 

Sobrino, C., Ellis, N., & de Vega, M. (2009a). Distributor effects near the bottom 
region of turbulent fluidized beds. Powder Technology, 189(1), 25-33. 

Sobrino, C., Ellis, N., & de Vega, M. (2009b). Distributor effects near the bottom 
region of turbulent fluidized beds. Powder Technology, 189(1), 25-33. 

Sreenivasan, B., & Raghavan, V. R. (2002). Hydrodynamics of a swirling fluidised bed.

Chemical Engineering and Processing: Process Intensification, 41, 99-106. 

1 O 
I



Sutherland, J. P. (1964). The measurement of pressure drop across a gas tluidized bed. 
Chemical Engineering Science, 19, 839-841. 

Vakhshouri, K., & Grace, J. R. (2010). Effects of the plenum chamber volume and 

distributor geometry on fluidized bed hydrodynamics. Particuology, 8(1), 2-12. 

Wank, J. R., George, S. M., & Weimer, A. W. (2001). Vibro-fluidization of fine boron 
nitride powder at low pressure. Powder Technology, 121, 195-204. 

Wu, J., & Ma, Y. (2016). Experimental study on performance of a biogas engine driven 
air source heat pump system powered by renewable landfill gas. International 
Journal of Refrigeration, 62(9), 19-29. 

Yang, W. (2003). Handbook of fluidization and fluid-particle systems. (W.-C. Yang, 
Ed.). Marcel Dekker, Inc. New York, Basel. 

Yang, X., Zhao, Y., Luo, Z., Chen, Z., & Song, S. (2011). Effects of sintered metal 
distributor on fluidization quality of the air dense medium fluidized bed. Mining 
Science and Technology (China), 21(5), 681-685. 

Yang, X., Zhao, Y., Zhou, E., Luo, Z., Fu, Z., Dong, L., & Jiang, H. (2015). Kinematic 
properties and beneficiation performance of fine coal in a continuous vibrated gas-
fluidized bed separator. Fuel, 162, 281-287. 

Yudin, A. S. (2012). Studies on the residence time distribution of solids in a swirling 
fluidized bed. Master Thesis. Universiti Teknologi Petronas. 

Zhang, Z., Zhang, W., Zhai, Z. J., & Chen, Q . Y. (2007). Evaluation of Various 
Turbulence Models in Predicting Airflow and Turbulence in Enclosed 
Environments by CFD: Part 2—Comparison with Experimental Data from 
Literature. HVAC&R Research, 13(6), 871-886. 

Zoltani, C. K.. (1992). Flow Resistance in Packed and Fluidized Beds: An Assessment 
of Current Practice. Aberdeen Proving Ground, Maryland. 

184


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223

