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Figure 1	 Schematic of the Wurster process and the different regions: 1) the spray zone, 2) the Wurster tube, 3) the fountain region, 4) the downbed region, and 5) the horizontal transport region.
Figure 2	 A sketch of the bowl-shaped distributor: 1) nozzle, 2) solid, 3) fully-opened central base, and 4) outer annulus
Figure 3	 (a) The surface mesh of the fluid bed and (b) the close-up of the bowl-shaped distributor (from top view)
Figure 4	 The average vertical particle velocity along the radial direction for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 5	 A schematic of the spray zone
Figure 6	 The cumulative cycle time distributions for different simulation times (with the first 2 s discarded), for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 7	 The particle velocity field at a vertical cross-section through the center of the bed (a) simulated using DEM-CFD and (b) measured using PEPT (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 8	 The cycle time distribution (for cycles shorter than 25 s) calculated in the DEM-CFD simulation and measured in the PEPT experiment (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 9	 (a) The mean residence times in different regions and (b) the mean fractions of the cycle time spent in different regions for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 10	The solids fraction at a vertical cross-section through the center of the bed for different batch sizes: a) 200 g, b) 400 g and c) 600 g (VMD 1749 µm, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 11	The mean cycle time and RSD for different batch sizes (VMD 1749 µm, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
Figure 12	The simulated residence times in the spray zone and in the Wurster tube for different size particles.
Figure 13	The simulated residence time distributions in the spray zone for different size particles.
Figure 14	The simulated residence times of small and large particles in (a) the spray zone and in (b) the Wurster tube for different mixtures of small and large particles.
Figure 15	The simulated entrance distance into the spray zone of small and large particles for different mixtures of small and large particles.
Figure 16	The simulated relative rate of increase of the coating thickness between the large and small particles for different mixtures of small and large particles.
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[bookmark: _Toc414282328]Figure 1		Schematic of the Wurster process and the different regions: 1) the spray zone, 2) the Wurster tube, 3) the fountain region, 4) the downbed region, and 5) the horizontal transport region.
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[bookmark: _Toc414282329]Figure 2		A sketch of the bowl-shaped distributor: 1) nozzle, 2) solid, 3) fully-opened central base, and 4) outer annulus 
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[bookmark: _Toc414282330]Figure 3		(a) The surface mesh of the fluid bed and (b) the close-up of the bowl-shaped distributor (from top view)





[bookmark: _Toc414282331][bookmark: OLE_LINK5][bookmark: OLE_LINK9]Figure 4		The average vertical particle velocity along the radial direction for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h). 
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[bookmark: _Toc414282332]Figure 5		A schematic of the spray zone 




[bookmark: _Toc414282333]Figure 6		The cumulative cycle time distributions for different simulation times (with the first 2 s discarded), for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
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[bookmark: _Toc414282334]Figure 7		The particle velocity field at a vertical cross-section through the center of the bed (a) simulated using DEM-CFD and (b) measured using PEPT (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
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[bookmark: _Toc414282335]Figure 8		The cycle time distribution (for cycles shorter than 25 s) calculated in the DEM-CFD simulation and measured in the PEPT experiment (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
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[bookmark: _Toc414282336]Figure 9		(a) The mean residence times in different regions and (b) the mean fractions of the cycle time spent in different regions for case #1 (VMD 1749 µm, batch size 200 g, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).
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[bookmark: _Toc414282337][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Figure 10	The solids fraction at a vertical cross-section through the center of the bed for different batch sizes: a) 200 g, b) 400 g and c) 600 g (VMD 1749 µm, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h).





[bookmark: _Toc414282338]Figure 11	The mean cycle time and RSD for different batch sizes (VMD 1749 µm, fluidization air flow rate 73.3 m3/h and atomization air flow rate 3.50 m3/h). 




[bookmark: _Toc414282339]Figure 12	The simulated residence times in the spray zone and in the Wurster tube for different size particles.



[bookmark: _Toc414282340]Figure 13	The simulated residence time distributions in the spray zone for different size particles.
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[bookmark: _Toc414282341]Figure 14	The simulated residence times of small and large particles in (a) the spray zone and in (b) the Wurster tube for different mixtures of small and large particles.





[bookmark: _Toc414282342]Figure 15	The simulated entrance distance into the spray zone of small and large particles for different mixtures of small and large particles.




[bookmark: _Toc414282343][bookmark: _GoBack]Figure 16	The simulated relative rate of increase of the coating thickness between the large and small particles for different mixtures of small and large particles.
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1000 µm	0	1.0000000000000002E-2	2.0000000000000004E-2	3.0000000000000002E-2	4.0000000000000008E-2	0.05	6.0000000000000019E-2	7.0000000000000021E-2	8.0000000000000016E-2	9.0000000000000011E-2	0.10000000000000003	0.10999999999999999	0.11999999999999998	0.13	0.14000000000000001	0.15000000000000002	0.16	0.17	0.18000000000000005	0.19000000000000003	0.20000000000000004	0.21000000000000008	0.22000000000000006	0.23000000000000009	0.2400000000000001	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000015	0.30000000000000016	0.31000000000000016	0.32000000000000017	0.33000000000000024	0.34000000000000019	0.3500000000000002	0.36000000000000021	0.37000000000000022	0.38000000000000023	0.39000000000000024	0.40000000000000024	12.084511949299465	23.176083151529227	26.544781876550172	18.125938399515565	8.7108360776766478	4.2438470025134771	2.450415176979035	1.4408839412364927	0.93902165888296452	0.66279002248009566	0.46619273170693981	0.33844596892600987	0.22728969481795505	0.15926869125931378	0.11115627410804052	8.7100065532411022E-2	7.2998150160529462E-2	5.6407661487668299E-2	3.4010501779320641E-2	1.742001310648789E-2	1.9079061973783951E-2	6.6361954691416276E-3	9.1247687700501939E-3	5.8066710355007007E-3	3.3180977345779192E-3	2.4885733009085702E-3	8.2952443364092741E-4	8.2952443365513794E-4	8.2952443364092741E-4	1749 µm	0	1.0000000000000002E-2	2.0000000000000004E-2	3.0000000000000002E-2	4.0000000000000008E-2	0.05	6.0000000000000019E-2	7.0000000000000021E-2	8.0000000000000016E-2	9.0000000000000011E-2	0.10000000000000003	0.10999999999999999	0.11999999999999998	0.13	0.14000000000000001	0.15000000000000002	0.16	0.17	0.18000000000000005	0.19000000000000003	0.20000000000000004	0.21000000000000008	0.22000000000000006	0.23000000000000009	0.2400000000000001	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000015	0.30000000000000016	0.31000000000000016	0.32000000000000017	0.33000000000000024	0.34000000000000019	0.3500000000000002	0.36000000000000021	0.37000000000000022	0.38000000000000023	0.39000000000000024	0.40000000000000024	1.3017990701435216	4.0468971093592074	7.269051950677178	8.5021224984839296	7.0911663634526017	5.7529816050131375	4.9565393167576355	4.6614109561350201	4.0954113604204627	3.7477258944815053	3.4364261168384895	3.3434404689710817	2.9714978775015273	2.7936122902769402	2.6844552253891223	2.3408126137052667	2.191227006266431	2.0780270871235165	1.9526986052152751	1.7626844552253826	1.7667273094805014	1.4837275116232149	1.3786133009904802	1.3988275722660293	1.1724277339802003	1.144127754194443	1.1117849201536387	0.92581362441883652	0.85304224782697702	0.94198504143923867	0.80452799676571363	0.76409945421467307	0.68324236911260516	0.63472811805134211	0.60238528401050939	0.4730139478471927	0.5659995957145727	0.51344249039820511	0.50131392763292115	0.4447139680614498	4.8554679603800253	2665 µm	0	1.0000000000000002E-2	2.0000000000000004E-2	3.0000000000000002E-2	4.0000000000000008E-2	0.05	6.0000000000000019E-2	7.0000000000000021E-2	8.0000000000000016E-2	9.0000000000000011E-2	0.10000000000000003	0.10999999999999999	0.11999999999999998	0.13	0.14000000000000001	0.15000000000000002	0.16	0.17	0.18000000000000005	0.19000000000000003	0.20000000000000004	0.21000000000000008	0.22000000000000006	0.23000000000000009	0.2400000000000001	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000015	0.30000000000000016	0.31000000000000016	0.32000000000000017	0.33000000000000024	0.34000000000000019	0.3500000000000002	0.36000000000000021	0.37000000000000022	0.38000000000000023	0.39000000000000024	0.40000000000000024	1.2957192061669671	2.3946203050680546	5.3632934229949223	6.5278005576512905	5.1336722978514135	4.0839757257667841	2.8210595374774421	3.1982942430703476	2.7554535017221617	3.0178776447433222	2.7718550106609849	2.6242414302115686	2.2962112514351394	2.3618172871904339	2.000984090536321	2.1485976709857444	2.1978021978021687	2.1649991799245711	2.0501886173527879	1.7385599475151778	2.000984090536321	1.4597342955551931	1.476135804494014	1.5417418402493082	1.5909463670657544	1.6073478760045961	1.5909463670657829	1.4597342955551931	1.5909463670657544	1.2957192061669784	1.2957192061669642	0.96768902739052032	0.75446941118583777	1.0496965720846274	1.1809086435952025	0.82007544694111811	1.066098081023469	0.88568148269639846	0.90208299163522543	0.75446941118585198	Residence time in the spray zone (s)

Percentage of cycles (%)


1749 µm	
0	25	50	75	25.083943189039957	26.088985644476569	26.452344033011748	25.906968377814181	2665 µm	
25	50	75	100	24.573821782865792	24.186371144196187	24.357460762446326	24.579984026829194	Percentage of large particles in 200g mixtures of 1749 µm and 2665 µm particles (%)

Entrance distance into the spray zone (mm)


1749	
9.7379209840088299E-2	7.7412452457936265E-2	7.9287231833199412E-2	9.7379209840088299E-2	7.7412452457936265E-2	7.9287231833199412E-2	25	50	75	1.0766035818003956	1.6895039267970708	1.8124849675375259	2665	
25	50	75	Percentage of large particles in 200g mixtures of 1749 µm and 2665 µm particles (%)

The relative rate of increase of the coating thickness between the large and small particles (-)
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