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NUTTAPHON SAELIM : CONTINUOUS FLOW PADDY DRYING WITH
INFRARED RADIAL RADIATION TECHNIQUE. THESIS ADVISOR :

ASST. PROF. KRAWEE TREEAMNUK, D.Eng., 134 PP.

PADDY DRYER/INFRARED/RADIAL RADIATION

The objective of this research was to design and develop a continuous flow
paddy dryer with infrared radial radiation technique. The prototype of dryer consists of
two concentric circular cylinders, which the paddy drying chamber is height of 1 m. The
inner cylinder has diameter of 26.5 cm made from glasses and the outer cylinder has
diameter of 29.5 cm made from perforated (1.75 mm) steel sheet. A 1,200 W electric
infrared heater was installed at the center of cylinders. A hopper was installed on the
top of the chamber while blower 24 VDC and paddy flow controller were installed at
bottom of chamber. The performance of the dryer in terms of specific energy
consumption (SEC), drying rate (DR) and quality of paddy i.e. head rice yield (HRY)
and whiteness index (WT) were evaluated by drying 15 kg of paddy with initial moisture
content of 23-26%wb by using the drying conditions of 1.075 and 2.150 m*/min of air
flow rate and 0.837, 1.228 1.875 and 2.308 kg/min of paddy flow rate. The results
indicated that the most suitable drying condition was 1.075 m*/min of air flow rate and
1.875 kg/min of paddy flow rate because it gave the highest of efficiency of drying

paddy process with DR of 1.1397 kgwawer/h, SEC of 3.7920 MJ/kgwawer, HRY of

39.0933% and WI of 38.0333.
School of Mechanical Engineering Student’s Signature N\AJYBF\M\ Saelm
Academic Year 2017 Advisor’s Signature Kereloo T‘(@@\MW\)‘L

Co-Advisor’s Signature_{._[1£€0MNY
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Quality control sample 49.8933+4.47165"

* Different letters within the column indicate significant differences (p<0.05)
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Drying conditions WI*
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AFR 1.075 m’/min, PFR 2.308 kg/min 37.9333+0.05774°
Quality control sample 40.0000+£1.01489°

* Different letters within the column indicate significant differences (p<0.05)
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= Y 9 A Y 9 A a ' A A o
AT NAUINT N1 WafnﬁfJTJLH’Nﬂ'JfJLﬂﬁ?)\T?)‘ULH’T\TGU']'J!,‘]JafJﬂ@uw31L3ﬂllﬂﬂ1ﬁaﬂﬂluﬂﬂﬂ@ﬂ51

v 9
M35 111801MA 1.075 m’/min N6A51015 MWavud1laen 2.308 kg/min

MINAaeen 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 24.5 32.5 1.000
6.5 20.6 259 0.800
13 20.0 25.0 0.770
19.5 19.8 24.7 0.761
26 19.2 23.8 0.732
32.5 18.7 23.0 0.709
39 18.4 22.5 0.695
45.5 18.1 22.1 0.681
52 17.9 21.8 0.672
58.5 17.5 21.2 0.654

25.6 19.1 43-47 2.564
65 17.2 20.8 0.640
71.5 16.7 20.0 0.618
78 16.2 19.3 0.596
84.5 15.8 18.8 0.578
91 15.5 18.3 0.565
97.5 15.1 17.8 0.548
104 14.8 17.4 0.535
110.5 14.6 17.1 0.527
117 14.3 16.7 0.514
123.5 13.9 16.1 0.497
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= Yy 9 A Yy 9 A a ' A A o
AT NAUINT N2 Waﬂ'lﬁ@‘UllW\?ﬂ'Jﬂlﬂﬁ@\?@‘ULLW\?GU']'JHJafJﬂf’)uwT]Liﬂllﬂﬂqﬁaﬂﬂlu@\iﬂﬂ@ﬁ']

M3 1Mae1me 1.075 m*/min N695103 MWagud1ui/aen 2.308 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.0 29.9 1.000
6.5 20.3 25.5 0.853
13 19.7 24.5 0.821
19.5 19.5 24.2 0.811
26 19.3 23.9 0.801
32.5 19.1 23.6 0.790
39 18.7 23.0 0.770
45.5 18.4 22.5 0.755
52 18.1 22.1 0.740
58.5 17.7 21.5 0.720
65 17.2 20.8 0.695

24.5 19.4 44-47 2.856
71.5 17.0 20.5 0.686
78 16.6 19.9 0.666
84.5 16.2 19.3 0.647
91 15.9 18.9 0.633
97.5 15.5 18.3 0.614
104 15.2 17.9 0.600
110.5 14.8 17.4 0.582
117 14.7 17.2 0.577
123.5 14.5 17.0 0.568
130 14.3 16.7 0.559
136.5 14.0 16.3 0.545
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= Yy 9 A Yy 9 A a ' A A o
AT NAUINNT N3 Waﬂ'lﬁ@‘UllW\?ﬂ'Jﬂlﬂﬁ@\?@‘ULLW\?GU']'JHJafJﬂf’)uwT]Liﬂllﬂﬂqﬁaﬂﬂlu@\iﬂﬂ@ﬁ']

M3 1Mae1me 1.075 m*/min N695103 MWagud1ui/aen 2.308 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.8 31.2 1.000
6.5 20.8 26.3 0.841
13 20.3 25.5 0.815
19.5 20.1 25.2 0.805
26 19.5 24.2 0.776
32.5 19.1 23.6 0.756
39 18.8 23.2 0.741
45.5 18.7 23.0 0.736
52 18.5 22.7 0.727
58.5 18.2 22.2 0.712
65 18.0 22.0 0.703
71.5 17.6 21.4 0.684

22.9 20.5 40-45 3.177
78 17.3 20.9 0.670
84.5 16.9 20.3 0.651
91 16.6 19.9 0.637
97.5 16.1 19.2 0.614
104 15.7 18.6 0.596
110.5 15.6 18.5 0.592
117 15.2 17.9 0.574
123.5 14.9 17.5 0.561
130 14.7 17.2 0.552
136.5 14.5 17.0 0.543
143 14.2 16.6 0.530
149.5 13.9 16.1 0.517
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A ' A Y v A Yy 9 A a A
AT NAUINN N4 ?ﬂlﬂafJWaﬂ’]ﬁfJ‘UL!“I’Nﬂ'JfJLﬂ5@Qﬂﬂllﬁ\?ﬂﬂ%ﬂﬁ@ﬂﬂuv‘lﬁﬂﬁﬂLlﬂﬂqﬁaﬁﬂluﬂﬂ

A o 3 . A o ?A}/ 9 A
“I/lf)@li']ﬂﬁllﬂafﬂﬂ'lﬁ 1.075 m’/min ‘I/If)ﬁi'lﬂﬁllﬁﬁﬂfu“lﬂ’)yﬂﬁﬂﬂ

2.308 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 23.8 31.2 1.000
6.5 20.6 25.9 0.831
13 20.0 25.0 0.802
19.5 19.8 24.7 0.792
26 19.3 24.0 0.769
325 19.0 23.4 0.752
39 18.6 22.9 0.735
45.5 18.4 22.6 0.724
52 18.2 22.2 0.713
58.5 17.8 21.7 0.695
65 17.5 21.2 0.679
71.5 17.1 20.6 0.662

2.865
78 16.7 20.1 0.644
84.5 16.3 19.5 0.626
91 16.0 19.1 0.612
97.5 15.6 18.4 0.592
104 15.2 18.0 0.577
110.5 15.0 17.7 0.567
117 14.7 17.3 0.555
123.5 14.4 16.9 0.542
130 14.3 16.7 0.536
136.5 14.1 16.5 0.528
143 14.0 16.3 0.524

149.5 13.9 16.2 0.520
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AT NAUINN NS Waﬂ'lﬁ@ﬂllﬁ\?ﬂ')ﬂlﬂﬁ@\?@‘llLLW\?GU']'JHJafJﬂ@uV‘IT]Lﬁﬂllﬂﬂqﬂaﬂﬂlu@\iﬂ@@ﬁ']

M3 1Mae1me 1.075 m*/min N695103 MWagud1ui/aen 1.875 kg/min

MINAaeen 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.2 30.2 1.000
8 19.4 24.1 0.797
16 19.1 23.6 0.782
24 18.1 22.1 0.732
32 17.1 20.6 0.683
40 16.5 19.8 0.654

28.9 25.8 46-50 1.803
48 16.0 19.0 0.631
56 15.2 17.9 0.593
64 15.0 17.6 0.584
72 14.6 17.1 0.566
80 14.2 16.6 0.548
88 14.1 16.4 0.543
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AT NAUINN N6 Waﬂ'lﬁ@ﬂllﬁ\?ﬂ')ﬂlﬂﬁ@\?@‘llLLW\?GU']'JHJafJﬂ@uV‘IT]Lﬁﬂllﬂﬂqﬂaﬂﬂlu@\iﬂ@@ﬁ']

M3 1Mae1me 1.075 m*/min N695103 MWagud1ui/aen 1.875 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power
(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.8 29.5 1.000
8 19.4 24.1 0.815
16 19.0 23.5 0.794
24 17.9 21.8 0.738
32 16.7 20.0 0.679
33.0 27.9 47-52 1.398
40 16.1 19.2 0.650
48 15.6 18.5 0.626
56 15.1 17.8 0.602
64 14.5 17.0 0.574
72 13.9 16.1 0.547
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AT NAUINN NT Waﬂ'lﬁ@ﬂllﬁ\?ﬂ')ﬂlﬂﬁ@\?@‘llLLW\?GU']'JHJafJﬂ@uV‘IT]Lﬁﬂllﬂﬂqﬂaﬂﬂlu@\iﬂ@@ﬁ']

M3 1Mae1me 1.075 m*/min N695103 MWagud1ui/aen 1.875 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 26.6 36.2 1.000
8 21.0 26.6 0.734
16 20.5 25.8 0.712
24 20.0 25.0 0.690
32 19.2 23.8 0.656
40 18.7 23.0 0.635
48 18.3 224 0.618
56 18.1 22.1 0.610

64 17.8 21.7 0.598 29.3 24.4 48-52 2.502
72 17.1 20.6 0.569
80 16.5 19.8 0.545
88 16.0 19.0 0.526
96 15.7 18.6 0.514
104 15.0 17.6 0.487
112 14.6 17.1 0.472
120 14.3 16.7 0.460
128 13.8 16.0 0.442
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A ' A Y v A Yy 9 A a A
AT NAUINT NS ?n!,ﬂafJWaﬂ’]ﬁfJ’UL!W\‘]ﬂ'JfJLﬂ5@\‘]fJTJLLﬂ\‘lslﬂ'JLﬂa@ﬂﬂuV‘lﬁﬂﬁﬂLlﬂﬂqﬁaﬁﬂlu@\‘]

A o 3 . A o g}l 9 A
‘Vlf)@l'i']ﬂﬁllﬂa’éﬂﬂ'lﬁ 1.075 m’/min ‘I/If)@]'i'lﬂﬁllﬁﬁﬂfu“lﬂ’)!‘ﬂﬁ’f)ﬂ

1.875 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 242 32.0 1.000
8 19.9 24.9 0.782
16 19.5 243 0.762
24 18.7 23.0 0.720
32 17.7 21.5 0.672
40 17.1 20.7 0.646
48 16.6 20.0 0.625
56 16.1 19.3 0.602

64 15.8 18.8 0.585 1.901
72 15.2 18.0 0.561
80 14.9 17.5 0.547
88 14.7 17.2 0.539
96 14.6 17.1 0.535
104 14.3 16.7 0.526
112 14.2 16.6 0.521
120 14.1 16.4 0.517
128 13.9 16.2 0.511
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MIVAUING N9 WanToLLHIABATaseuuItaensunsusAauL Inaneiiesions
v 9
M3 1Mae1me 1.075 m*/min NA513 MWagudui/aen 1.228 kg/min

MINAaeen 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.1 30.0 1.000
12.5 19.4 24.1 0.801
25 19.0 23.5 0.781
37.5 18.1 22.1 0.736
50 17.1 20.6 0.687

29.4 26.2 47-52 2.158
62.5 16.2 19.3 0.644
75 15.5 18.3 0.611
87.5 14.7 17.2 0.574
100 14.3 16.7 0.555
112.5 13.6 15.7 0.524

= Y 9 4 Y 9 A A A A

MIVAUING N10 HANITOULTIAI8IATBs UL It 1 aendususauuy lvaneilesh
v Y

8031mM3 1Mae11# 1.075 m’/min N6ATINS laruy1ulaen 1.228 kg/min

NMINAADIN 2

Time MC MC T,, (db) T,, (wb) T,aa  Power

(min)  (%wb) (%db) MR (C) (0) (’C)  (kWh)
0 23.7 31.1 1.000

12.5 18.8 23.2 0.745
25 17.6 21.4 0.688

37.5 16.8 20.2 0.650 343 26.8 47-53  1.456
50 15.5 18.3 0.591

62.5 15.2 17.9 0.577

75 14.2 16.6 0.533
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AT NANUINN N1 1 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031m3 11ae1n1#t 1.075 m’/min N6A51135 larua1L/aen 1.228 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 26.1 353 1.000
12.5 20.9 26.4 0.748
25 20.6 25.9 0.735
37.5 20.0 25.0 0.708
50 19.3 23.9 0.677
62.5 18.6 22.9 0.647

75 17.8 21.7 0.613 29.3 24.4 48-52 2.989
87.5 16.9 20.3 0.576
100 16.2 19.3 0.547
112.5 15.6 18.5 0.523
125 15.0 17.6 0.500
137.5 14.3 16.7 0.472
150 13.8 16.0 0.453




75

o ' = Y v A Y 9 A a
AT NAUINT N12 ﬂ']!,ﬂafJWﬁﬂ']ifJ‘U!WiQﬂ’JEJLﬂ'ifJ\‘]fJ‘ULLﬁQSU'IQL‘lJﬁEJﬂfJuV\I'iH'iﬂL!‘U‘Ull“ﬁa
1 A A o 3 . A o g’/ 9 A
ﬁﬂluﬂﬂﬂ@ﬁﬁ'lﬂTillﬂa@'lﬂ']ﬁ 1.075 m /min ‘I/I’E)G]‘i'lﬂTillﬁﬁ‘b'u‘UTJ!‘]Jﬁ’f)ﬂ

1.228 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 243 32.1 1.000
12.5 19.7 24.5 0.765
25 19.1 23.6 0.734
37.5 18.3 22.4 0.698
50 17.3 21.0 0.651
62.5 16.7 20.0 0.623

75 15.8 18.8 0.586 2.201
87.5 15.3 18.0 0.561
100 14.9 17.5 0.545
112.5 14.5 16.9 0.527
125 14.3 16.6 0.519
137.5 14.0 16.3 0.510

150 13.9 16.1 0.503
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AT NAUINT N13 Waﬂ?ﬁ@ﬂllﬁﬁﬂ?ﬂlﬂﬁ@\?@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'ﬁHﬁﬂLlﬂﬂqﬁaﬂﬂlu@fiﬂ
@ 3 . d' [ g’/ 9 A .

ﬂﬁﬁ']ﬂ']ﬁulﬁa@']ﬂ'lﬁ 1.075 m/min Vlﬂﬂﬁ"lﬂ'lﬁllﬁﬁ‘b'usln'llﬂﬁﬂﬂ 0.837 kg/min

MINAaeed 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 24.3 32.1 1.000
18 19.3 23.9 0.745
36 18.5 22.7 0.707
54 17.5 21.2 0.661

27.5 25.5 51-56 2.790
72 16.7 20.0 0.625
90 15.5 18.3 0.571
108 14.7 17.2 0.537
126 14.1 16.4 0.511

= Yy 9 A Yy 9 A a 1 A ~

MITNAUINN N4 Waﬂ?ﬁ@ﬂllﬁﬁﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLTNGU']'JHJa’E)ﬂ’E)uV‘Iﬁ']LiﬂLL‘U‘]Jllﬁaﬂﬂ!,u@fi‘ﬂ
@ 3 . d' [ g}/ 9 A .

i’)@i?ﬂ']ihlﬁﬁﬂ']ﬂ']ﬁ 1.075 m/min Vlﬂﬁﬁ']ﬂ'lﬁllﬁﬁsb'uslﬂ'llﬂﬂﬂﬂ 0.837 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,aa  Power
MR

(min)  (%wb) (%db) °0) (°C) C)  (kWh)
0 23.5 30.7 1.000
18 18.1 22:1 0.719
36 17.4 21.1 0.686

33.2 27.2 49-57  1.761
54 15.9 18.9 0.615
72 14.7 17.2 0.561

90 14.0 16.3 0.530
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AT NAUINN D15 Waﬂ?ﬁ@ﬂllﬁﬁﬂ?ﬂlﬂﬁ@\?@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'ﬁHﬁﬂLlﬂﬂqﬁaﬂﬂlu@fiﬂ
@ 3 . d' [ g’/ 9 A .

ﬂﬁﬁ']ﬂ']illﬂafﬂﬂ'lﬁ 1.075 m/min Vlﬂﬂﬁ"lﬂ'lﬁllﬁﬁ‘b'usln'llﬂﬁﬂﬂ 0.837 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 24.6 32.6 1.000
18 20.6 259 0.795
36 19.3 23.9 0.733
54 18.4 22.5 0.691

28.4 25.2 52-59 2.947
72 17.0 20.5 0.628
90 15.9 18.9 0.579
108 15.3 18.1 0.554
126 14.2 16.6 0.507

~ ' = Y v A Y 9 A a
AT NHAUINT N16 ﬂTlﬂaEJINaﬂWiE]‘]JLL‘H\1ﬂ’JfJ!,ﬂ3?J\‘]’E)‘]JLlﬂﬂsll'lﬂlﬂﬂﬂﬂ’ﬂu‘ll\liﬂﬁﬂuﬂﬂllﬁa
1 A A o 3 . A o g}/ 9 A
@ﬂluﬂﬂﬂﬂ@iTﬂWiqﬁﬁiﬂﬂWﬁ 1.075 m /min mmwms“lm%umnma@ﬂ

0.837 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 24.1 31.8 1.000
18 19.3 24.0 0.753
36 18.4 22.6 0.709
54 17.3 20.9 0.656

2.499
72 16.1 19.3 0.604
90 15.1 17.8 0.560
108 14.7 17.2 0.540

126 14.1 16.4 0.516




78

= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N7 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5113 Iaru1L/aen 2.308 kg/min

MINAaeed 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.3 28.7 1.000
6.5 19.3 23.9 0.833
13 18.8 23.2 0.807
19.5 18.3 224 0.780
26 17.8 21.7 0.755
32.5 17.1 20.6 0.719
39 16.7 20.0 0.699

45.5 16.2 19.3 0.674 28.6 24.8 42-46 1.949
52 15.9 18.9 0.659
58.5 15.6 18.5 0.644
65 15.2 17.9 0.625
71.5 14.9 17.5 0.610
78 14.5 17.0 0.591
84.5 14.2 16.6 0.577
91 14.0 16.3 0.567
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= Yy 9 A Yy 9 A a ' A ~
AT NAUINN NI Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5113 Iaru1L/aen 2.308 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.2 28.5 1.000
6.5 18.9 23.3 0.817
13 18.4 22.5 0.790
19.5 17.7 21.5 0.754
26 17.3 20.9 0.733
32.5 16.6 19.9 0.698

39 16.3 19.5 0.682 31.7 254 44-49 1.653
45.5 15.7 18.6 0.653
52 15.3 18.1 0.633
58.5 14.9 17.5 0.614
65 14.4 16.8 0.590
71.5 14.3 16.7 0.585
78 13.8 16.0 0.561




&0

= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N9 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHiﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5113 Iaru1L/aen 2.308 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.6 29.2 1.000
6.5 19.4 24.1 0.824
13 19.1 23.6 0.809
19.5 18.5 22.7 0.777
26 18.3 224 0.767
32.5 18.0 22.0 0.752
39 17.5 21.2 0.726
45.5 17.0 20.5 0.701
52 16.6 19.9 0.682

58.5 16.2 19.3 0.662 24.5 19.1 39-43 2.446
65 16.0 19.0 0.652
71.5 15.7 18.6 0.638
78 15.3 18.1 0.619
84.5 15.1 17.8 0.609
91 14.9 17.5 0.600
97.5 14.7 17.2 0.590
104 14.3 16.7 0.571
110.5 14.2 16.6 0.567
117 14.0 16.3 0.558




&1

o ' = Y v A Y 9 A a
AT NAUINT N20 ﬂ']!,ﬂafJWﬁﬂ']i@‘ULL‘VNﬂ’JEJLﬂﬁENEJ‘ULLWQSU'IQL‘]JﬁfJﬂfJ‘LW\I'ﬂLiﬂL!‘U‘Ullﬁa

1 A A o 3 . A o g’/ 9 A
@]ﬂluﬂﬂﬂ@@]ﬁ’lﬂ’]iqﬂafﬂﬂ'}ﬁ 2.150 m"/min Vlﬂc‘]ﬁ']ﬂ"lﬁllﬁﬁsb'u‘lﬂ'liﬂﬁﬂﬂ

2.308 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 22.4 28.8 1.000
6.5 19.2 23.8 0.825
13 18.8 23.1 0.802
19.5 18.2 22.2 0.771
26 17.8 21.7 0.752
32.5 17.2 20.8 0.723
39 16.8 20.2 0.702
45.5 16.3 19.5 0.676
52 15.9 19.0 0.658

58.5 15.6 18.4 0.640 2.016
65 15.2 17.9 0.622
71.5 15.0 17.6 0.611
78 14.5 17.0 0.590
84.5 14.4 16.8 0.582
91 14.2 16.6 0.576
97.5 14.2 16.5 0.573
104 14.0 16.3 0.567
110.5 14.0 16.3 0.565

117 13.9 16.2 0.562
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= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N21 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031m3 128117 2.150 m’/min N6A513 Iaru1L/aen 1.875 kg/min

MINAaeed 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.5 29.0 1.000
8 19.5 24.2 0.867
16 18.9 233 0.840
24 18.2 22.2 0.809
32 17.8 21.7 0.791
40 17.0 20.5 0.756
48 16.6 19.9 0.738

56 16.2 19.3 0.720 25.9 19.5 42-46 2.351
64 15.7 18.6 0.698
72 15.3 18.1 0.680
80 15.1 17.8 0.671
88 14.8 17.4 0.658
96 14.6 17.1 0.649
104 14.3 16.7 0.636
112 13.9 16.1 0.618




&3

= Yy 9 A Yy 9 A a ' A ~

AT NAUINN N22 Waﬂ?ﬁ@ﬂllﬁﬁﬂ?ﬂlﬂﬁ@\?@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'ﬁHﬁﬂLlﬂﬂllﬁaﬂﬂlu@fiﬂ
@ 3 . d' [ g’/ 9 A .

ﬂﬁﬁ']ﬂ']illﬂafﬂﬂ'lﬁ 2.150 m /min Vlﬂﬂﬁ"lﬂ'lﬁllﬁﬁsb'usln'llﬂﬁﬂﬂ 1.875 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.1 30.0 1.000
8 19.8 24.7 0.822
16 19.1 23.6 0.786
24 18.5 22.7 0.756
32 18.0 22.0 0.731
40 17.5 21.2 0.706
48 17.0 20.5 0.682
56 16.5 19.8 0.658

23.6 19.0 42-46 2.553
64 16.1 19.2 0.639
72 15.8 18.8 0.625
80 15.5 18.3 0.611
88 15.0 17.6 0.587
96 14.8 17.4 0.578
104 14.4 16.8 0.560
112 14.3 16.7 0.555

120 13.8 16.0 0.533
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= Yy 9 A Yy 9 A a ' A ~
AT NAUINT N23 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031m3 128117 2.150 m’/min N6A513 Iaru1L/aen 1.875 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.9 29.7 1.000
8 19.3 23.9 0.805
16 18.8 23.2 0.780
24 18.4 22.5 0.759
32 17.6 21.4 0.719
40 17.2 20.8 0.699
48 16.5 19.8 0.665

56 16.0 19.0 0.641 26.4 20.1 43-48 2.396
64 15.7 18.6 0.627
72 154 18.2 0.613
80 14.9 17.5 0.589
88 14.7 17.2 0.580
96 14.4 16.8 0.566
104 14.2 16.6 0.557
112 13.9 16.1 0.544




&5

o ' = Y v A Y 9 A a
AT NAUINT N24 ﬂ']!,ﬂafJWﬁﬂ']i@‘ULL‘VNﬂ’JEJLﬂﬁENEJ‘ULLWQSU'IQL‘]JﬁfJﬂfJ‘LW\I'ﬂLiﬂL!‘U‘Ullﬁa

1 A A o 3 . A o g’/ 9 A
@]ﬂluﬂﬂﬂ@@lﬁ’lﬂ’]iqﬂafﬂﬂ'}ﬁ 2.150 m"/min Vlﬂc‘]ﬁ']ﬂ"lﬁllﬁﬁ“b'u‘lﬂ'l!ﬂﬁ@ﬂ

1.875 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 22.8 29.6 1.000
8 19.5 243 0.831
16 18.9 23.4 0.802
24 18.4 22.5 0.775
32 17.8 21.7 0.747
40 17.2 20.8 0.720
48 16.7 20.0 0.695
56 16.2 19.4 0.673

2.434
64 15.8 18.8 0.655
72 15.5 18.3 0.639
80 15.2 17.9 0.624
88 14.8 17.4 0.608
96 14.6 17.1 0.598
104 14.3 16.7 0.584
112 14.0 16.3 0.572
120 13.9 16.1 0.565
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= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N25 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5135 Iaru1L/aen 1.228 kg/min

MINAaeed 1

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 24.2 31.9 1.000
12.5 19.0 23.5 0.735
25 18.6 22.9 0.716
37.5 17.9 21.8 0.683
50 17.2 20.8 0.651

25.3 19.4 41-46 2.330
62.5 16.1 19.2 0.602
75 15.3 18.1 0.566
87.5 14.9 17.5 0.548
100 14.4 16.8 0.527
112.5 13.8 16.0 0.501




&7

= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N26 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHiﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5135 Iaru1L/aen 1.228 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 24.8 33.0 1.000
12.5 19.4 24.1 0.730
25 18.6 22.9 0.693
37.5 17.5 21.2 0.643

50 16.9 20.3 0.617 31.5 21.5 45-50 2.069
62.5 15.9 18.9 0.573
75 15.1 17.8 0.539
87.5 14.7 17.2 0.523
100 14.0 16.3 0.494
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= Yy 9 A Yy 9 A a ' A ~
AT NAUINN N27 Waﬂ?ﬁ@ﬂ!tﬁﬂﬂ?ﬂlﬂﬁ@ﬂ@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'iHﬁﬂLLUUll‘ﬁ'aﬂfnu@ﬁﬂ

v 9
8031M3 128117 2.150 m’/min N6A5135 Iaru1L/aen 1.228 kg/min

MINAADIN 3

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 22.8 29.5 1.000
12.5 18.9 23.3 0.789
25 18.6 22.9 0.774
37.5 18.2 22.2 0.753
50 17.3 20.9 0.708

62.5 16.6 19.9 0.674 25.9 21.2 42-46 2.559
75 15.8 18.8 0.635
87.5 15.3 18.1 0.612
100 14.8 17.4 0.588
112.5 14.5 17.0 0.574
125 14.0 16.3 0.551
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o ' = Y v A Y 9 A a
ATTNHAUINT N28 ﬂ']!,ﬂafJWﬁﬂ']i@‘ULL‘VNﬂ’JEJLﬂﬁENEJ‘ULLWQSU'IQL‘]JﬁfJﬂfJ‘LW\I'ﬂLiﬂL!‘U‘Ullﬁa

1 A A o 3 . A o g’/ 9 A
@]ﬂluﬂﬂﬂ@@lﬁ’lﬂ’]iqﬂafﬂﬂ'}ﬁ 2.150 m"/min Vlﬂc‘]ﬁ']ﬂ"lﬁllﬁﬁ“b'u‘lﬂ'l!ﬂﬁ@ﬂ

1.228 kg/min

Time MC MC Power
MR

(min) (%wb) (%db) (kWh)
0 23.9 31.5 1.000
12.5 19.1 23.6 0.751
25 18.6 22.9 0.727
37.5 17.9 21.8 0.693
50 17.1 20.7 0.659

62.5 16.2 19.3 0.616 2.320
75 15.4 18.2 0.580
87.5 15.0 17.6 0.561
100 14.4 16.8 0.536
112.5 14.1 16.4 0.523
125 13.9 16.2 0.515

= Y 9 A Yy 9 A a 1 A ~
AT NAUINN N29 Wﬁﬂ13@‘]J!WNﬂ'Jfll,ﬂﬁ't’)ﬂ@ULlﬁ\1GU']'JHJa@ﬂ@uﬂﬁ?kiﬂllﬂﬂqﬁﬁﬂﬂlu@fiﬂ

[ 9
815113 111801017 2.150 m*/min NERTIMN3 IaFud111/aen 0.837 ke/min

MINAADIN 1

Time MC MC T,, (db) T,, (wb) T,aa  Power

(min)  (%wb) (%db) HE (o) (C) (’C)  (kWh)
0 22.5 29.0 1.000
18 18.0 22.0 0.756
36 17.2 20.8 0.716

54 16.5 19.8 0.681 30.5 22.7 43-49 2236
72 15.5 18.3 0.632
90 14.6 17.1 0.589
108 13.9 16.1 0.556
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= Yy 9 A Yy 9 A a ' A ~

AT NAUINT N30 Waﬂ?ﬁ@ﬂllﬁﬁﬂ?ﬂlﬂﬁ@\?@ﬂLLW\?GU']'JHJa@ﬂ@uV‘I'ﬁHﬁﬂLlﬂﬂqﬁaﬂﬂlu@fiﬂ
@ 3 . d' [ g’/ 9 A .

ﬂﬁﬁ']ﬂ']illﬂafﬂﬂ'lﬁ 2.150 m /min Vlﬂﬂﬁ"lﬂ'lﬁllﬁﬁ‘b'usln'llﬂﬁﬂﬂ 0.837 kg/min

MINAADIN 2

Time MC MC T,, (db) T,, (wb) T,  Power

(min)  (%wb) (%db) MR (O ('C) (‘C)  (kWh)
0 23.3 30.4 1.000
18 18.6 22.9 0.752
36 18.1 22.1 0.728
54 17.1 20.6 0.679

72 16.5 19.8 0.650 25.8 19.8 44-48 2.939
90 15.9 18.9 0.622
108 15.0 17.6 0.581
126 14.4 16.8 0.554
144 13.5 15.6 0.514

= Yy 9 A Yy 9 A a ] A A

MINAUING N3] HaNIsoULHIAleIT et ULR et 1dendususauuy lvaneiilosn
1 Y

80313 1Mae1n1# 2.150 m’/min N6A51M35 laruv1aen 0.837 kg/min

NMINAADIN 3

Time MC MC T,, (db) T,, (wb) T,aa  Power
(min)  (%wb) (%db) (A (C) Q) (’C)  (kWh)
0 23.3 30.4 1.000
18 18.3 22.4 0.737
36 17.0 20.5 0.674
54 16.6 19.9 0.655 31.4 21.9 45-50  2.233
72 16.0 19.0 0.627
90 14.9 17.5 0.576

108 14.0 16.3 0.536
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o ' = Y v A Y 9 A a
AT NHAUINT N32 ﬂ']!,ﬂafJWﬁﬂ']ifJ‘U!WiQﬂ’JEJLﬂ'ifJ\‘]fJ‘ULLﬁQSU'IQL‘lJﬁEJﬂfJuV\I'iH'iﬂL!‘U‘Ull“ﬁa
1 A A o 3 . A o g’/ 9 A
ﬁﬂluﬂﬂﬂ@ﬁﬁ'lﬂTillﬂa@'lﬂ']ﬁ 2.150 m /min ‘I/I’E)G]‘i'lﬂTillﬁﬁ‘b'u‘UTJ!‘]Jﬁ’f)ﬂ

0.837 kg/min

Time MC MC Power
MR
(min) (%wb) (%db) (kWh)
0 23.0 29.9
18 18.3 22.4 1.000
36 17.4 21.1 0.737
54 16.7 20.1 0.674
72 16.0 19.1 0.655 2.469
90 15.1 17.8 0.627
108 143 16.7 0.576
126 14.1 16.4 0.536
144 13.8 16.0

A o Y v A Y 9 A a
ATTNAUINT N33 NﬁﬂTSﬂﬂﬁ@UﬂﬂlﬂTWﬁa\iﬂﬁ@Uuﬁﬂﬂ’JEJLﬂifNE]‘ULmﬁﬂﬂ’llﬂﬁ@ﬂ@uﬂi%iﬂ
A o dy A o 3 . A o ] Y A
mwmmmuwamwmﬂwammﬂ 1.075 m /min mmwmﬂwawmmﬂaaﬂ

2.308 kg/min

Mcfmal Wpaddy Wmilling Wpolishing Whead rice Wbroken rice HRY
No WI
(%wb)  (2) (2) (2) (2) (2) (%)
1 13.9 125.00  91.09 75.85 49.61 26.24 39.69 379
2 14.0 125.00 91.70 78.82 48.87 29.95 39.10 379
3 13.9 125.00 92.12 78.04 43.40 34.64 34.72 38.0

average 139 125.00 91.64 77.57 47.29 30.28 37.83 37.9
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A o Y v 4 Y 9 A a
AT NAUINTN N34 Waﬂ'lﬁﬂﬂﬁﬂﬂﬂﬂlﬂWW‘ﬁﬁ\iﬂﬁﬂULmﬂﬂ?ﬂlﬂiﬂ\i@ﬂlmﬂ“U']’J!,‘l]ﬁf’)ﬂ@uV‘I'ﬁliﬂ

A o 2 do 3 . A o 5 9 =
WW@NH']‘IIHVIEJGIﬁTﬂ'IillﬁﬁfJ'IﬂWﬁ 1.075 m /min “I/Iﬂﬁﬁ'lﬂ"lﬁllﬁﬁclfu“ll'nlﬂﬁ@ﬂ

1.875 kg/min

Mcﬂnal Wpaddy Wmilling Wpolishing thad rice Wbrokcn rice HRY
No. WI
(%wb)  (2) (2) () (2) () (%)
1 13.0 125.00 &87.92 78.98 47.18 31.80 37.74 38.6
2 13.9 125.00 92.28 80.81 54.89 25.92 4391 37.0
3 13.8  125.00 91.40 77.57 44.53 33.04 35.62 38.5
average 13.6  125.00 90.53 79.12 48.87 30.25 39.09 38.0

A o ) A Y 9 A a
AT NHNUINT N3S Waﬂ1Sﬂﬂﬁ@‘Uﬂﬁm"IWﬁa\iﬂﬁ@‘ULm\iﬂ?ﬂlﬂiﬂﬂﬂ‘ﬂlmﬂ‘lln!,‘]_]ﬁﬂﬂﬂu‘ll\lﬁliﬂ

d‘ [ da! d‘ [ 3 . d‘ 1Y g’/ 9 A
VIW@JJHT‘UH“I/I?J@ﬁﬂ']ﬁUlﬁa’GTﬂWﬁ 1.075 m’/min wamwmﬂwawmmﬂaaﬂ

1.228 kg/min

Mcﬁnal Wpaddy Wmilling Wpolishing thad rice Wbrokcn rice HRY
No. WI
(%wb) (g (2) (2) (2) (2) (%)
1 13.0  125.00 89.29 78.72 45.87 32.85 36.70 39.2
2 13.0  125.00 91.10 81.45 52.61 28.84 42.09 379
3 13.8  125.00 90.91 78.86 46.87 31.99 37.50 38.9
average 13.3  125.00 90.43 79.68 48.45 31.23 38.76 38.7
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A o Y v 4 Y 9 A a
AT NHAUINT N36 Waﬂ'liﬂﬂﬁﬂﬂﬂﬂm'mﬁﬁ\iﬂﬁﬁ]‘mﬁﬂﬂ’JfJLﬂifoJ‘ULmﬂ‘ll']’)!,‘l]ﬁ?)ﬂ@uwj%iﬂ
A o dy A o 3 . Ao ? Y A
‘VIWGJJH'ISUH‘VIEJ@Iﬁﬂ'IillﬁﬁEJ']ﬂWﬁ 1.075 m /min ‘I/If)@]'i'lﬂﬁllﬁﬁﬂfu‘ll'nlﬂﬁ’f)ﬂ

0.837 kg/min

Mcﬂnal Wpaddy Wmilling Wpolishing thad rice Wbrokcn rice HRY
No. WI
(%wb)  (2) (2) (2 (2) (2 (%)
1 126 125.00 88.13 76.79 38.38 38.41 30.70 39.7
2 124 125.00 85.48 75.88 41.59 34.29 33.27 40.5
3 142  125.00 89.53 74.68 43.26 31.42 34.61 39.2

average 13.1  125.00 87.71 75.78 41.08 34.71 32.86 39.8

MINHUINT N37 HWaN1INATDUAUNINUYDIYAAIVANAUNIN

Mcﬁnal Wpaddy Wmilling Wpolishing Whead rice Wbroken rice HRY
No. WI
(%wb)  (2) (2) (2) (2) (2) (%)
1 149  125.00 93.84 80.61 55.91 24.32 44.73 39.1
2 13.9  125.00 93.62 81.18 65.63 15.35 52.50 39.8
3 13.9  125.00 93.56 81.02 65.56 15.38 52.45 41.1

average 142 125.00 93.67 80.94 62.37 18.35 49.89  40.0




MANUIN U

AI9E9NTIAIUIN



g’ o %) Q' tg Y A
1 mﬁ‘mﬂ%mmm’mmum‘sawummmummﬂmn

Y o [] o =y % o [ A dy 9 A o Y
l¥ar0g19nsmuIadsuaihd s smivanusuv1nlaen lagmiviual

{ 2 "o ° A § o
fatldentSina 15 kg HANVFUEUAUIAY 14.0%wb tazrmsiuanuisuilu 24.0%wb

w, -d
MW:Ti
0.14 = 15-d

15
d=12.9

9 A i ~ Y Y
daendsuna 15 kg NANUFU 14.0%wb vz iuraursvesiiaenniny 12.9 kg

M= W -d
w Wf
0.24 = Wi -12.9

Wf
w, =16.974

b4

4 A X 3 o Y 1w
damiua Nty 24.0%wb 1d1/aenv H1iminmIny 16.974 kg

W,-w, =16.974 - 15 = 1.974

9
v @

E4 { a 1 (%]
auindTinanindeadnan 1U3aminy 1.974 ke
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a 4
2 Uz UaNITOUZMIDUINRY
d d d d
21 aswlasaulesdumnasgiuidlenfulesiduamnasgrmia
¥ v
19610819MIAIUIAMITATIAIUANUFUNEN1ILNITOLURIOATING 11D
3, . Ao ) A LA -

81017 1.075 m’/min 7190351015 IMagud1ndon 2.308 kg/min M1 6.5 WA V0INTNAADY

A =
ATIN T (T NHUINN N1)

0.206

= —2 =0.259
1-0.206

22 dATEIUANNTY
9 o ' 8 o ' A A Y o
1¥@29619N1TAIUIUHIDATITIUANVFUN AN NTDUUTIOATING IHa

v ] v
917 1.075 m’/min 19031715 Iiavut1utlaen 2.308 ke/min NIa1 6.5 U1 Y9ININABDY

Y 4 <
ATIN T (@ITNHUINN N1)

! E) I
Lﬁ’ﬂx‘lmﬂﬂ”ﬁ@‘ﬂLLﬁQﬁ?ﬂ@HWﬁLﬁﬂuu@]’J@EJN‘VIﬂﬁ’E]’U@”Iﬁ]i]gﬁﬂ’l”m%um?ﬂ‘ﬂ

Y 9
mm%ummaﬁ@uﬁ’mu 9 (A.R. Celma ttazame, 2009)

MR = 208 _ 0.841
24.5



97

23 OATEIUANNYY
Yo 1 o a 3 DY) A A
Tiregramsmuiamylsunatisemelunsevuretidenfianizms
Y o 3 . A o gl.l 9 A .
PUURIOATING 1HaDINA 1.075 m’/min NOATING IasUI11Lla0n 2.308 kg/min YIS

A =
NAADIATIN 1 (MITNAUINN N1)

MW = W'—-d
Wi
0.245= 21
15
d=11.325

v F
TlaentFina 15 kg MANUTY 24.5%wb dTanauriavestidonmiiy 11.325 kg

Moo= W -d
w Wf
0139 = Wi~ 11.325
Wf
w, = 13.153

A A =z Yy 9 A A v 1w
mea@mm%mﬂu 13.9%wb Lm'J"lﬂ'JHJﬁ@ﬂﬂZL‘Viﬁf)ﬁuﬂL‘VI']ﬂ‘]J 13.153 kg

w,-w, = 15-13.153 = 1.847

Y H 1 5
Usunanseeoonmny 1.847 kg
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] Y Y 1
9179 1.075 m*/min 1903113 Inagud11/aen 2.308 kg/min Yo4MTNAALIATINA 1 (1519

A
WUINT N1)

R = 15-13.153 % 60
123.5

DR =0.8972

SRTIMIBULRAUNINDY 0.8972 kg, /h

25  dATIMIDUMK
Y o ' q 2 A o ° ~ Y
1501981901 TAIUIVUMIANVAULUADINAINUI UWIZAANIIZNITOUUN
" Y
8931113 12017 1.075 m’/min N8R335 Ia¥uv11aen 2.308 kg/min ¥8INITNAADY

Y 4 <
ATIN 1T (@ITNHUINN N1)

3.6 x 2.564
15-13.153

SEC =

SEC =4.998

Y 1 %
ANUAULADINGINUTUNIZININDY 4.998 MI/kg, ...,
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nlesIFudi Y = — <100 %
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Jd <3 d Y Y
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p, =0.559M + 55352 (R’ = 0.9578)

Tagh M AD ANUFUIDITIIVIIANULA (Yewb)
_ _ T 2 2
m—pV—pr(D -d9) xh

m = [(0.559 x 24) + 553.52] x E x (0.295% - 0.265%) x 1} =7.481

9
[ Y

aiu meludeseundarzifSundiussgeg 7.481 kg
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Y 9
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(W.1)

A Y 9 A A o d? Ya = Sa A
Gluﬁzﬂﬂlﬂﬁ@ﬂﬂﬂllﬂﬂﬂl’nlﬂa@ﬂVI‘WGJJu']sU‘L!u ﬂ@ﬂ@ﬁaﬁl@ﬂﬁ@uﬂﬁ’]ﬁﬂﬂfﬂﬂ

' A A ' o A ]
undgvua 1,200 W %Mﬂlu1ﬂl§umuﬁuﬂﬂa1ﬂ 17 mm LLﬁZN%?Qiﬁﬂ’HMi@HﬂTJ 1,000 mm

a J g o o
Uil?mﬁut’lﬂﬁ’lﬂﬂﬁ\‘lﬂﬁ%ﬂﬂﬂﬁ}@\iﬂﬂllﬁjﬁ IﬂEJGI,L!ﬂ'lﬁ’E]'E]ﬂLL'UUuuq@%}HWLLUU%Wa@QﬂWQ

a J v AAa A
AdlaFnaaInsoUTIv1laonaleseadunlsIsAve Ipsita Das lagAUL AMUAUNITN (W.2)

Y A a P ~Aq v A 9 A
nl¥lumseonuuussuuie AT IEHIZoZIAN 1% lunsaannudud1aen 15 kg lavan

ANVFUIIN 24%wb 1411100 14%wb

MR = M1 Ma [kt']
= ——— = —exp[-
M. - M P

i eq
k =0.0916 + 0.002R - 0.0014G ;+0.0001R* - 0.0035G%  (R?=0.965)

n = 0.9504 - 0.0009RG, - 0.0365G,+0.0001R’ - 0.0009G (R?=0.989)

Tagh k fo drying constant in Page Model

n fo drying exponent

(W.2)

(W.3)

(W.4)
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R 0 radiation intensity (kW/mz)

Gy Ao grain bed depth (m)
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m = pAv

i = [(0.559 x 24) + 553.52] x B x (0.295” - 0.2652)} x 0,125 = 0.935
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ITEM No. DESCRIPTION
1 Power supply
2 Frame
3 Drying chamber
4 Hopper
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ITEM No. DESCRIPTION
| Blower
2 Electric heater
3 Paddy flow rate controller
4 Air inlet duct
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Development of Infrared Radial Radiation Dryer for
Paddy

Nuttaphon Saelim, Krawee Treeamnuk, Tawarat Treeamnuk

Abstract— An infrared radial ra jon heating system was
developed for di g paddy. A cylindrical drying chamber was
installed 1,200 W of infrared heater at center for radial
radiation heating. Paddy drying behavior and performance of
the paddy dryer in terms of drying rate (DR), specific energy
consumption (SEC) and quality of paddy i.e. head rice yield
(HRY) and whiteness index (WT) were evaluated by drying 15
kg of paddy with initial moisture content of 23-26% (w.b.) by
using the drying conditions of 80°C of drying temperature,
334.2 m*/min of air flow rate and (.837, 1.228 and 1.875 kg/min
of thin layer paddy flow rate. The results indicated that the
drying rate and head rice yield were increased when increase
the flow rate of thin layer paddy but in contrast of SEC and
whiteness index.

Keywords—paddy dryer, infrared, radial radiation

1. Introduction

Rice is one of the major food crops in the world and
global paddy production in year 2016 is 751.9 million tons
[1]. Normally, fresh paddy harvested at moisturc content 24-
35% dry basis higher than safety storage moisture content,
50, drying is the important post-harvest process.

The drying paddy process can be done in scveral
techniques; For the example, dehumidification by solar
cnergy has the advantage is casy to operation and low
cnergy costs but the disadvantage is cannot control the heat
source. Dehumidification by dryer has the advantage is can
be operating in every climate and can control moisture
content level, but the disadvantage is high operating cost. In
infrared (IR) drying has been gaining traction in
industry because of its high thermal efficiency |2|. The
IR radiation 1s band of electromagnetic spectrum cover
wavelengths in the range of 0.75-1000 pm. Scveral
investigations have been performed on the IR heating of
foodstuffs for different purposes such as drying, cooking,
baking, roasting, and blanching [3]. For drying. IR radiation
can penetrate into the material result in the inside material is
high temperature than the surface material. As a result, the
outer surface of material does not wrinkle and properties ol
the product are similar to the material before drying

Nuttaphon Sealim
School of Mech | Engis 5 University of Technology
“Thailand

Krawce ‘Trecamnuk
School of Mechanical Engineering, Suranaree University of Technology
Thailand

‘Tawarat Trecamnuk
School of Agricultural K
Thailand

University of T

IR drying has been the subject of investigations by
several recent researchers for several agricultural materials
i.e. Sharma er al. [4] were drying onion slice with IR. The
thin layer drying of onion slices was carried out at of 300,
400 and 500W ol IR power levels, air temperatures ol 35, 40
and 45°C and air velocities of 1.0, 1.25 and 1.5 m/s. The
drying occurred in the [alling rate period. Drying rate
increased with increase in IR power al a given air
temperature and velocity and thus reduced the drying time
The drying time increased with increase in air velocity at a
given IR power and air temperature because of the increased
cooling ellect at the surface ol the product. A. Ruiz Celma
et al. [5] were studied thin-layer IR drying behavior ol
industrial grape by-products in the temperature range from
100 Lo 160°C. They found that, the drying rale was increase
with temperature, thus reducing the total drying time. In
parlicular, as drying lemperature was raised from 100°C up
to 160°C, the time period needed to reduce the moisture
content of the sample from 204.32% down to 38.89% by
weight (dry basis) deereased from 60.5 to 21 minutes. 1.
Umesh Hebbar et al. |6] were developed a combined IR and
hot air dryer for vegetables. The performance cvaluation
studies indicated that combination drying of carrot and
potato at 80°C with air at a velocity of 1 m/s and
temperature of 40°C reduced the drying time by 48%.
besides consuming less energy (63%) compared to hot air
heating. Combination drying also gave better results over
mfrared heating alone. The energy utilization efficiency of
the drycr was cstimated to be 38% for both carrot and potato
drying

For paddy drying by IR, Juckamas Laohvanich and
Scree Wongpichet [7] were study behavior of paddy drying
process by GAS-FIRED INFRARED (GIR). In the
experiment, the tray was vibrated with frequency at 450
cycles/min  and the amplitude of vibration was
approximately 0.01 m in the vertical direction. conducted
using 0.5 kg of wet paddy samples with three replications at
four initial moisture contents (My) of 0.22, 0.27, 0.32 and
0.37 decimal (d.b.). Three IR radiations were applied at
specific emitted maximum wavelengths (Imax), which were
close to the absorption peak of moist materials m the
infrared ray (IR) range of 2.70, 2.58 and 2.47 mm. The
drying experiment lound that the drying tme was
significantly reduced with the increase of mtensily level
(decreased IR peak wavelength value, lmax), as higher
energy was absorbed by the paddy. The ellect ol the drying
process on wet paddy at different initial moisture content
levels was observed lo be that GIR drying lime was
influential in causing an increase in head rice yield. In
addition, both GIR drying and tempering time directly
allected a decrease in the whiteness index. Ipsita Das ef al.
|8] were study behavior of paddy drying process by IR. In
the experiment, the soaked paddy was placed on the drying
tray to the desired depth and subjected to vibration in IR
field. The frequency and amplitude of the vibration was held
al the optimum level ol 21-22 TIz and 8-9 mm. The drying
experiments were conducted at five radiation intensities
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(1509, 2520, 3510, 4520 and 5514 W/m?) for four different
grain bed depths (single kernel thickness of 3, 6. 12 and 25
mm). The drying experiment found that the drying rate
increase with increase in radiation intensity, while decrease
with the increase in bed depth. Mojtaba Tohidi et al. 9]
were study energy and quality attributes for fix deep bed
drying of paddy. The drying experiment using centrifugal
fan blew air into a heater containing 7 kW electrical heating
coils and then passed the heated air into drying chamber. In
experiments were conducted freshly harvested paddy at
different levels of drying air parameters including
temperature (T=40, 50, 60, 70 and 80°C), velocity (V=0.5,
0.8 and 1.1 m/s) and relative humidity (RH=40%, 50%, 60%
and 70%). The results of energy analysis showed that the
cnergy clficiency was improved at higher temperatures, and
lower levels of velocity and relative humidity for drying air.
Furthermore, it was found that the number of fissured
kernels was directly related to drying rate where damaged
kernels increased with increasing drying rate

Although several reports are available on the TR or TR
combination with hot air for paddy drying, no reports on IR
radial radiation dryer. The objective of this research was to
develop a continuous flow paddy dryer with IR radial
radiation and evaluate performance of the paddy drying.

1. Materials and methods

4. Paddy sample in experiment

Samples of fresh long-grain paddy of Khao Dawk Mali
105 variety with initial moisture contents about 23-26%
(w.b.) were used for all tests. The samples were harvested in
Nakhon Ratchasima (Thailand’s northeast region) in
November 2017

B. Development of dryer

A continuous flow with IR radial radiation dryer was
developed for drying of paddy. The schematic picture of the
dryer is given in I'ig. 1. The dryer consists of two concentric
circular cylinders. which the paddy drying chamber is height
of 1 m. The inner cylinder has diameter of 26.5 cm made
from glass pieces which welding gap of 1 mm consistently
and the outer cylinder has diameter of 29.5 cm made from
perforated (1.75 mm) steel sheet cause to the 3 mm of paddy
drying layer. The hopper on top of the chamber use to feed
paddy grain into the amnular space drying chamber. An
infrared heater (tube type) of 1200 W having diameter of 17
mm and heating length of 1000 mm was fitted at center of
cylinder along surface of the drying chamber. A 24V DC
blower blows the surround air into the drying chamber
passes (hrough grain moving downward and pick up
moisture from paddy and then comes out of the outer
perforated cylinder. Thin layer paddy flow rate controller
made from superlene. it has diameter 10 cm, length 10 cm, 4
boring groove which dimension of 2 x 2 x 10 cm, driven
with 12V DC. The temperature of paddy while drying was
measure by 4 Thermocouples Type K.The whole dryer is
supported by the structure fame. The Fig. 2 showed paddy
dryer in experiment.

31

%, d Drying chamber
Heater infrared.

Thermocouple Type K ‘Thermocouple Type K

Thermocouple Type K Thermocoupie Type K

‘ Paddy flow rate
controller

Blower KWh meter

Figure 1. Schematic picture of the IR paddy dryer.

Vigure 2. The IR paddy dryer in experiment.

c. Experiment of paddy drying

The drying experiments were used to evaluate the
performance of the dryer. The effect of thin layer flow rate
on the performance of paddy drying in terms of drying rate,
SEC, HRY and WI. The heating time by infrared radiation
of paddy depend on thin layer paddy flow rate, it affect to
moisture content level of paddy and energy of drying
process. In the experiment, running system 30 minutes
before paddy drying for temperature of system steady. set
the flow rate of thin layer paddy of 0.837, 1.228 and 1.875
ke/min, and air flow rate was fix at 334.2 m*/min (measure
by anemomeler), contain 15 kg of paddy in chamber and
then moisture content of samples were measured cvery 18,
13 and 8 min (vary from thin layer paddy flow rate) by
moisture tester meter (model SB900, The Steinlite
Corporation. Atchison, Kansas USA). Paddy samples were
circulated drying until final moisture content is about 14%
(w.b.). During the experiments, the total electrical energy
(include blower, thin layer paddy [low rate controller and
infrared heater) ol drying process were measured by kWh-
meter. All drying conditions were test in 3 replicates

p. Drying behavior and performance

of dryer

In this studied, paddy drying behavior and the
performance of the IR dryer that influenced from thin layer
paddy flow rate in terms of DR, SEC. IIRY and WI were
investigated.
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e Paddy drying behaviors

Paddy drying behaviors in each conditions of
thin layer paddy flow rate are shown in drying curve. The
moisture conlent values from experiments were converled
into the moisture ratio (MR). The dimensionless moisture
ratio can be calculated as in (1). However, the moisture ratio
was simplified to My/M;, where M, and M; are the moisture
content at any given time and the initial moisture content.
respectively, since in IR drying, samples may be dried as
much as dry matter content (equilibrium moisture equal to

zero) [10].
- Ml
M

MR (€Y

e Drying rate (DR)

The DR determined from water removal from
paddy per drying time. It can be calculated as in (2), where
W,;, Wrand t are the mitial weight of paddy, [inal weight of
paddy and drying time, respectively

_Wi-We
t

DR @)

e Specilic energy consumption (SEC)

The SEC determined from total energy of
drying process (MJ) per kilograms of water removal from
paddy. Tt can be calculated as in (3), where E is the total
energy ol drying process (measured by kWh-meter).

spo=—0F 3)
W, - W,

e Head rice yield (HRY)

Taking 125 g of paddy samples afler drying
with the IR dryer and paddy sample from solar drying
(control) at moisture content about 14% (w.b.). The both
paddy samples were milled by laboratory rubber roll huller
(model NW-150) and then brown rice was whitened by an
abrasive roller polisher. Separate head rice and broken rice
[rom rice samples by screening machine, weigh the head
rice and record data. HRY can be calculated as in (4).

weight of head rice
weight of paddy

HRY = x100% (€3]

e Whiteness index (WI)

I'rom the rice sample. the rice whiteness of
milled rice was measured using a digital whiteness tester
(Kett C-300. Kett Electronic Laboratory Corporation,
Tokyo, Japan).

m. RESULTS AND DISCUSSION

4. Drying curve

Paddy drying behavior at difference level of thin layer
paddy flow rate shown in I'ig. 3 and Iig. 4. The experiments
results shown that most of behavior drying process oceur in
the falling rate period. In the initial period, moisture content

32

reduce rapidly and after that moisture content reduce slowly
because water evaporation process took place initially at the
surface of the paddy samples, but it begins to be less
important as the drying time was added. Considering
influenced of thin layer paddy flow rate found that the thin
layer paddy flow rate increase affect to mass transfer
increase because the paddy can be more moving contact
with fresh air than the lower flow rate level.

+-1.875 k/min

—4—1228 kg/min
-8-0.837 kg/min

o=,

s
5
k!
-

100

10 80 120 160

Drying time (min)

Figure 3. Variation in the paddy moisture content for
different levels of thin layer paddy tlow rate.
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Figure 4. Variation in the paddy moisture ratio for different
levels of thin layer paddy flow rate.

5. Drying rate (DR)

DR of paddy drying is the rate of water removal from
paddy kernel. Considering influenced of thin layer paddy
flow rate found that the thin laver paddy flow rate increase
affect to DR increase because thin layer paddy flow rate
increase aflect to the paddy can be transfer more moisture to
air than lower flow rate levels (Fig.5).

1.50

0.837 1228 1.875
Paddy flow rate (kg/min)

Figure 5. Drying rate of paddy dryer.
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c. Specific energy consumption

SEC is the total energy use for removal water from
paddy kemel. Considering influenced of thin layer paddy
[low rate found that the thin layer paddy flow rate increasc
affects to decrease SEC because thin layer paddy flow rate
increase affect to the paddy can be transfer more moisture to
air than lower flow rate level (IFig.6). Therefore, the drying
process for evaporate moisture to desired moisture content
use less time.

6

-

SEC (MJ/Kg\uier)

1.228 1.875
Paddy flow rate (kg/min)

Figure 6. Specific energy consumption of paddy drver.

p. Effect of thin layer paddy flow rate
with quality of paddy after drying
process
e Head rice yield (HRY)

Considering influenced of thin layer paddy flow rate
found that the thin layer paddy [low rate increase alleets to
increase HRY (Fig. 7) because the higher thin layer paddy
flow rate takes the paddy kernel stay in chamber less time
than the lower flow rate, so. paddy kernel at lower thin layer
paddy flow rate receive heat from infrared radiation for a
long time cause the damage of paddy increased when
decreasing thin layer paddy flow rate. When compare 1IRY
from IR drying with control (sun drying) found that all
condition of IR drying have lower HRY than control.

0837 1.228 1.875 Control
Paddy flow rate (kg/min)

Figure 7. Head rice yield of paddy.

o Whiteness index (WI)

Consideration  WI value of control sample and
samples of paddy aller IR drying found that the samples ol
paddy after IR drying have WI close to control sample.
Consider effect of thin layer paddy flow rate affect to W1
found that WI of each thin layer paddy flow rate are tend to
decrease when thin layer paddy flow rate increase.

Whiteness Index (%)

1228 1.875 Control
Paddy flow rate (kg/min)

Figure 8. Whiteness index of rice.

v. Conclusion

Lrom experiment of the paddy drying by IR drying with
different thin layer paddy flow rate found that the flow rate
of thin layer paddy was increased affect to DR and HRY
were increase but SEC and WI were decrease. The thin layer
paddy flow rate of 1.875 kg/min is suitable for paddy drying
because this condition gave the highest DR and HRY and
lowest in SEEC with WI close to control.
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Abstract

The objective of this research was to design and development of a continuous flow paddy
dryer with infrared radial radiation technique. The prototype of dryer consists of two concentric
circular cylinders, which the paddy drying chamber is height of 1 m. The inner cylinder has diameter
of 26.5 cm made from glasses and the outer cylinder has diameter of 29.5 cm made from perforated
(1.75 mm) steel sheet. At the center of cylinders installed 1,200 W of electric infrared heater. A hopper
was installed on the top of the chamber while 120 W of blower and paddy flow control were installed
at bottom of chamber. The performance of the dryer in terms of specific energy consumption (SEC),
drying rate (DR) and quality of paddy i.e. head rice yield (HRY) and whiteness index (W) were evaluated
by drying 15 kg of paddy with initial moisture content of 23-26% (w.b.) by using the drying conditions
of 80°C of drying chamber temperature, 1.075 m?* min of air flow rate and 0.837, 1.228 1.875 and
2.308 kg/ min of paddy flow rate. The results found that paddy flow rate at 1.875 kg/min is the
optimum condition because gave the highest DR, lowest SEC and rice qualities (HRY and WI) closely

to control.

Keywords : paddy dryer; infrared; radial radiation
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Abstract

This article presents the design analysis of continuous flow paddy dryer by using the infrared radial
radiation technique. The mathematic model of high moisture paddy drying under infrared radiation from
Ipsita et. al. (2009) was used in analysis and design of the prototype system. The designed system is a
laboratory scale and uses the 1,200 W electric infrared heater as the heat source of drying system. A 1 m
in height of the thin layer vertical cylindrical drying chamber was installed the heater at the center inside of
the chamber. The numerical analysis found that the drying of 10 kg of wet paddy sample with initial moisture
content about 22 percent wet basis (w.b.) to 14 percent (w.b.) consumes a 8.38 min in drying time. A 15
mm of thin layer paddy thickness must move with a flowrate of 14.3 cm/min in chamber. The drying rate
(DR) and specific energy consumption (SEC) are 5.79 kg,../h and 0.74 MJ/kg,.... respectively. However,
because the influence of convection flow and the controlled temperature of paddy at 100°C the real
performance of fabricated prototype and the rice quality are necessary to evaluate again.

Keywords: infrared radial radiation, continuous flow paddy drying system, infrared heate
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Tﬂuﬁ ks fia drying constant in Page Model
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W, fin ﬁﬁﬂiﬂfaqmé’muuﬁa (kg)
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