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Aerodynamic Study on Pneumatic Separation of Grains(II)
—The Measurement of the Terminal Velocities of Grains—

F & B, H#H % Bt & @ F
C. H. Lee, Y. J. Choo M. S Kim

Summary

Aerodynamic property is the most important factor in designing the pneumatic separator and handling equip-
ment for grains and seeds. Particularly the correct information about the terminal velocities of the corresponding
grains and seeds is indispensible.

However, a few studies with relation to the terminal velocities of grains and seeds were conducted in this country,
even though the terminal velocities of the domestic grains and seeds are required to design those equiments Which

can be used for the domestic grains and seeds having specific aerodynamic properties.

In this study, the terminal velocities for four varieties of varley and six varieties of paddy were invéstigated by

means of two different methods, the suspension method and the drop method in an upward current of air.

For measuring the 'terminal velocities, the vertical wind tunnel which had been examined about the uniform air

flow in the previous study was used.

In addition, the effect of the size of grains and the moisture content of grain kernel on the terminal velocity was

examined.

The following conclusions were derived from the study :

1. The different terminal velocities of grains are resulted from the different measuring methods. The terminal ve-
locity measured by the drop method is smaller than that by the suspension method. It is considered that the
difference in the terminal velocities is caused by the difference in the projection area of grain which is faced
to the air stream.

2. The terminal velocity of grain increases as the size and the moisture content of the kernel increase.

3. The linear regression equations for the terminal velocities of grains were derived in terms of the moisture
content of grains by the variety of grains and the measuring method. Also, the linear regression equations for
the terminal velocity, based on the weighted size of grains, were derived in terms of the moisture contents

of granis.
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vareity Harvesting Place Date Harvesting Method
Barley Unknown Iksan, Chonbuk Jun. 11, 88 Combine
Kangbori Iksan, Chonbuk Jun. 11, 88 Combine
Baekdon, Imsil, Chonbuk Jun. 8,88 Sickle & barley thresher
(naked
Songhak Imsil, Chonbuk Jun. 19, 88 Sickle & barley thresher
(naked)
Paddy Chilseong Chonju, Chonbuk Sep. 28, 88 Sickle & hackler
Dongjin Chonju, Chonbuk Oct. 5, 88 Si’ckle & hackler
Seomjin Cheonju, Chonbuk Oct. 5, 88 Sickle & hackler
Akibare Buan, Chonbuk Oct. 4, 88 Sickle & hackler
Chucheong Iri, Chonbuk Oct. 4,88 Combine
Daecheong Kimje, Chonbuk Oct. 4, 88 Combine
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Fig. 1. Schematic diagram of wind tunnel

Table 2. Specifications of the vertical wind tunnel used for the experiment

Elements Specifications Remarks
V.S Motor 2.2kw, 150— 1500 RPM Controller : SCR Type
Fan Max. 1720 RPM, 90 '/ min Contifugal type
Convergent Inlet : 152mmX 300mm
Qutlet - 115 mm X 190mm
Length © 345 mm
Duct I Inner Dia : 188 mm Horizontal
length : 150 mm/EA Transparent
I Inner Dia. © 188mm Vertical
Length © 2150 mm Transparent
il Inner Dia. . 200 mm Flexible
Length : 450 mm
Screen Large Aperture : 3 mm X 3mm
Small Aperture : 1.5 mmX 1.5mm
Test Section 188 mm Dia. x 100 mm Length
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Table. 3. Weight percentage of barley remained on the sieves with various openings

Sieves(am) Weight percentage(%)
Unknown Kangbori Baekdong Songhak
3.35 17.2 7.0 6.3 18
2.80 74.5 79.5 70.5 464
2.36 8.0 13.0 203 440
2.00 0.3 0.5 2.6 71
1.70 - - 0.3 0.7
Total 100.0 100.0 100.0 100.0
MC(% wb) 25.56 16.50 24.84 17.46
Table. 4. Weight percentage of paddy remained on the sieves with various openings
Sieves(mm) Weight Percentage (%)
Chilseong Dongjin Seomjin Akibare Chucheong Daecheong
2.80 00 50.4 56.1 424 15.5 40.2
2.00 100.0 49.6 439 576 84.5 59.8
Total 100.0 100.0 100.0 100.0 100.0 100.0
MC(%wb) 24,32 27.16 2584 26.22 21.88 22.13
H3 H 40N 38 TY) =7] BEE 0] S Aol Ae FEBT T4 71E 2 A 9424 70-80%
e g 5 e vk FE FANES) HAA Tge BE2 Ehd B v e Feole 48E At
A7) X7} B Eojol Fhe AHUL U 4 T B 31 2.80mm A <} 2.00mm Mo AFF TEo] 7AW
3N B vl go) BelY A #UY 278 7} FEE M2 PISE FEolgn.
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Fig. 2. Distribution of dynamic pressure in the

vertical duct of the wind tunnel
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Table 5. An example of the terminal velocity of Daechung at different suspension heights

H(em) TV(m/s) Sb Remarks
0 437 0.059 Variety . Daecheong(Paddy)
1 4.69 0.057 Moisture Content : 14.19% wb
2 5.16 0.052
3 5.61 0.063

(Notes) H : suspension height, TV : terminal velocity, SD : standard deviation
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Table. 6. Terminal velocities of kangbori(Barley) in accordance with size and moisture content

Sieve size, lll.ll MC(% wb) Terminal velocities (m,s)

(% of the oversized) RD SD RR SD
335 16.50 5.39 0.065 6.01 0.081
(7) 15.36 5.16 0.145 573 0.094

14.07 490 0173 5.30 0.114
2.80 16.50 5.06 0.083 5.59 0.185
(80 15.36 481 0.120 531 0.102

14.07 4.65 0.074 5.06 0.127"
2.36 16.50 4.54 0.106 5.11 0.239
13) 1536 4.23 0.094 479 0.162

1407 417 0.170 453 0.109

Notes) RR : Regular Rise upto about 1 ¢m above the screen
RD : Regular Drop
SD : Standard Deviation

Table 7. Terminal velocities of Baekdong(Naked Barley) in accordance with size and moisture content

Sieve size, mm Terminal velocities(mn/s)

(% of the oversized) MC(% wb) RD SD RR SD
3.35 2484 5.46 0.069 6.75 0.135
(6) 20.74 5.35 0.111 6.33 0.133

16.35 5.16 0.172 5.94 0.119
14.01 5.13 0.136 5.73 0.095
2.80 24.84 5.01 0.065 5.99 0.156
(70) 20.74 4.98 0.134 5.84 0.116
16.35 4.77 0.080 5.59 0.160
14.01 4.58 0.212 534 0.109
2.36 24.84 445 0.094 5.06 0.151
(24) 20.74 4.34 0157 5.03 0.112
16.35 4.20 0.114 4.90 0.254
1401 4.07 0.076 4.85 0.176

Table 8. Terminal velocities of Dongjin(Paddy) in accordance with size and moisture content

Sieve size, mm Terminal velocities(m/s)
(% of the oversized) MC(% wb) RD SD RR SD
2.80 27.16 429 0.087 4.99 0.091
(50) 22.53 410 0.048 4.66 0.075
18.29 4.03 0.041 453 0.093
13.22 401 0.096 442 0.139
2.00 27.16 4.20 0.091 477 0.088
(50) 2253 397 0.087 4.55 0.073
18.29 394 0.085 444 0.103
13.22 397 0.121 441 0.060
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Table 9. Terminal velocities of Akibare(Paddy) in accordance with size and moisture content

Sieve size, mm Terminal velocities(m/s)
(% of the oversized) MC(% wb) RD SD RR SD
2.80 26.22 442 0.060 5.06 0.052
(42) 22,03 4.20 0.049 4.90 0.063
18.04 4.01 0.049 4.59 0.058
1338 3.95 0.042 445 0.079
2.00 26.22 4.25 0.088 4.85 0.041
(58) 22.03 414 0.063 475 0.106
18.04 3.89 0.043 4.49 0.126
13.38 3.88 0.050 440 0.154
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Table 10.Mean terminal velocities of barley varieties in accordance with moisture content

) TV(m/s) TV(m/s)
Variety MC(% wb) - Variety | MC(%wb)

RD RR RD RR
Unknown 25.56 4.80 534 Kangbori 16550 5.02 556
22.96 476 509 (naked) 1536 476 527
19.40 458 495 14.07 461 5.01

17.62 437 485

. 14.28 432 475
Baekdong 24.84 4.90 581 Songhak 17.46 473 518
20.74 485 5.68 (naked) 1556 4.55 512
1387 4.38 491

16.35 4,66 545

14.01 449 525
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Table 11.Mean terminal velocities of paddy varieties in accordance with moisture content

Variety [ MC(%wb) - V(e Variety MC(%wb) Vs
RD RR RD RR
Chilseong 24.32 421 4.82 Dongjin 27.16 4.25 4.88
2211 4.09 471 22.53 4.04 461
16.38 3.95 447 1829 399 449
1222 3.86 436 1322 399 442
Seomjin 2584 4,09 4.73 Akibare 2622 432 49
23.14 409 468 2203 417 481
1817 4.06 461 18.04 394 453
13.62 4.01 456 1338 391 442
Chucheong 21.88 4.18 4.75 Daecheong 22.13 4.30 4.96
19.83 4.07 4.66 14.19 4.14 4.64
16.05 4.09 4.56

Table 12.Linear regression equations of mean terminal velocity of barley varieties in terms of moisture content

Variety Reg. eqs.(TVs & TV, : m/s, MC | % wb) R?
Unknown Tva=3.611+0.0477MC 0.932
Tv.=3.98+0.0507MC 0.954
Kangbori Tvs=3.71+0.0178MC 0.734
Tv,=3.94+0.0324MC 0.905
Baekdong Tva=4.014+0.0374MC 0.915
Tv,=4.58+0.0508MC 0.965
Songhak Tva=2.11+0.152MC 0.948
Tv,=3.91+0.0743MC 0.886

Notes)  Tvg - Terminal Velocity for the Regular Drop
Tv. : Terminal Velocity for the Regular Rise

Table 13.Linear regression equations of mean terminal velocity of paddy varieties in terms of moisture content

Variety Reg. eqs.(TVa & TV, : m/s, MC : %wb) R?
Chilseong Tvq=3.51+0.0276MC 0971
Tv,=3.87+0.0383MC 0.988
Dongjin Tve=3.71+0.0178MC 0.774
Tv.=3.94+0.0324MC 0.905
Seomjin Tva=3.93+0.00667MC 0.916
Tv,=4.37+0.0138MC 0.990
Akibare Tva=341+0.0340MC 0.917
Tv.=3.82+0.00431MC 0.961
Chucheong Tva=3.87+0.0129MC 0421
Tv,=4.04+0.0318MC 0.981
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