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Aerodynamic Study on Pneumatic Separation of Grains(]I)

— An Experimental Study on The Vertical Wind Tunnel -
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Summary

It is desirable for the vertical wind tunnel which can build uniform air flow across the vertical
duct to be used for the purpose of the investigation of the aerodynamic properties of grains.

This study was conducted to examine how the air velocity profile in the vertical duct is in-
fluenced by the various alternations of the elements of the wind tunnel, and to prepare design
guidance of the vertical wind tunnel which can be used for investigating aerodynamic properties of
grains.

In addition, several tests were conducted to locate the test section which can be applicable
for determining the terminal velocity of grain.

The following conclusions were obtained from the study:

1. The size and the location of the outlet of the plenum chamber should be determined such
that the outlet air flow is less affected by the air flow and the back pressure by the side wall
of the chamber.

2. The honeycomb was not helpful for attaining uniform air flow in case that the air flow profile
at the bottom of the vertical duct is serverely different from the ideal one.

3. Even though considerable pressure drop was resulted from the screens installed within the
vertical duct, the screens were helpful for attaining uniform air flow in the duct.

4. Tt is desirable for the test section to be located at the position that not only the air flow of
the duct is not disturbed by the distorted back pressure in the plenum chamber, but also
less boundary layer is developed.
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Table 1. Specifications of elements of the wind tunnel used for the experiment

Element

Specification or Dimension

VS motor

Fan

Convergent

Duct I

I

I
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2.2kW, 150 - 1500 rpm
Controller: SCR Type

Max. 1720 rpm, 90cmm
Centrifugal Type

Inlet: 152 mm x 300 mm
Outlet: 115 mm x 190 mm
Length: 345 mm

Inner Dja.: 188 mm
Length: 150 mm
Horizontal; Transparent

Inner Dia.: 188 mm
Length: 2150 mm
Vertical; Transparent

Inner Dia.: 200 mm
Length: 450 mm
Flexible
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Plenum Chamber Size: 120 cm x 120 cm x 90 cm
I Center of Inlet: 20 cm above ground
Center of Outlet: 30, 60 or 90 cm from frontal end
I Size: 90 cm x 45 cm x 45 cm
Center of Inlet: 20 cm above ground
Center of Outlet: 60 cm from frontal end
Screen 1 Aperture: 3 mm x 3 mm
Wire Dia.: 0.50 mm
14 Aperture: 1.5 mm x 1.5 mm
Wire Dia.: 0.25 mm
Honeycomb Rectangular Type I
Cell Size: 20 mm x 20 mm
Length: 40 mm
Rectangular Type I
Cell Size: 13 mm x 13 mm
Length: 50 mm
Circular Type
Cell Dia.: 13 mm
Length: 50 mm
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Fig. 2. The air velocity profiles across the vertical

duct at the different measuring positions from
the bottom of the duct.
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Table 3. Pressure loss coefficients and turbulence reduction factors of screens (rev. of motor= 800rpm)
pressure loss coeff. turbulence reduction factor*
sereen estimated measured axial direction lateral direction
1.5mm x 1.5mm 0.488 - - -
1 screen
3.00 x 3.0mm 0.3387 0.131 0.884 0.940
1 screen
3.0 mm x 3.0mm
2 screens 0.674 0.243 0.805 0.897
3.0mm x 3.0mm
3 screens
1.5mm x 1.5mm - 0.507 0.664 0.815
2 screens

*calculated with measured pressure loss cocfficients

-279-



HEIR RSP G F14E B 458 19894 128

air velocity (m/s)

15
12 ¥ o m
1 3
! -
f 1 -
9 e
~ =
] .
I: 1(3mm x 3mm)
II: 2(8Smm x 3mm)
3t II: 3(3mm x 3mm) + 2(1.5mm x 1.5mm)
0 T T T T T —

01 IV

air velocity (m/s)

0 30 60 90 120 150 180
radial distance (mm)

Fig. 7. The effect of the number of the screens on

the air velocity profile when the screens

were installed at the bottom of the duct and

the air velocity was measured at 150cm from
the bottom of the duct

YT A Al gl Asgle] fi-f R

i
o A odgks vepdl g eleleh crgeld W

A= upel zre) AAlabl el ALAERAE e
A o Rge aldm o] 2~3em 0| AALE A2
sh ol 9 el dhaAl vhelvkel o 745 G 3l 4]
arAkgE wpel el Zitulg of o M ALAE A

e gasht #eld fF BEE 9L T

©

WAk el 2skshed 4 A S 45 2y
ol 4 o A gl ubsh ol Fqak ¥l 2]
Fol olgAal BT F¥3h golshAl =Hw W

ol Azl Fakrh H R el fi: dow
el uket,

2}, A3 ¥ (test section)2 MA

wpob 4 Aak QoA oMl FEL %
Qebsd b Al Fe] LAl drebshal g G4
o o) $1A1% FAbES] SolEHA G4 S
wWalsl glah Aalda GER 4 Ud Aol 2
N R I E LR cu»*;—.:’_-gl zhol % %ol
ASolts 4ol Aol A fA ¥ Had

o] ol Y& pebubAl el

I: 1(at the bottom)
II: 1{16cm above the bottom)

wee—smreee [ 1(30cm above the bottom) —

IV: 1(43cm above the bottom)

—
o

T T T

T T T
30 60 90 120 150 180

radial distance (mm)

(a)

—
N

@

=2

air velocity (m/s)

W

V: 1{70cm above the bottom)
VI: 2(30cm above the bottom)
VII: 3(30cm above the bottom)

T T
30 60 90 120 150 180

-

radial distance (mm)
(b)
The effect of the number of screens in-
stalled at the bottom of the duct and
the installing position of the circularcell
honeycomb on the air velocity profile
when the air velocity was measured at
150cm from teh bottom of the duct

wpebd Faba o] $iolal obel ¥ olu 4|

FARd A B0 Bt el o] wiA

Ao eie] el Ae] Aol i

1R A A S WSS A HEek: A

=

2 shebar 4bgElvh olw) fAHRE I Bt

s A el e fAAEs

- % PO g A .
A-g-3b aedat KA TR e o




o BREF WL BRI BRI

st et

vl wiole]
A A= ojof 3o},

—281-

i 1

Ho
o

1. Bilanski, W.K. and E. Lai. 1965. Behavior
of threshed materials in a vertical wind
tunnel. Trans. of ASAE 8(3): 411-413,
416.

2. Hawk, A.L., D.B. Brooker and JJ. Ca-
ssady. 1966. Aerodynamic characteristics
of selected farm grains. Trans. of ASAE
(1): 48-51,

37 Kawakami, K.. 1972. Air resistance of
chopped forage (1): Apparent drag coe-
fficient of forage stem particles. J. of
JSAM 34 (2): 175-180.

4. Kawakami, K.. 1973. Air resistance of
chopped forage (1I): Suspension velocities
and behavior of forage stem particles. J.
of JSAM 35(1): 75-79.

5. Ower, E. and R.C. Pankhurst. 1977. The
measurement of air flow. Pergamon Press,
U.K.

6. Rae, W.H. and A. Pope. 1984. Low speed
wind tunnel testing. John Wiley & Sons.

7. Schlichting, H., 1979. Boundary layer
theory. McGraw-Hill, Inc.,

8. Shellard, J.E. and R.H. Macmillan. 1979.

of threshed
wheat materials. J. of Agric. Engng res.
23: 273-281.

9. Smith, R.D. and R.L. Stroshine. 1985.

Aerodynamic separation of cobs from

Acrodynamic properties

corn harvest residues. Trans. of ASAE 28
(3): 893-897, 902.

10. Tsuchiya, M., J. Kamide and K. Ishiwada.
1981. Study on the separation of un-
hulled rice and brown rice by winnowing.
J. of JSAM 43(3): 433-442.

11. Wolfe, R.R. and C.G. Tatepo. 1972. Ter-
minal velocity of chopped forage materi-
als. Trans. of ASAE 15(2): 137-138, 140.



