
THE BEHAVIOR OF SEED GRAINS IN A
VERTICAL WIND TUNNEL

by

W. K. Bilanski S. H. Collins C. L Chiu
Member C.S.A.E. Member C.S.A.E.

Department of Engineering Science, Ontario Agricultural College, Guelph, Ontario

INTRODUCTION
Seed grains are subjected to aerody

namic forces when they are conveyed
pneumatically, separated and cleaned,
or fluidized. The magnitude of these
forces can be investigated in several
ways (1, 2), but a vertical wind tun
nel with a fairly large working section
seemed to offer the best opportunity
for observing and recording the man
ner in which seed grains are lifted
and supported by an air stream.

The terminal velocities of seed
grains falling through still air were
measured by timing their fall (3).
This method is highly precise and
gives complete freedom from air tur-
bulance. However, the steady condi
tions in the vertical wind - tunnel
permitted much more complete ob
servations of the behaviour of the

grains. There is no reason to assume
that the behaviour should be differ

ent in the two cases, provided that
the wind-tunnel is also free of tur
bulence.

THE VERTICAL WIND TUNNEL

The fundamental design require
ments for the vertical wind-tunnel
were considered to be: —

1. a working section of ample size.
2. a velocity range from 10 to 50 fps.
3. a divergent working section,
4. constant velocity across any hori

zontal section, and

5. low turbulence.

The first three requirements were
easily met in the design that is shown
in schematic cross-section in figure 1.
The last two requirements were met
well enough to enable the air stream
to support light spherical objects quite
steadily.

Figure I. Schematic diagram of Wind-Tunnel System.

The entrance to the working section
was through a bell-mouth intake sup
ported 2 feet above the floor. Eight
radial guide vanes were used to re
move any noticeable swirl from the
entering air. A cellular grille as shown
in figure 1 was required to prevent
unstable crossing of the entering
streams. This grille would have been
better located in a low-velocity region,
but this would have required a com
plete doubly-curved entrance contrac
tion and a much larger bell-mouth
entry for the low-velocity air. The
cells in the grille were one inch square,
and observations were most frequently
made at least a foot downstream from
it, where the turbulence caused by the
baffle was small. Fine screens (4) were
attached across the inlet to reduce
velocity variations throughout the
working section.

The working section itself was
tapered over a six foot length from a
diameter of 3H/2 inches to one of 39
inches. The taper was 3° for each side,
and the rate of increase of cross-
sectional area was about 8% per foot.
The rate of divergence was too small
to cause separation of flow at the
wall, and, therefore, the velocity in
the working section was reduced by
about 8% per foot of length. Such a
reduction in velocity was essential as
a constant velocity through the work
ing section would either blow the
seeds out through the top or allow
them to fall out at the bottom. With
the taper, a seed could float at the
height appropriate to its own terminal
velocity, and many seeds could be
supported at once. The seeds were
introduced into the wind tunnel
through a door located on the side
of the working section.

At the top of the working section,
a diffuser with an increased taper
was installed to give partial recovery
of the velocity pressure. The air then
entered a plenum chamber which was
fitted with an access door and from
which air was drawn by a 36 inch
propeller fan, driven by a variable
speed DC motor.

MEASURING TECHNIQUES

Two systems were used for measur
ing velocities in the wind-tunnel. One
was a Pitot tube attached to a micro-
manometer. These devices are reliable
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and accurate once stable flow condi
tions havebeen achieved, and provide
values that are free from unknown
calibration or drift errors. For routine
work and for measuring velocity fluc
tuations, a convenient hot-wire ane
mometer (Model 54 A 1, Flow Cor
poration) was used.

The speed of the fan was indicated
continually on a timer (Beckman
Model 7350) triggered by a contactor
driven from the fan shaft. The wind
tunnel was calibrated by means of a
pitot tube so that the velocity of the
air stream could be determined from
the fan speed. To measure the ter
minal velocity of a seed, its motion in
the wind-tunnel was observed as the
fan speed was varied. When it was
supported in the working section
without vertical movement, its height
in the section and the fan speed were
noted. Calibration curves were pre
pared so that these two parameters
could be used to determine the ter
minal velocity quickly. Four observa
tions of each seed were made.

TURBULENCE IN THE
WORKING SECTION

The output voltage of the hot-wire
anemometer was displayed on a
cathode-ray oscillograph in order to
show velocity fluctuations. Analysis
of the traces showed that there were
variations of velocity of less than 2%
of the average, and that the frequency
of these variations indicated an aver
age scale of turbulence of about i/2
inch. This was undoubtedly due to
the one-inch-square grille openings.

ILLUMINATION AND
PHOTOGRAPHY

Illumination was supplied by one
300 watt short - life reflector movie
light (Type EBR) which was mounted
above the top center of the working
section, pointing downward. Two
concentric tubes were suspended be
low the bulb so that no direct light
fell on the walls of the working sec
tion. The back wall of the working
section was lined with black velvet,
and the front wall contained a large
window of plexiglass, figure 2. The
contrast against the black background
was so good that even fine dust par
ticles in the working section could
easily be seen. Photographs of the
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In this equation it was assumed

that the resistive force is proportional
to the square of the relative velocity.
It is obvious that at terminal velocity
the first term in the equation is zero.
The buoyancy of the air is neglected.

In Table II, typical measurements
of the linear dimensions of some of
the grains in Table I are given. From
these it is possible to derive drag co
efficients based on certain assumptions
about the attitude of the grains. How
ever, the resistance coefficient "k" is

ROTATION OF THE GRAINS

Instantaneous photographs of a
large number of grains in the wind-
tunnel make it appear that the grains
have almost random orientation at
any one instant. However, observation
showed that most grains rotate rapid
ly about vertical axes (apparently
through their centers of gravity) with
their long dimensions inclined con
siderably to the vertical.

TABLE II. AVERAGE DIMENSIONS OF VARIOUS GRAINS

Figure 2. L unne! System.

particles were made with a 4 x 5
Linhof camera and a 6 inch Schneider
lens, the shutter of which was cali
brated.

TERMINAL VELOCITIES

The results of a number of experi
ments are summarized in Table I.
Each row represents the average
values of measurements of from
twenty to thirty individual grains.

Grain Variety

Wheat (Ross)
Wheat (Cornell)
Oats (Clinton)
Barley (Harman)
Barley (York)
Soy Bean (Harman)
Soy Bean (C H)
Alfalfa (Vernal)
Flax (Raja)
Rape Seed (Dwarf Essex)

U (in.)

0.245

0.259

0.406

0.325

0.326

0.324

0.286

0.085

0.180

0.090

TABLE I. TERMINAL VELOCITY AND RESISTANCE
COEFFICIENT OF VARIOUS GRAINS

Weight lb. Terminal Resistance

Grain Variety (x 10*) Velocity Coefficient

fps (x 10')

Wheat (Cornell) 0.930 28.8 1.12

Wheat (Ross) 0.981 32.4 1.18

Wheat (Genesse) 1.12 30.1 1.24

Oats (Large Clintland) 0.85 22.8 1.63

Oats (Small Clintland) 0.45 22.6 0.88

Oats (Clinton) 0.056 24.0 1.48

Barley (O.A.C 21) 0.90 23.6 1.62

Barley (York) 0.796 27.7 1.04

Barley (Harman) 0.842 27.0 1.15

Corn (Compton) 7.02 33.4 6.26

Soy Bean (Harasoy) 5.36 42.4 2.98

Alfalfa (Vernal) 0.0449 19.4 0.12

Alfalfa (Narragansett) 0.053 21.2 0.12

Flax (Raja) 0.147 18.6 0.42

Flax (Marine) 0.118 16.5 0.40

Rape Seed (Dwarf Essex) 0.117 25.0 0.19

The resistance coefficient is defined
by the following equation of motion:—

mjgL+k(-^)2-mg =0 (1)
where m = mass of particle,

x = vertical distance, relative
to the air,

g = acceleration of gravity.

a practical coefficient, the drag force
being equal to "k" times the square
of the velocity for any velocity within
the ordinary range of Reynold's num
bers. As will be seen below, the behav
iour of the grains is complicated, and
no comprehensive theory of the drag
force is yet available.

30

L2 (in.)

0.137

0.132

0.120

0.134

0.127

0.272

0.262

0.055

0.099

L3 (in.)

0.123

0.111

0.092

0.103

0.108

0.232

0.227

0.041

0.043

0.080

Figure 3. Flax, exposure time 1/5 sec.

Figure 4. Wheat, exposure time, 1/5 sec.



Figure 5. Corn, exposure time 1/5 sec.

Figure 6. Oats, exposure time 1/5 sec.

The speeds of rotation were mea
sured by making time exposures of
calibrated length. The images of the
grains were then elongated by their
motions, and their variations in den
sity on each negative were counted
(figures 3, 4, 5, 6). In some cases, the

image showed two bright regions for
each rotation, but these were suffi
ciently different in form that single
whole rotations could be counted. The
values of rotational speed are given in
Table III, but must be considered as
merely representative. Any individual
kernel, however, seemed to have one
definite and stable period of rotation.

The possible attitudes of the grain
in an air-stream may be listed as:

(a) stationary, with the largest
cross-sectional normal to the air velo

city. This attitude is known to be
stable (for regular objects at least) at
low Reynold's numbers. However, it
was never observed to persist in these
experiments.

(b) stationary, with the minimum
cross-section normal to the air veloci

ty. This is not only unstable in prac
tice, but can be shown to be unstable
in theory unless the body is elongated
with the center of gravity far from
the center of resistance (like a bomb),
or unless it is given axial spin (like an
arrow or a rifle bullet).

(c) stationary, with arbitrary orien
tation. Such an attitude is not likely
to be stable.

(d) oscillating or tumbling about a
horizontal axis. This motion is a

theoretically possible one, but was
not observed.

(e) rotating about a vertical axis;
the motion that was actually observed.

Looking at one particular example
(Table III) an oat grain was seen to

rotate at 22-31 rps. while being sup
ported in an air stream with a velocity
of 23 fps. The angle of the long axis
to the air stream was about 50°. The
air moved about one foot (many times
the length of the grain) for each ro
tation, and this explains why the ro
tation was not easily observed when
the grain was in free fall.

If the kernel was stationary in some
arbitrary orientation, the aerodynamic
force upon it would be the integral
of the normal pressure taken over the

TABLE III. ROTATIONAL SPEEDS OF SEED GRAINS AT
TERMINAL VELOCITY

Grain

Barley
Corn

Flax

Wheat

Oats

Soy Beans

It was observed that as the rotation

of a grain was established, the grain
would rise to a position of lower air
velocity, indicating a higher drag (and
a lower terminal velocity). If the rota
tion was stopped by impact with an
obstruction, the grain fell.

Speed
rps

(Range)

36-44

22-40

40-80

40-71

22-31

18-27

Number of

trials

5

8

12

10

7

4

whole grain surface. Since grains are
unsymmetrical, this force will not in
general pass through the center of
gravity and will not even be strictly
parallel to the air velocity. According
ly, this force can be considered as the
sum of:—
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1. a vertical force (parallel to the
air flow) through the center of
gravity,

2. a couple in the vertical plane
which tends to change the inclin
ation of the long axis of the grain,

3. a horizontal force which tends to
rotate the grain about a vertical
axis.

When the rotation begins, the axis
of rotation changes and tends toward
that which maximizes the moment of
inertia. That is, the two longest axes
of the grain will tend toward the
horizontal (flat spin). This tendency
will be influenced by the couple in
the vertical plane. The speed of ro
tation eventually becomes such that
the horizontal force component is
equalized by a new drag, and the final
aerodynamic force in stable rotation
is simply equal and opposite to the
force of gravity.

Quantitatively, the rotation of the
grain seems important only through
its tendency to throw the grain into a
horizontal attitude. The kinetic
energy of rotation is small in compari
son with the kinetic energy of falling.

SUMMARY

A vertical wind-tunnel was construc
ted and used for the study of the be
haviour of grains moving through air.
The terminal velocities and the drag
forces of some grains were determined,
and some interesting observations
were made visually and photographic
ally of the way in which the grains
spin in an air stream. The drag on
the grains was influenced by the spin.
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