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ABSTRACT
Terminal velocity and drag coefficient of tef grain and chaff (Kuncho variety) have
been experimentally measured. The effects of moisture content of tef grain, node
position and length of straw on terminal velocity were studied. The results showed
that moisture content have significant effects (p<0.01) on terminal velocity. By
increasing moisture content from 7.3 to 25.94 % (w.b.), its terminal velocity
increased linearly from 2.98 to 3.87 m/s. Drag coefficient of the tef grain decrease
from 0.77 to 0.59 as moisture content increase from 7.3 to 25.94 %. The terminal
velocity of the straws with different node positions (node free, end node, and middle
node) and lengths (1 to 10 cm) were also measured.
Keywords: Aerodynamic properties, terminal velocity, drag coefficient, tef, straw,
node.
Introduction
One of the economical cereal crops in
Ethiopia is tef. It is indigenous to the country, and is
a fundamental part of the culture, tradition, and
food security of the people. This crop is gaining
international recognition and acceptance, and is a
means of foreign currency earning in addition to its
value as food and industrial crop at home. Currently,
tef is grown on approximately 2.80 million hectares
of land which is 27% of the land area under cereal
production. Tef accounts for about a quarter of the
total cereal production and is highly economical
food grain in Ethiopia. Approximately, 6 million
households grow tef and it is the dominant cereal
crop in 30 of the 83 high-potential agricultural
woredas (Bekabil et al., 2011). The grain, after
grinding and fermentation of the dough, is used to
make a thin flat pan cake called ‘injera” (Eleni,
2001).
Tef Grain cleaning can be considered a
stochastic process with particles changing
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orientation in a random manner both in time and
space. Separation and cleaning is conventionally
achieved as a result of the differences in the size,
density and terminal velocity of the mixed product.
The cleaning process is a mass transfer process
involving segregation of particles on a pan before
coming to the air stream, motion in the air stream
and motion after coming out of the air stream
(Simonyanetal, 2006). Impurities and contaminants
are separated from sound grains during cleaning
process. Clean grains save storage space and
increase marketability. Contaminants affect the
quality of grains and make grains less attractive in
appearance therefore they constitute easy habitants
for pests, increase handling cost, and ultimately
cause low market value.
Agricultural engineers have used separation
and handling of material by compressed air for many
years. Knowledge about aerodynamic properties of
agricultural materials is a necessity for
hydrodynamic and aerodynamic behavior of
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material. Drag coefficient and terminal velocities of
material are the most important parameters in
aerodynamic. Terminal velocity is one of the most
important parameters for separation of (MOG) chaff
and tef (grain) from each other. Terminal velocity for
each element of agricultural materials for separation
and handling is very important and therefore, is a
very effective parameter for agricultural machine
and system design (Rabani et al., 2002;
Tabatabaeefar, 2003). Pneumatic separation and
cleaning is most widely used method because air is
chiefly available, of the lowest cost and it doesn’t
cause any mechanical damage during separation and
cleaning operations of materials.
Mohsenin (1978) indicate that separation
of a product from its associated and yet undesirable
materials, such as straw and chaff, in air stream,
require knowledge of aerodynamic characteristics of
all the particles involved. Furthermore, it was noted
that a range of air velocities, for effective separation
of the grain from MOG need to be estimated. As
such, the terminal velocity (Vt) be used as an
important aerodynamic characteristic of materials in
pneumatic conveying and separation. Wu et al.
(1999) and Ayman, 2009 noted that by defining the
terminal velocity of different threshed materials, it
was possible to determine and set the maximum
possible air velocity in which MOG can be removed
without losses.
Materials and Methods
Sample preparation
The tef, namely, kuncho was used in the
experiments. The cultivars were procured from the
Ethiopian clean seed enterprise Asella branch. The
moisture content of the seeds was determined by
the standard oven drying method at 105°C for 24 h
(Zewdu and solomon, 2007; Dursun&Dursun, 2005;
Balasubramanian, 2001).
The initial moisture
content of the tef grain was found and in order to be
able to measure the effect of moisture content on
terminal velocity, the grain was rewetted by adding
a calculated amount of water according to equation
1.
Q=
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W(Mf − Mi )
…
(1oo − Mf )
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The straws had a length of 1 to 10 cm with three
different node position groups: node free, middle
node and end node. The means of mass (M) and
diameter (D) of the straw samples were given in
Table1.
Table 1. Specification of Tef Straw Samples

M = mass (g) D = diameter (mm)
Terminal velocities
and Drag
Measurement

coefficient

Determination of terminal velocity of tef
seed is not possible by predicting them from
mathematical relationships like most agricultural
products that are not spherical so it is better to
measure terminal velocities experimentally in the
laboratory (Zewdu, 2007).The terminal velocity was
determined using an air column. The measurement
device consisted of three components. A vertical
tube, a fan connected to a speed control and a hot
wire digital anemometer with a probe. In order to
homogenize the air flow and reduce the turbulence
an air flow straightener made of Teflon was placed
in the vertical tube. A wire grid was positioned in the
vertical tube to prevent the sample from falling
down to the bottom. For each test, a small sample
dropped into the air stream in the vertical tube and
air was blown by a fan in the upward direction. Then
the air flow rate was increased by the speed control
unit until the sample was suspended in the vertical
air stream. The probe of the hot wire anemometer
was inserted into the air stream through a small
hole in the wall of the tube and the air velocity near
the location of the seed suspension was measured
to an accuracy of 0.01 m/s(Kara etal, 2012).
When a particle is suspended in a vertical
airﬂow, then the speed of the airﬂow holding this
position is called the terminal velocity (Vt) of the
particle and the drag force is balance by the particle
weight (mg), such that

(1)
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3). The terminal velocity of tef grain increased from
-1
2.98 to 3.87 ms as shown in Figure 1 with
increasing in moisture content from 7.3 % to 25.94
% w.b. But on the contrary, the resulting drag
coefficient related to each moisture content
decreased from 0.77 to 0.59 with increasing in
moisture content from 7.3% to 25.94% Figure 2.

(2)
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Where M is the mass of the particle (kg), g is the
2
acceleration due to gravity (9.81 m/s ), Vt is the air
terminal velocity (m/s), Cd is the coefficient of drag,
a is the air density (1.25 kg/m3) and A is the
2

As shown in table 2 there are no significant pairwise
differences among the means of drag coefficient in
as moisture content increase from 7.3 to 10.46 %.
Regarding to terminal velocity there is significant
difference at probability level of 5% as moisture
content increasing from 7.3 to 25.94 %.

particle area projected to air, m .The terminal
velocity (Vt), thus, depends on the mass of particle
(M), its projected area (A) and the coefficient of drag
(Cd)among other constant factors (g and  ). The

Table 2. LSD-Pairwise Comparisons result of drag
coefficient and terminal velocity
Parameters

Drag coefficient

coefficient of drag (Cd) varies according to other
factors including geometry and surface of particle,
and state of airﬂow around it (Gorial and
O’Callaghan 1990; Tabak and Wolf 1998).

7.3
10.46
14.62
18.78
25.94

0.7733
0.6800
0.6300
0.6167
0.5900

Results and Discussion
Effect of moisture content on Terminal Velocity
and Drag Coefficient
Terminal velocity and drag coefficient were
linearly related to moisture content as indicated in
equations Table 1.

CV %

a
ab
b
b
b

11.79

Terminal
velocity
2.9700 e
3.2100 d
3.3133 c
3.5900 b
3.8667 a
0.22

Alpha
= 0.05
The same letter in column no significant difference
Table 3ANOVATable for Drag coefficient and
terminal velocity

Table 1.Linear equation for terminal velocity and
drag coefficient

MC- moisture content, Vt -Terminal velocity and Cd drag coefficient
The results of measured mean terminal
velocity (Vt) and calculated drag coefficient (Cd) of
the samples at different moisture content were
given in Figure 1 and 2. By increasing moisture
content, its terminal velocity was increased. This
result had also proved by Equation 3that Vt has a
direct relation with mass. Moisture content had
significant effect (p<0.01) on terminal velocity (Table
9

Figure 1. Effect of Moisture Content on terminal
Velocity of Tef Grain
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Under the assumption that both straws lie
horizontally with maximum frontal area, this value
should yield in lower terminal velocities in node-free
straws. The terminal velocity node-free and middle
node straws of tef showed a decrease from 3.61 to
2.19 m/s and 3.12 to 2.76 m/s however, for endnode straw an increase in terminal velocity 3.51 to
5.58 m/s with an increase in length of straw from
1to 10 cm was seen Figure 3.
Figure 2. Effect of Moisture Content on drag
coefficient of Tef Grain
The decrease in drag coefficient is related to the
increase in mass and as well as increased frontal
area. The range of drag coefficients indicated that
the tef grain behaved ore like spheres when they
had higher moisture content. There is a linear
increase in terminal velocity against moisture
content as was shown with various terminal velocity
of tef grain in the graph.Short straws are the major
contaminants of threshed materials. Zewdu, 2007
and Abduljelil, 2010, also observed the same effect
with their study on the tef and straws. They are also
very difficult to separate from the grain. Straws are
neither symmetrical nor uniform (due to tapering),
in density (due to nodes) and their lack of symmetry
causes aerodynamic instability. Aerodynamic
instability of tef straws was not obtained in this
particular experiment conducted on the straws. The
same phenomenon was seen in this experiment
particularly having a pronounced effect on the endnode straws. This result was the same as found by
other researchers for some other agricultural
material (Khoshtaghaza and Mehdizadeh, 2006;
Ayman,2009; Shellard and Macmillan,Gubta,2006).
Terminal velocity measurements of straw
materials were shown in Figure3. Generally, end
node straws showed higher terminal velocities as a
result of their orientation in the vertical upright
position minimizing their frontal area to the crosssection of the straws. Middle- node straws showed
higher terminal velocities than node-free straws.
Assuming that straws had the symmetrical circular
cross-sectional areas without tapering at one end,
node-free straws could have lower weight than
middle-node straws even if their diameter and
length are equal with middle nodes.
10

Figure 3. Effect node position and varying of straw
on terminal velocity of tef straw
Table 4. Measured tef grain terminal velocity by
different researchers at different moisture contents

Conclusion and Recommendation
The following conclusions can be drawn from the
experiments:








By increasing the moisture content from
7.3 to 25.94 % (w.b.), its terminal velocity
increased linearly from 2.98 to 3.87 m/s.
Terminal velocity of tef straw depended on
node position and end node position had
the highest terminal velocity.
The Terminal velocities of end nodes
exhibited gradual increase. The highest
Terminal velocities were obtained from end
node straws.
Because the minimum terminal velocity of
tef samples was 2.98 m/s and the
maximum terminal velocity of tef straws at
end node was 5.58 m/s so complete
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separation tef grain from straw is
impossible.
The drag coefficient of tef seed decreased
with increase in moisture content.
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