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ABSTRACT

The aerodynamic properties of five varieties of yam namely: white yam, purple yam, three
leaves yam, water yam and yellow yam were investigated under oven drying methods at
33°C. The dried yams were milled to flour and were taken to laboratory to determine their
aerodynamic properties with respect to pneumatic conveying of the yam flours. The yam
flour varieties recorded terminal velocity range of 1.38 to 1.60m/s. Drag coefficient of 0.47
and Reynolds number varying from 0.63 to 0.97x10. The analysis of variance (ANOVA)
conducted on the effect of yam varieties on the aerodynamic properties of yam flour did not
show significant difference at both 5% and 1% level of probability. The study will guide
engineers in design of yam flour pneumatic conveying equipment.

1.0 INTRODUCTION

Aerodynamics is a branch of dynamics that deals with the movement of air and other gaseous
fluids as it relates to forces acting on bodies moving through such fluids. It is the study of
movement of air and the interaction between the air and solids passing through the air. In the
course of this research work, focus will be on pneumatic conveying. Pneumatic conveying is
the movement of flour/powder and other granules using air as a medium. It is a method of
moving material using air as a transporting medium. Pneumatic conveying can be achieved
through negative conditions (vacuum) or positive conditions (pressure). The bulk granules or
material are conveyed through an enclosed system (pipeline) by collective force of pressure
and air flow used to convey the materials. It has many advantages over mechanical conveyors

as follows, (1) Closed system conveying reduces cross contamination (2) Ease of automation,
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control and routing flexibility. (3) Easy dust control (4) Cost savings in flight rate of bulk
materials (5) Lower maintenance, power and labour.
Aerodynamic properties are essential parameters in hydraulic conveyance and handling as
well as hydraulic categorisation of agricultural products. To generate simple data for the
development of machines for sorting, conveying and sizing of agricultural products, some
properties like: physical characteristics and terminal velocity are required. The two most
important aerodynamic properties of a body are its terminal velocity and drag force (drag
coefficient too). Relating the terminal velocity of different threshed materials, it is likely to
determine and set the highest possible air velocity in which grain materials can be separated
without loss of grain or the principle can be adopted to sort grain into different size groups.
More so, agricultural materials and food products are usually conveyed using air. The
interaction force between the solid particles and the moving fluids determine the forces
applied to the particles. This interaction is influenced by the density, shape, and size of the
particle along with the viscosity, density and velocity of the fluid.

Terminal velocity and drag coefficient of agricultural materials are important in
designing of air/hydro conveying equipment and separation systems. Air is frequently used as
a conveyer for conveying or for separating the soughtable materials; therefore terminal
velocity and drag coefficient are required for air conveying and pneumatic separation of
products. In processing of biomaterials, air is usually used as a mover for transport or for
sorting out the desirable products from unwanted materials, hence the aerodynamic properties
such as terminal velocity and drag coefficient are required for air conveying and pneumatic
sorting of biomaterials. When the air velocity is higher than terminal velocity, it lifts the
particles; And to allow greater fall of a particle, the air velocity could be adjusted to a level
just below the terminal velocity. Terminal velocity is the highest velocity an object can reach

as it falls through a fluid (example is air). It arises when the addition of the drag force (Fg)
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and the buoyancy is equal to the downward force of gravity acting on the object.
Subsequently, if the net force on the object is zero, the object has no acceleration. An object
is said to move at its terminal velocity in fluid dynamics if its speed is continuous as a result
of the restrictive force exerted by the fluid through which it is moving. When the speed of an
object increases, the drag force acting on it increases, and it all depends on the substance
through which it passes (example is air or water). At some speed, the drag or force of
resistance may equal the gravitational pull on the object (buoyancy is considered below). At
this point the object stops to accelerate and continues falling at a constant speed called the
terminal velocity (it is also known as settling velocity). An object moving downward faster
than the terminal velocity will slow down till it gets to the terminal velocity. Drag is
dependent on the projected area, the object's cross-section in a horizontal plane. An object
with a big projected area relative to its mass, such as a parachute, has a lower terminal
velocity than one with

Pneumatic conveying is an innovative technology that facilitates the transference of
solids in an enclosed system. It enables the solids to be homogenized into a stream of gas
and uses pressure and/or vacuum to move the gas stream with the entrained solids. The
solids to gas relationship, and resultant flow rates and pressures are controlled and observed
for efficient conveying of the solids from their primary source to a secondary place. The
solids are alienated from the gas stream by a dust collection or filter element, which is
classically a major component of this type of equipment. Pneumatic conveying is an
innovative, simple solution to numerous outdated conveying difficulties. It is a reliable
substitute to mechanical conveyors that operate with moving parts such as belts, screws,
rollers, vibrating plates, elevator buckets, drag chain, cables, discs, etc. These systems can
work efficiently for conveying large objects, although they are limited in the ability to safely

and effectively convey small and fine particles such as plastic pellets, soda ash, talc, cement,
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silica and alumina (Oke et al., 2013). It is an exquisite solution to some problems in
mechanical conveyors, such as cross contamination of materials with environment,
material/dust scattering all over the place. It suspends these particles in air through a
pneumatic conveyor or tube. Pneumatic Conveying is energy and cost efficient method of

moving dry bulk materials such as powders and granules from one point to another.

In several industrial processes where raw materials are required in bulk, pressure discharges
are used to move them from supplier’s warchouse to processing plants/centres. This type of
material handling system does not require bags or containers to convey the materials; it is
enclosed and easy to operate and inexpensive when large quantities of materials are being
moved in bulk on a regular basis.Pneumatic conveying is extensively used in industry to
handle and move dry and free-flowing powdered and granular material because it is
appropriate for diverse processes. Fine particles of less than 1 micron, as well as 15 mm
solids, can be conveyed vertically and horizontally from distances of few metres to a few
kilometres at rates of hundreds of tons per hour. Though pneumatic conveying involves a
greater power usage and more expertise than mechanical conveying, it has lesser initial
capital investment; it requires less control and maintenance, takes up little space and pipeline
are easier routed. It shields the material from the environs by enclosing it, and it is cleaner
and easier to automate.The system is totally enclosed which means that harmful materials can
be safely conveyed, and dust is reduced. The objective of this study is to investigate the
aerodynamic properties of yam flour which will guide engineers in design of yam flour

pneumatic conveying system and equipment.

2.0 MATERIALS AND METHODS



2.1  Research Materials

The research materials include five varieties of yam flours white yam (Dioscorearutundata),

purple yam (Dioscoreaalata), yellow yam (Dioscoreacayenensis), three leaves yam

(Dioscoreabulbifera) and water yam (Dioscoreaalata).

2.2 Research apparatus

The following apparatuses/equipment were used for the experiment:

1. Drying equipment:An electric oven dryer of model LOA 1805, Munich Germany; A
solar dryer (solar energy collector) locally fabricated; it was made of metallic box
having gross dimensions. The gross dimensions of the absorber plate are 1.0m long,
0.62m wide and 0.55mm thickness with a net surface area of 0.62m?.

2. Analytical balance (Model PA 2120; sensitivity 0.001g Ohaus Co, Pine Brook NJ,
USA) used for samples weight measurement.

3. A thermocouple used to measure the temperature. (Type T thermocouple with a

maximum error of 0.5°C)

4. A yam milling machine (Hammer mill) used for milling the dried yams.

5. Slicer used for slicing peeled yam tubers

6 Vane Anemometer used in determining air velocity

7 Hygrometer for measuring relative humidity.

8. Moisture meter of model Gm640 portable moisture meter made in Sweden.
9 SP caliper, plastic bowels, knife for peeling, and air tight plastic containers.

2.3 Experimental Procedure
2.3.1 Sample preparation
The yam tubers were washed, hand-peeled and sliced to range of 10 to 15mm thickness. The

sliced yam tubers were generally dried to a constant weight and milled accordingly using
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laboratory harmmer mill. The yam flour was separately kept in moisture resistant/air tight

container and was taken to the laboratory for aerodynamic properties tests.

2.4. Determination of Aerodynamic Properties of Yam Flour

2.4.1 Measurement of terminal velocity
The terminal velocity of the yam flour was determined using equation (1) according to

(Briens, 1991).

_ [2mg ~
V=V )

Where

V = terminal velocity,m/s

m = mass of the falling object, ¢

g = acceleration due to gravity, m/s

Cd = drag coefficient.

p = density of the fluid through which the object is falling, g/cm®

A = projected areaof the object, cm?

2.4.2 Evaluation of Reynolds number
The Reynolds numbers of the yam flours were evaluated from the measured terminal velocity
and diameter of the samples using the expression as propounded byMohsenin (1970)and

adopted by Oduma et al (2014).

VtD
Ngr= N7 (2)

where
Ngr = Reynolds Number (dimensionless)

V¢ = terminal velocity, m/s
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f = air density g/cm®

D = diameter of flours (m)

N = air/ kinematic viscosity, kgm™s)

The air density is assumed to be 1.15kg and kinematic viscosity, 1.88x10°kgms at constant

laboratory temperature and pressure.

2.4.3 Estimation of the effective diameter of the flour

The diameter of the yam flour was measured using the method adopted by Olorunsola et al
(2012) as described by Nwosu (2010) in which 20g of flour was poured inside a funnel of
orifice diameter of 0.8cm, clamped at height of 10cm; and the flour samples were allowed to
flow freely to a flat platform to an arbitrary height and the diameter (D) of the heap of the

flour was measured and recorded.

3.6.4 Determination of drag coefficient
The shape of the yam flour was spherical and the calculated drag coefficient for spherical

biomaterials is 0.47 (Briens, 1991)

RESULTS AND DISCUSSION
Table 4. Presents the drying characteristics of yam varieties dried using oven drying method

at 33°C.



Table 1 Aerodynamic Characteristic of Yam Flour Varieties.

Yam Variety Property Mean £ SD Maximum  Minimum Value
Value
White yam Terminal Velocity m/s  1.37+ 0.12 1.52 1.22
Reynolds Number 0.68 £1.41 1.02 0.34
(N1 X 10®)
Drag Coefficient 0.47 0.47 4.7
Three Leaves  Terminal Velocity 0.97 £0.03 1.60 1.31
Yam m/s
Reynolds Number 0.93+£1.32 1.06 0.44
(N12 X 107)
Drag Coefficient 0.47 0.47 0.47
Purple Yam Terminal Velocity 1.38 +2.11 1.49 1.26
m/s
Reynolds Number 0.68 £ 0.24 1.04 0.31
Drag Coefficient 0.47 0.47 0.47
Water Yam Terminal Velocity 1.28 +5.13 1.38 1.18
m/s
Reynolds No. 0.63+1.23 1.01 0.24
Drag Coefficient 0.47 0.47 0.47
Yellow Yam Terminal Velocity 1.37+1.80 1.50 1.24
m/s
Reynolds No. 0.74 £0.08 1.09 0.39
Drag Coefficient. 0.47 0.47 0.47




Table 2 Anova of the effect of yam type on the Aerodynamic properties of yam flour

Source of D.F Sum of squares Mean F. Cal F. Tab
variation (SS) square (MS) 50 1%
CFM 1 64.21156

Yam 4 2.28484 0.57121 0.073"° 519 11.39
varieties

Error 5 -39.055 7.811

Total 9 -36.72066

Table 1 presents the aerodynamic behaviours of the yam flour varieties. Results revealed that
three leaves yam had the highest range of terminal velocity of 1.31 to 1.60m/s, followed by
white yam with terminal velocity range of 1.22 to 1.52 m/s, yellow yam (1.24 — 1.50m/s),
purple yam (1.26 — 1.49 m/s) and least was water yam with terminal velocity range of 1.18 —
1.38 m/s.The terminal velocity of the yam flours are within the range of terminal velocity
obtained by Oduma et al (2014) which indicated that pneumatic conveying of the flour is

possible with minimum or no loss of the flour.

Furthermore, yellow yam recorded the highest Reynolds number varying from 0.39 x 10™ to
1.09 x 10 with mean value of 0.74 x 10 and standard deviation of +0.08 followed by three
leaves yam with Reynolds number of 0.44 x 10”° and standard deviation of + 1.32. The least
Reynolds number was recorded by white yam (0.34 x 10™ to 1.02 x 10°) with mean and

standard deviation of 0.68 + 1.41. The yam varieties generally had uniform drag coefficients

of 0.47 according to the assumption of Briens (1991). Finally, The analysis of variance
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(ANOVA) conducted on the effect of yam varieties on the aerodynamic properties of yam

flour (Table 2) did not show significant difference at both 5% and 1% level of probability.

4.0 CONCLUSIONS
The yam flour varieties recorded terminal velocity range of 0.98 to 1.60m/s;
Drag coefficient of 0.47 and Reynolds number varying from 0.63 to 0.97x10°.

The study will guide engineers in design of yam flour pneumatic conveying system and
equipment. The result also showed that less energy cost is required in designing a pneumatic

conveying system for the studied yam floors.
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