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Abstract: An okra dryer was designed, constructed and evaluated in this study for post-harvest processing of
the fruit. The dryer consists of a heating chamber, two drying trays, a blower of 1 hp, two heating elements of
2000W each, 4 roller tyres for ease of mobility, a control box which consist of a thermostat that regulates the
temperature in the dryer. The result of evaluation of the dryer in no load indicated that it was able to yield
temperature very close to the preset (by the thermostat) after about 3 min. The dryer was evaluated by drying
okra of different thickness (5 and 10 mm), in two trays at two heights (25cm and 50cm from the bottom) and
at a preset temperatures of 50 and 70ºC. Moisture losses from the slices were obtained at intervals of 30, 45,
60 and 90 min. The result showed that increase in temperature from 50 to 70ºC, increases moisture loss from
the slices. Slices of 5 mm thickness were observed to dry faster than 10 mm slices with those on the upper tray
losing more moisture. The study further showed that slice thickness of 5 mm dried at 70ºC in the upper tray
level of 60 cm from the base of the dryer are suitable for drying okra slices in the dryer. 
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INTRODUCTION

Okra (Abelmoschus esculentus L.) is also known as
lady's Fingers. Okra comes from a large vegetable plant
thought to be of African origin. It is grown in tropical and
warm temperate climates; it is in the same plant family as
hibiscus and cotton hollyhock, rose of Sharon and cocoa.
It is a tall (2 m) annual tropical herb cultivated for its
edible green seed pod (there is also a red pod variety,
which turns green when cooked). It is green in colour with
a sharp pointed nose-like an apex shape. Okra (Fig. 1) is
usually available fresh year-round in the South western
part of Nigeria and from May to October in many other
areas. Okra has both domestic and industrial applications.

The leave buds and flowers are edible. The pods,
when cut, exude a mucilaginous juice that is used to
thicken stews (gumbo), and have a flavour somewhat like
a cross between asparagus and eggplant (Ehler, 2010).
The fruit could be dried; dried okra powder is used for
salad dressing, ice creams, soups, cheese and candies.
Very young, tender pods can be sliced, dipped in egg,
breaded with corn meal and fried (a favourite in the
Southern US). Okra can also be steamed, baked, pickled,
boiled or stewed. Because of its similar flavour, it can be
used in place of eggplant in many recipes. Okra is a rich
source of many nutrients, including fibre, vitamin B6,
vitamin  C   and   folic   acid  .  It   has   many medicinal
applications such as stabilising the blood sugar, binding
excess cholesterol, replenishing sodium in the body and

(a) (b)
Fig. 1: (a) Picture of freshly harvested okra and (b) transverse

section of sliced okra fruit

as anti-oxidants among others (Sylvia, 2006; Adeboye
and Oputa, 1996; Junji, 2004). 

In Nigeria, there are two distinct seasons for okra, the
peak and the lean seasons. During the lean season, okra
fruits are produced in small quantities, scarce and
expensive to get (Bamire and Oke, 2003). Okra has a
higher yield, and thus can be harvested within three (3)
months and sometimes as early as six (6) weeks from
sowing.  In   the peak   season,   it   is   produced in large
quantities much more than what the local populace can
consume and therefore requires some level of
preservation. The traditional method of preservation in
Nigeria and most African countries involves spreading it
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Fig. 2: Isometric view of the okra dryer

Fig. 3: Pictorial section of the drying chamber

Fig. 4: The side view of the dryer showing the drying trays Fig. 5: The blower
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Fig. 6: The thermostat

in the open in cold weather or refrigeration; but can only
preserve  okra  for  a  limited  period of time (Owolarafe
et al., 2007). The fruit depreciates quickly because of its
perishable nature. This phenomenon results in appreciable
loss in revenue yearly to the farmers. The common
method of preservation in the southern part of Nigeria is
to process the pods into a crispy dry product, this involves
slicing the fresh fruit with a sharp knife, sun-drying and
stored in a calabash gourds till when needed for cooking.
The entire process is quite laborious and time consuming
but contributed largely to reduction in wastage of the
vegetable during the peak harvesting period. Drying
preserves foods by removing enough moisture from food
to prevent decay and spoilage. Food drying is a very
simple, ancient skill. It requires a safe place to spread the
food where dry air in large quantities can pass over,
removing its moisture. Dehydration of vegetables and
other food crops by traditional methods of open-air sun
drying is not satisfactory, because the products deteriorate
rapidly.  Furthermore, traditional methods do not protect
the products from contamination by dirt, debris, insects,
or germs and as a result, various methods have been
developed over the years to improve the operation of
drying which grew to the fabrication of various types of
food dryer. This traditional method of drying which is
also employed for okra vegetable predisposes the product
to a lot of losses both in quantity and quality because of
the dependence on direct solar drying and exposure of the
vegetable to disease infestation and contamination.

Proper processing and preservation techniques which
inhibits the growth of micro-organism and hinders quality
reduction are required to combat the problem of wastage
experienced during the peak season of okra and making
the fruit available round the year. The most efficient way
of achieving this is through drying of the okra produced
in the peak season. This work was tailored towards the
design and performance evaluation of a fabricated dryer
for okra slices. Proper evaluation of this dryer was
conducted in order to determine its suitability in meeting
the requirement for drying the product. This will
drastically reduce the associated problem and difficulties
in the traditional methods of okra preservation.

Fig. 7: The control box

MATERIALS AND METHODS

The study (design) was carried out in 2007/2008
academic session and the evaluation done in 2009/2010
academic sessions. It was done at the Department of
Mechanical Engineering in collaboration with
Agricultural Engineering Department of Obafemi
Awolowo University, Ile-Ife Osun State in Nigeria. The
dryer was designed for okra vegetable to cater for small
scale and medium scale processors. The following factors
were considered in designing the machine: efficiency,
safety, reliability, cost of production, maintainability,
principle of operation, comfortability of use. 

Dryer description: The isometric view of the dryer is
presented in Fig. 2. The component parts of the dryer
include a chamber (Fig. 3 and 4) which consist of 2
drying tray, two heating element (2000W each), and the
thermostat probe for reading the chamber temperatures. It
also has a blower (Fig. 5). The blower blows in air to the
chamber to circulate the heat generated by the heating
element to create a mixed convectional heating of the okra
slices. The thermostat (Fig. 6) is used for regulating the
heat generated by the heating element. The dryer also has
a control box (Fig. 7) consisting of the control system of
the dryer.

Design calculations: The design criteria and computation
for the component parts of the dryer is presented below.

Blower: A blower is a ducted mechanical fan
(centrifugal) which is used in circulating the heated air in
the chamber. The blower produces more pressure for a
given air volume and help in the convectional flow of the
heat into the drying chamber.

The dimensions and the specifications of the blower
used are listed below:

C The dimension is ( 290 × 188 × 8 ) m3

C The flow rate is 305.00 m3/h
C Diameter of the blade is 180.00 mm
C Mass of the impeller is 2.0 kg
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C Maximum allowable temperature of the blower is
250ºC

Flow rate (m3/h) = Velocity V × Area A
Since Area= (BD2/4) m2

A = (3.142×0.182)/4 = 0.025 m2

Velocity (msG1) = flowrate / (Area × 360)
= 305.0 / (0.0254 × 3600) = 3.33 msG1

 
Since V = BDN/60

ˆ N = (V × 60) / BD 
= (3.33 × 60) / (3.142 × 0.18) = 353.27 rpm

Centripetal force Fc can be calculated as = mv2/r
where, m = mass, v = velocity and r = radius

ˆ Fc = (2×3.332) / 0.09 = 247.24N

Torque T = Fcxr = 247.24×0.09 = 22.25Nm

Power (p) = 2BNT/60 
= (2 × B × 22.25 ×354)/60 = 823-35W
= 1.103hp

With the uncertainties that may occur in the
functionality of the dryer, it is appropriate to use a blower
having higher horse power than the calculated horsepower
of the blower. Therefore, 1.2 hp blower was chosen for
the design.

Heating element: A heating element converts electricity
into heat through the process of Joule heating. The
heating element use nichrome wire or ribbon as the
conductor. Nichrome is an ideal material, as it is
inexpensive, has relatively high resistance, and does not
break down or oxidize in air in its useful temperature
range.

The relationship between the heat (q) that is
transferred and the change in temperature (dT) is:

q = mCdT = nC(TF - Ti)

The proportionality constant in this equation is called
the heat capacity (C) in J/kg ºC. The temperature change
is the difference between the final temperature (Tf)and the
initial temperature (Ti) in ºC and m is the mass of the
heating element in kg.

 Since Tf = 70ºC (maximum temperature)
Ti = 23º C (minimum temperature)

m = 3kg
Cp = 1.023 J/kg ºC 

Since there are maximum of two elements

q = 1.023 × 3 × (70-30) = 144.2433j

Therefore the total amount of heat energy in the
drying chamber is 288.486 KJ.

Fibre glass: Fibre glass is a material made from
extremely fine fibers of glass. They are useful because of
their high ratio of surface area to weight. It is used as a
lagging material for the dryer with the following
properties:

 Thermal conductivity = 0.032 W/mK
 Embodied carbon = 1.35 CO2/kg
 Embodied energy = 28 MJ/kg

The heat loss by conduction can be calculated as:

q = kA (dT/dx)

Considering the first side of the dryer, where L =
1500 mm = 1.5 m

t = (1000-672)/2 × 10G3 m = 0.164 m
A = t×L = 0.246 m2

ˆ q = 0.032 ×1.5×0.164× dT/0.164 = 0.048 (T2 - T3)

Since there are two sides, therefore

q1 = 2×q = 0.096 (T2 - T3)

Also the other side, L = 1000 mm = 1 m, t = 0.164 m, A
= 0.164 × 1 = 0.164 m2

q2 = 0.032 × 10.164 × (T2 - T1)/0.164 
= 0.032 (T2 - T3)

Lastly at the bottom part of the dryer, L = 1000 mm
= 1 m, t  = 500 mm = 0.5 m, A = 0.5 × 1 = 0.5 m2

q3 = 0.032 × 0.5 × 1 × (T2 - T3)/0.5 = 0.032 (T2 - T3)

Total heat transfer through the fibre glass is q1 + q2  +  q3

= 0.096 + 0.064 (T2 - T3) = 0.16 (T2 - T3)

Galvanized mild steel: The galvanized mild steel is the
steel that form the main body of the dryer, it is used to
cover the dryer, the steel used are of two section, the first
section is the internal section and the second is the
external section, the internal section make up the dryer
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chamber. The thermal conductivity of the galvanized
sheet metal is 0.36 W/mK. The quantity of heat
transferred can be calculated as:
External section

q = KA dT/dx

where, L = 1500 mm = 1.5 m, t = 2.5 mm = 0.0005 m,
Area = 1.5 × 0.0005 = 7.5 × 10G4 

q1 = 0.36 × 1.5 × 0.0005 × dT/0.0005 = 0.54 dT

q2 = 0.36 × 1 × 0.0005 × dT/0.0005 = 0.36 dT

Since there are four sides therefore, 

2(0.54 + 0.36)dT = 1.8dT = 1.8(Ts,4 - T4,4)

Internal section:

q = KA dT/dx

where, L = 67 mm = 0.672 m, t = 0.5 mm = 0.0005 m,
Area = 0.672 × 0.0005 = 3.36 × 10G4

q1 = 0.36 × 0.672 × 0.0005 × dT/0.0005 = 0.24 dT

q2 = 0.36 × 1 × 0.0005 × dT/0.0005 = 0.36 dT

Since there are four sides therefore, 2(0.24 + 0.36)dT =
0.6 dT = 0.6 (Ts,1 - T2)

Thermostat: A thermostat is a device for regulating the
temperature of the dryer, so that the dryer’s temperature
is maintained near a desired set point temperature. The
thermostat does this by controlling the flow of heat energy
in the drying chamber; the thermostat controls the
switching on and off of the heating element as needed to
maintain the correct temperature. Thermostats can be
constructed in many ways and may use a variety of
sensors to measure the temperature. The output of the
sensor then controls the heating or cooling of the element.
The type of thermostat used in this design is an electronic
thermostat.

Heat transfer analysis: The design of the dryer for the
okra slices necessitates that the components be designed
based on the critical design analysis. Each section of the
dryer wall behave like a composite wall, firstly the heated
air in the chamber is in motion which is as an effect from
the blower, the heated air is at the temperatur T4,1 and its
in circulation causing heat transfer by radiation and
convection on the internal metal sheet at temperature Ts,1,
and the heat is transferred by conduction through the
internal galvanized sheet from Ts,1 to T2, through a

distance of LA, and after heat is then  transferred through
a distance of LB by conduction in the fibre glass from T2
to T3, also heat is transferred through the external
galvanized steel by a distance of LC and the mode of heat
transfer is conduction from a temperature of T3 to Ts,4 and
lastly from the external galvanized steel heat is transferred
to the environment by convention and radiation and the
environment temperature is T4,4. Figure 8 shows the
thermal circuit for the dryer. Since heat rate by conduction
is:

q = kA (dT/dx)

Thermal resistance R = L/KA = (Ts,1 - Ts,2)/q. Also heat
rate by convention is:

q = hc A(Ts - Tf)

Thermal resistance R = 1/hA = (Ts - T4) / q
Lastly, heat rate by radiation is 
Thermal resistance R = 1/hA = (Ts - Tsur)/ q

Since the wall of the dryer is a composite wall, it can
be analysed by an equivalent thermal circuit since it
contain series and parallel thermal resistance due to layers
of different materials.

The heat rate can be calculated for the composite wall
as thus:

q
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Amount of moisture removed from a given quantity of
wet okra slices to bring the moisture content to a safe
storage level in a specified time: The amount of
moisture content removed from the product, mcwb, in kg
for 5 mm sliced thickness, drying at 50ºC, using the upper
tray was calculated using the following equation:

mcwb = (Mi - Mf / 1f)
Mi is the initial moisture content, % wet basis = 30.413
w.b.
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Mf is the final moisture content, % wet basis = 22.023 w.b

Mass of water evaporated = (30.413 - 22.023)/1
= 8.390 kg

Final or equilibrium relative humidity: Final relative
humidity or equilibrium relative humidity is calculated
using sorption isotherms equation for mango given by
Hernandez et al. (2000) as follows:

aw = 1-exp[-exp(0.914 + 0.5639 ln M)]

where, aw is the water activity M is the moisture content
dry basis; kg water / kg dry solids = 8.390

ˆ aw = ERH/100
aw = 1-exp [-exp(0.914 + 0.5639 ln 8.390)]
aw = 97.9% = 97.9

Quantity of heat needed to evaporate the H2O: The
quantity of heat required to evaporate the H2O would be:

Q = mw × hfg

where,
Q = the amount of energy required for the drying

process, kJ
mw = mass of water
hfg = latent heat of evaporation, kJ / kg H2O

The amount needed is a function of the temperature and
moisture content of the crop. The latent heat of
vaporization is calculated using equation given by
Youcef-Ali et al. (2001) as follows:

hfg = 4.186 × 103 × (597 - (Tpr))

where,
Tpr is the product temperature, ºC = 23ºC

hfg = 4.186 × 103 × (597-0.56(23)) 
= 2.445 × 106 kJ/kg

Q = 26.959 × 2.445 × 106 = 1.939 × 108 J
= 659 × 105 kJ

Moreover the total heat energy, E (kJ) required to
evaporate water is calculated as follows

E = m!(hf - hi) td

where, E is the total heat energy, kJ, m! is the mass flow
rate of air, kg/h, hf and hi is the final and initial enthalpy
of drying and ambient air, respectively, kJ/kg dry air, Td
is the drying time in h

The enthalpy (h) of moist air in j/kg dry air at
temperature T(ºC) can be approximated as (Brooker et al.,
1992):

h = 1006.9T + w(2512131.0 + 1552.4 T)

Average drying rate: Average drying rate, mdr, is
determined from the mass of moisture to be removed by
electric heat and drying time by the following equation:

mdr = mw / td

The mass of air needed for drying is calculated using
equation given by Sodha et al. (1987) as follows:

m = mdr / (wf - wi)

where, m! is the average drying rate, kg/h; wf - wi is the
final and initial humidity ratio, respectively, kg H2O/kg
dry air.

From the total useful heat energy required to
evaporate moisture and the net radiation emitted by the
heating element, where the heating element area is Ae in
m2 can be calculated from the following equation:

AeIG = E = m!(hf - hi) td

where E is the total useful heat energy received by the
drying air, kJ, I is total electric heating elements radiation
on the horizontal surface of the tray during the drying
period, kJ/m2, G is the heating element efficiency, 25% to
85% (Sodha et al., 1987). Volumetric airflow rate, Va is
calculated by dividing the ma by the density of air which
is 1.2 kg/m3

Required pressure:

Velocity = Va / A

Va is the volumetric flow rate in m3/sec.
The pressure difference across the okra slices bed

will be solely due to pressure difference between the hot
air inside the dryer and the ambient air. Air pressure can
be calculated by using the equation given by Jindal and
Gunasekaran (1982):

p = 0.000308 g(Ti - Tam)H

where,
H is the pressure head (height of the hot air column

from the base of the dryer to the point of the air
discharge from the dryer) in meter (m)

P is the air pressure, Pa
g is the acceleration due to gravity 9.81 m/s2 
Tam is the ambient temperature ºC
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Table 1: Analysis for 50ºC temperature with no load
ºC ºC ºC ºC ºC ºC ºC ºC ºC ºC

50 ºC Tray1 48.00 49.00 49.00 50.00 49.00 49.00 50.00 50.00 49.00 50.00
Tray 2 47.00 49.00 48.00 48.00 48.00 48.00 48.00 48.00 48.00 48.00

Table 2: Analysis for 70ºC temperature with no load
ºC ºC ºC ºC ºC ºC ºC ºC ºC ºC

Tray 1 67.00 69.00 70.00 70.00 69.00 69.00 69.00 69.00 69.00 69.00
Tray 2 65.00 67.00 67.00 67.00 67.00 67.00 67.00 67.00 67.00 67.00

Table 3: Readings from experimental procedure
Time (min) Moisture loss(g)
--------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------
Temp. (ºC) 50ºC   70ºC
--------------------------- ------------------------------------------------------------------ ---------------------------------------------------------------
Sliced thickness (mm) 5 mm 10 mm  5 mm 10 mm
--------------------------- --------------------------- ----------------------------- ----------------------------- ------------------------

Upper Lower Upper Lower Upper Lower Upper Lower
Tray level tray tray tray tray tray tray tray tray
30 8.390 4.453 1.839 1.466 18.141 11.082 13.085 8.832
45 10.31 45.403 3.367 2.234 21.393 15.794 18.997 10.098
60 11.908 6.442 4.571 2.292 23.481 19.075 21.570 13.263
90 14.098 8.348 5.946 4.125 26.959 20.838 25.468 15.431

Fig. 8: Equivalent thermal circuits for the dryer wall

Performance evaluation: The dryer was evaluated at
both no-load and loading conditions. For the no-load test,
the thermostat of the dryer was set at temperatures of 50
and 70ºC and the temperature monitored over time at the
two trays levels (upper and lower) in the dryer.
Temperature readings obtained were compared with the
actual setting.  With regards to the loading test, the dryer
was  evaluated  by  using  a  32  factorial experiment with

temperature (50 and 70ºC), tray levels (lower and upper)
and slice thickness (5 and 10 mm) as factors. About 30 g
of each of the 5 and 10 mm samples was dried at the two
tray levels and two temperatures and the moisture loss
monitored over time until a constant weight of the
material was obtained. The effect of temperature, slice
thickness and tray level was then observed.
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Fig. 9: Effect of temperature on moisture loss on okra slices

Fig. 10: Effect of slice thickness on moisture loss at
temperature of 50ºC

RESULTS AND DISCUSSION

Testing at no-load condition: The result of the no-load
test indicated that time taken for the chamber to reach
50ºC was 2 min. It however took 3 min for the machine to
reach 70ºC. Table 1 and 2 shows the temperature readings
obtained from setting the thermostat at 50 and 70ºC,
respectively. It could be observed that the readings are
very close to the actual temperature setting with those at
the upper tray much closer to the actual temperature
within the few minutes of the test. However, after
sometime the temperature of both trays are the same, due
to the convectional current created in the chamber by the
blower.

Result of the loading condition: Experiments were
carried out to investigate the effect of temperature setting
of the dryer, slice thickness of okra and tray levels on the
moisture loss in the wet okra fruit. Table 3 shows the data
obtained from the experimentation.

Fig. 11: Effect of tray level on moisture loss a temperature of
70ºC

Fig. 12: Bar chart of moisture loss against temperature (ºC),
slice thickness (mm) and tray level

Effect of temperature on moisture loss: Effect of
temperature variation on moisture loss in the wet okra
slices (30 g weight) was studied. Figure 9 shows the
variation of moisture loss as a function of time and
temperature variation in the dryer. The effect of two
temperature settings (50 and 70ºC) on moisture loss was
studied on a 10 mm thickness of the okra slices at
constant upper tray level of the dryer. The study shows
increase in the moisture loss from the okra slices as the
temperature of the dryer is increased. At 30 min resident
time, moisture loss of 1.839 and 13.085 g was obtained at
temperature of 50 and 70ºC, respectively. At increased
resident time of 60 min, moisture loss of 4.571 and 21.570
g was observed for 50 and 70ºC, respectively. This study
depicts the fact that moisture loss in the wet sample of
okra slices is directly proportional to temperature
increase. More moisture loss will be obtained at increase
temperature of the dryer. Meanwhile certain limits must
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be maintained to insure avoidance of burning of the okra
slices.

Effect of slice thickness on moisture loss: The effect of
slice thickness on moisture loss was investigated on the
wet sliced okra sample (30 g) at the upper tray level of the
dryer. 5 and 10 mm thicknesses of the okra sample were
subjected to the same temperature of 50ºC and thereafter
observed again at temperature of 70ºC. Fig. 10 shows the
graph of moisture loss as a function of the okra slice
thickness. The result shows moisture loss of 11.908 g
from the 5 mm thickness and 4.571 g from the 10 mm
thickness at the same temperature setting of 50ºC and
resident time of 60 min. Similarly, at temperature level of
70ºC and resident time of 60 min, moisture loss of 23.481
and 21.570 g was observed for 5 and 10 mm, respectively.
Hence, the result shows that 5 mm thickness of okra
thickness loose more moisture when compared to 10 mm
thickness at the same operating temperature condition of
the dryer. Therefore moisture loss is directly proportional
to the slice thickness of the okra.

Effect of tray levels on moisture loss: Figure 11 shows
the graph of moisture loss as a function of resident time at
varying tray levels for two different slice thicknesses (5
mm and 10 mm) and constant temperature of 70ºC. The
result shows higher moisture loss in the okra sample (30g
weight) at the upper tray level for both 5 and 10 mm
thickness studied. For example, at resident time of 45
min, 5 mm thickness of wet okra slices shows moisture
loss of 21.393 and 15.794 g at the upper and lower tray
levels, respectively. Similarly for 10 mm wet okra slices
and resident time of 45 min, moisture loss of 18.997 and
10.098 g was observed at the upper and lower tray levels,
respectively. The results showed that at each dryer
operating conditions (thickness and time), more moisture
loss occurred at the upper tray level when compared to the
lower tray level. This is primarily due to the proximity of
the upper tray to the heating element of the dryer.
Therefore, increase in moisture loss is dependent on the
dryer tray level. Figure 12 shows a bar chart showing the
combined effects of temperature, slice thickness and tray
level on the moisture content loss on the wet sliced okra.

CONCLUSION

An electric okra drying device suitable for house hold
and on-farm use was fabricated and tested based on the
engineering properties of the vegetable. The machine was
made simple with consideration for ease of maintenance.
The performance evaluation of the okra dryer carried out
in this study revealed that it has the potential for usage in
okra processing. It is evident from the overall result that

electric drying is an effective method for producing dried
okra, which allows for shorter drying periods compared
with the traditional open-air sun drying method. However,
the drying temperature, the slice thickness, tray level and
the combine effect of these parameters are very important
factors to be considered in producing quality dried okra.
The maximum drying time of the dryer for both 5 mm and
10 mm thickness of wet okra slices at 50 and 70ºC is 7 h.
The higher the temperature of the system, the faster the
drying rate of the wet okra slices. More moisture loss was
achieved with 5 mm thickness compared to the 10 mm
slice thickness, slices on the upper tray dry faster than that
of the lower tray and moisture loss is directly proportional
to the drying time and drying temperature.
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