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Abstract
A distributed-type natural-circulation solar food dryer has been designed and constructed with locally
available materials. A seven-day long test run between 12th - 18th March 2009 shows that within the hours
of 10.00am and 6.00pm the collector temperature varied from 34o C to 46o C while the ambient temperature
varied from 30o C to 39o C. On the other hand, the temperature of the drying chambers ranged from 32o C
to 47o C.  The devise was used to dry cassava slices and tatase.  The drying parameters of the produce
such as the dimensionless mass loss or moisture ratio, the moisture content, the drying times as well as their
mass shrinkage ratio were determined. Accordingly the drying curve equations for cassava and tatase in
each of the three drying chambers were established and discussed.

Keyword: Solar dryer, Cassava, Tatase, Dimensionless, Mass, Loss and Moisture Content.

1.0 Introduction

Drying  is an ancient technique for preserving food.
It involves the removal of moisture from food
products so as to prevent the growth and reproduc-
tion of micro-organisms which can cause decay.  The
technique also minimizes many of the moisture-
mediated deteriorative reactions  [Dincer, 1996,
1998; Dincer, and Dost 1995. Akpinar, et al, 2003].

1.1 Drying Techniques
Cold air drying:- Involves drying at a low temperature
with cold air flowing over, the food products and
requires long time operation.

1.2 Hot Air Drying
This involve drying at a high temperature with hot or
warm air moving over the food product and takes a
shorter time than for cold air drying.

1.3 The Traditional Sun Drying
This can be categorized as a warm air drying
technique and it practiced in most rural communities
in developing countries (Scanlin, 1997). What is
usually practized in these communities is open-air
sun drying in which the products are spread out on
the ground, roof tops, along highways, on raised
bamboo racks or platforms along sea beaches or
river banks and in all sorts of places (Kerr, 1997;

Nwokoye et al., 2005. Reza, et al., 2009). This
method of drying has  many disadvantages; including
  i.  Contamination with micro-organisms which can
cause disease dirt, and soil particles
  ii.  Insect infestation
  iii.  Losses to rodents, birds and domestics animals
  iv.  Spoilage through growth and reproduction of
micro-organisms
  v.  Hostile weather conditions - dust, rain and wind
  vi.  Formation of mycotoxins
  vii.  Moisture re-absorption by food products.

To overcome the difficulties connected with open-
air sun drying however, solar crop dryers have been
developed and have proved to be highly beneficial.
For example:
  i.  Energy input is less than what is needed to freeze
or can the food
  ii.  Storage space is minimal  compared with what
is needed for canning jars, and freezer containers
since the dried food product is less bulky than the
undried product.
  iii.  Dried foods are tasty, of high nutritional value,
easy-to-prepare and easy-to-store and use (Jackson
,1999).
The present study is aimed at investigating the drying
characteristics of cassava and tatase using a locally
fabricated three-chamber solar food dryer.  It is
hoped that the results will provide insights on how
these food products can be more effectively and
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economically dried.

2.0 Theoretical Considerations

Effective drying is a process involving simultaneous
heat and moisture transfer. (Midilli and Kucuk,
2003). Successful drying depends on (Jackson,
1999):
  i.  Availability of enough heat to draw out moisture
from the food\without cooking it.
  ii.  Availability of dry air to absorb the released
moisture.
  iii.  Adequate air circulation to carry off the mois-
ture.
The drying  rate depends on many variable including:
  i.  Amount of sun light - Insolation
  ii.  Temperature of the product (food)
  iii.  Relative humidity
 iv.  Air velocity
  v.  Quantity of food
  vi.  Type of food

2.1 Drying Parameters
In order to evaluation the effectiveness of the drying
process certain drying parameters are to be
determined.  These include:

2.1.1 Dimensionless Mass Loss or Moisture
Ratio:  This is a measure of mass loss by the food
product at a given time as a result of moisture removal
and is defined as

                                                                      ...1

where, M
t
 = mass of product as time, t

M
o
 = initial mass of product (at time, t = 0)

M
e
 = mass of product in equilibrium state.

An empirically derived drying curve is analogous to
Newton’s cooling curve. This suggests that the time
rate of mass loss can be represented by an equation
of the form:

                                                                     ...2

where k is a constant. This leads to the drying curve
equation (Dincer and Dost, 1995):
                                                                      ...3

eo

et

MM

MM
M






kM
dt

dM


M(t) = Mo exp (-kt)        

2.1.2 Moisture Content
This defines the mass of moisture in the product over
its original mass and is expressed in percentage. It is
given as (Kilic, 2009):

                                                                      ...4

This constitutes the wet basis definition.

2.1.3 Mass Shrinkage Ratio (MSR)
This is defined as (Kilic, 2009)

                                                                      ...5

3.0       Methodology

3.1       The Three-chamber Solar Food Dryer
This is a distributed – type natural – circulation solar
dryer. It consists of a solar collector, a drying cabinet
otherwise called the drying chamber, and a chimney
(Ekechukwu and Norton, 1999).

The solar collector is a rectangular hollow box with
a glass cover.  The other sides are made of wood
the inner sides of which are lined with aluminum sheets
which are painted black and serve as absorber.  The
collector works on the principle of green house-
effect.

The drying cabinet consists of an inlet chamber, three
drying compartments and  the chimney is attached
to it.  The three  compartments are all interconnected
and only separated by wire guaze mesh.

3.2       Operation
When the device is in service, the tail cover of the
collector is left open so that air from the surrounding
can flow into it. The air that enters the collector is
heated causing a drop in the air pressure. By a
thermosyphonic process, the warm air is transferred
to the drying chamber containing the food product.
The moving air eventually escapes through the
chimney carrying away moisture that has diffused
out of the food product.

3.3 Materials Preparation and Handling
The cassava was shelled, washed and cut into thin
slices and put in small trays in readiness for weighing
and drying. Similarly, for the drying of tatase, the
latter was washed and the deposited water removed.
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They were then placed in small trays in readiness
for drying.

3.4 Drying of Products
Initial mass of each products was determined using
an OHAUS triple beam balance of the 700/800
series which has a least count of 0.05g. The products
were left to drying in the drying chambers. Drying
started each day at 10.00am and stopped at
6.00pm, a period of eight hours. The mass of the
product in each chamber is measured at the beginning
and end of drying each day. The ambient tempera-
ture, the collector temperature, and the temperature
of drying chambers were monitored on hourly basis
during the drying process. The drying process was
terminated when there was no detectable difference
mass loss between successive mass measurements.

4.0 Results and Discussion

Table 1 shows typical hourly variation of temperature
of different chamber compartments of the three-
chamber solar food dryer measured during the drying
period. For the seven consecutive days, (12th March
- 18th March, 2009) of temperature monitoring, the
minimum observed collector temperature was 34o

C while the maximum was 46o C. On the other hand,
the minimum recorded temperature of a drying
chamber was 32o C while the maximum was 47o C.
Table 2 shows the hourly variation of mean
temperatures of different parts of the solar dryer over
the one week. Between the hours of 10.00 am and

6.00 pm, the drying mean chamber temperatures lie
between 35.4oC and 42.9oC.  This temperature
range is considered suitable for solar drying of
vegetables, fruits and root crops since within this
temperature range, bacteria are effectively killed and
enzymes inactivated while the water – soluble
vitamins are largely retained in the dried products
(Reza, et al., 2009)

The drying parameter of cassava and tatase in the
solar dryer were also determined as can be seen in
Tables 3 and 4. Figures 1 - 3 display the variation of
the parameters with time for cassava while Figures
4 - 6 show those for tatase. Obviously, each of these
quantities exhibits a decay process with time that is
approximately exponential in character. Clearly the
time for complete drying is different for both crops
being shorter for cassava that for tatase. It varies
slightly from chamber to chamber however.  In each
case, the time for complete drying is smallest for
products in chamber 1.

A view has been expressed (Jackson, 1999) that if
the moisture content of food is reduced to between
10 and 20% wb, bacteria, yeast, moulds and
enzymes are prevented from spoiling the food. The
results of this work suggest that the moisture content
of cassava can be reduced to 10% wb within 24
hours of continuous drying (equal value to 3 day of
drying) while for tatase, It will take up to 48 hours
(equivalent to 6 days of drying) or longer.

Temperature 0C

Drying ChambersTime of Day 

(hrs)

Ambient 

Ta

Collector

 Tc

Inlet Chamber 

Tin T1 T2 T3

Chimney 

Tch

10.00 33.0 39.0 38.0 39.0 39.0 39.5 35.0

11.00 35.0 42.0 42.0 42.0 41.0 42.0 40.0

12.00 38.0 45.0 43.0 45.0 44.0 45.0 44.0

13.00 35.0 40.0 42.0 43.0 43.0 43.0 40.0

14.00 35.5 40.0 40.0 43.0 42.0 43.0 39.0

15.00 39.0 42.0 42.0 44.0 43.0 44.0 42.0

16.00 36.0 40.0 40.0 42.0 42.0 43.0 43.0

17.00 33.0 36.0 37.0 39.0 39.0 39.0 36.0

18.00 32.0 35.0 36.0 47.0 38.0 38.0 35.0

Table 1: Hourly variation of the temperatures of of different parts of a three-chamber solar  food dryer on
a typical single day in March, 2009

The Drying Characteristics of Cassava and Tatase in a Three...         91



Figure 1: Time variation of the moisture content of
the cassava slices in the solar food dryer.
(Chamber 1, W1: Chamber 2, W2: Chamber 3, W3.)

Figure 2: Time variation of moisture ratio of cassava
in the solar food dryer.
(Chamber 1, MR1: Chamber 2, MR2: Chamber 3, MR3.)

Figure 3: Time variation of the mass shrinkage of
cassava in the solar food dryer.
(Chamber 1, MSR1: Chamber 2, MSR2: Chamber 3, MSR3).

Figure 4: Time variation of the moisture content of
the tatase in the solar food dryer.
(Chamber 1, W1: Chamber 2, W2: Chamber 3, W3)

Figure 5: Time variation of the moisture ratio of the
tatase in the solar food dryer.
(Chamber 1, M1: Chamber 2, M2: Chamber 3, M3).

Figure 6: Time variation of the mass shrinkage ratio
of the tatase in the solar food dryer.
(Chamber 1, MSR1: Chamber 2, MSR2: Chamber 3, MSR3).
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Temperature 0C

Drying ChambersTime of Day (hrs) Ambient Ta Collector Tc Inlet Chamber Tin

T1 T2 T3

Chimney Tch

10.00 33.0 38.0 38.4 39.9 39.9 40.1 37.0

11.00 34.6 40.5 40.4 42.9 42.0 42.9 40.4

12.00 36.6 41.3 41.3 42.4 42.1 42.4 40.0

13.00 34.4 40.1 40.4 42.7 42.3 42.7 40.4

14.00 35.2 39.4 40.0 42.1 41.7 42.1 40.6

15.00 36.4 40.1 40.6 42.0 41.6 42.0 41.5

16.00 34.2 38.0 38.6 40.0 39.7 40.0 38.7

17.00 32.4 34.9 35.9 36.8 36.8 38.6 35.6

18.00 31.0 33.3 34.1 35.4 35.4 35.4 34.4

Table 2: Hourly variation of mean temperature of the collector, dryer compartments and chimney of the
solar dryer from 12th March to 18th March 2009

Time
(h)

Dimensionless
Mass loss

Moisture
Content

(%)

Mass
Shrinkage

ratio
       0.0        1.00      60.1       1.00
       8.0        0.52      31.4       0.76
     16.0        0.18      10.6       0.51
     24.0        0.08        4.8       0.45
     32.0        0.03        1.9       0.42
     40.0        0.02        1.3       0.41
    48.0        0.01        0.5       0.40
    56.0        0.00        0.3       0.40
    64.0        0.00       0.0       0.40
    72.0        0.00       0.0       0.40

Table 3: Changes in the drying parameters of cassava
with time when cassava slices are placed in chamber
1 of three-chamber solar dryer.

Table 5: Time for complete drying for cassava slices
and tatase in a three - chamber solar food dryer.

The drying behaviour of cassava and tatase can be
expressed in form of drying curve equations as in
Eqn. 3. The experimental drying curves were
obtained by plotting natural logarithm of moisture
ratio against time. The constants k and M

0 
were then

derived from the plots. For cassava, the equations
obtained are;
M(t)  = 0.95 exp(-0.10t);  R2  =  0.99393
for chamber 1.

Time
(h)

Dimensionless
Mass loss

Moisture
Content
        (%)

Mass
Shrinkage

ratio

          0.0        1.00       88.6         1.00
          8.0        0.68       60.0         0.71
        16.0        0.51       42.5         0.56
        24.0        0.30       26.9         0.38
        32.0        0.20       17.4         0.29
        40.0        0.12       10.8         0.22
        48.0        0.10         9.0         0.20
        56.0        0.07         6.0         0.17
        64.0        0.04         3.6         0.15
        72.0        0.03          1.8          0.13
        80.0        0.02         1.2          0.13
        88.0        0.01         0.6          0.12
        96.0        0.00         0.0          0.11
      104.0        0.00         0.0          0.11

Table 4: Changes in the drying parameters of tatase
with time when placed in chamber 1 of a three –
chamber solar food dryer.

M(t)  = 1.33 exp(-0.11t);  R2  = 0.99429
for chamber  2.
M(t)  =  0.97 exp(-0.07t);  R2  = 0.99307
for chamber 3
while for Tatase, they are;
M(t)  =  1.05 exp(-0.051t);    R2  =  0.99519
for chamber 1
M(t)  =  1.04 exp(-0.043t);  R2 =  0.99468
for chamber  2
M(t)  =  1.07 exp(-0.046t);  R2 =  0.99584
for chamber  3

The parameter R2 is the correlation coefficient for
each plot which indicates the degree of fit between
each curve and the experimental moisture ratio data.
The values of R2 are particularly high showing a high

Time for complete drying (h)

Product Chamber  1 Chamber 2 Chamber 3

Cassava

Tatase

    64

     96

       64  

      96

      88

     104
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degree of correlation between the drying curves and
the experimental data.

5.0 Summary and Conclusions

This study has demonstrated that the moisture
content of cassava slices can be reduced to within
10% wb within 24 hours of continuous drying in a
solar dryer whose drying chamber maintain mean
temperature in the range 35.4oC – 42.9o C during
the drying duration. In the same solar dryer a
reduction of moisture content of tatase to within 10%
wb can be achieved in 48 hours. Also determined
were the complete drying times for these products.
In addition, the drying curve equations for the food
products studies were established.
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