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Abstract
Drying of the banana in the hot water has a negative impact on the quality of the product and drying effect. The purposes of this study are increasing the drying rate, using the relatively low temperature to improve the quality (40˚C, 50˚C and 60˚C) and investigate the use of electromagnetic
waves to increase the drying speed. Therefore, experiments are performed using 5 kHz,10 kHz
and 15 kHz low frequency electromagnetic waves in the air velocity values of 0.5 m/s, 1 m/s, 1.5
m/s and 2 m/s and 40˚C, 50˚C, 60˚C centigrade degrees of air blast in a special compartment. Mathematical model of the drying process has been created as using the electrical circuits methods
and experimental results. As a result, a simple equation describing the drying process has been
obtained. Nonlinear expression of the diffusion coefficient for a different situation in this equation
has been identified for the first time. The obtained theoretical results and experimental results
have been provided a good agreement. This study is considered to be useful for all studies in the
drying area.
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1. Introduction
Microorganisms absolutely require the water for their metabolism as it is all living being. All fruit and vegetables are containing a good environment for the life of microorganism because they involve 70% - 80% water in
their structure. These microorganisms lead to very short life time for fruit and vegetables and these fruit and
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vegetables are deteriorate in a short time and don’t use. One of the long-term protection methods of fruit and
vegetables is cast out the water in their composition by way of drying. In this way, environment is brought to
unfavorable situation in terms of water for microorganisms.
Approximately 20 percent of dried fruits and vegetables are having moistness. In practice, fruit and vegetables
are dried using natural (like sun drying) or industrial methods (dehydrated etc…).
Dried fruits are very rich in A, B1, B2, B3, B6 vitamins and iron, calcium, magnesium, phosphorous and
stored for a long period of time without being a cold environment. This feature is most important advantages of
drying fruit and vegetables and these fruits and vegetables always available as an alternative differ from fresh
fruits and vegetables. On the other hand, the drying process should be taken into account that the loss of a large
portion of the vitamin C.
Dried fruit and vegetables in the food industry are used for purposes such as breakfast, meals and snack.
These vegetables and fruits are generally having a special aroma and sweet or sour taste because of lost large
part of the natural moistness in the drying time [1] [2].
Dried vegetables and fruits in the industry are subjected to steam with sulfur dioxide vapor to prevent to storing the color and distortion. In order to obtain results of high quality in terms of technology should be used quality fruit and vegetables as material. In other words, the drying process of immature or too mature vegetables and
fruits is impossible to high-quality results. It is therefore drying time and temperatures are very important in the
drying process. Increasing the drying time causes a change of color of the resulting dried fruit and temperature
increase indicates a significant impact on the quality of dried vegetables and fruits.
One of the fruit is used widely and highly perishable is bananas. Bananas are usually produced in developing
country. The loses of fruit and vegetables production in this countries are estimated to be about 30% - 40% (jayaramanandcupta 1955) and this rate is very high. For this reason, developing the new methods for reducing that
loses is very importance. One of the long term preservation method of fruits and vegetables is physic-chemical
drying method.
Drying process of fruit and vegetables have been studied by many researchers and obtained results have been
published in the scientific literature in the form of hundreds articles and books. In this study, it has been created
different mathematical and experimental models using both general theories of the drying process and classical
equation of mass and heat transfer. In the some studies. They are taken into the consideration temperature
changes and effects adjustment of the blowing air velocity for accelerating the drying process.
In this study, it is taken considering the effects of low-frequency electromagnetic waves and to accelerate the
drying process and laboratory model of the dryer has been prepared. This model has been used in experiments.
The effectiveness of the model applied has been examined by comparing the theoretical and experimental results.

2. Mathematical Model of Drying Process
Material in the process of the drying bananas to be placed drying networks as separated into segments of 9 - 10
mm. The fallowing assumptions have been used in order to simplify the establishment of the model:
1) Mass and heat transfer is one-dimensional.
2) Distribution of the air in the drying process is homogeneously and speed of air is constant.
3) Any chemical reaction does not occur in the drying process.
4) The amplitudes of the electric and magnetic components of the electromagnetic field is constant in the
drying process.
Banana layer in 10 × Ǿ25 mm measurement placed in T∞(Tm) = constant laminar air flow is shown in the
Figure 1. Air temperature will be transmitted in the y direction because of air blowing is along the y axis. Instantly t = 0 due to the effect of electromagnetic fields on the layer will consist an electromagnetic wave along
the z axis. Electromagnetic wave (EMW) that occurred is assumed to be homogeneous on account of the effect
of electromagnetic fields for banana layer is less depending on the amount of liquid. When the decrease the
amount of liquid in the layer of composition, EMD’s effect will be reduce.
T0 and T2δ temperature in the upper and lower layers of the banana layer in Figure 2 are equal to blowing
air temperature and is taken to be Tm. The temperature in the slice T(d) varies nonlinearly as depending on the
internal structure and thickness of the material. Therefore, the measurement of it is difficult and cannot be taken
instantly. For this reason T(d) temperatures is taken as constantly and commensurate with Tm. When material
dries, it’s shape is changes, it shrinks and becomes a different geometry.
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Figure 1. The Placement of banana slice in a layer for control portion and aspects of the electromagnetic
field vectors affecting the banana slices.

Figure 2. The forces acting on the banana slices in dryer (E electromagnetic field).

All edges of the slice is deformed in the drying process and is seen that deformation along of the z axis. Thus
the mass equation of drying material can be written as fallow:
∂M
∂M
∂2 M
∂2 M
+ V = Deff
+
D
elm
∂t
∂z
∂z 2
∂z 2

(1)

∂T
∂F
∂ 2T
+U
=
α 2
∂t
∂x
∂x
Temperature and physical process and diffusion coefficient of EMW are nonlinear and so it is not possible to
solve the general form of Equation (1).
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M
= M ′ + M ′′

(2)

In this case, nonlinear differential equation of the expression (1) turns into the following form:

∂M ′
∂M ′
∂2M ′
+V
=
Deff
∂t
∂t
∂z 2

(3)

∂M ′′
∂M ′′
∂ 2 M ′′
+V
=
Delm
∂t
∂t
∂z 2

(4)

wherein M ′ characterizes the amount of mass transfer taken as a result of convective diffusion and M ′′ has
been determined the amount of mass transfer received as a result of diffusion effects of EMW. M is characterized by the total amount of mass transfer. The general solution of Equation (3) and Equation (4) is presented in
reference 20. In this study has been a conducted necessary arrangement for banana in the solution of theoretical
and experimental results as those mentioned on above. The diffusion coefficients contained in this solution are
determined empirically as considering the results of the experiment drying of the banana.
In the literature [1] [3]-[19], there are different methods for solving of heat and mass transfer equations. Each
of these methods involves different correction coefficients using approximate solution methods. These investigations carry away theoretical character. The methods used in the practice are essentially empirical formula.
Therefore, the results obtained from these methods are inadequate to explain the nature of the drying process in
many cases. The method which is called two-part theories widely used in the solution of equations to be characterized by a similar mass transfer equations representing the drying process in the engineering practice [20] [21].
Its application to two-port theory which have simple structure and advanced investigation methods can facilitate
the solution of these problems of the drying process. According to this theory constitute the equation of relationship between these two parameters in processes characterized by two input and two output. The coefficients
of these two equations take into consideration also the size of physical process characterizing in the environment.
To apply the two-port circuit model of the drying process, the volume of the dried material is considered a
two-port format (Figure 3):
ρ0 -Density of the liquid mass exiting the volume as a result of diffusion;
Q-Liquid heat flow involved in the volume, Joules;
Q0-heat flow exiting the volume with liquid vapour, Joules.
According to the theory of two-port circuits we can write the following equations for circuit in Figure 3:

=
ρ A11 ⋅ ρ0 + A12 ⋅ Q0

(5)

=
Q A21 ⋅ ρ0 + A22 ⋅ Q0

here A11, A12, A21 and A22 are the coefficients of the two-port and these coefficients are determined as depending
on physical and chemical properties of the material in the volume, their geometrical measurement, parameters
that characterize the microstructure and physical process. These coefficients are determined according to the initial conditions. Coefficients of two-port circuit according to the initial conditions:

 ρ 
Q
A11 =
=
; A12  

 ρ0  Q0 0=
 Q0  ρ0
=

0

Q
Q
A21 =
=
; A22  

ρ
 0  Q0 0=
 Q0  ρ0
=

0

(6)

Q, Q0 magnitudes in Equation (6) is arranged by the values obtained from trials and statements. With the

Figure 3. Basic diagram of a two-port circuit system.
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method which is demonstrated in reference [1] [12]-[14] [21]-[25] in material drying process.

3. Results and Discussion
Thus the fallowing equation is obtained for the mass transfer in the dried bananas.
1) The temperature of blown air average Tm = 313 ˚K (40˚C)
According the external environment temperature to be T∞ = 300 ˚K (27˚C).
T
≅ 0.974 becomes, mass change equation in this manner must have the following structure.
Tm
2
2
 f   t
M  
T  t 
=
1 + 11.64 ⋅   + 120   
M0  
Tm  t∞ 
 f ∞   t∞
 



 α ( t )
 


−1

(7)

wherein α(t) is nonlinear diffusion coefficient calculated empirically.
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According to these results experimental and theoretical curves of drying the banana under the influence of
EMW has been shown in Figure 4.

Figure 4. Experimental and theoretical curves of drying the banana under the influence of EMW for Tm = 313 ˚K.
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2) The temperature of blown air average Tm = 323 ˚K (50˚C)
According the external environment temperature to be T∞ = 300 ˚K (27˚C).
T
In case of
≅ 0.974 , theoretical expression of drying process can be shown as follows:
Tm
M  
T
=1 + 11.64 ⋅
M0  
Tm
 

2

2

 t 
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t
α
(
)


 


−1

(8)

α(t) function is selected as follows in different frequency of EMW:
2
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f = 20 kHz curve is falling on top of the curves of f = 0 kHz. In this case, EMW does not show the effects on
drying process. Theoretical and experimental results of drying the banana in this condition have been presented
in Figure 5.
3) The temperature of blown air Tm = 333 ˚K (60˚C)
According the external environment temperature to be T∞ = 27˚C = 300 ˚K.
T
In case of
≅ 0.974 , mass balanced equation of the drying process can be written as follows, empirical equaTm
tion of α(t) function depending on the frequency of applied EMW is expressed as below:
2
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Experimental and theoretical results obtained from the drying of the banana in these conditions illustrated in
Figure 6. In the all cases have been accepted as t∞ = 20 h and f∞ = 100 kHz.

4. Conclusions
One of the main problems for banana is transport problem. As is known, bananas are grown very quickly and
start to rapidly deteriorate. One of the important methods that can prevent to this problem is drying of the banana.
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Figure 5. Experimental and theoretical curves of drying the banana under the influence of EMW for Tm = 323 ˚K.

Figure 6. Experimental and theoretical curves of drying the banana under the influence of EMW for Tm = 333 ˚K.

In this study, a method can reduce the drying time and can be stored while retaining the properties of banana has
been investigated by experimental and theoretically and following results are obtained:
1) Blown air in convective drying with experimental way has been determined to be nearly 1.5 m/s.
2) Drying which is carried out at temperatures higher than 60˚C leads to the change of color and tastes deterioration of banana.
3) Drying speed is possible to increase effectively with EMW effect. The drying speed has been determined to
increase in frequencies which are lower than 15 kHz. The effect of EMW in 20 kHz has a very low values and
negligible.
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4) The mathematical model for a prediction for the drying speed, temperature and moisture distribution of the
material also has been developed and new mathematical expressions have been obtained (Equation (7)).
5) At different temperatures convective (f = 0) and EMD’s due (f = 5 kHz, 10 kHz) are obtained empirical expression of the diffusion coefficient nonlinear drying.
6) Experimental results are given in the table and make the banana curve of drying time. Herring to a humidity drying time can easily be determined from the table or graphics.
7) Obtained theoretical and experimental results have been observed to provide good blend well.
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