
Tarbiat Modares University
A i lt  M hi  E i i  D t tAgriculture Machinery Engineering Department

Energy and Exergy Study of Microwave Assisted 
Thin‐Layer Drying of Pomegranate Arils Using 

Artificial Neural Networks and Response Artificial Neural Networks and Response 
Surface Methodology

Ali Motevali
Saeid Minaei (presenting)(p g)
Ali Mohammad Nikbakht



Saeid Minaei

Born 1957 in Tehran IranBorn 1957 in Tehran, Iran

Married, two sons (22 & 25)

Associate Professor, Department of Agricultural Machinery 

EngineeringEngineering, 

Tarbiat Modarres University





IntroductionIntroduction



Introduction

D iDrying
Modeling & Optimization
ANN & RSM
Energy & Exergy Analysis



Introduction

D i i k h b h d f iDrying is known as the best method to preserve fruits
and vegetables. Water removal during drying prevents
the growth of microorganisms and harmful chemicalthe growth of microorganisms and harmful chemical
reactions and this leads to longer shelf life.

Thermodynamic analysis, including exergy analysis,
plays an important role in system design, analysis andp y p y g y
thermal system optimization.



I t d tiIntroduction
Exergy of a system is the maximum useful work

ibl d i h b i h ipossible during a process that brings the system into

equilibriumwith a heat reservoir.q

Exergy = Energy available to be used.

Exergy analysis evaluates the accessible energy within

l i t d t f l i f ti fseveral points and presents useful information for a

favorable design methodology and part selection in a

dryer.



Introduction

Modeling and optimization to increase the efficiency of theModeling and optimization to increase the efficiency of the

process is one of the most important stages in a thermal

process.

However many numerical methods have majorHowever, many numerical methods have major

drawbacks in finding constants and solving the

complexities of non‐linear behaviors.
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Due to these disadvantages researchers have looked for

Introduction
Due to these disadvantages, researchers have looked for
alternative methods. One of the popular approaches used
in the last two decades is Response Surface Methodology
( )(RSM).

b f h l d lRSM is a combination of mathematical and statistical
techniques that is useful for analyzing, developing,
improving and optimizing processes in which aimproving, and optimizing processes in which a
response of interest is influenced by several variables
and the objective is to optimize this response withoutj p p
the need for a predetermined relationship between the
objective function and the variables.



RSMRSM

Although RSM has many advantages, it would be
unwarranted to say that it is applicable to all
optimization and modeling studies.



Artificial Neural NetworksArtificial Neural Networks

A tifi i l l t k (ANN) h bArtificial neural networks (ANN) have been
successfully used to solve a wide variety of
problems in science and engineering particularlyproblems in science and engineering, particularly
for some areas where the conventional modeling
methods fail.methods fail.

A well‐trained ANN can be used as a predictiveA well‐trained ANN can be used as a predictive
model for a specific application, which is a data‐
processing system inspired by biological neuralprocessing system inspired by biological neural
systems.
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Use of energy and exergy analyses has been reported in drying

Literature Review 

Use of energy and exergy analyses has been reported in drying

fruits and vegetables (pinar et al., 2004, Midilli and Kucuk,

2003, Ceylan et al., 2007, Corzo et al., 2008 and Motevali et

al., 2011a).al., 2011a).

ANN methods are frequently reported in drying fruits andANN methods are frequently reported in drying fruits and

vegetables (Momenzadeh et al., 2010; Hernández, 2009;

Aghbashlo et al., 2008; Movagharnejad and Nikzad, 2007;

Shrivastav and Kumbhar 2011, Motevali et al. 2010, 2011 b).S v s v d u b , o ev e . , b).



Objective

The objective of this paper is to develop ANN
and RSM models for mapping input factorsand RSM models for mapping input factors
including temperature, air velocity, microwave

d i i h hpretreatment and time with the output energy
performance of the thin‐layer dryer forp y y
pomegranate arils.



M th d &Methods & 
Materials



Material and MethodsMaterial and Methods

Independent variables Independent variables

Ai l it (0 5 1 1 5 / )Air velocity (0.5, 1, 1.5 m/s)

Ai T t (50 60 70 °C )Air Temperature (50, 60, 70 °C )

Th t t t ( t l i t t t 100 dThree treatments (control, microwave pretreatment 100 and
200W)

Ambient relative humidity and temperature were
25–31% and 20-24 °C, respectively., p y



Measurement Instruments
Material and Methods

Measurement Instruments

Measurement of Temperature (Lutron, TM-925, Taiwan)

Measurement of Air Velocity (Anemometer Lutron YK 80AM Taiwan)Measurement of Air Velocity (Anemometer, Lutron-YK,80AM, Taiwan)

Measurement of Pressure (PVR 0606A81,Italy)

Measurement of Relative Humidity (Testo 650) 

Measurement of Sample Weight (Sarturius, TE214S, AG Germany)



Energy analysis

Heater energy utilization can be calculated using the

ti l f th d iconservation energy law of thermodynamics.

)( hhmEU )( daodaida hhmEU −=

In which EU is energy utilization (kJ/s); mda, mass flow

rate of air (kg/s); hdai, inlet dry air enthalpy and hdao,

outlet dry air enthalpy (kJ/kg)outlet dry air enthalpy (kJ/kg)
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Values of the inlet and outlet air enthalpy are

Methods & Materials 
Values of the inlet and outlet air enthalpy are

equal to the sum of dry air enthalpy and water
vapor enthalpyvapor enthalpy.
The following equation is frequently used to
determine air enthalpydetermine air enthalpy

whTTCh fgpdada +−= ∞ )(

which hda,  is  the  inlet or outlet dry air enthalpy  (kJ/kg); Cpda,  specific 
heat  of  inlet  or  outlet  dry  air  (kJ/kg°C);  T,  inlet  or  outlet  air heat  of  inlet  or  outlet  dry  air  (kJ/kg C);  T,  inlet  or  outlet  air 
temperature  (°C); T∞,  the ambient  temperature  (°C);  hfg,  the  latent 
heat of vaporization  of water (kJ/kg) and w the humidity ratio of air 
(k   t /k  d   i )(kg water/kg dry air)
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Energy Utilization Ratio

Materials and Methods

Energy Utilization Ratio

Th ti f tili ti t th id dThe ratio of energy utilization to the provided energy
in the dryer chamber is defined as energy utilization
ratio:ratio:

)(
)( −

= daodaida

hh
hhmEUR

)( ∞− dadaida hhm

hda∞ is the enthalpy of ambient dry air (kJ/kg) 
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Exergy

Materials and Methods

Exergy

Th b i th d f l i f d h bThe basic method for exergy analysis of dryer chamber
is calculation under equilibrium conditions. For this
purpose the following equation is used:purpose, the following equation is used:

( ) ⎥
⎤

⎢
⎡

−−= ∞∞ )ln( TTTTCmEx
dpda&

Ex is the exergy of air (kJ/s); m mass flow of inlet/outlet air (kg/s); C

( ) ⎥
⎦

⎢
⎣ ∞

∞∞ )(
Tdapda

Ex is the exergy of air (kJ/s); m, mass flow of inlet/outlet air (kg/s); C,
specific heat of inlet/outlet air (kJ/kg °C); T, temperature of
inlet/outlet air (°C); and T∞, ambient temperature (°C)
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Exergy loss

Materials and Methods

Exergy loss

Exergy loss is determined as:Exergy loss is determined as:

outflowlowloss ExExEx −= inf

E  Effi i

outflowlowloss inf

Exergy Efficiency

Exergy efficiency can be calculated using:Exergy efficiency can be calculated using:

∑∑∑ =
−

= oli ExExEx
Ex
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eff ExEx
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RSM

Materials and Methods

Design Expert 8.02 was used for developing RSM
models. A second‐order polynomial model was fittedmodels. A second order polynomial model was fitted
to the measured data and regression coefficients were
obtained. The generalized second‐order polynomialg p y
model used in the response surface analysis was as
follows:
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Where β0, βi, βii, and βij are the regression coefficients for
intercept linear quadratic and interaction terms respectively
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intercept, linear, quadratic and interaction terms, respectively,
and Xi, and Xj are the independent variables
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Neural network design

Materials and Methods

Neural network design

h  b k i    l i h     ili d i  The back‐propagation  algorithm was utilized in 
training of all ANN models. 

This algorithm uses the supervised trainingg p g
technique where the network weights and biases
are initialized randomly at the beginning of they g g
training phase.
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Materials and Methods

Neural network design
The three input variables are time (in minutes)

l it (i / ) t t (i °C) dvelocity (in m/s), temperature (in °C) and
pretreatment (control, microwave 100 and 200 W).
Th f t t f l ti d fThe four outputs for evaluating dryer performance
Energy, EUR, Exergy and Exergy loss.

Therefore, the input layer consisted of 4 neurons and
the output layer had 4 neurons.
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Neural network design

Materials and Methods

Neural network design
Therefore the input layer consisted of 4 neurons

d h l h dand the output layer had 4 neurons.
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Neural network design

Materials and Methods

Neural network design

h i i f i f h hidd lThe activation function for the hidden layers was
selected to be log (logarithmic) and Tan (Tangent)
f i i d b f h lfunction suited best for the output layer.

This arrangement of functions in function
approximation problems or modeling is commonpp p g
and yields better results.



Results Results 
and Discussion



Results and Discussion
A network with one hidden layer and 10 neurons proved toA network with one hidden layer and 10 neurons proved to 
be an optimum ANN. In this model, 80% of the data set was 
randomly assigned as the training set, while the remaining y g g g
20% of data are put aside for prediction. 



Results and Discussion

Regression analysis of outputs and desired targets was
performed which is a measure for checking the successperformed which is a measure for checking the success
of the training.



R lt d Di i
Artificial Neural Networks 

Results and Discussion
f

There is a high correlation between the predicted values extracted by
the ANN model and the measured values. Coefficients of
d i i (R2) f 0 95 d 0 96 b i d f di i EUdetermination (R2) of 0.95 and 0.96 were obtained for predicting EU
and EUR values.



R lt d Di i
Artificial Neural Networks 

Results and Discussion
f

Exergy loss and exergy efficiency values (important
factors for dryer evaluation) were predicted with R2 offactors for dryer evaluation) were predicted with R2 of
0.96 and 0.97, respectively.



R lt d Di i
Response Surface Methodology (RSM)

Results and Discussion

The following figures show the coefficients of
d t i ti R2 ( f h ll th idetermination, R2 (a measure of how well the regression
model can be made to fit the raw data).

Using these figures it is inferred that RSM has been
efficient enough to provide reasonable regressiong p g
models for the dataset.



R lt d Di iResults and Discussion

Measured vs predicted values for EU and EUR obtainedMeasured vs. predicted values for EU and EUR obtained 
using the response surface method



R lt d Di iResults and Discussion

Measured vs. predicted values for Exergy and Exergy loss 
obtained using the response surface method



ConclusionsConclusions

Microwave pretreatment improved theMicrowave pretreatment improved the
thermodynamic efficiency of the drying process.

ANN and RSM models demonstrated reasonable
f i di i d dperformance in predicting dryer energy and exergy

characteristics.




