ABSTRACT

Food plays an important role in human life and it is very much essential for the survival of
mankind. Due to this reason, preservation of food is necessary to meet the demand of the
current world population. Preservation is also important to store the seasonal fruits and
vegetables and make it available throughout the year in different parts of the world. For
preservation of any food material, the knowledge of its drying and shrinkage characteristics are
essential. Convective drying is one of the most popular and widely used preservation method
in various food industries for drying of different food materials. Convective drying of food is
a very complex phenomenon which involves three main time dependent processes which
occurs simultaneously during the drying process. These processes are heat transfer, mass
transfer and shrinkage of the food, along with several other rate processes. These rate processes
involve changes in odour, color, texture, shape, size, crystallization, glass transition etc. which
may cause changes in the mechanism of shrinkage and heat and mass transfer. In the first
process, heat is transferred from the surrounding air to the surface of the food material, which
occurs by convection and/or radiation, and from the surface to the interior through conduction.
In the second process, moisture from the core of the food is first transferred to the surface of
the solid by diffusion and then from the surface to the surrounding air through evaporation.
Along with the transient heat and moisture transfer, the shrinkage and resultant deformation of
the food material is the third important phenomenon which occurs when the water is evaporated
from the food material, an unbalance pressure is created inside of food and the surrounding air.
Due to this unbalance pressure gradient, a contracting stress is developed inside the food which
results the shrinkage in volume. Drying of food materials help to enhance shelf life, maintain
nutritional value, retain original flavor, enhance appearance, lower packing cost, and reduce

shipping cost.

In this work, an innovative convective dryer is designed and developed to study drying and
shrinkage characteristics of food materials at different drying conditions. The setup has several
advance features such as continuous weight measurement and continuous capturing of images
of the food sample used for the determination of drying and shrinkage characteristics. The dryer
is capable of working in both equilibrium controlled regime (ECR) and kinetically controlled
regime (KCR). The design of the setup is similar to a wind tunnel with an additional feature to
produce uniform inlet air velocity and temperature inside the test section, which is undisturbed

by external factors. The experiments are performed at three different inlet air velocities of 2, 4



and 6 m/s and air temperature of 313, 323 and 333 K. Cylindrical shaped elephant foot yam
(EFY) having 4 cm diameter and 1 cm thickness is used as the food sample in the present work.
A higher thickness of 1 cm is used to minimize the distortion of the sample during the drying
process. It is observed from the preliminary experiments that for thin samples, bending is more
prominent as drying proceeds and with the distorted shaped samples, quantifying the shrinkage
is difficult. The uncertainty in air velocity and temperature are determined inside the test
section where the food sample is to be hanged. The repeatability of the experiments is done to
show the accuracy of the setup. The experimental results are validated with the results available

in literature.

The drying characteristics of food material includes transient variation of moisture content,
variation of drying rate with moisture content, and effective moisture diffusivity (EMD). The
transient moisture content is determined by the change in weight of the sample measured by
hanging type weighing balance. The drying rate is determined by the rate of change of moisture
content. The EMD of cylindrical food sample is determined by the experimental data and
analytical solution of diffusion equation. The shrinkage characteristics of food include change
in bulk volume and bulk density of sample during convective drying. An image processing
code is developed in MATLAB for processing and analysing the top and side view images
which are captured during the convective drying process. With the top view images, the change
in diameter is determined and the thickness of sample is determined from the side view images.
Once the diameter and thickness are known, the volume of the sample is determined. The

density of sample is calculated from the measurements of weight and volume.

Convective drying of food is a highly energy-intensive and slow process and it takes long time,
to complete the drying process depending upon the drying conditions. Based on the energy
consumption data available, the countries like USA, France and UK consume 10 to 15% of
total national industrial energy in drying process and in case of Denmark and Germanyi, it is 20
to 25%. So, a detailed performance analysis of the convective dryer is very much essential to
meet the energy demand. The performance of the dryer is systematically determined in both
the regime namely equilibrium controlled regime (ECR) and kinetically controlled regime
(KCR). The convective dryer operated with single EFY sample under the KCR is important to
understand the physics behind the complex drying phenomenon and is helpful to compare
different food materials in different drying conditions. However, running the convective dryer

with single EFY sample does not utilise the full capacity of drying air and is not practised in



any food industry. In most of the drying industries, the drying operation is performed under
ECR where multiple food samples are placed in the dryer so that the outlet air is nearly

saturated.

In this work, thermophysical properties namely thermal conductivity, specific heat, density and
thermal diffusivity of EFY material are determined using temperature dependent composition-
based models and proximate analysis. These properties are essential in many areas of food
processing, e.g. (a) estimating the processing time for various operations like freezing, melting,
cooling and heating or drying, (b) selecting packaging materials to minimise the heat and

moisture transfer and finally increasing the shelf life of food.

Two different experimental setups are developed to determine the sorption isotherm of EFY.
In the first setup, sorption isotherm is determined using the most popular gravimetric method
which uses different saturated salt solutions. The second method is the fast sorption method
which uses Aqualab 4TE instruments which is based upon the chilled mirror dew point
temperature. The sorption isotherm of food material is important to control most of the
biochemical and microbiological reaction in food to predict its stability and shelf life. The rate
and amount of moisture transfer from the food material during drying process and from

packaging material or edible coating during storage can be determined using sorption isotherm.

In the last part of the thesis, numerical model of the convective drying is discussed to gain more
physical insight in the complex drying process. Numerical modelling of convective drying of
food is a difficult task because of the various complex phenomena that occurs simultaneously
in the process. The complexity is further aggravated because food itself is a complex porous
moist material which consists of multi-phase and multi-component matrix. In the present work,
a 3-D conjugate numerical model is developed in COMSOL Multiphysics commercial software
to solve simultaneous heat and mass transport in the air and the porous food domain. Full
continuity is assumed for vapour mass and temperature through the interface surfaces of porous
food material domain and drying air domain to solve for vapour concentrations and temperature
seamlessly across the interface. The model is capable to predict the temperature and moisture

distribution inside any food material.
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