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INTRODUCTION, GOALS
In many areas of everyday life and in the industry, the products can be dried by
using different methods. Reducing the moisture content of solids is an integral part of
the manufacturing industry. Drying can increase the products life, in many cases increase their quality and make easier to pack them, to store and to transport. Nowadays
is being used as a requirement for different technological specifications. The drying
operation can be carried out in various designed dryer equipment. Fluidized bed dryers are used for drying wet granules, powders, and other bulk solids in a fast and effectively way. Fluidized bed dryers are commonly used in agriculture, in the pharmaceutical and food industries. Advantages of fluidized bed drying include the intensive
mixing of the particles resulting in good heat and mass transfer between the material
and drying gas. Drying is a very energy-intensive process, therefore the energy should
be invested efficiently. In order to model the drying operation, it is essential to determine the heat and mass transfer characteristics and the drying parameters.
During my researches, I dealt with the fluidized bed drying of different types of
granules. Scaling up of the process requires the knowledge of the heat transfer coefficient between the particles and the drying gas determined by using experiments. The
heat transfer coefficient can be determined by making some simplifying assumptions.
These assumptions are that the geometry of the particles is spherical, and the contact
between the gas and the material is ideal, which means that during the drying process
each particle is in contact with the drying gas, on its whole surface. These inaccuracies
are also can be found in the literature, where the heat transfer coefficients used for
scaling up the operation can be calculated with a significant error, so their use only
gives an approximation compared to the actual values. Thus, combining the heat transfer coefficient with the specific contact surface, I recommended the volumetric heat
transfer coefficient for fluidized bed drying. I developed an experimental method calculating the heat transfer coefficient. The volumetric heat transfer coefficient is one of
the input parameters of the differential equation system describing the drying process.
By solving the equations, the drying time and the drying height can be calculated.
Drying granular material and researching the volumetric heat transfer coefficient
have antecedes in the Department of Building Services and Process Engineering. Using
of the volumetric heat transfer coefficient in drum dryers has already been accepted in
the design and modeling of the equipment. For fluidized bed dryers, the volumetric
heat transfer coefficient has not been used yet, so I recommend to introduce for modeling the operation. The laboratory of the Department of Building Services and Process
Engineering has a pilot plant fluidized bed dryer and drum dryer, which are well
equipped mechanically and with measuring technology, so it is suitable for researching the simultaneous heat and mass transfer process. Figure 1. shows the experimental
apparatus.
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Goals
During my researches I dealt with the operation of the fluidized bed dryers and
the determination of the volumetric heat transfer coefficient. An experimental method
for determining the volumetric heat transfer coefficient was developed, then a dimensionless relationship calculating the volumetric heat transfer coefficient was created.
My research consisted the following main steps:
1. The possibilities of modeling the fluidized bed drying using literature sources
and the determination of the heat transfer coefficient were summarized.
2. An experimental method for determining the volumetric heat transfer coefficient between the drying gas and the particles in fluidized bed drying was
developed.
3. Based in the experiments and literature results, a relationship using dimensionless numbers to determine the volumetric heat transfer coefficient in the
constant drying rate period was developed.
4. A calculation algorithm based on heat and mass transfer model was developed, which was validated by using the experiments.

Figure 1. The pilot plant fluidized bed dryer and drum dryer

2

Viktor Szabó

LITERATURE REVIEW
The knowledge of the variation of the drying parameters of the particles and of
the drying gas along the height of the dryer and versus time are important to describe
the drying process. The mathematical model of the fluidized bed dryers can consist of
the following models:
- Mathematical models with heat and mass balance equations involving transfer
coefficients ;
- Empirical correlations involving the parameters of drying;
- Models which assumed the bed to be made of several phases (emulsion, cloud
and bubble phases) with heat and mass transfer between them.
The fluidized bed drying models consist of differential equation system describing the
heat and mass transfer, which model is suitable for describing the changes in the temperature and humidity of the particles and the drying gas as a function of time. The
equations can be solved numerically by knowing the characteristics of the particles
and the heat transfer coefficient. The dimensionless equation contains the heat transfer
coefficient can be determined by using experiments. The heat transfer coefficient can
be determined by using the dimensionless equations and the operational parameters,
so the drying time and the specific dimensions of the dryer can be calculated. In the
literature there are several dimensionless equations to determine the heat transfer coefficient between particles and the drying gas. After studying the domestic and international literature, the methods and the dimensionless relationships for scaling up the
fluidized bed dryers were worked out and systematized by specifying their applicability limits. Table 1. summarizes the equations published in the literature for the heat
transfer coefficient in the constant drying rate period of fluidized bed drying. The
equation in the table can be used in a different scope of validity and consist of different
dimensionless numbers. Increasing the amount of the dimensionless numbers in the
equations makes the description of the phenomenon more specific, so the use of equations becomes more reliable. The researchers treated the shape of the particles as a
sphere during the generation of the equations and they neglected the size distribution
of the particles and they assumed that the particles contact the drying gas on the entire
spherical surface.
The plots of the listed dimensionless equations for the determination of the heat transfer coefficient for fluidized bed drying from the literature are represented Figure 2., in
the scopes where the equations are valid. In the equations where the dimensionless
𝐿
equation contains dimensionless numbers beside the Re-number (e.g. 𝑃𝑟, 𝐴𝑟, 𝑑 , etc.),
𝑃

the extremes of the validity ranges for the Nu-numbers were plotted. Figure 2. shows
that the plotted equations have different slopes and significantly different Nu-number
along with the same Re-number, which gives a number of uncertainties in the reliable
application of the equations. Since the equations cover a large number of Nu-Re-numbers together, it can be stated that a function with sufficient accuracy in this form can
not be fitted on them.
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Table 1. Dimensionless equations for the heat transfer coefficient from the literature
Model

Year

Kettenring
Ranz
Ranz

1950
1952
1952

Equation

𝑁𝑢 = 0,0135𝑅𝑒
𝑁𝑢 = 2 + 0,6𝑅𝑒 0,5 𝑃𝑟0,33
𝑁𝑢 = 2 + 1,8𝑅𝑒 0,5 𝑃𝑟0,33

Walton

1952

𝑁𝑢 = 2,8 · 10−2 𝑅𝑒1,7 (

Shi-Jan-Fou

1962

𝑁𝑢 = 0,25𝑅𝑒 (

Kothari

1967

𝑁𝑢 = 0,03𝑅𝑒1,3
𝑁𝑢 = (7 − 10𝜀 + 5𝜀 2 ) ∙

Gunn

1978

∙ (1 + 0,7 ∙ 𝑅𝑒 0,2 𝑃𝑟 0,33 ) +

Alvarez

1996

+(1,33 − 2,4𝜀 + 1,2𝜀 2 )𝑅𝑒 0,7 𝑃𝑟0,33
𝑁𝑢 = 4,84 · 10−5 𝑅𝑒 2,14

Ciesielczyk

1997

𝑁𝑢 = 0,106𝑅𝑒 · 𝐴𝑟 0,0437 (

1,3

𝑑𝑃 −0,2
)
𝑑𝑑

𝐿 −1
)
𝑑𝑃

𝐿 −0,803 1,12
)
𝛷
𝑑𝑃

Scope

Ref.

9 < 𝑅𝑒 < 55
0 < 𝑅𝑒 < 100
100 < 𝑅𝑒 < 1000
6 < 𝑅𝑒 < 50;
𝑑𝑃
0,006 <
< 0,0122
𝑑𝑑
5,5 < 𝑅𝑒 < 280;
𝐿
7,85 <
< 130
𝑑𝑃
0,1 < 𝑅𝑒 < 100

[1]
[2]
[2]

nincs információ

[6]

80 < 𝑅𝑒 < 250
3,61 < 𝑅𝑒 < 125,9;
1,24 · 103 < 𝐴𝑟 < 1,14 · 105 ;
𝐿
121 < < 705;

[7]

[3]

[4]
[5]

[8]

𝑑𝑃

1,14 < 𝛷 < 1,81
0,48

𝑃𝑟

0,33

Yang

2003

𝑁𝑢 = 1,01𝑅𝑒

Kumaresan
Roy

2006
2009

𝑁𝑢 = 5,65 · 10−6 𝑅𝑒 1,99
𝑁𝑢 = 0,0205𝑅𝑒 1,38

H. H.
Mohammed

2013

𝑁𝑢 = 3,93 ∙ 10−3 𝑅𝑒 0,92 (

𝑑𝑃 0,84 0,29
)
𝐴𝑟
𝐿

50 < 𝑅𝑒 < 104

[9]

30 < 𝑅𝑒 < 70
0,133 < 𝑅𝑒 < 3,4
221 < 𝑅𝑒 < 356;
0,83 · 107 < 𝐴𝑟 < 3,04 · 107 ;
𝐿
42,5 <
< 51,7
𝑑𝑃

[10]
[11]

Figure 2. Plot of the dimensionless equations in logarithmic steps
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MATERIALS AND METHODS
The determination of the heat transfer surface of the particles contains a number
of uncertainties due to the irregular surface of the particles and the standard deviation
of their sizes. The use of the volumetric heat transfer coefficient and modified dimensionless numbers improves the accuracy of the modeling of fluidized bed drying. Figure 3. shows the instrumental flow diagram of a self-developed fluidized bed dryer
apparatus in order to carry out our experiments, to study the simultaneous heat and
mass transfer during fluidized bed drying.

Figure 3. Instrumental flow diagram of the apparatus
As regards choosing materials for drying, we strived to use particles used primarily in
the food industry and agriculture (amaranth, barley, millet and sorghum). The drying
experiments were carried out in both constant and falling drying rate period. The flow
rate of the drying gas, the temperature and humidity of the inlet and outlet drying gas,
the surface temperature of the granules, the static bed height and its stating and final
moisture content were recorded during the experiments. In addition, an industrialscale fluidized bed dryer was also used to carry out experiments. The function of the
industrial-scale dryer was to dry nutrient-coated chicory powder, so-called fofo, for
feeding purposes. The volumetric heat transfer coefficient can be determined for the
constant and falling drying rate period from the experimental results. From the experimental results, a dimensionless relationship can be created to determine the volumetric heat transfer coefficient on the constant drying rate period on the scope of the experimental values. It is also necessary to specify the main physical properties of the
5

material as a further input parameter in the heat and mass transfer model. Therefore,
further experiments were carried out to determine the material density, bulk density,
porosity and sorption isotherm of the particles used for the experiments.
Volumetric heat transfer coefficient
The introduction of the volumetric heat transfer coefficient was proposed as one of the
input parameters of the model equations for describing the fluidized bed drying,
which appeared as a thesis point at my scientific results. The volumetric heat transfer
coefficient is the product of the heat transfer coefficient and the specific surface area.
The volumetric heat transfer coefficient can be determined for a given moment of the
fluidized bed drying from experimental results, which appeared as a thesis point at
my scientific results.
Model
The heat and mass transfer model based on the volumetric heat transfer coefficient for
fluidized bed drying was developed, which appeared as a thesis point at my scientific
results. By using the model the temperature and moisture content of the particles and
the temperature and the absolute humidity of the drying gas can be calculated versus
time, and the temperature and the absolute humidity of the drying gas along the dryer
can be determined. The input parameters of the model are the drying characteristics,
geometric data and the volumetric heat transfer coefficient. Using the model an algorithm was developed, which can be used to determine the required drying time of the
particles in the dryer. In addition, the height of the desorption zone until the heat and
mass transfer occurs can be determined. Above that height, the drying gas is saturated,
cannot absorb more moisture from the material, and the heat transfer is not significant
either.
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RESULTS
The knowledge of the volumetric heat transfer coefficient is essential for the application of the heat and mass transfer model of the fluidized bed drying. A relationship was created with dimensionless numbers from my own and literature results. The
validation of the model was performed using the volumetric heat transfer coefficient.
Comparison of experimental results
The evaluation of the experiments was first performed on the constant drying
rate period with five different types of agricultural granules: amaranth, barley, millet,
sorghum and fofo. Figure 4. shows the experimental results. For each experiments, the
flow rate of the drying gas was determined in the value recorded in the fluidization
range.

Figure 4. Plots of the experimental results
From the experimental results a relationship between the dimensionless numbers was
𝐿
created in 𝑁𝑢′ = 𝑓(𝑅𝑒, 𝑃𝑟, 𝐴𝑟, 𝑑 ) form. From the equation the volumetric heat transfer
𝑃

coefficient can be calculated. The dimensionless equation appeared as a thesis point at
my scientific results.
Application of heat and mass transfer models
The heat transfer values measured by the experiments in the literature were revised to
volumetric heat transfer coefficient and modified Nu-number to compare with my
own experimental results. Using the differential equations of the heat and mass transfer models, an algorithm was made to determine the change in the moisture content
7

and temperature of material as a function of the drying time, and the temperature and
absolute humidity of the drying gas as a function of the drying time and along the
dryer. One of the input parameters of the model is the volumetric heat transfer coefficient which can be determined with the dimensionless equation within the given
scope.
Figure 5. shows the temperature and absolute humidity profiles of the drying gas
along the height of the dryer using the data of an experiments I made. Figure 5./a
shows the change in the temperature along the dryer. A vertical lone indicates the adiabatic saturation temperature in the figure. The height of the desorption zone is interpreted at the height coordinate, where the temperature of drying gas approaches 1 °C
from the adiabatic saturation temperature determined from the Mollier-chart. Figure
5./b shows the change in the absolute humidity along the dryer.

Figure 5. Drying gas properties along the dryer
a) temperature, b) absolute humidity
The heat and mass transfer model can be used to calculate the temperature and the
absolute humidity of drying gas at the constant drying rate period. The adiabatic saturation temperature and the saturation absolute humidity can be determined by using
the Mollier-chart, based on the temperature and absolute humidity of the inlet drying
gas.
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NEW SCIENTIFIC RESULTS
During my scientific research, I have achieved the following new scientific results.
Thesis 1
For fluidized bed drying, the heat and mass transfer process can be modeled by using
the volumetric heat transfer coefficient between the drying gas and the particles. The
volumetric heat transfer coefficient for fluidized bed drying can be interpreted as follows:
(𝛼𝑎) = 𝛼
where
(𝛼𝑎) [𝑊/(𝑚3 ∙ °𝐶)]
𝛼 [𝑊/(𝑚2 ∙ °𝐶)]
𝐴𝑐𝑜𝑛 [m2]
𝐴𝑑 [m2]
𝐿 [m]

𝐴𝑐𝑜𝑛
,
𝐴𝑑 𝐿

the volumetric heat transfer coefficient between the drying gas
and the particles,
the heat transfer coefficient between the drying gas and the particles,
the heat transfer area of the particles,
the cross-sectional area of the dryer,
the static bed height.

Related publications: [S1], [S2], [S3], [S4], [S5].
Thesis 2
The volumetric heat transfer coefficient between the drying gas and the particles can
be determined by the following equation for a given moment of the fluidized bed drying:
(𝛼𝑎) =
where
(𝛼𝑎) [𝑊/(𝑚3 ∙ °𝐶)]
𝐴𝑑 [𝑚2 ]
𝑐𝑃 [𝐽/(𝑘𝑔 ∙ °𝐶)]
𝐿 [m]
𝑚̇𝑑𝐺 [kg/s]
𝑚𝑃 [kg]
𝑟𝐹 [J/kg]
𝑑𝑡 [s]

1
𝑑𝑇𝑃
[𝑚𝑃 𝑐𝑃
+ 𝑚̇𝑑𝐺 (𝑌𝐺,𝑜𝑢𝑡 − 𝑌𝐺,𝑖𝑛 )𝑟𝐹 ] ,
𝛥𝑇𝑙𝑚 𝐴𝑑 𝐿
𝑑𝑡

the volumetric heat transfer coefficient between the drying gas
and the particles,
the cross-sectional area of the dryer,
the specific heat of the particles,
the static bed height,
the mass flow rate of the drying gas,
the mass of the particles,
the latent heat of evaporation of water,
the drying time interval,
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∆𝑇𝑙𝑚 [°C]

the logarithmical mean temperature difference between the
drying gas and the particles between the inlet point of the dryer
and the height of the desorption zone,
𝑑𝑇𝑃 [°C]
the temperature change of the particles during the drying time
interval,
𝑌𝐺,𝑖𝑛 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ] the absolute humidity of the drying gas at the inlet,
𝑌𝐺,𝑜𝑢𝑡 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ] the absolute humidity of the gas at the outlet.
Related publications: [S1], [S2], [S4], [S6].
Thesis 3
For fluidized bed drying, the volumetric heat transfer coefficient between the drying
gas and the particles can be calculated from the following dimensionless equation at
the constant drying rate period
𝑁𝑢′ = 0,18 ∙ 𝑅𝑒 1,50 𝑃𝑟 0,33 𝐴𝑟 −0,11 (

𝐿 −0,72
)
,
𝑑𝑃

where
(𝛼𝑎)𝑐𝑜𝑛𝑠𝑡 ∙𝑑𝑃 2

𝑁𝑢′ [1]

the modified Nusselt-number, 𝑁𝑢′ =

𝑅𝑒 [1]

(𝑚3 ∙ °𝐶)] the volumetric heat transfer coefficient between the drying
gas and the particles, 𝑑𝑃 [𝑚] the specific diameter of the particles,
𝜆𝐺 [𝑊/(𝑚 ∙ °𝐶)] the heat conductivity of the drying gas,
𝑣 ∙𝑑
the Reynolds-number, 𝑅𝑒 = 𝐺𝜈 𝑃 , where 𝑣𝐺 [𝑚/𝑠] the velocity of the

𝑃𝑟 [1]

drying gas related to the empty cross section of the dryer, 𝜈𝐺 [𝑚2 /𝑠] the
kinematic viscosity of the drying gas,
𝜈
the Prandtl-number, 𝑃𝑟 = 𝑎𝐺 , where 𝑎𝐺 [𝑚2 /𝑠] the thermal diffusivity

𝜆𝐺

, where (𝛼𝑎)𝑐𝑜𝑛𝑠𝑡 [𝑊/

𝐺

𝐺

of the drying gas,
𝑔𝑑𝑃 3 𝜌𝐺 (𝜌𝑃−𝜌𝐺 )

, where 𝑔 [𝑚/𝑠 2 ] the grav-

𝐴𝑟 [1]

the Archimedes-number, 𝐴𝑟 =

𝐿 [m]

itational acceleration, 𝜌𝐺 [𝑘𝑔/𝑚3 ] the density of the drying gas,
𝜌𝑃 [𝑘𝑔/𝑚3 ] the density of the particles, 𝜇𝐺 [𝑘𝑔⁄(𝑚2 ∙ 𝑠)] the dynamic
viscosity of the drying gas,
the static bed height.

The scope of the equation:
- 30 < 𝑅𝑒 < 1150;
- 0,71 < 𝑃𝑟 < 0,73;
- 13 050 < 𝐴𝑟 < 2 782 000;
𝐿
- 40 < 𝑑 < 160.
𝑃

Related publications: [S1], [S7], [S8].
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Thesis 4
Heat and mass transfer models using the volumetric heat transfer coefficient were developed for fluidized bed dryers, which are suitable to determine the moisture content
and temperature of the particles, the temperature and the absolute humidity of the
drying gas versus drying time, and the temperature and absolute humidity of the drying gas along the dryer.
The model was formulated with the following assumptions:
- the fluidized bed is perfectly mixed, so the temperature and moisture content of
the particles are homogenous along the dryer;
- lumped parameter description is used for the particles, so the temperature and
moisture content distribution inside the particles are neglected;
- the particles are geometrically homogeneous and unchanged during the drying
process (no shrinking or deformation);
- the heat loss and radiation are negligible;
- the heat conductivity between the particles is negligible;
- no chemical reactions take place during the drying.
In the case of a model describing the heat and mass transfer as a function of the drying
time, the differential change of the moisture content of the particles:
𝑚̇𝑑𝐺
(𝑌
𝑑𝑋 = −
− 𝑌𝐺,𝑖𝑛 )𝑑𝑡 ,
𝑚𝑑𝑃 𝐺,𝑜𝑢𝑡
the differential temperature change of the particles:
𝐴𝑑 𝐿
𝑚𝑑𝑃 𝑟𝐹 𝑑𝑋
𝑑𝑇𝑃 = (𝛼𝑎)
𝛥𝑇𝐺−𝑃 𝑑𝑡 +
𝑑𝑡 ,
𝑚𝑃 𝑐𝑃
𝑚𝑃 𝑐𝑃 𝑑𝑡
the differential change in the temperature of the drying gas at the outlet point of the
dryer:
(𝛼𝑎) 𝑣𝐺𝑧
−𝑐𝑣 (𝑇𝐺,𝑜𝑢𝑡 − 𝑇𝐹 ) 𝜕𝑌𝐺,𝑜𝑢𝑡
(𝑇
𝑑𝑇𝐺,𝑜𝑢𝑡 =
𝑑𝑡 −
− 𝑇𝑃 )𝑑𝑡 ,
𝑐𝐺
𝜕𝑡
𝜌𝐺 𝑐𝐺 𝑣𝐺 𝐺,𝑜𝑢𝑡
the differential change in the absolute humidity of the drying gas at the outlet point of
the dryer:
(𝛼𝑎) 𝑣𝐺𝑧
(𝑌 − 𝑌𝐺,𝑜𝑢𝑡 )𝑑𝑡 .
𝑑𝑌𝐺,𝑜𝑢𝑡 =
𝜌𝐺 𝑐𝐺 𝑣𝐺 𝐹

In the case of a model describing the heat and mass transfer along the height of the
dryer, the differential change of the temperature of the drying gas:
(𝛼𝑎)𝐴𝑑
−𝑐𝑣 (𝑇𝐺 − 𝑇𝐹 ) 𝜕𝑌𝐺
(𝑇 − 𝑇𝑃 )𝑑𝑧 ,
𝑑𝑇𝐺 =
𝑑𝑧 −
𝑐𝐺
𝜕𝑧
𝑚̇𝑑𝐺 𝑐𝐺 𝐺
the differential change in the absolute humidity of the drying gas:
(𝛼𝑎)
(𝑌 − 𝑌𝐺 )𝑑𝑧 .
𝑑𝑌𝐺 =
𝜌𝐺 𝑐𝐺 𝑣𝐺 𝐹
11

Nomenclature:
(𝛼𝑎) [𝑊/(𝑚3 ∙ °𝐶)]

the volumetric heat transfer coefficient between the drying gas
and the particles,
2
𝐴𝑑 [𝑚 ]
the cross-sectional area of the dryer,
𝑐𝐺 [𝐽/(𝑘𝑔 ∙ °𝐶)]
the specific heat of the drying gas,
𝑐𝑃 [𝐽/(𝑘𝑔 ∙ °𝐶)]
the specific heat of the particles ,
𝑑𝑡 [s]
the drying time interval,
𝑑𝑇𝐺 [°C]
the temperature change of the drying gas during the drying
time interval,
𝑑𝑇𝐺,𝑜𝑢𝑡 [°C]
the temperature change of the particles during the drying time
interval at the outlet point of the dryer,
𝑑𝑇𝑃 [°C]
the temperature change of the particles during the drying time
interval,
𝑑𝑋 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝑃 ]
the moisture content change of the particles during the drying
time interval,
𝑑𝑌𝐺 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ]
the absolute humidity change of the drying gas during the drying time interval,
𝑑𝑌𝐺,𝑜𝑢𝑡 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ] the absolute humidity change of the drying gas during the drying time interval at the outlet of the dryer,
𝑑𝑧 [m]
unit height of the dryer,
𝐿 [m]
static bed height,
𝑚̇𝑑𝐺 [kg/s]
the mass flow rate of the drying gas ,
𝑚𝑑𝑃 [kg]
the weight of the dry particles,
𝑚𝑃 [kg]
the weight of the particles,
𝑟𝐹 [J/kg]
the latent heat of evaporation of water,
3
𝜌𝐺 [𝑘𝑔/𝑚 ]
the density of the drying gas,
𝑇𝐺 [°C]
the temperature of the drying gas,
𝑇𝐺,𝑜𝑢𝑡 [°C]
the temperature of the drying gas at the outlet of the dryer,
𝑇𝑃 [°C]
the temperature of the particles,
𝑣𝐺 [m/s]
the velocity of the drying gas related to the empty cross section
of the dryer,
𝑧
𝑣𝐺 [m/s]
the average vertical velocity of the drying gas in the dryer at
fluidization,
𝑌𝐹 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ]
the absolute humidity of the drying gas on the surface of the
particles,
𝑌𝐺 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ]
the absolute humidity of the drying gas,
𝑌𝐺,𝑖𝑛 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ] the absolute humidity of the drying gas at the inlet of the dryer,
𝑌𝐺,𝑜𝑢𝑡 [𝑘𝑔𝐻2𝑂 /𝑘𝑔𝑑𝐺 ] the absolute humidity of the drying gas at the outlet of the
dryer.

Related publications: [S9], [S10], [S11], [S12], [S13], [S14], [S15], [S16].
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PRACTICAL APPLICATION OF THE RESULTS
Knowledge of the heat and mass transfer processes during drying is important
for efficient design and economical operation of the equipment. Many studies have
dealt with fluidized bed drying, but the revision of the simplified models due to the
complexity of the operation is still a current research topic.
By using the volumetric heat transfer coefficient, the real geometry and heat
transfer surface of the granules were taken into account in this model. The value of the
volumetric heat transfer coefficient can be determined by using the dimensionless
equation proposed. For the determination of the heat transfer coefficient on the full
drying rate period, experimental and calculation methods were developed. By using
this method, the scope of the dimensionless equation can be further extended. Scaling
up the drying operation includes the determination of the main dimensions of the fluidized bed dryers and the operating parameters of the drying process. During my
work a heat and mass transfer model was developed to describe the fluidized bed drying operation using the volumetric heat transfer coefficient. The model was proposed
for calculating the variation of the parameters of the particles and the drying gas as a
function of drying time. In addition, the height of the desorption zone can also be determined. For the application of the model, the main moisture-dependent physical
properties of the granules (e.g. density, porosity, sorption isotherm) are required,
which were determined by experiments.
The purpose of the work was to introduce a volumetric heat transfer coefficient
for fluidized bed drying. By using the results, a more accurate model for the fluidized
bed drying was proposed for more efficient operation and for scaling up of the process.
The calculation algorithm based on the heat and mass transfer model was developed
during my research, which can be integrated into a chemical engineering software.
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