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Abstract - Laboratory experiments in chemical engineering
can be modeled by defining heat and material balance and
considering transport phenomena in non-stationary
conditions. Usually, these Equations have no analytical
solution and students cannot solve the problem easily to
compare experimental results with theory. In this the use of
MATLAB is presented as a powerful tool in order to solve
chemical engineering problems numerically. The experiment
consists of three gas-solid fluidized baths, one of them
prepared with two heaters and temperature transmitters to
obtain non stationary data. A fluidized bath is considered a
globalize system owing to perfect mixing, so temperature
gradients are negligible. The other two baths have different
diameters and work at ambient temperature to give steady-
state results for hydrodynamic conditions. The combination of
theory, experimental results and simulation improves learning
and safety in operation.

Key Words: sand bath, fluidized bed, heat transfer,
mathematical modelling, simulator

1. INTRODUCTION
1.1 Sand bath heater

A sand bath is a common piece of laboratory equipment
made from a container filled with heated sand. It is used to
provide even heating for another container, most often
during a chemical reaction.A sand bath is most commonly
used in conjunction with a hot plate or heating mantle. A
beaker is filled with sand or metal pellets (called shot) and is
placed on the plate or mantle. The reaction vessel is then
partially covered by sand or pellets. The sand or shot then
conducts the heat from the plate to all sides of the reaction
vessel. This technique allows a reaction vessel to be heated
throughout with minimal stirring, as opposed to heating the
bottom of the vessel and waiting for convection to heat the
remainder, cutting down on both the duration of the reaction
and the possibility of side reactions that may occur at higher
temperatures. [1].

i.

il.
A variation on this theme is the water bath in which thiviai

sand is replaced with water. It can be used to keep areactio

vessel at the temperature of boiling water until all water is

evaporated  (see Standard  enthalpy  change  of
vaporization.)Sand baths are one of the oldest known pieces
oflaboratory equipment, having been used by the alchemists
The fluidized bath is a container filled with dry inert
particles of Aluminum oxide. When a gas flow is passed

through the particles via a Porous distribution plate, the
particles are separated and suspended in the gas flow and
take on the appearance of a boiling liquid. Apart from
circulating and flowing like a liquid, fluidized particles
exhibit excellent heat transfer characteristics. When
fluidized particles are heated, heat is distributed quickly and
evenly throughout the bath and Transferred rapidly to
objects submerged in the bath. The bath temperature can be
adjusted easily to the point at which you wish to calibrate or
run a test.

Fluidized solids have no melting or boiling point. Therefore,

solidification which takes place in cooling salt baths and
fumes from hot oil bath is eliminated. Fluidized solids are
dry and relatively inert, making the medium safe and clean
compared conventional to liquid systems. [2]
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FIGURE1 Schematic of sand bath heater
1.1.1 Advantage of sand bath:

Rapid heating and cooling

Bath media do not splash

Vessels are not wetted or coated by bath

Bath media remain clean and do not decompose

1.1.2 Features:

Accurate uniform temperature control over a wide range
Safe operation- clean, dry, inert, nontoxic
Rapid heating- high heat transfer rate
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Safe for delicate instruments
Medium cannot evaporate or solidify

1.1.3 Application of sand bath:

The sand bath is designed for applications requiring a
constant high temperature source for calibration. It is used
to provide even heating for another container, most often
during a chemical reaction.

2. EXPERIMENTAL SETUP

A process flow diagram of the pilot plantis presented in Fig. A
picture of the system is shown in below Fig. The pilot plant
consists of three sand baths, two of them made q(}.
methacrylate (200mm and 250mm diameter) to operate a,
room temperature and another one made of stainless steel
(250mm diameter) to study high temperatures (up to 200C).
The baths are half-filled with alumina particles of 170210 m.
When air is flowed at the bottom of the sand baths the bed

experiences a volumetric expansion. Above a certain flow i.
rate all the particles are suspended chaotically (perfectlyii.
mixed): this is called fluidization. Under these conditions thdii.
solid has the same appearance as a boiling liquid, withiv.

breaking bubbles, as it is illustrated in Fig.3.Air is taken from
outside and after filtration is pumped into the three baths
with a low-pressure blower. Flow rates for each bath are
controlled with a valve on each branch (one per bath). Flow
rates are measured using air rotameters in the range
1.8+18+m3/h. Pressure drop is also measured using water
manometers.

The metal bath has two cartridge heaters (1600W each)
controlled by manual potentiometers connected to an
automatic controller (LS-3200, Design Instruments). The
temperature is measured with two thermocouples inserted in
the bath at a certain height. [3]

3. SIMULATION:

Simulink is a software package used for modeling, analyzing,
and simulating a wide variety of dynamic systems. Simulink
provides a graphical interface for constructing the models. It
has a library of standard components, which makes block
diagram representation easier and quicker. Simulink is a
ready-access learning tool for simulating operational
problems found in the real world because simulation
algorithms and parameters can be changed in the middle of
simulation with intuitive results. It is particularly useful for
studying the effect of nonlinearities on the behavior of the
system. [4]

3.1. Features of Simulink

i. A comprehensive library for creating linear,
nonlinear, discrete, or multi-input/ output systems.
ii. = Mask facility for creating custom blocks.
iii.  Unlimited hierarchical model structure.
iv.  Scalar and vector connections.

v. Interactive simulations with live display.
vi.  One can easily perform what-if analyses by changing
model parameters.
vii.  Simulink block library can be extended with special
purpose block sets.

4. SIMULATION PROVIDES:

I. Efficiency Cost quantification in terms of savings or
avoidance.

i.  Higher mission availability.
ii. Increased operational system availability.
iii.  Transportation avoidance.
Reduced/eliminated expendable costs.
Less procurement and operational costs.

II. Effectiveness Positive contribution that are seldom
quantified as

Improved proficiency/performance

Provides activities otherwise impossible short of combat
Provides neutral and opposition forces

Greater observation/assessment/analysis capability.

III. Risk reduction

i. Safety
ii. Environment
ii. Equipment

4.1. Application of simulation:

Application areas for simulation are numerous and diverse.
A list of some particular kinds of problems for which
simulation has been found to be a useful and powerful tool is
as follows:

i. Designing and analyzing of systems
ii. Evaluating hardware and software requirements for
a computer system
iil. Evaluating a new military weapons system or tactic
iv. Determining ordering policies for an inventory
system
V. Designing communications systems and message
protocols for them
vi. Designing and operating transportation facilities
such as freeways, airports, subways, or ports
vii. Evaluating designs for service organizations such as

hospitals, post offices, or fast food restaurants
viii.  Analyzing financial or economic systems. [4]
5. MATHEMATICAL MODEL FOR FLUDISATION AND
HEAT TRANSFER

In order to test the system, ten experiments were carried out
in the metal sand bath. Fluidization and heat transfer
variables were studied for 10 to 100 kg of alumina at three
different heating powers. Results are shown in result section.
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To model the system a globalized state is considered for the
sand due to fluidization conditions. Equation 1 is an ODE
(ordinary differential equation) which describes the heat
balance for the fluidised sand bath, where the change in
temperature of alumina is proportional to power, enthalpy of
the air and heatloss. Equation 2 is an experimental fit which
describes the change in temperature of the air depending on
sand temperature. Ideally in a perfectly mixed tank both
temperatures should be

Equal to
mst{%) =W -mCpair (Tair out-Tair in) -gp......ceeue.. (D
Tair out =0.962TS-2.822....ccccecceiveiriecer et e (2)

An analytical solution for the model equations can be found
under some assumptions. However, Equation 2 introduces
non-ideal behavior. Furthermore, mass flow rate of inlet air is
controlled during the experiment because the increasing
temperature decreases the density and increases volumetric
flow rate of air inside the bath. This can be implemented in
the model by simply considering the ideal gas law

5.1. Simulink model

Simulink provides an additional educational approach to
describe and solve the dynamics system. For these reason we
consider MATLAB useful tool for educational purpose. More
complex problems, such as transport phenomenon equations,
could require computer fluid at dynamic modeling (CFD).
This is also possible with MATLAB in conjunction with
FEMLAB. Therefore it is good choice for the future. Modular
programming gives the possibility of dividing the problem
into piece for better understanding. Our system has been
divided in two main blocks. The first block is the heat
balance; the second block is an additional control box for the
power. Following fig shows the graphical user interface;
manual or automatic control can be selected by manual
switching,

W_manual
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m
=
Y Ts_SP
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w Tl
Controller Ts
y—
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» Power (W) Tl E
Qair_in
Tair_in  Qair_cont E

FIGURE 2 Simulink model

5.2. Main parameter use in model:

By changing the main parameter we get different result. By
changing mass parameter we get different value of W with
keeping time constant.
clear all

close all:;
clc;

%
InitialTime=0;
FinalTime=284;
SOLID=[]:
Tso=44;

Ms=12;
Cps=1.0040e3;
Density 5=3960;
Dp=2.0000e-4;
INSULATION=[]:
Kins=0.0340;
xins=0.1;
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24

Troom=25;
Text=40;
hconv_ext=20;
AIR=[]:
Cpa=1.022%e3;
Qair_in=12;
Tair_ in=40;

FIGURE 3 Algorithm file

All the heat contribution are separated in function.
Following Fig shows the heat balance for bath model.
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FIGURE 4 Simulink model subsystems
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The inside of controller is revealing in following figure. simulation time
Power is manipulated variables while solid temperature is
the set point. 8 To workspace Write data to workspace
9 Output Create output port for
Ts_sp subsystem
( ) P+ 10 Mux Combine several input
p PID > 7|C %@ signal into vector
: W
PI I
@_t Sum D Controler - Saturaton 11 Gain Multiply input by constant
12 Integrator Integrate signal
Terminator 13 Function Apply specif.ied expression
to input
FIGURE 5 PID controller 14 Sum Add or subtract
The simplest model for our system is well described by - —
Equation 1 where all the values apart from solid 15 Product Multiply and divide scal-ars
temperature and outlet air temperature (equal to solid and non-.scalars or rr.1ult1ply
temperature in ideal conditions) and time are constant. In an invert matrix
this case, direct analytical solutions can be successfully : — :
attempted. However, most of the models cannot be solved 16 Saturation Limit range of signal
analytically.
17 PID controller Simulate continuous or
As recommended in MATLAB help, ‘ode45' is the best discrete time PID controller
function to apply as a “first try' for most problems. This
method is based on an explicit Runge-Kutta 4,5-formula, the 18 Terminator Terminate unconnected
Dormand-Prince-Pair. The MATLAB commands are as output port
follows where all variables can be easily identified
comparing to Equation 1
TABLE NO 2
5.3. Various Simulink blocks use in model and their
descriptions: No. | Mass(kg) Time(min) W(watt) Solid
temp
TABLE NO 1
(Ts)°C
1 Scope Display signals generated 01 10 50 720 323.5
during simulation
02 20 50 749.5 326
2 Constant Generate constant value
03 30 50 1022 322.5
3 Display Show value of input 04 40 50 1759 3115
4 Step function Generate step function 05 50 50 2941.1 290
5 Subsystem Represent system within 06 60 50 4439.01 268
another system 07 70 50 5100 235
6 Input Create input port for 08 80 50 5100 211.7
subsystem
09 90 50 5100 193
7 Clock Display and provide
10 100 50 5100 178.8
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5.4. Various equations use in our model

5.4.1. Air density
(1+150/1000)*28.92/(0.08206*(273.15+Ts))

5.4.2. Qair out
Ts/((1+150/1000)*28.92/(0.08206*(273.15+Text))
5.4.3. Insulation of sand bath

(1/(Xins / Kins+ 1 /
hconvext))*3.1416*(0.25+2Xins)*0.4*(Ts -Troom)

All the value for the physical properties was extracted from
the most common chemical engineer handbook from the
library.

6. OBSERVATION TABLE

TABLE NO 2
No. | Mass(kg) Time(min) W(watt) Solid
temp
(Ts)oC
01 10 50 720 3235
02 20 50 749.5 326
03 30 50 1022 3225
04 40 50 1759 311.5
05 50 50 2941.1 290
06 60 50 4439.01 268
07 70 50 5100 235
08 80 50 5100 211.7
09 90 50 5100 193
10 100 50 5100 178.8

For study of dynamic behavior of the sand bath we have
check how various parameters affect the system. For study
purpose we vary the solid mass values in our main
parameter file and simulation time is 50cycles with set point
value1000. Take down the following readings and graphs are
shown in result section.

7. RESULTS

From above observation table we have plotted various
graphs of time versus temperature and time versus power,
graph
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8. SUMMARY
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Graph 4 : Mass Vs Temperature

This graph shows that the relationship between mass and
temperature. If mass increases temperature will decreases.
Following equation shows the relations between
Temperature and mass; they show that mass and
temperature is inversely proportional to each other.
Therefore mass will increases temperature get decreases

Energy = Mass*specific heat capacity*temperature
9. CONCLUSION

With the help of modeling and simulation, using equations
we can carry out the simulation which help to study the
dynamics of any system. Overall study of modeling and
simulation helps to understand the environmental aspects
and safety, save money and time, visualization, allow you to
observe system behavior over time at any level of detail. A
simulation model can capture much more details than an
analytical model which provide for increase accuracy and
more precise forecast
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