CHAPTER 4
NUMERICAL METHOD AND SIMULATION EXAMPLE

4.1 Introduction \ ',//

Digital s:mulatnh power r solving the equations describing

T ——
chemical engineering 0 ever , digital simulation is not completely without
its problems. diffic lty ans\m\mmgratlon This must be done

numerically on a digi since the dl xtaf hine is not a continuous device
y ( T SINEC |

4.2 Numerical
The numeridl method 1s used to solve these.kﬂodels. There is no one method

that works best for all models. The ﬁpmpnate method will improve the speed of the

simulation ﬁl aba e ’QPWOE;L s PllefE areltivd rpthods used :

421 Euler method
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Euler.' The following simple first order Euler integrator will be used to integrate the

model:

dx
Xpst =X, +(:1—t-)nAt (4 l)

(Initial condition: atr=0 x =x)
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where x is the function of time (f). This numerical-integration method is for solving
the ordinary differential equations. The Euler integrator is very easy to implement and
is very effective at solving a system of nonstiff differential equations. The Euler
integrator works well for solving the distillation model that developed in this thesis. If
the step size (the integration interval);i§ small enough, this estimate of x will be very

close to the correct value. ”:{,
Models that include vapor hydraulics and. pressure dynamics are stiff. It is

usually more efficient” Tc'),iv,,‘us;an inz1plicit integrator such as LSODE for such stiff

systems. It is imp’:?«/w{pemembei the difficulty with stiffness is that it slows down

the simulation. cause “?i; :éomp;nt\ational speed of computers has dramatically
increased over a short peri

stiff to solve explici
methods are generally €asier- td-n'npleﬁieht ‘than implicit integrators and the solution

A ystems-that were considered a few years ago to be too

ow quick solved by present day computers. Explicit

behavior of an explicit in gratdﬁs easref"{& follow than an implicit integrator. This is

a big benefit when you are debuggmg yom:s1mulat|on Example assume an equation of
system is dx/dt = -L V+B and at =0 x = x Nc‘){w if move forward in time by a

small step A4t to? Vil = ‘:_ J

dx
X =%+ (E)::o At Tt 4.2)

4.2.2 Newton-Raphson method

The conventional simulation of a distillati.on column reduires solving algebraic
equations, before, | integrating “the system ‘of ‘otditiary. diffefetial lequations.  This
iterativVe convergence method that is very useﬁ.xl':for distillation problém is the Newton-
Raphson method. The Newton-Raphson method requires the objective function to be
written in the form fx)=0. This method requires the first derivative of the function to
be evaluated, preferably analytically. Newton-Raphson is a very powerful numerical
method for thermodynanTic calculation, such as the equilibrium bubble point. The
analytical derivative is readily available for these calculations. Figure 4.1 presents the

Newton-Raphson method graphically.
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onvergence.

The Newton-Raphson es an initial estimate of the solution (x)).

An analytical expressic e objective function at the estimate.

The derivative ‘E ~tangent-to-t ve-at-this ' The next estimate (x;) is

computed where t@ tangent i xis af f=0. This solution procedure is

very similar to the sgstein method but a tangent is used to compute the next estimate
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4.3 Procedure of Simulation

4.3.1 Distillation column of this thesis

The distillation column of the thesis is shown as figure 4.2.

B, xb
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Fig.4.2 Distillation column
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4.3.2 Flow diagram of simulation
The procedure to write a conventional simulation are followings.

1. Create a data file with the tower mechanical, instrument, and physical
propertydata,i.e, column diameter (D), weir lenght (W, ) ,etc.

2. Specify the initial conditions of the state variables. If the program has been made
the previous runs,a snapshot of the process variables is saved in a data file that can

is the first run, specify a set consistent

3. Calculate the rig ’ rmn $ f each ,i.e, enthalpy (H), mole fraction
) etc | e
4. Calculate the deri ‘ ¢ starti ith the bottom sump and working

& for t ‘é enser and reflux accumulator .
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initial conditions
F, R, Pb Pd T, x,,
,etc.
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2. calculate: R =RO + KC[Err+— Errdt]

7

End

Fig.4.3 Flow diagram of simulation
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4.3.3 Equilibrrium Bubble Point Calculation

The development of an equilibrium stage model requires the calculation of the
vapor composition and temperature in equilibrium witha known pressure. This is a
bubble point calculation. Equation (5.3) will be used for thermodynamic model. A
starting temperature is guessed. The Reidel’s equation is used to compute the vapor

pressure. A single dimensional on-Raphson method is used to converge
temperature and compute the 1 ;or composition. The relations and a
e A ,

(4.3)

' : (4..4)
45)
4
T (4.6)
converge I: T, = 4.7
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